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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 million 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 meant
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 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 it 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. Gilman, 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, William Wirt 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

by Andrew Carnegie, and any property which 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 testa-

ment 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 liabilities and to be held liable to pay and 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.

Article 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.

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, subject 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 Committee 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 publication.

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 by
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 a
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.
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ABSTRACT OF MINUTES OF THE TWENTY-SEVENTH MEETING
OF BOARD OF TRUSTEES

The meeting was held in Washington in the Board Room of

the Administration Building, on Friday, December 10, 1926,

and was called to order at 10 a. m. by the Chairman, Mr. Root.
Upon roll-call the following Trustees responded: Robert S.

Brookings, Cass Gilbert, Frederick H. Gillett, Herbert Hoover,
William W. Morrow, James Parmelee, Wm. Barclay Parsons,

Stewart Paton, Henry S. Pritchett, Elihu Root, Martin A.
Ryerson, Theobald Smith, William Benson Storey, Charles D.
Walcott, William H. Welch, Henry White, George W. Wicker-
sham. The President of the Institution, John C. Merriam, was
also present.

The minutes of the twenty-sixth meeting were approved as

printed and submitted to the members of the Board.
Reports of the President, the Executive Committee, the

Auditor, the Finance Committee, the Auditing Committee, and
of Directors of Departments and Research Associates of the
Institution were presented and considered.

The following appropriations for the year 1927 were author-
ized:

Insurance Fund $3 ,600

Pension Fund 40,000
Administration 67 , 100

Publication (including Division of Publications) 96,230
Departments and Divisions of Research 1,092,916
Minor Grants 159,200
Repairs to Non-Magnetic Yacht " Carnegie " 66 ,650

Index Medicus 10,000
General Contingent Fund 45 ,000

Special Emergency Reserve Fund 50,000

1,630,696

John J. Carty and Henry White were reelected as members
of the Executive Committee for a term of three years.

The meeting adjourned at 11:30 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 Institution for the

fiscal year ending October 31, 1926, together with a statement of

provisional recommendations of appropriations for the year beginning

January 1, 1927.

Cleveland Hoadley Dodge was elected to the Board of Trustees one

year after organization of the Carnegie Institution of Washington.

He filled the vacancy created by death of his father,
Cle

D^e
H

' William Earl Dodge. Mr. Dodge had intense interest

in the problems of the Institution, and was always a

vigorous and faithful worker attempting to develop the best and

most effective program for research. He served as a member of the

Board for twenty years, until ill health made it impossible for him to

attend the meetings.

Mr. Dodge succeeded Charles D. Walcott as Secretary of the

Board of Trustees in December 1905. He continued as Secretary,

and as a member of the Executive Committee, until December 1923.

In 1914 he was made Chairman of the Finance Committee of the

Institution, a position to which he brought a wealth of special know-

ledge and most conscientious service. His contribution was of much
importance in establishing a sound system for conduct of the financial

program of the Institution.

The wide interests which Mr. Dodge had in human affairs gave him
an extremely important point of view relative to significance of work
of the Institution in terms of human interest and need. Mr. Dodge
was always especially sympathetic with the enterprises of the Institu-

tion which concerned humanistic or humanitarian problems, but this

desire to see the human side of research strongly expressed only

deepened his appreciation of the value of fundamental research in the

physical and biological sciences. Mr. Dodge was always greatly

interested in cooperative research projects within the Institution. He
gave close attention to work of the Department of Genetics by reason

of its position at the point of contact between fundamental science and
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special problems concerning man. He contributed much in time and
financial support to development of studies in genetics and eugenics.

The high ideals which Mr. Dodge held regarding significance of

research, standards of attainment, and the meaning of human responsi-

bility, together with his wide knowledge of men and affairs, made his

sympathetic interest in the work of the Institution an invaluable asset

during the period of his service and as a member of the Board. The
contribution which he made toward strengthening the position of the

Institution, and helping to make more effective the peculiar kind of

effort to which it is dedicated, will always remain an outstanding

example of constructive service.

During the past year contributions amounting to more than $70,000

have been received by the Institution for support of specific researches.

__ These investigations range from fundamental studies
Gifts

in physics and chemistry to application of biology in

study of problems in human heredity. They have been conducted in

connection with the regular program of departments and divisions of

the Institution. The researches have brought relatively large

return in results, as all overhead expense, including organization,

salaries and equipment, has been provided by the Institution. The
financial support for these investigations has gone directly to the

special expenses required for study of selected problems, the work
being conducted by leading investigators operating under exceptionally

favorable conditions. By this means it has been possible to make
considerable saving of time and money, which would have been

required in setting up new and independent research programs.

In the past year we have initiated a plan for sending to Trustees

and to Directors of Departments from time to time brief statements

..,.„ „ . covering discoveries or advances of research in
1926 Year Book &
and Publication our program. In the coming year this relation may

ep0
help not merely to bring about a better touch with

some of the most productive researches, but it will indicate in a

manner the wealth of interesting material that appears in the Year

Book reports from the departments.

The Year Book of 1926 includes an exceedingly interesting statement

of progress in all of our departments of investigation. Summaries of

results included in the departmental reports present a concise record

of achievement. The contributions discussed extend through the

whole range of research progress reaching from development of theory

to the building of new instruments upon the basis of scientific formulae.

A large portion of the work is necessarily and naturally the accumu-
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lation of data from observational work. It is, however, true that the

greater part of the observational data represents the product of care-

fully planned excursions into the unknown, the work having been

carried out with that openness of mind which alone makes possible

accumulation of well organized and thoroughly interpreted data.

In addition to the Year Book report, covering a general statement

of our research results, it is important to remember that the list of

publications issued by the Carnegie Institution, presented on page 21,

and the bibliography of contributions, on page 23, represent the prin-

cipal means by which full report has been made of the results of our

work. Catalogues are necessarily the simplest form of statement that

can be made regarding special problems, and these lists alone convey a

wealth of information as to what has been accomplished during the

year.

Advances of It must always be with hesitation that one attempts
Research ^ make even the briefest note regarding exceptional

results of work during the past year. In every department of the

Institution discoveries have been made which should have special

mention in any consideration of advance in science.

The Department of Embryology has studied with extreme care

and has presented a monographic publication on the Miller ovum,

the youngest human embryo thus far described, and a specimen which

contributes much to understanding of the course of human develop-

ment. In other direction, this Department has made significant

progress in study of the transformation of the white blood cells, which

has led to discoveries concerning the nature and origin of certain

types of malignant tumors.

In the Department of Genetics, there has been advance in study of

many aspects of the problem of heredity, both those which concern

the nature of the materials furnishing the carriers through which qual-

ities of organisms are transmitted and those relating to possible

influences, internal and external, which may produce modification of

the sequence in heredity. The Department has also made significant

progress in that division of its work concerning processes controlling

development of the individual. In these investigations it has become
increasingly clear that the endocrine glands are among the most im-

portant agents guiding development. Dr. Riddle's studies of the high

and low thyroid strains of pigeons represent one of the most inter-

esting contributions in this field.

Closely related to the studies of the Department of Genetics, and

also not far removed from certain of the physiological studies under-
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taken in the field of embryology, lie some of the most important re-

searches of the department of Nutrition, touching relation of the

thyroid glands to the metabolic process. In still another direction,

in the field of biological research, H. M. Hall, a student of classi-

fication, or taxonomy, in plants and concerned with influence of en-

vironment upon changes in species, has related his work closely to that

of a student of genetics, Dr. Babcock, of the University of California.

This investigation is furnishing an extremely interesting development

of a many-sided and complicated problem.

In physical sciences, the epoch-making work of Dr. Millikan, of

California Institute of Technology, upon fundamental problems con-

cerning structure of matter is related to the program of the Institu-

tion through mutual interest and through financial support. The rela-

tion between investigations in fundamental physics and chemistry

of California Institute and the astrophysical researches of Mount
Wilson Observatory is one of the most important contacts in physical

research in America. These groups of investigations arising from

different viewpoints inevitably tend to form cross connections of a

type tending to show both the significance of the atom in terms of the

universe and the characteristics of the universe in terms of the atom.

Among the interesting advances of the past year at Mount Wilson

are those ranging from Dr. King's work on classification of spectral

lines, through the complete analysis of a complex spectrum by Henry
Norris Russell, the measurements of ultra-violet solar radiation by
Mr. Pettit, the extraordinary refinement of measurement of the

velocity of fight by Dr. Michelson, the rapid advance of knowledge

of the universe of spiral nebulae by Dr. Hubble, and the extra-

ordinary field for study of rapidly changing conditions on the face of

the sun made possible by the new spectrohelioscope designed by Dr.

Hale.

In a field, in some respects closely related to certain of the investiga-

tions in astrophysics at Mount Wilson, the Department of Terrestrial

Magnetism has made advance in the interpretation of magnetic con-

ditions on the earth as they relate to influences exerted from outside

the atmosphere. The Department also continues progress in its analy-

sis of the magnetic and electric effects observed upon the earth, both

in terms of the problem viewed from the observational side with the

earth as the object of study, and through researches directed toward

investigation of the atom in its relation to magnetic effects. In the

past year the type of attack developed by the Department has opened

many new possibilities for interpretation of the whole group of phe-

nomena toward which its activities are directed.
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In the course of the year's work the Institution has had reason to

congratulate itself on the possibilities for progress arising from the plan

for having associated in our work a number of leading

investigators from other institutions whose researches

are of such a nature that cooperation with the Institution is a matter

of mutual interest. The continuing outstanding contributions of Dr.

Michelson and Henry Norris Russell in physics and astronomy at

Mount Wilson, of Dr. Overton in plant physiology at the Desert

Laboratory and at Carmel, of Thomas H. Morgan in genetics at Colum-

bia University, and of Dr. Osborne and Dr. Mendel in the study of

vitamins at New Haven, demonstrate the great importance of close

relation between the Institution and other agencies and individuals

concerned with investigations touching closely the fields in which our

work lies.

Reports to the Trustees in recent years have con-

study as a World tained reference to the program of earthquake research
Probiem^or Ail

carried on by advice and direction of a committee

established and financed by the Carnegie Institution.

In 1922, 1923 and 1925 reference was made to the type of organization

utilized and to the peculiarly important relationships established with

other agencies.

This research is now in operation through various institutions on the

Pacific Coast. In the present year it enters a period of intensive study

through utilization of new instruments, new stations, and the support

of investigational effort from many fields of study concerned with

physics of the earth's crust. In approaching this stage of the investi-

gation one is impressed with the magnitude of the task, and with the

opportunity offered for contribution to the fundamentals of science and
toward meeting a human need of the continuing type.

The greater dangers to mankind are in part of such a nature that we
may some time hope to eliminate them completely. Among these are

the scourges of disease. It is probably within reach of applied science

to discover, combat, and destroy many of the organisms which produce

disease. Other sources of danger to life and property, such as storms

and earthquakes, we can not control, but through study of their

causes and habits we may reach a stage of knowledge at which they

will cease to menace our happiness.

Earthquakes are phenomena arising from natural causes in develop-

ment or evolution of the world. They are one form of expression of

movements in the earth's crust which have given us the contrast of

land and water areas, and which form the hills and mountains with
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their great range in topography, climate, and life. There is no doubt

that earthquakes have characterized this world for hundreds of millions

of years. The physical constitution of the earth indicates that they

will continue for at least a similar period. Within historic time they

have been the cause of great tragedies, and of much collateral unhappi-

ness. They are a potential source of continuing catastrophes. With
increase of population their possibilities of destruction increase. We
have no suggestion that man can ever in any sense halt or guide these

movements. Research leads us to believe that we can come to under-

stand them fully and thus avoid their dangers.

The function of science in relation to this feature of earth activity is

one of long-continued, intensive research, requiring cooperation of

outstanding students in the fields of physics, geophysics, geology, and

engineering. Application of the knowledge which these investigators

secure can be made only by continuing clear understanding of the

problem in its most fundamental form, and by education of investi-

gators and of the public through all that future time in which man and

civilization shall last.

Although the Carnegie Institution has financed a considerable part

of the researches mentioned, the success of the program thus far is

due in large measure to cooperation of other organizations, including

departments of the Government, universities, and other types of

research or educational institutions.

Coincident with development of methods for scientific attack upon

the problems of seismology, there has been extraordinary growth of

public interest in the work of making the scientific results immediately

available for application to save and protect life, and to furnish those

guaranties of safety so important for the morale of every people.

At the present moment the situation relating to furtherance of

research in this field, and for application of its results for the benefit of

mankind, reaches beyond the stage which might have been expected at

this time. Advance in development of the technique in seismology,

and in recognition of need for cooperation of many aspects of science to

solve its problems, has brought about a situation in which one sees

more clearly than at any past time the true nature of the problem and

the rewards to follow its solution.

It has also become clearer that in its geological aspects, as well as

in its humanitarian application, the study of earth movements must be

conducted on the basis of world study. It is not merely the local

structure and activities of the earth that we need for full interpretation

of this subject; there must be available full knowledge of the conditions

obtaining through and around the earth as a whole. The Third Pan-
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Pacific Science Congress now in session in Japan has offered an

exceptional opportunity for consideration of world aspects of the

problem. Arthur L. Day, Chairman of the Advisory Committee

on Seismology, represents the Institution at these meetings, together

with other members of the Committee, and will have opportunity to

obtain a view of the situation which will be helpful in support of the

program now under way in America.

Problems in the field of biological research are recognized today

as representing a group of questions of almost infinite complexity.

Biological With the extraordinary advances made through

intiie research in physics and chemistry it is to be assumed
Institution that the next decades will show great progress in

our understanding of the structure and function of biological mechan-

isms. There is no opportunity in the whole range of problems open

for investigation which offers larger possibilities for contribution to

knowledge in the immediate future.

The Carnegie Institution is fortunate in having within the range

of its organization twelve or more departments or groups of investi-

gators engaged in study of biological problems. The subjects under

consideration include investigations in the field of anatomy and embry-

ology of the human individual, researches on materials of heredity,

influence of environment, physiology of the organism either imbedded

in its surroundings or isolated for special study, and history of life,

both plant and animal. It is evident today that the next advance

in nearly every field of science will be dependent both upon inten-

sive work aimed to secure observational data, and upon our ability

to see each item of knowledge in its relation to the whole structure

of knowledge. In no region of research does it seem more clearly

necessary to recognize this situation than in biology. There is rea-

son to believe that the next steps forward, whether they be in hered-

ity, ecology, or palaeontology will involve factors including information

from all divisions of biology and nearly every division of science.

The exceptional range of interests and the extremely effective

machinery of the Institution offer, through combination of our re-

sources, an opportunity for attack upon biological problems that may
be unique. The cooperation among these divisions of the Institution,

such as has been illustrated in many phases of our work, indicates

rapid development of a situation in which focusing of our activities

may bring to each division an increased possibility for securing results.

Invitation has been extended to the directors and leaders in our

biological program to meet in conference at the time of the annual
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meeting in December for discussion of our opportunity. Through
such conference and discussion the mutual support developing among
the groups of investigators will contribute toward understanding of

the ways by which we can make most rapid advance.

The series of lectures by leading investigators upon outstanding

attainment in research in the Carnegie Institution

has been continued through the past year. The
group of lectures within the period ending with the annual meeting

of 1926 is as follows:

Tuesday, November 17, 1925. Adolph H. Schultz on "Variations in

Man and Their Evolutionary Significance."

Tuesday, November 24, 1925. Arthur L. Day on "The Santa Barbara
Earthquake."

Tuesday, December 1, 1925. Harald U. Sverdrup on "The Scientific

Work of the Maud Expedition, 1922-1925."

Tuesday, December 8, 1925. Arthur S. King on "Laboratory Methods
of Analysing Spectra, with Application to Atomic Structure."

Tuesday, May 25, 1926. Ralph W. Chaney on "World Migration as
Illustrated by Distribution of the Redwood Tree."

Wednesday, November 10, 1926. Elias A. Lowe on "Ancient Texts of

the Bible."

Tuesday, November 16, 1926. Albert Mann on "Diatoms: What They
Are and What They Do."

Tuesday, November 23, 1926. Fred E. Wright on "Gravity on the
Earth and on the Moon."

Tuesday, November 30, 1926. Sylvanus G. Morley on Work of the Field

Season of 1926 in Middle American Archaeology.
Friday, December 3, 1926. Earl H. Morris on "The Temple of the

Warriors at Chichen Itza, Yucatan."
Tuesday, December 7, 1926. Edwin P. Hubble on "Cosmography."

The staff of the Institution has been liberal in contributing its share

to general discussion of research questions and of the bearing of such

c
., . activities upon problems of education or of human

to Discussion application. The directors and investigators in all

of the departments have had active participation

in the scientific meetings and in discussions relating to their special

fields of investigation. They have also contributed largely through

scientific lectures, conferences and discussions of the research problems,

and by the writing of general articles presenting a view of advance in

their special fields for aid to investigators in other subjects and for the

reading public.

The discussion of general and technical problems before scientific

societies, by lectures, and through other means, develops extremely

important contacts with a great variety of agencies whose work relates

10
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more or less intimately to that of the Institution, and whose interest

in the furtherance of our researches is of tremendous assistance.

The activities of the departments and investigators in making

results of our scientific contribution easily available form a significant

contribution by the Institution to advancement and appreciation of

knowledge in the field of science. They stimulate the movement of

research in the special subjects upon which we are engaged, and con-

tribute toward corresponding advances in related subjects.

Our relation to the interested public, which reads on matters of

science and utilizes all such material for guidance in clear thinking,

represents an important opportunity for assistance in development of

that attitude of mind in which use of facts and logic gives the basis of

judgment. It is clear that advance of science, and ultimate consoli-

dation of results of research, depend in large measure upon the extent

to which the public has opportunity to understand and to appreciate

fully the meaning of the scientific method.

The exhibition of results coming from current research in the Insti-

tution as presented at the annual meeting is furnishing one of the most

important means for expressing to members of the

Institution and to the public the trend of development

in activities of the Institution as a whole. In the period of our meet-

ings, directors and investigators of the Institution examine and discuss

results from research in all departments and divisions of our program.

The tendency to make the exhibits represent outstanding attainments

in study of the most important questions, to which our departments

are devoted, means that there is opportunity for consideration of the

basic problems of each group within the Institution in relation to

those of other departments, as well as to the work of other organiza-

tions.

Such opportunity to see the simplest and clearest statement of

results of research in all our departments has been shown by recent

experience to be of much value, through its influence in opening the

way to significant cooperative relations. At this time of highly

specialized science it is not only extremely important to carry each

investigation to the uttermost attainable limit, but it is more and

more desirable to know the extent to which information on a given

subject may find its interpretation through organized knowledge in

other fields.

An extremely interesting illustration of a research relation advanced

through suggestions arising from the Annual Exhibition is furnished

by the cooperation between our Nutrition Laboratory and the Depart-

11
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ment of Genetics in study of relation of the thyroid gland to metab-

olism. The exceptional knowledge and technique of the Nutrition

Laboratory on problems of metabolism has come into relation to a

study of influence of the thyroid gland upon the metabolic process in

pigeons conducted by Dr. Riddle at the Department of Genetics. A
joint investigation has developed which gives promise of extremely

important results.

Dr. Benedict's newly developed respiration calorimeter for measuring

energy consumption in human beings, which was in operation at the

annual meetings in 1925, contributed definitely toward furtherance of a

second research from the Nutrition Laboratory bearing upon one of the

most critical questions in study of racial characteristics. Dr. Benedict,

along with others, found certain differences in the heat production

indicated by research on metabolism of different races. These

researches are now being extended to include investigation of different

racial types under similar conditions, and of similar types under vary-

ing conditions of temperature and altitude. Technically trained men
from the Department of Terrestrial Magnetism are receiving instruction

necessary for handling a respiration calorimeter, in order that under Dr.

Benedict's direction they may study natives of South America at

the observatory of the Department of Terrestrial Magnetism at

Huancayo, Peru. The ultimate results of these studies will not be

limited to definition of racial differences in heat production and energy

consumption . They will give also an estimate of variation in individuals

of all races under varying conditions of temperature and altitude.

For the annual meetings in December 1926 arrangement is made,

as in 1925, by which the members of the Board of Trustees will have

opportunity to see the exhibition of results of the past year's work
immediately following the meeting of the Board. On this occasion

directors and members of the staff especially concerned with the

investigations illustrated will be present to interpret the exhibits and

to discuss the investigations of which the results are presented.

Continuing study has been given in the past year to understanding

of means by which the Institution can most advantageously make the

results of its work available to all scientific workers

Announcements of and to the public. While there can be no doubt that
Results of the making of accurate and clear record of all data

secured is our first duty, and is the basis for future

work and application, it becomes increasingly important to obtain

such statement of conclusions reached as will make them available in

their simplest form, and in their clearest relationship to other know-

ledge, for use of specialists in all fields of science and for the public.
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In this age of narrowing objectives, it is possible to make real

contribution to knowledge by following carefully any one of a great

number of paths leading toward the field of the unknown. This

specialization of the present day can develop a state of affairs in which

the worker, extending his researches along a narrow lane, may
largely lose sight of the major field to which his work is related. He
may also, and perhaps properly, become so much concerned with his

own investigations that he finds it difficult to express his results in the

terms of the larger problems.

The scientific literature of the world could easily become so technical

in its various departments that advantages of special researches would

be in large measure lost to workers in other fields. Such a situation

would not merely deprive the world in some degree of the advantages

of specific researches, but it would prevent the investigator from

obtaining for his own use data required from other fields. It, there-

fore, becomes extremely desirable that, in addition to precise records

concerning special investigations, there be made available such data as

will present the results in easily interpretable form to workers in other

fields of science, as also to the public. There is reason to believe that

the rapid march of science would be definitely slowed in the immediate

future were it not for the attempt by clear statement to bring each item

of knowledge into its place in the larger scheme of information.

Recognizing that efficiency of research must not be sacrificed by
reason of attempt merely to popularize results, continuing study has

been put upon the problem of how we can best bring contributions

from Institution activities into position where they may have the

largest value to the scientific and general public. In carrying out

this idea the Institution exercises in some measure an educational

function, in that it attempts the transmission of information to others

in such form that it may find its largest use.

During the past year the plan for protecting certain types of results

of research in interest of the public has advanced to the stage

of full application through licensing of approved

agencies to produce appliances which have been

patented. In five departments of the Institution instruments of

singular importance in the conduct of research have been developed,

for which there has been demand for protection by patent. The
Institution's program in this connection involves provision for care-

fully controlled production under license, after assignment of patent

rights to the Institution, and after public declaration of the purpose

and policy of the Institution in handling such inventions.

is
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A number of other research organizations are confronted with

similar problems, and collateral studies are being undertaken which

will give additional information regarding development of appropriate

methods of procedure in dealing with patents obtained in the conduct

of research.

Patents have been granted on an apparatus for measuring oxygen

consumption in the study of metabolism, developed by F. G. Benedict,

Director of the Nutrition Laboratory, and Mrs. Benedict; on improve-

ments in seismometers invented by John A. Anderson, of the Mount
Wilson Observatory, for recording and measuring earth tremors; on

an apparatus for the measurement of variation in the force of

gravity, developed by F. E. Wright of the Geophysical Laboratory;

on improvements in micro-furnaces made by H. S. Roberts of the

Geophysical Laboratory; and on a tree-growth measuring instrument

completed by D. T. MacDougal, Director of the Laboratory for

Plant Physiology. Other applications for patents have been recorded

on improvements in compass variometers developed by L. A. Bauer,

J. A. Fleming and W. J. Peters of the Department of Terrestrial

Magnetism, and on further improvements in seismometers as a result

of additional studies of H. 0. Wood and Hugo Benioff carried on at

Mount Wilson Observatory.

Arrangements have been made for manufacture from time to time

under a license agreement with the Institution of Dr. MacDougal's

tree-growth measuring apparatus and Dr. Anderson's seismometer, and

there has been executed a non-exclusive license or shop-right to manu-
facture and sell apparatus for measuring oxygen consumption in the

study of metabolism under patent granted to Dr. Benedict and assigned

to the Institution.

The general policy of the Institution in accepting unconditional

assignment by the inventor of the entire right, title and interest in

inventions and in Letters Patent is recorded as expression of its

purpose to protect future development of the invention and

the public against production of instruments or devices of inferior

quality. In accordance with this policy the Institution makes known
its intention that suitable individuals, firms, or corporations, to

be approved by it, may receive from it licenses to manufacture, use or

sell such instruments or devices under suitable conditions designed to

safeguard and assure the carrying out of the policy of the Institution.

It is understood that the Institution is not to derive pecuniary profit

arising through its possession of title to and control of the inventions

and Letters Patent, or from manufacture, use or sale of these

inventions.
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FINANCIAL STATEMENT

The sources of funds available for expenditure during the fiscal year

(including appropriations made by the Trustees December 11, 1925,

Financial and revertments and transfers made during the year)

,

for KsSdYear tne amounts allotted by the Executive Committee
1925-1926 during the year, and the balances unallotted at the end

of the year are shown in detail in table A.

A

—

Financial statement for fiscal year ending October 31, 1926

Balances
unallotted

Oct. 31,

1925.

Trustees'

appropria-

tion Dec.
11, 1925.

Revert-
ments and
transfers

Nov. 1, 1925,

to Oct. 31,

1926.

Total
available

1926.

Executive
Committee
allotments

1926.

Transfers

by Execu-
tive Com-
mittee.

Unalloted
balances

Oct. 31,
1926.

Large Grants:

Laboratory for Plant Phys-
$61 ,330

54,640
39,550
123,610
157,928
42,700
13,500
36,440
54,200
44,760
227,230
172,462

177,000
92,510
66,100
5,300

40,000
48,500

$100.00
800.00

4,650.00
2,350.00
8,100.00

$61,430.00
55,440.00
44,200.00
125,960.00
166,028.00
42,700.00
13,650.00
36,440.00
60,941.48
47,610.00
241,400.00
176,969.19

205,666.17
100,760.37
66,550.00
5,300.00

40,000.00
81,775.88

$61,430.00
55,440.00
44,200.00
125,960.00
166,028.00
42,700.00
13,650.00
36,440.00
60,941.48
47,610.00
241,400.00
176,969.19

199,529.00
89,775.44
66,550.00
5,300.00

40,000.00
11,263.31

150.00

6,741.48
2,850.00
14,170.00
4,507.19

27,842.00
3,704.25

450.00

Terrestrial Magnetism

$824.17
4,546.12

$5,180.00
6,960.00

$957.17
4,024.93

Administration

General Contingent Fund 5,579.77 27,696.11 64,658.67 5,853.90

10,950.06 1,457,760 104,111.03 1,572,821.09 1,485,186.42 76,798.67 10,836.00
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The aggregates of receipts from interest on endowment, from interest

on bond investments and bank deposits, from sales of publications,

Receipts and from refunds on grants, and from miscellaneous

^e

£fsStution
f

sources, for each year since the foundation of the

to Date Institution, are shown by table B; the grand total of

these to date is $30,447,039.97.

B

—

Aggregate of financial receipts

Year
ending
Oct.

31.

Interest on
endowment.

Interest

on bonds
and bank
deposits.

Sales of

publications.

Refunds on
grants.

Miscellaneous
items.

Total.

1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919

1920
1921
1922
1923
1924
1925
1926

Total

$250,000.00
500,000.00
500,000.00
500,000.00
500,000.00
500,000.00
550,000.00
600,000.00
600,000.00
975,000.00

1,100,000.00
1,103,355.00
1,105,084.17
1,100,375.00
1,100,375.00
1,100,408.75
1,110,427.45
1,112,441.25
1,112,441.25
1,112,441.25
1,112,504.52
1,114,541.13
1,115,187.58
1,181,585.00
1,156,795.00

$9.70
5,867.10

33,004.26
25,698.59
27,304.47
22,934.05
17,761.55
14,707.67
10,422.78
14,517.63
31,118.41
46,315.60
59,298.63
67,888.31
83,626.38
100,702.60
120,464.02
138,700.73
159,559.03
170,211.22
175,021.09
192,287.72
193,368.98
197,696.51
199,418.02

$1,825.52
101.57

$251,835.22
508,254.83
536,439.36
529,088.48
534,068.84
531,683.93
623,698.88
731,806.14
676,944.73

1,005,569.97
1,240,308.42
1,510,876.74
1,760,910.67
1,215,046.76
1,351,200.06
1,425,594.89
1,536,000.30
1,532,028.53
1,470,732.51
1,513,924.63
1,345,530.49
3,051,218.68
1,748,926.43
2,232,433.45
1,582,917.03

$2,286.16
2,436.07
3,038.95
4,349.68
6,026.10
7,877.51
11,182.07
10,470.25
10,892.26
11,496.13
12,208.66
11,402.40
10,297.79
12,544.16
11,921.35
9,921.00
12,837.58
18,393.79
16,684.51
14,081.84
13,841.76
11,994.21
13,680.74
14,039.02

$999.03
200.94

2,395.25
2,708.56

25.68
2,351.48
1,319.29
4,236.87
1,658.88
3,227.53
7,819.70
8,322.87
1,450.12

32,950.22
39,833.23
53,549.98
4,088.63
4,068.69
9,395.66
9,739.17
18,663.38
14,315.03
44,766.64

150.00
19.44
15.22

48,034.14
103,564.92
54,732.45

923.16
96,035.01

345,769.95
577,305.77
28,162.79
153,204.40
179,611.97
255,354.60
214,498.99
176,249.81
210,518.96
34,527.38

1,720,808.90
409,712.28
825,156.17
167,898.35

22,212,962.35 2,107,905.05 253,903.99 268,086.83 *5, 604, 181. 75 30,447,039.97

* Of this amount $4,410,876.94 came from the sale of bonds; $51,265.74 from the Colburn
Estate; and $1,075,000 from the Carnegie Corporation of New York.
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The purposes for which funds have been appropriated by the Board

of Trustees of the Institution may be classified under five heads:

(1) Investments in bonds; (2) large projects; (3) minor grants and

payments from Pension, Insurance, and General Contingent Funds;

(4) publications; (5) administration. Table C shows the actual ex-

penditures under these heads for each year since the foundation of the

Institution.

C

—

Aggregate of expenditures

Year
end-
ing

Oct.

31.

Purchase
of bonds.

Large
projects.

Minor grants

and payments
from Pension,

Insurance, and
General

Contingent
Funds.

Publica-

tions.

Adminis-
tration.

Total.

1902
1903
1904
1905
1906
1907
1908
1909
1910
1911

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926

Total

$4,500.00
137,564.17
217,383.73
149,843.55
93,176.26
90,176.14
61,282.11
70,813.69
83,464.63
72,048.80
103,241.73
110,083.06
107,507.55
109,569.37
99,401.26
100,746.13
170,470.74
203,810.84
159,633.49
171,895.22
192,325.46
232,344.69
230,291.90
225,307.45
254,977.20

$27,513.00
43,627.66
36,967.15
37,208.92
42,621.89
46,005.25
48,274.90
45,292.21
44,011.61
45,455.80
43,791.13
43,552.89
44,159.54
48,224.04
49,454.08
48,766.29
49,118.76
55,742.83
68,739.90
58,730.11
56,405.15
63,493.46
65,076.47
67,266.71
65,871.48

$32,013.00
282,605.36
511,949.88
530,753.73
623,216.80
702,534.39
676,163.01
769,460.94
662,373.79
661,616.31

1,147,037.63
1,571,572.60
1,876,096.39
1,181,183.76
1,334,572.83
1,410,464.15
1,486,329.88
1,612,602.01
1,665,023.34
1,402,590.37
1,370,537.87
3,031,173.88
1,763,820.02
2,237,304.39

. 1,644,718.07

$100,475.00
196,159.72
51,937.50
63,015.09
2,000.00
68,209.80
116,756.26
57,889.15
51,921.79

436,276.03
666,428.03
861,864.23
206,203.21
473,702.70
502,254.05
528,565.55
438,960.29
464,279.57
109,390.25
50,431.05

1,715,537.72
440,921.24
861,583.20
178,817.80

$938.53
11,590.82
21,822.97
42,431.19
63,804.42
49,991.55
41,577.48
49,067.00
37,580.17
44,054.80
53,171.59
44,670.55
46,698.56
73,733.38
62,884.61
44,394.83
68,964.23
95,933.10
81,388.33
96,227.01
89,402.06
87,790.74
103,531.67
84,526.23

$49,848.46
269,940.79
381,972.37
500,548.58
448,404.65
495,021.30
427,941.40
454,609.75
519,673.94
698,337.03
817,894.52
770,488.58
638,281.41
695,813.07
693,780.00
845,123.82
876,437.28
981,186.46
975,149.20
930,395.95
939,739.67
979,615.36

1,060,525.36

8,643,579.23 15,450,728.95 3,451,859.17 1,396,175.82 1,245,371.23 30,187,714.40
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On account of site for and construction of the Administration

Building of the Institution, and on account of real

^'property
m

estate
»

buildings, and equipment of departmental

establishments, the following sums have been ex-

pended since the foundation of the Institution:

D

—

Real estate and equipment, original cost

Administration

:

Building, site, and equipment (Oct. 31, 1926) $341,111.69

Laboratory for Plant Physiology (Sept. 30, 1926)

:

Buildings and grounds $54,930.46
Laboratory and library 33,796.57
Operating appliances 11 ,302.02

100,029.05
Ecological Research (June 30, 1925)

:

Building, Laboratory 8,316.93
Library, operating 4,701 .70

13,018.63
Department of Embryology (Sept. 30, 1926):

Library 1,613.86
Laboratory 8,321 .91

Administration 3,899.93
13,835.70

Department of Genetics (Sept. 30, 1926)

:

Buildings, grounds, field 291,249.77
Operating 21,571.55
Laboratory apparatus 15,447.63
Library 26,358.37
Archives 45,488.90

400,116.22
Geophysical Laboratory (Sept. 30, 1926)

:

Building, library, operating appliances 196,689.82
Laboratory apparatus 104 , 033 . 84
Shop equipment 12,224.27

312,947.93
Department of Historical Research (Sept. 30, 1926)

:

Office 3,526.18
Library 5,192.14

8,718.32
Department of Marine Biology (Sept. 30, 1922)

:

Vessels 30,930.43
Buildings, docks, furniture, and library 12, 130.86
Apparatus and instruments 9 , 322 . 55

52,383.84
Department of Meridian Astrometry (Sept. 30, 1926)

:

Apparatus and instruments 3,257.34
Operating 4,035.60

7,292.94
Nutrition Laboratory (Sept. 30, 1926):

Building, office, and shop 125,411 .42

Laboratory apparatus 28,013.44
153,424.86

Mount Wilson Observatory (Aug. 31, 1926):

Buildings, grounds, road, and telephone line 198,547.02
Shop equipment 41,856.73
Instruments 539,361.26
Furniture and operating appliances 176 , 136 . 66
Hooker 100-inch reflector 599,979.77

1,555,881.44
Department of Terrestrial Magnetism (Sept. 30, 1926)

:

Building, site, and office 209,574.04
Vessel and survey equipment 192,834.87
Instruments, laboratory, and shop equipment 123,186.97

525,595.88

3,484,356.50
18
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PUBLICATIONS

Sales of Pubiica- Table E shows the amounts received from sub-
ti

°of

S

tSse
V
on

Ue scriptions to the Index Medicus, from sales of Year
Hand Books, and from sales of all other publications for

each year since the foundation of the Institution.

E

—

Table showing sales of publications

Year.
Index Year Miscellaneous

Medicus. Book. books.

1903 $2,256.91 $29.25
1904 2,370.47 52.85 • $12.75
1905 2,562.76 44.75 431.44
1906 2,970.56 37.60 1,341.52
1907 3,676.71 56.50 2,292.89
1908 3,406.19 99.65 4,371.67
1909 4,821.85 73.01 6,287.21
1910 4,470.50 100.70 5,899.05
1911 4,440.21 85.50 6,366.55
1912 4,652.14 61.65 6,782.34
1913 4,992.02 75.95 7,140.69
1914 5,079.16 49.65 6,273.59
1915 5,010.21 47.60 5,239.98
1916 4,382.19 46.60 8,115.37
1917 4,616.21 51.55 7,253.59
1918 4,324.29 21.10 5,575.61
1919 4,267.95 93.30 8,476.33
1920 5,451.86 40.50 12,901.43
1921 6,277.32 50.55 10,356.64
1922 5,774.59 59.25 8,248.00
1923 5,777.46 70.10 7,994.20
1924 4,533.68 31.00 7,429.53
1925 5,636.25 25.00 8,019.49
1926

Total....

5,728.31 41.40 8,269.31

107,479.80 1,345.01 145,079.18

At the end of the fiscal year there are on hand 92,621 volumes of

miscellaneous publications and Year Books, having a sale value of

$270,946.35; also 1,702 complete volumes and 8,646 miscellaneous

numbers of the Index Medicus, having a value of $18,305.50.
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The data furnished in table F are of statistical

interest in respect to the work of publication of the

Institution. 541 volumes, which embrace a total of

153,977 pages of printed matter, have thus far been issued.

Growth and Extent
of Institution's

Publications

-Table showing 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

twenty-five years from 1902 to 1926

Year.

Number of

volumes
issued.

Number of

octavo
pages.

Number of

quarto
pages.

Total
number of

pages.

1902
1903
1904
1905
1906
1907
1908
1909
1910
1911

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926

Total. . .

3
3

11

21

19

38
28
19

29
30
23
29
23
23
35
21

17

29
23
18

24
20
17

24
14

46
1,667
2,843
3,783
3,166
6,284
4,843
3,695
3,274
5,062
3,981
6,605
4,978
4,686
9,478
4,464
3,073
5,834
3,962
4,068
4,566
6,459
4,665
3,970
4,552

46
1,667
2,877
5,228
4,454
9,712
7,328
4,907
8,105
6,732
6,025
9,357
6,912
6,152
11,908
7,155
4,193
8,265
7,672
5,466
6,605
7,063
5,499
5,247
5,402

34
1,445
1,288
3,428
2,485
1,212
4,831
1,670
2,044
2,752
1,934
1,466
2,430
2,691
1,120
2,431
3,710
1,398
2,039
604
834

1,277
850

541 110,004 43,973 153,977

The publication of 13 volumes has been authorized by the Execu-

tive Committee during the year, at an aggregate estimated cost of

Publications $54,300. The following list gives the titles and names

ISed^irin^ of authors of the publications issued; it includes 14

the Year volumes, with an aggregate of 4,552 octavo pages and

850 quarto pages. Twelve additional volumes are now in press.
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List of Publications issued by Carnegie Institution of Washington
during the year ending october 31, 1926.

Year Book, No. 24, 1925. Octavo, xx+428 pp., 2 pis., 5 figs.

Index Medicus, Third Series. Vol. 5, 1925. Octavo, 1,373 pp.

No. 175. Ault, J. P., and S. J. Mauchly. Ocean Magnetic and Electric Observations,

1915-1921, and special Reports by W. J. Peters, J. P. Ault, L. A. Bauer,

J. A. Fleming, and S. J. Mauchly. (Volume V, Researches of the De-
partment of Terrestrial Magnetism.) Quarto, vii+430 pp., 15 pis., 31 figs.

No. 299. Burnett, E. C. Letters of Members of the Continental Congress. Vol. Ill:

January 1 to December 31, 1778. Octavo, lxii+582 pp.
No. 337. Castle, W. E., H. W. Feldman and W. H. Gates. Contributions to a Knowl-

edge of Inheritance in Mammals. Octavo, 138 pp., 14 pis., 5 figs.

I. Castle, W. E.—Studies of Color Inheritance and of Linkage in Rabbits.

II. Feldman, Horace W.—Fertility and Sterility in the Norway Rat,
Mus norvegicus.

III. Gates, W. H.—The Japanese Waltzing Mouse : Its Origin, Heredity and
Relation to the Genetic Characters of other Varieties.

No. 344. Papers from the Department of Marine Biology of the Carnegie Institution of

Washington. Vol. XXIII, Octavo, ii+134 pp., 15 pis., 1 map, 10 figs.

This book contains the following papers:

Bramlette, M. N.—Some Marine Bottom Samples from Pago Pago Harbor,
Samoa.

Goldman, Marcus I.—Proportions of Detrital Organic Calcareous Con-
stituents and their Chemical Alteration in a Reef Sand from the Bahamas.

Smith, N. R.—Report on a Bacteriological Examination of "Chalky Mud"
and Sea-Water from the Bahama Banks.

Cushman, Joseph A.—Recent Foraminifera from Porto Rico.

Mansfield, Wendell C.—Fossils from the Quarries near Suva, Vita Levu,
Fiji Islands, and from Vavao, Tonga Islands, with Annotated Bibliography

of the Geology of the Fiji Islands.

Vaughan, T. W., and J. E. Hoffmeister.—Miocene Corals from Trinidad.

No. 345. Schaeffer, Asa A. Taxonomy of the Amebas with Descriptions of Thirty-nine

New Marine and Fresh-water Species. (Papers from the Department of

Marine Biology of the Carnegie Institution of Washington, Vol. XXIV).
Quarto, hi+116 pp., 12 pis., 36 figs.

No. 362. Contributions to Embryology, Nos. 85 to 89, Vol. XVII. Quarto, iii-f-140 pp.,

27 pis., 2 figs.

This book contains the following papers:

Bartelmez, George W., and H. M. Evans.—Development of the Human
Embryo during the Period of Somite Formation, including Embryos with
2 to 16 Pairs of Somites.

Wilson, Karl M.—Origin and Development of the Rete Ovarii and the Rete
Testis in the Human Embryo.

Weed, Lewis H, and Orthello R. Langworthy.—Physiological Study of Cor-

tical Motor Areas in Young Kittens and in Adult Cats.

Andersen, Dorothy H.—Lymphatics and Blood-Vessels of the Ovary of the

Sow.
Langworthy, Orthello R.—Relation of Onset of Decerebrate Rigidity to the

Time of Myelinization of Tracts in the Brain-Stem and Spinal Cord of

Young Animals.

No. 363. Contributions to Embryology, Nos. 90 to 97, Vol. XVIII. Quarto, hi+ 148 pp.,

39 pis., 6 figs.

This book contains the following papers:

Lewis, W. H.—Cultivation of Embryonic Heart Tissue.

Wilson, K. M.—Correlation of External Genitalia and Sex-glands in the

Human Embryo.
Streeter, G. L.—The "Miller" Ovum.—The Youngest Normal Human Em-
bryo thus far Known.

Shikinami, Jujiro.—Detailed Forms of the Wolffian Body in Human Em-
bryos of the First Eight Weeks.
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Danchakoff, Vera.—Lens Ectoderm and Optic Vesicles in Allantois Grafts.

King, Jessie L.—Menstrual Records and Vaginal Smears in a Selected Group
of Normal Women.

Lewis, Margaret R., and W. H. Lewis.—Transformation of Mononuclear
Blood-Cells into Macrophages, Epithelioid Cells and Giant Cells in Hang-
ing-Drop Blood Cultures from Lower Vertebrates.

Sugiyama, S.—Origin of Thombocytes and of the Different Types of Blood-
Cells as Seen in the Living Chick Blastoderm.

No. 369. Carpenter, Thorne M. Human Metabolism with Enemata of Alcohol, Dextrose,

and Levulose. Octavo, iii+198 pp., 91 figs.

No. 371. Bassett, John S. Correspondence of Andrew Jackson. Vol. I. Octavo,
xi+508 pp.

No. 372. Bell, Herbert C., David W. Parker, and others. Guide to British West Indian
Archive Materials in London and in the Islands, for the History of the

United States. Octavo, ix+435 pp.
No. 373. MacDougal, D. T. The Hydrostatic System of Trees. Octavo, 125 pp.,

19 figs.

No. 374. Catterall, Helen T. Judicial Cases Concerning American Slavery and the

Negro. Octavo, xvi+508 pp.
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Bibliography of Contributions to Knowledge Relating to Work op

Investigators, Associates, and Collaborators Issued Through
Channels other than the Publications of the Carnegie Insti-

tution of Washington.

Adams, Leason H. Calibration tables for selected thermocouples. Internat. Critical Tables,

vol. 1, 57-59 (1926).

. Chemistry as a branch of mathematics. Jour. Wash. Acad. Sci., vol. 16, 266-276

(1926).

-, and R. E. Gibson. The compressibilities of dunite and of basalt glass and their bearing

on the composition of the Earth. Proc. Nat. Acad. Sci., vol. 12, 275-283 (1926).

Adams, Mildred. See Shebman, H. C.

Adams, Walter S. Summary of the year's work at Mount Wilson. Pubs. A. S. P., vol. 37,

297-302 (1925).

. Mount Wilson Observatory (Reports of Observatories). Pubs. Amer. Astron. Soc,

vol. 4, 323-328 (1925); Pop. Astron., vol. 34, 101-106 (1926).

. Report of the Commission on the Spectral Classification of Stars. Trans. Internat.

Astronom. Union, vol. 2, 117-123 (1925).

, and Alfred H. Joy. A list of stars with radial velocities exceeding 50 km/sec. Pubs.

A. S. P., vol. 38, 121-124 (1926).

, . Note on the spectra of stars in which X4077 and X4215 are exceptionally strong.

Pubs. A. S. P., vol. 38, 124 (1926).

-, and Charles E. St. John. An attempt to detect water-vapor and oxygen lines in the

spectrum of Mars with the registering microphotometer. Astrophys. Jour., vol. 63, 133-137

(1926); Mt. Wilson Contr., No. 307.

Albrecht, Sebastian. Wave-lengths in Cephei with dispersion of two and three prisma.

(Abstract) Pop. Astron., vol. 33, 535 (1925).

. Wave-lengths of three silicon lines in stellar spectra. (Abstract) Pop. Astron., vol. 33,

536 (1925).

. Errors of wave-length in stellar spectra arising from the titanium comparison spectrum.

(Abstract) Pop. Astron., vol. 34, 182 (1926).
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Bull. Seismol. Soc. Amer., vol. 15, 1-72 (1925).
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Sci., vol. 11, 408-412 (1925).

. Acoustic pressure in tubes capped by high resistance telephones. Proc. Nat. Acad.
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(1926).

Mutually counteracting pinhole probes. Proc. Nat. Acad. Sci., vol. 11, 223-227
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621 (Mar. 1926).

. See Notes, Arthur A.

Belling, John. The origin of chromosomal mutations in Uvularia. Jour. Genetics, vol. 15,
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metallic nickel. Jour. Amer. Chem. Soc, vol. 48, 632-640 (Mar. 1926).

Bj6rkeson, Albert. X-radiation from hot sparks. Proc. Nat Acad. Sci., vol. 11, 413-415
(1925).

. See Pauling, Linus.
Blakeslee, A. F., and J. L. Cartledge. Pollen abortion in chromosomal types of Datura.

Proc. Nat. Acad. Sci., vol. 12, 315-323 (May 1926).
. See Belling, John; Satina, Sophia.
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humans. Proc. Nat. Acad. Sci., vol. 12, 415-419 (1926).
. The Nutrition Laboratory of the Carnegie Institution of Washington, and its investi-

gations on the metabolism of men and animals. Proc. Roy Inst., London, vol. 24 (1925).

Cartledge, J. L. See Blakeslee, A. F.

Castle, W. E. The explanation of hybrid vigor. Proc. Nat. Acad. Sci., vol. 12, No. 1, 16-19
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vol. 34, 186-187 (1926).

Duvall, C. R. See Bauer, Louis A.
Emmett, Paul H. See Benton, Arthur F.

Ennis, C. C. Note on a device to facilitate compilation of data in investigational work. Terr.

Mag., vol. 31, 9-10 (Mar. 1926).
. See Peters, William J.

Epstein, Paul S. Centennial of the undulatory theory of light. Science, vol. 63, 387-393 (1926)

.

Estabrook, A. H. Geographical features of a southern mountain county in relation to the
types of people inhabiting the various areas. Eugen. News, vol. 10, 106-109 (Aug. 1925).

. Eugenical notes on the settlement of Oregon. Eugen. News, vol. 10, 52-55 (Apr. 1926).—
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1-111 (i925).

. Der M. mandibulo-auricularis, nebst Bemerkungen iiber die Ohrmuschel und das
Scutulum der Saugetiere. Anat. Anz., vol. 59, 353-379 (1925).

Ein M. mandibulo-auricularis bei Primaten, nebst Beitragen zur Kenntnis der Phylo-
genese der menschlichen Ohrmuskulatur. Anat. Anz., vol. 60, 11-21 (1925).

Huggins, Maurice L. Evidence from crystal structures in regard to atomic structures. Phys.
Rev., vol. 27, 286-297 (Mar. 1926).

, and Sterling B. Hendricks. Confirmation of the presence of a non-tetrahedral carbon
atom in crystals of pentaerythritol. Jour. Amer. Chem. Soc, vol. 48, 164-167 (Jan. 1926).

Jameson, J. Franklin. The American Revolution considered as a social movement. Princeton
Univ. Press, 158 p. (1926).

Johnston, H. F. Comments on the Madrid agenda. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 171 (Nov. 1925).

. Records of principal magnetic storms and of earthquakes at the Watheroo Magnetic
Observatory, January to September, 1925. Terr. Mag., vol. 30, 216-218 (Dec. 1925).

. Principal magnetic storms and earthquakes at the Watheroo Magnetic Observatory,
October to December 1925. Terr. Mag., vol. 31, 22 (Mar. 1926).

. Principal magnetic storms and earthquakes, January 1926, at the Watheroo Magnetic
Observatory with notes regarding aurora and cable and radio disturbances. Terr. Mag.,
vol. 31, 23-25 (Mar. 1926).

. Principal magnetic storms recorded at the Watheroo Magnetic Observatory for the
quarter January 1 to March 31, 1926. Terr. Mag., vol. 31, 74-75 (June 1926).

The origin, history, and work of the Watheroo Magnetic Observatory. Handbook of

Science in Western Australia, 132-135 (1926).

Jot, Alfred H. A spectrographic study of Mira Ceti. Astrophys. Jour., vol. 63, 281-341
(1926); Mt. Wilson Contr., No. 311.

. Selected physical properties of stars and nebulae. Internat. Critical Tables, vol. 1,

384-385 (1926).

. Spectrographic observations of Mira. Read at meeting of Nat. Acad. Sci., Washington
(Apr. 1926).

See Adams, Walter S.

Joyner, Mary C. See Seares, Frederick H.
Kazda, C. B. Photo-electric threshold for mercury. Phys. Rev., vol. 26, 643-654 (1925).

Keeler, C. E. On the occurrence in the house mouse of a Mendelizing structural defect of the
retina producing blindness. Proc. Nat. Acad. Sci., vol. 12, No. 4, 255-258 (1926).

Kellogg, Remington. Kentriodon pernix, a Miocene porpoise from Maryland. Proc. U. S.

Nat. Mus., 89 pp., 14 plates (1926).
. Supplementary observations on the skull of the fossil porpoise Zarhachis flagellator

Cope. Proc. U. S. Nat. Mus., vol. 67, art. 28, Pub. 2600, 1-18, plates 1-5 (1926).

Relationships of the Tertiary cetaceans of Jugo-Slavia with those of Eastern North
America. Separatni Otisak iz Spomenice u Pocast Prof. Dr. Gorjanovi-Krambergera,
Zagreb (1926).

Keyes, Mary G. Making thin sections of rocks. Amer. Jour. Sci., vol. 10, 538-550 (1925).
. See Washington, Henry S.

Kindwall, J. A. See Cunningham, R. S. ; Sabin, F. R.
King, Arthur S. Spectroscopic phenomena of the high-current arc. Astrophys. Jour., vol. 62,

238-264 (1925); Mt. Wilson Contr., No. 298.
. Violet bands of titanium oxide. Pubs. A. S. P., vol. 38, 173 (1926).
. Two band-groups appearing in electric furnace spectra and probably associated with

carbon. Pubs. A. S. P., vol. 38, 173-174 (1926).
. The carbon tube furnace. Jour. Opt. Soc. Amer., vol. 12, 503-510 (1926).

King, Harold S. See Richards, Theodore W.
Kleim, A. L. Secondary emission from a nickel surface due to slow positive ion bombardment.

Phys. Rev., vol. 26, 800-806 (1925).

Ksanda, C. J. See Wyckoff, Ralph W. G.
Kubie, L. S., and G. M. Schultz. Vital and supravital studies of the cells of the cerebrospinal

fluid and of the meninges in cats. Bull. Johns Hopkins Hosp., vol. 37, 91-129 (1925).
Langer, R. M. Atmospheric absorption and transmission in searchlight practice. Jour. Opt.

Soc. Amer., and R. S. I., vol. 12, 359-373 (1926).

Langworthy, O. R. Development of progression and posture in young opossums. Amer.
Jour. Physiol., vol. 74, 1-13 (1925).

. See Weed, L. H.
Laughlin, H. H. Eugenical sterilization: 1926. An analysis of the biological aspects of eugeni-

cal sterilization. Amer. Eugenics Soc, 1-75 (Dec. 1925).
Lawrence, John V., and J. Arthur Harris. A practical method for the determination of the

chloride content of plant tissue fluids. Ecology, vol. 6, No. 4, 391-396 (Oct. 1925).
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Leavenworth, Charles S. See Vickery, Hubert Bradford.
Lee, F. C. Note on differences of capillary activity. Amer. Jour. Physiol., vol. 74, 326-333

(1925).
. Effect of histamine on cerebrospinal fluid pressure. Amer. Jour. Physiol., vol. 74,

317-325 (1925).

Experimental end-to-end anastomoses of the colon. Archives of Surgery, vol. 11,

100-123 (1925).

Leland, Waldo G. The International Committee of Historical Sciences. Amer. Hist. Rev.,
vol. 31, 726-731 (July 1926).

Lesley, M. M. See Babcock, E. B.

Lewis, M. R. Study of the mononuclears of the frog's blood in vitro. Arch. f. exper. Zell-

forschung, vol. 2, 228-243 (1925).

, and H. B. Andervont. Production of transplantable tumors by the inoculation of the
plasma or of the washed white blood-cells from the blood of sarcomatous chickens. Anat.
Record, vol. 32, p. 238 (1926).

, . Malignant cell of chicken sarcoma. Anat. Record, vol. 32, 237 (1926).
, . Serial transmission of chicken tumors by means of injection of the white

blood-cells and the plasma. Amer. Jour. Hyg., vol. 6, 498-505 (1926).

, and B. Bruda. A modified white blood-cell tumor of the rat. Bull. Johns Hopkins
Hosp., vol. 38, 376-378 (1926).

See Lewis, W, H.
Lewis, W. H. Engulfment of living blood-cells by others of the same type. Anat. Record,

43-48 (1925).
. Transformation of mononuclear blood-cells into macrophages, epithelioid cells and giant

cells. Harvey Lectures, Series 21 (1925-1926).
. Macrophages of the deep fascia of the thigh of the rat in spreads supravitally stained

with neutral red and with janus green. Anat. Record, vol. 32, 215 (1926).
. Macrophages in sterile inflammation of the deep fascia of the rat. Anat. Record, vol.

32, 215 (1926).
. On the possibility of the transformation of polymorphonuclear leucocytes into mono-

nuclears, epithelioid cells and macrophages in cultures of the buffy coat of the blood of the

rat. Anat. Record, vol. 32, 216 (1926).

-, and M. R. Lewis. Transformation of leucocytes into macrophages, epithelioid cells and
giant cells in cultures of pure blood. Amer. Jour. Physiol., vol. 72 (1925).

Lloyd, F. E., and V. Ulehla. The r61e of the wall in the living cell as studied by the auxo-
graphic method. Trans. Roy. Soc. Can., Ill, vol. 20, 45-73 (1926).

Lohenz, E. J. So-called positive photo-electric emission (inverse effect) and the reality of the

sub-electron. Phil. Mag., vol. 1, 499-509 (1926).

Loria, S. Metastable 2p3 state of mercury atoms. Proc. Nat. Acad. Sci., vol. 11, 673-679 (1925).

. Indirectly excited fluorescence spectra. Phys. Rev., vol. 26, 573-584 (1925).

Lorberblatt, I. See Noyes, Helen M.
Lord, E. M. See MacDowell, E. C.

Losh, Hazel Marie. See Nicholson, Seth B.
Loughridge, D. H. Direction of ejection of photo-electrons produced by X-rays. Phys.

Rev., vol. 26, 697-700 (1925).

Lowe, E. A. Some facts about our oldest Latin manuscripts. Classical Quarterly, vol. 19,

197-208 (July-Oct. 1925).
. Review of R. Priebsch's The Heliand Manuscript Cotton Caligula AVII in the British

Museum. English Hist. Rev., vol. 41, 159 (Jan. 1926).

. A new manuscript fragment of Bede's "Historia Ecclesiastica." English Hist. Rev.,

vol. 41, 244-246 (Apr. 1926).
. Review of P. Lehmann's: Fuldaer Studien. Classical Rev., vol. 40, 91 (May 1926).

. Review of Lindsay's: Palaeographia Latina; Part IV. Classical Rev., vol. 40, 91

(May 1926).

-, Robert Bridges and Roger Fry. English handwriting. S. P. E. Tract XXIII,
30 pages and 34 collotype plates. Oxford (1926).

Lundmark, Knut. Internal motions of Messier 33. Astrophys. Jour., vol. 63, 67-71 (1926) ; Mt.
Wilson Contr., No. 308.

MacDougal, D. T. Growth and permeability of century-old cells. Amer. Nat., vol. 60 (1926).

. The autobiography of trees. Sci. Forests and Forest Life, vol. 32, 661 (1926).

. The hydrostatic system of trees. Sci. Amer., vol. 82, 378 (1926).

MacDowell, C. G. See MacDowell, E. C.

MacDowell, E. C, and E. M. Lord. The number of corpora lutea in successive mouse preg-

nancies. Anat. Record, vol. 31, No. 2, 131-141 (Oct. 1925).

, . Data on the primary sex ratio in the mouse. Anat. Record, vol. 31, No. 2,

143-148 (Oct. 1925).
, . Factors influencing the number of corpora lutea in mice; parity vs. age. Anat.

Record, vol. 31, No. 4, 342-343 (Dec. 1925).

SO
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MacDowell, E. O, and E. M. Lord. The relative viability of male and female mouse
embryos. Amer. Jour. Anat., vol. 37, No. 1, 127-140 (Mar. 1926).

, , and C. G. MacDowell. The sex ratio of mice from alcoholized fathers. Proc.

Soc. Exper. Biol, and Med., vol. 23, No. 7, 517-519 (Apr. 1926).

, , . Heavy alcoholization and prenatal mortality in mice. Proc. Soc.

Exper. Biol, and Med., vol. 23, No. 8, 652-654 (May 1926).

See Bagg, H. J.

Mason, Karl E. A histological study of sterility in the albino rat due to a dietary deficiency.

Proc. Nat. Acad. Sci., vol. 11, 377-382 (1925).

. Testicular degeneration in albino rats fed a purified food ration. Jour. Exper. Zool.,

vol. 45, 159-229 (1926).

Mauchlt, S. J. The electric condition of the lower atmosphere. Bull Nat. Research Council,

vol. 10, 58-60 (July 1925).

. Note on control of atmospheric potential-gradient observations at observatories.

Bull. 5, Sect. Terr. Mag. and Electr., Internat. Geod. Geophys. Union 150-151 (Nov.

1925).— . The electricity of the air. Sci. Mon., vol. 21, 641-645 (Dec. 1925).

See Ault, J. P.

McDougle, I. E. See Estabrook, A. H.
Mendel, Lafayette B. See Osborne, Thomas B.

Merriam, John C. Ancient footprints in the Grand Canyon. Scribner's Mag., vol. 79, 77-82

(Jan. 1926).

. International cooperation in historical research. Bull. Pan Amer. Union (Mar. 1926).

. The responsibility of state and federal government for recreation. (Address before

National Conference on Outdoor Recreation, January 20, 1926.) National Parks Bull.

No. 49.

Panama and the problem of human migration. Bull. Pan. Amer. Union, vol. 60, No. 8,

787-789 (1926).

Merrill, Paul W. Notes on lines in the spectra of red stars. Astrophys. Jour., vol. 63,

13-19 (1926); Mt. Wilson Contr., No. 306.
. Note on the infra-red oxygen triplet in stellar spectra. Pubs. A. S. P., vol. 37, 272

(1925).

. Stars as they look and as they are. Pubs. A. S. P., vol. 38, 14-21 (1926).

. Stellar atmospheres: A contribution to the observational study of high temperature in

the reversing layers of stars, by Cecilia H. Payne. (Review) Pubs. A. S. P., vol. 38, 33-34

(1926).

. Titanium lines in the spectrum of the iron star H. D. 161114. Pubs. A. S. P., vol.

38, 45 (1926).

Note on the spectrum of UV Aurigae. Pubs. A. S. P., vol. 38, 175-176 (1926).

Merwin, Herbert E. See Gibson, Ralph E.; Wyckoff, Ralph, W. G.
Metz, Charles W. Prophase chromosome behavior in triploid individuals of Drosophila

- melanogaster. Genetics, vol. 10, 345-351 (July 1925).

. Chromosome studies on Sciara (Diptera). I: Differences between the chromosomes of

the two sexes. Amer. Nat., vol. 60, 42-56 (Jan.-Feb. 1926).

An apparent case of monocentric mitosis in Sciara (Diptera). Science, n. s., vol. 63,

190-191 (Feb. 1926).

Millikan, R. A. High-frequency rays of cosmic origin. Proc. Nat. Acad. Sci., vol. 12, 48-55,

(1926); Science, vol. 62, 445-448 (1925); Ann. der Phys., vol. 79, 572-582 (1926).
. Nature of the evidence for the divisibility of the electron. Phys. Rev., vol. 26, 99-104

(1925).

, and I. S. Bowen. High-frequency rays of cosmic origin. I: Sounding balloon observa-
tions at extreme altitudes. Phys. Rev., vol. 27, 353-361 (1926).

, and Carl F. Eyring. Laws governing the pulling of electrons out of metals by intense

electrical fields. Phys. Rev., vol. 27, 51-67 (1926).

and R. M. Otis. High-frequency rays of cosmic origin. II: Mountain peak and air-

plane observations. Phys. Rev., vol. 27, 645-658 (1926).

See Bowen, I. S.

Mitchell, Allan C. G. On the activation of hydrogen by excited mercury atoms. Proc.

Nat. Acad. Sci., vol. 11, 458-463 (Aug. 1925).
. See Hicks, Hervey C.

Morey, George W., and N. L. Bowen. The ternary system sodium metasilicate-calcium
metasilicate-silica. Jour. Soc. Glass Tech., vol. 9, 226-264 (1925).

. See Wyckoff, Ralph W. G.
Nelson, Louise A. See Davenport, Charles B.
Nicholson, Seth B., and Hazel Marie Losh. Sun-spot activity during 1925. Pubs. A. S. P.,

vol. 38, 53-54 (1926).
, . Ephemeris of Jupiter's ninth satellite. Pubs. A. S. P., vol. 38, 175 (1926).
. See Hale, George E.; Pettit, Edison.
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Notes, Arthur A., and Warren P. Baxter. Inter-ionic attraction theory of ionized solutes.

Ill: Testing of the theory in alcoholic solvents. Jour. Amer. Chem. Soc, vol. 47, 2122-
2129 (Aug. 1925).

Noyes, Helen M., K. George Falk and E. J. Baumann. Studies on enzyme action. XXXV:
Lipase actions of extracts of tissue of rabbits at different ages. Jour. Gen. Physiol., vol. 9,

651-675 (May 1926).

, I. Lorberblatt and K. George Falk. Studies on enzyme action. XXXIV: Actions
of some ester-hydrolyzing enzymes at different temperatures. Jour. Biol. Chem., vol. 68,
No. 1, 135-150 (Apr. 1926).

Oldenberg, Otto. On fluorescence radiation of nitrogen. Proc. Nat. Acad. Sci., vol. 11, 595-
597 (1925).

Osborne, Thomas B., and Lafayette B. Mendel. Acceleration of growth. Nat. Acad. Sci.;

Science, n. s., vol. 63, 528-529 (1926).
, . Relation of the rate of growth to diet: I. Jour. Biol. Chem. (1926).

Osterhotjt, W. J. V., and M. J. Dorcas. Contrasts in the cell sap of Valonias and the prob-
lem of flotation. Jour. Gen. Physiol., vol. 7, 633 (1925).

Otis, R. M. See Millikan, R. A.
Parkinson, W. C. Comments on the Madrid agenda. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 170-171 (Nov. 1925).
. Principal magnetic storms recorded at the Huancayo Magnetic Observatory, January

to June 1925. Terr. Mag., vol. 30, 148-149 (Sept. 1925).

Pauling, Linus. Quantum theory of the dielectric constant of hydrogen chloride and similar

gases. Proc. Nat. Acad. Sci., vol. 12, 32-35 (Jan. 1926).
. Dielectric constant and molecular weight of bromine vapor. Phys. Rev., vol. 27,

181-182 (Feb. 1926).

. Dynamic model of the chemical bond and its application to the structure of benzene.

Jour. Amer. Chem. Soc, vol. 48, 1132-1143 (May 1926).
. Quantum theory of the dielectric constant of hydrogen chloride and similar gases.

Phys. Rev., vol. 27, 568-577 (May 1926).

, and Albert Bjorkeson. A new crystal for wave-length measurements of soft X-rays.

Proc. Nat. Acad. Sci., vol. 11, 445-447 (July 1925).

, and Sterling B. Hendricks. Prediction of the relative stabilities of isosteric isomeric

ions and molecules. Jour. Amer. Chem. Soc, vol. 48, 641-651 (Mar. 1926).

, and Richard C. Tolman. Entropy of supercooled liquids at the absolute zero. Jour.

Amer. Chem. Soc, vol. 47, 2148-2156 (Aug. 1925).

See Debye P.; Hendricks, Sterling B.
Paullin, Charles O. Alexandria County in 1861. Records Columbia Hist. Soc, vol. 28,

107-131.

Pease, Francis G. Planetary and lunar notes. II: Observations of Jupiter. Pubs. A. S. P.,

vol. 37, 321-322 (1925).

Peters, William J., and C. C. Ennis. The 27-day recurrency in earth-currents. Terr. Mag.,
vol. 31, 57-70 (June 1926).

Pettit, Edison. Ultra-violet solar radiation and its variations. Pubs. A. S. P., vol. 38, 21-27

(1926).
. The effects of ozone on the atmospheric transmission in the ultra-violet—A correction.

Pubs. A. S. P., vol. 38, 124-125 (1926).
. A new form of thermoelectric microphotometer. Read at Cornell Meeting of the

Opt. Soc. Amer. (Oct. 1925).
. Ultra-violet solar radiation and its variations. Pubs. Amer. Astron. Soc, 35th meet-

ing, Rochester, 365-366 (1925-26); Pop. Astron., vol. 34, 241-242 (1926).

. New knowledge about the planets. North American Almanac, 38-43 (1926).

, and Seth B. Nicholson. Radiation measurements of the solar corona, January 24

1925. Astrophys. Jour., vol. 62, 202-224 (1925); Mt. Wilson Contr., No. 299.

, . Radiation measurements on the corona at the eclipse of January 24, 1925.

(Abstract) Pubs. Amer. Astron. Soc, 34th meeting, Northfield, 289-290 (1925) ; Pop. Astron.,

vol. 33, 591-592 (1925).

The diurnal maximum of temperature on Mars. Astron. Nachr., vol. 225,

331-334 (1925).

Pincus, G. See Feldman, H. W.
Posnjak, E. See Sosman, Robert B.
Raymond, Harry. The corrections to the declination system of Boss' Preliminary General

Catalogue. Astron. Jour., vol. 36, 129-138 (1926).

Reese, A. M. Cephalic glands of Alligator mississippiensis, Florida alligator, and of Agkis-

trodon, Copperhead, and Moccasin. Biologia Generalis, vol. 1, 482-500 (1925).

Reinhart, Warren H. See Riddle, Oscar.
Rich, A. R. Formation of bile pigment from hemoglobin in tissue-cultures. Bull. Johns Hop-

kins Hosp., vol. 35, 415-416 (1924).
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Richards, Theodore W. Poids Atomiques et Isotopes. Bull, de la Societe Chimique de

France, [4], vol. 39, 109 (1926).
. Die Anwendung der Elektrolyse bei der Reindarstellung von Substanzen. Handbuch

der Arbeitsmethoden in der anorganischen Chemie, Band 2 (1925).

. A brief history of the investigation of internal pressures. Chem. Rev., vol. 2, 315

(Oct. 1925).

, and Harris Marshall Chadwell. The densities and compressibilities of several

organic liquids and solutions, and the polymerization of water. Jour. Amer. Chem. Soc,
vol. 47, 2283 (Sept. 5, 1925).

, and Lawrence P. Hall. The atomic weight of uranium lead and the age of an especially

ancient uraninite. Jour. Amer. Chem. Soc, vol. 48, 704 (Mar. 1926).

Harold S. King and Lawrence P. Hall. Attempts to fractionate mixed isotopes

of lead, and the atomic weight of this metal. Jour. Amer. Chem. Soc, vol. 48, 1530 (June

1926).

Richmond, Myrtle L. See Seares, Frederick H.
Ricketson, Oliver G. Burials in the Maya area. Amer. Anthropol., vol. 27, No. 3, 381-401

(July 1925).

Riddle, Oscar. On the sexuality of the right ovary of birds. Anat. Record, vol. 30, No. 5, 365-

383 (Aug. 1925).

. Sex in a fraternity of pigeons obtained from an inter-family cross. Anat. Record, vol. 3 1

,

No. 4, 349-350 (Dec. 1925).

, and AVarren H. Reinhart. Studies on the physiology of reproduction in birds. XXI

:

Blood calcium changes in the reproductive cycle. Amer. Jour. Physiol., vol. 76, No. 3,

660-676 (May 1926).

, and Masaharu Tange. Some limitations of the action of the so-called folicular hor-

mone in birds. Proc. Soc. Exp. Biol, and Med., vol. 23, 648-652 (May 1926).

Roberts, Howard S. The Geophysical Laboratory furnace thermostat. Jour. Opt. Soc.

Amer., vol. 11, 171-186 (1925).

Robertson, H. P. Transformations of Einstein spaces. Proc Nat. Acad. Sci., vol. 11, 590-

592 (1925).

Rooney, W. J. See Gish, O. H.
Rosseland, Svein. On the structure and origin of solar magnetic fields. Astrophys. Jour.,

vol. 62, 387-408 (1925); Mt. Wilson Contr., No. 302.
. On the origin of bright lines in stellar spectra. Astrophys. Jour., vol. 63, 218-235

(1926); Mt. Wilson Contr., No. 309.

Sabin, R. F., R. S. Cunningham, C. A. Doan, and J. A. Kindwall. Normal rhythm of the

white blood-cells. Bull. Johns Hopkins Hosp., vol. 37, 14-67 (1925).
. See Cunningham, R. S.

Sanford, Roscoe F. Note on the spectrum and radial velocity of N. G. C. 6960. Pubs. A. S. P.,

vol. 37, 270-271 (1925).

. The radial velocity of the companion to the Andromeda nebula, N. G. C. 221. Pubs.

"A. S. P., vol. 38, 44-45 (1926).

Two bands in spectra of Class N. Pubs. A. S. P., vol. 38, 177-179 (1926).

Sarton, George. Transparency. Scribner's Mag., 308-313 (Mar. 1925). Reprinted in

Essays of 1925, selected by Odell Sheppard, Hartford, Mitchell, 221-224 (1926).
. Robert Simpson Woodward. Isis, vol. 7, 112-114 (1925).
. Sixteenth critical bibliography of the history and philosophy of science and the history

of civilization. Isis, vol. 7, 167-366, pi. 5-8 (1925).

Seventeenth critical bibliography of the history and philosophy of science and the his-

tory of civilization. Isis, vol. 7, 531-614, 2 pi. (1925).—
. Hommage a Romain Rolland in Liber Amicorum Romain Rolland (1926).—
. Art as an approach to Asia. Yale Review, 540-552 (Apr. 1926).—
. Preface to volume VIII of Isis. Isis, vol. 7, 7-11 (1926).

Sur la tolerance intellectuelle. Isis, vol. 7, 241-253. (1926).

Satina, Sophia, and M. Demerec. Manoilov's reaction for identification of the sexes. Science,

vol. 62, 225-226 (Sept. 1925).

, and A. F. Blakeslee. Studies on biochemical differences between (+) and (— ) sexes

in mucors. I: Tellurium salts as indicators of the reduction reaction. Proc. Nat. Acad.
Sci., vol. 11, No. 9, 528-534 (Sept. 1925).

, . Studies on biochemical differences between (+) and (— ) sexes in mucors.
II: A preliminary report on the manoilov reaction and other tests. Proc Nat. Acad. Sci.,

vol. 12, 191-196 (Sept. 1925).
, . Biochemical differences between sexes in green plants. Proc. Nat. Acad. Sci.,

vol. 12, 197-202 (Mar. 1926).

The mucor parasite parasitella in relation to sex. Proc Nat. Acad. Sci.,

vol. 12, 202-207 (Mar. 1926).

Schilt, J. Note on the magnitude range in variable stars of the W Ursae Majoris type. Pubs.
A. S. P., vol. 38, 129-130 (1926).
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Schradeb, Franz. The cytology of pseudo-sexual eggs in a species of Daphnia. Ztsch. f. induk.
Abstammungs- u. Vererb., Bd. 40, 1-27, 2 pi. (1925).

Schultz, A. H. Studies on the evolution of human teeth. Dental Cosmos, 3-24 (Oct.-Nov.
1925).

. Anthropological studies on Nicaraguan Indians. Amer. Jour. Phys. Anthrop., 65-80
(Jan.-March 1926).

See Wislocki, G. B.
Seares, Frederick H., and Mary C. Joyner. Reduction of thirty-nine astrographic zones to

the international photographic scale. Astrophys. Jour., vol. 63, 160-176 (1926) ; Mt. Wilson
Contr., No. 305.

, P. J. van Rhijn, Mary C. Joyner, and Myrtle L. Richmond. Mean distribution of

stars according to apparent magnitude and galactic latitude. Astrophys. Jour., vol. 62,
320-374 (1925); Mt. Wilson Contr., No. 301.

Shepherd, E. S. Note on the chemical significance of engulfment at Kilauea. Jour. Wash.
Acad. Sci., vol. 15, 418-420 (1925).

Sherman, H. C, M. L. Caldwell and Mildred Adams. Further experiments upon the purifi-

cation of pancreatic amylase. Proc. Soc. Exper. Biol, and Med., vol. 22, 413-416 (Mar.
1926).

Sherrill, Miles S. See Dickinson, Roscoe G.
Shreve, Forrest. The desert of northern Baja California. Bull. Torr. Bot. Club, vol. 53,

129-136 (Mar. 1926).

Simon, A. W. On the quantitative theory of an electrostatic voltage multiplier. Phys. Rev.,
vol. 27, 341-345 (1926).

. On the theory of electrostatic alternators. Phys. Rev., vol. 27, 747-754 (1926).

Smith, David F. Rate of thermal decomposition of sulfuryl chloride, a first-order homogene-
ous gas reaction. Jour. Amer. Chem. Soc, vol. 47, 1862-1875 (July 1925).

Smith, J. H. C, and H. A. Spoehr. Studies on atmospheric oxidation. II: The kinetics of the
oxidation with sodium ferropyrophosphate. Jour. Amer. Chem. Soc, vol. 48, 107 (1926).

. See Spoehr, H. A.
Smith, Sinclair (with Richard C. Tolman). On the nature of light. Proc. Nat. Acad. Sci.,

vol. 12, 343-347 (1926).

. See Tolman, Richard C.

Snider, Kathleen Gavin. See Banta, A. M.
Sosman, Robert B. Oxygen and volcanism. Jour. Wash. Acad. Sci., vol. 15, 422-423 (1925).

, and E. Posnjak. Ferromagnetic ferric oxide, artificial and natural. Jour. Wash.
Acad. Sci., vol. 15, 329-342 (1925).

Spoehr, H. A., and J. H. C. Smith. Studies on atmospheric oxidation. I: The oxidation of

glucose and related substances in the presence of sodium ferropyrophosphate. Jour. Amer.
Chem. Soc, vol. 48, 236 (1926).

Stier, T. B. See Crozier, W. J.

St. John, Charles E. The red shift of solar lines and relativity. Proc Nat. Acad. Sci., vol.

12, 65-68 (1926); Mt. Wilson Communications No. 96.

. Rotation of the sun. (Abstract) Pubs. Amer. Astron. Soc, 34th meeting, Northfield,

290-291 (1925); Pop. Astron., vol. 33, 592-593 (1925).
. Report of the Commission on Solar Physics. Trans. Internat. Astronom. Union, vol.

2, 27-39 (1925).

See Adams, Walter S.

Stock, Chester. Anchitheriine horses from the Fish Lake Valley region, Nevada. Univ.
Calif. Publ. Bull. Dept. Geol. Sci., vol. 16, No. 3, 61-68, 11 pis., 1 text-fig. (1926).

, and E. L. Furlong. New Canid and Rhinocerotid remains from the Ricardo Pliocene

of the Mohave Desert, California. Univ. Calif. Publ. Bull. Dept. Geol. Sci., vol. 16, No. 2,

43-60, pis. 7-10 (1926).

Straus, W. L. Nature and inheritance of webbed toes in man. Jour. Morph. and Physiol.,

vol. 41, 427-439 (1926).

Streeter, G. L. A comparison of the Miller embryo with other young human embryos. Anat.
Record, vol. 32, 222 (1926).

Strombeeg, Gustaf. Note concerning the radial velocity of the companion of Sirius. Pubs.

A. S. P., vol. 38, 44 (1926).

. Motions of the stars and nebulae. Internat. Critical Tables, vol. 1, 389-391 (1926).

. Miller's ether drift experiment and stellar motions. Nature, vol. 117, 482-483 (1926).

Stbong, L. C. Genetic basis of susceptibility to tissue transplants. Proc. Nat. Acad. Sci.,

vol. 12, No. 3, 181-186 (Mar. 1926).

. Changes in the reaction potential of a transplantable tumor. Jour. Exp. Med., vol. 43,

No. 5, 713-724 (May 1926).

Genetic studies on the nature of cancer. Amer. Nat., vol. 60, 201-226 (May-June 1926)

.

A genetic study of the growth of a transplantable tumor (adenocarcinoma, dBrB).

Jour. Exp. Zool., vol. 45, No. 1, 231-252 (May 1926).
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Sugitama, S. See Cunningham, R. S.

Summary of Mount Wilson observations of sun-spots, May (1925) to April (1926). Pubs.

M A. S. P., vol. 37, 225-228, 272-275, 331-335 (1925); vol. 38, 46-53, 125-128, 179-182 (1926).

Sverdrup, H. U. The north-polar cover of cold air. Monthly Weath. Rev., vol. 53, 471-475
,.>. (Nov. 1925).

. Meteorology on the Maud Expedition, 1922-1925. Bull. Amer. Met. Soc, vol. 7, 66-68

Hf (May 1926).

. Scientific work of the Maud Expedition, 1922-1925. Sci. Mon., vol. 22, 400-410
(May 1926).

-, and O. Dahl. Two oceanographic current-recorders designed and used on the Maud
Expedition. Jour. Opt. Soc. Amer., vol. 12, 537-545 (May 1926).

Tange, Masaharu. See Riddle, Oscar.
Tolman, Richard C. Principle of microscopic reversibility. Proc. Nat. Acad. Sci., vol. 11,

436-439 (July 1925).

. On the derivation of the equation for the effect of temperature on reaction rate. Jour.

Amer. Chem. Soc, vol. 47, 2652-2661 (Nov. 1925).

. On the estimation of maximum coefficients of absorption. Phys. Rev., vol. 26, 431-

432 (1925).

, and Richard M. Badger. A new kind of test of the correspondence principle based on
the prediction of the absolute intensities of spectral lines. Proc. Nat. Acad. Sci., vol. 12,

173-174 (1926); Phys. Rev., vol. 27, 383-396 (1926).

, and Sinclair Smith. On the nature of light. Proc. Nat. Acad. Sci., vol. 12, 343-347
(1926).
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Tuve, M. A. See Breit, G.
Van Maanen, Adriaan. The Cambridge meeting of the International Astronomical Union,

July 14-22, 1925. Pubs. A. S. P., vol. 37, 244-255 (1925).
. The California Institute of Technology. Physica, vol. 6, 181-188 (1926).

. Oeuvres completes de Christiaan Huygens, public6es par la Societe Hollandaise des

Sciences, vol. xv. (Review) Astrophys. Jour., vol. 63, 375-376 (1926).

Van Rhijn, P. J. See Seares, Frederick H.
Vickery, Hubert Bradford. Some nitrogenous constituents of the juice of the alfalfa plant.

IV: The betaine fraction. Jour. Biol. Chem., vol. 65, 81-89 (1925).

. Simpler nitrogenous constituents of yeast. I: Choline and nicotinic acid. Jour.

Biol. Chem., vol. 68, 585-592 (1926).
. Some nitrogenous constituents of the juice of the alfalfa plant. VI: Asparagine and
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-, and Carl G. Vinson. Some nitrogenous constituents of the juice of the alfalfa plant.

V: The basic lead acetate precipitate. Jour. Biol. Chem., vol. 65, 91-95 (1925).

Vinson, Carl G. See Vickery, Hubert Bradford.
Wait, G. R. Note regarding the real and the apparent atmospheric potential-gradient. Bull.

5, Sect. Terr. Mag. and Electr., Internat. Geod. Geophys. Union, 151-152 (Nov. 1925).

Washington, Henry S. The eruption of Santorini in 1925. Jour. Wash. Acad. Sci., vol. 16,
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. La Costituzione della Terra. Bull. Volcanologique, 245-283, No. 2 (1925).

, and Mary G. Keyes. Rocks of Eastern China. Jour. Wash. Acad. Sci., vol. 16,

291-301 (1926).

See Wyckoff, Ralph W. G.
Weed, L. H., and O. R. Langworthy. Developmental study of excitatory areas in the cerebral

cortex of the opossum. Amer. Jour. Physiol., vol. 72, 8-24 (1925).
, . Decerebrate rigidity in the opossum. Amer. Jour. Physiol., vol. 72, 25-38

(1925).

White, Walter P. Two rapid and accurate methods in calorimetry. Jour. Amer. Chem. Soc,
vol. 48, 1146-1149 (1926).

. Copper covers for calorimeter jackets. Jour. Amer. Chem. Soc, vol. 48, 1149-1154
(1926).

Whitehead, E. See Frazier, C. H.
Wieland, G. R. Rhaetic crane flies from South America. Contr. Bot. Lab., Yale Univer.;

Amer. Jour. Sci., vol. 9, 21-28 (Jan. 1925).
. Dinosaur feed. Science, vol. 61, 601-603 (June 12, 1925).
. Triaso-Jurassic plant evolution and climate. Amer. Nat., vol. 50, 452-474 (Sept.-
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. Dinosaur extinction. Amer. Nat., vol. 59, 557-565 (Nov.-Dec 1925).

. The El Consuelo cycadeoids. Bot. Gaz., vol. 71, No. 1, 72-86 (Mar. 1926).
Wilson, Ralph E. The solar motion problem. Astron. Jour., vol. 36, 138-141 (1926).

. Progressive changes in mean latitude. Astron. Jour., vol. 36, 142 (1926).
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Wilson, Ralph E. Astronomical Physics, by F. J. M. Stratton. (Review) Science, n. s.,

vol. 63, 336 (1926).

Winkenwerder, W. L. An anatomical study of the lymphatics of the gall bladder of the cat.

Anat. Record, vol. 32, 245-246 (1926).

Wislocki, G. B., and A. H. Schultz. On the nature of modifications of the skin in the sternal

region of certain primates. Jour. Mammalogy, vol. 6, 236-244 (1926).

Wood, Thelma, R. See Banta, A. M.
Wright, F. E. Gravity and underground lava. (Abstract) Jour. Wash. Acad. Sci., vol. 15,

421 (1925).

Wulf, Oliver R. Possible limits for the heat of dissociation of oxygen. Jour. Amer. Chem.
Soc, vol. 47, 1944-1945 (July 1925).

. Evidence for the existence of activated molecules in a chemical reaction. Proc. Nat.
Acad. Sci., vol. 12, 129-132 (Feb. 1926).

Wyckoff, Ralph W. G. Crystal structure of silver phosphate and silver arsenate (AgjXO*).
Amer. Jour. Sci., vol. 10, 107-118 (1925).

. Die Kristallstruktur von Silberphosphat und Silberarsenat (AgsXO*). Z. Krist.,

vol. 62, 529-539 (1925).

. The structure of high- (or /3-) quartz. Science, n. s., vol. 62, 496-497 (1925).

. The crystal structure of the high temperature 03-) modification of quartz. Amer.
Jour. Sci., vol. 11, 101-112 (1926).

. Kriterien fur hexagonale Raumgruppen und die Kristall-struktur von /3-Quartz. Z.

Krist., vol. 63, 507-537 (1926).

. X-ray diffraction data from crystals and liquids. Internat. Critical Tables, vol. 1,

338-352 (1926).

, and E. D. Crittenden. An X-ray examination of some ammonia catalysts. Jour.

Amer. Chem. Soc, vol. 47, 2866-2876 (1925).

, . The preparation and crystal structure of ferrous oxide. Jour. Amer. Chem.
Soc, vol. 47, 2876-2882 (1925).

,
. Herstellung und Kristallstruktur von Ferrooxyd (FeO). Z. Krist., vol. 63,

144-147 (1926).

. See Gibson, Ralph E. ; Bowen, N. L.

, J. W. Greig and N. L. Bowen. The X-ray diffraction patterns of mullite and of silli-

manite. Amer. Jour. Sci., vol. 11, 459-472 (1926).

, and C. J. Ksanda. A simple model for illustrating the atomic arrangements in crystals.

Amer. Jour. Sci., vol. 11, 377-380 (1926).—, Herbert E. Merwin and Henry S. Washington. X-ray diffraction measurements
upon the pyroxenes. Amer. Jour. Sci., vol. 11, 383-397 (1925).

and George W. Morey. X-ray diffraction measurements on some soda-lime-silica

glasses. Jour. Soc. Glass. Tech., vol. 9, 265-267 (1925).

Yost, Don M. Catalysis by silver ion of the oxidation of chromic salts by peroxysulfuric acid.
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. Catalytic effect of silver ammonia ion in the oxidation of ammonia by peroxysulfates.
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and Sidney Zabaro. Kinetics of the oxidation of trivalent titanium by iodine. Jour.

Amer. Chem. Soc, vol., 48, 1181-1187 (May 1926).

Yudkin, Arthur M. Relation of diet to the eye. New York State Jour. Med. (Jan. 15, 1926).

Zabaro, Sidney. See Yost, Don M.
Zanstra, H. On the luminosity of comets. Bull. Amer. Phys. Soc, vol. 1, No. 10, 8.
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Zwicky, F. Zur Theorie der Spezifischen Warme von L6sungen. Phys. Zeits., vol. 27, 271-286

(1926).
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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 publication; 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 expen-

ditures for the succeeding year. In accordance with these provisions, the

Executive Committee herewith respectfully submits its report for fiscal year

ending October 31, 1926.

During this year the Executive Committee held seven meetings, printed

reports of which have been mailed to each Trustee.

Upon adjournment of the meeting of the Board of Trustees of December
11, 1925, the members of the Executive Committee met and organized by
the election of Mr. Root as Chairman for 1926.

A full statement of the finances and work of the Institution is contained in

the report of the President, which has been considered and approved by the

Executive Committee, and is submitted herewith. A detailed estimate of

expenditures for the succeeding year is also contained in the report of the

President, and has been considered by the Executive Committee, which has

approved the recommendations of the President in respect thereto and has

provisionally approved the budget estimates based thereon and submitted

herewith.

The Board of Trustees, at its meeting of December 11, 1925, appointed

Messrs. Leslie, Banks & Company to audit the accounts of the Institution for

the fiscal year ending October 31, 1926. The report of the auditor, including

a balance-sheet showing the assets and liabilities of the Institution on October

31, 1926, is herewith submitted as a part of the report of the Executive Com-
mittee.

There is also submitted a statement of receipts and disbursements since

the organization of the Institution on January 28, 1902.

No vacancies exist in the membership of the Board of Trustees. The
tenures of office of Mr. Henry White and Mr. John J. Carty as members of

the Executive Committee terminate at the coming annual meeting.

Elihu Root, Chairman
John J. Carty
W. Cameron Forbes
John C. Merriam
Wm. Barclay Parsons
Stewart Paton
Henry S. Pritchett
Henry White

November 30, 1926.
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REPORT OF AUDITORS

New York, December 1, 1926.

To the Board op Trustees,

Carnegie Institution of Washington,

Washington, D. C.

Dear Sirs: We have audited the accounts of the Carnegie Institution of

Washington for the fiscal year ended October 31, 1926.

All Securities were verified by inspection and are shown at cost on the

Balance Sheet. The Cash in Banks was confirmed by the Depositories and
the Cash on Hand by actual count.

All Income from Investments has been accounted for and the appropria-

tions and allotments checked with certified copies of the minutes of the

Institution.

Real Estate and Equipment are carried at cost.

The books of the various departments are audited by the Bursar, and we
have included his figures in the annexed Balance Sheet without examination

by us.

We hereby certify that, in our opinion, the Balance Sheet annexed hereto

correctly states the financial condition of the Institution at October 31, 1926.

Leslie, Banks & Company,
Accountants.

Copies of the Financial Statement, certified by
the auditor in the above report, follow on pages

42 to 47.
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CARNEGIE INSTITUTION OF WASHINGTON
Schedule of Securities

Secuhities.
Ma;

Par Value, Jfaxket Value Cost or value
turity. Oct. 31, 1926. date acquired.

Endowment.
U. S. Steel reg. 5s Series A, B, C, D, E, F 1951 $15,700,000 817,433,500.00 $15,700,000.00
Ala. Power 1st & ref. 5s 1951 75,000 74,156.25 73,968.75
Am. Smelt, and Ref. Co. 1st 5s 1947 25,000 25,281.25 22,787.50
Am. Tel. & Tel. deb. 5s 1960 100,000 100,625.00 98,000.00
Appal. E. P. Co. ref. 5s 1956 50,000 47,125.00 48,343.75
Car. P. & L. Co. ref. 5s 1956 25,000 24,718.75 24,781.25
Cedar Rapids Mfg. and P. Co. 1st sink. 5s 1953 100,000 100,000.00 99,544.54
C. M. & Pug. Sd. 4s 1949 175,000 94,937.50 159,268.00
C. M. & St. P. gen. 4J^s 1989 14,000 13,020.00 13,953.75
Chi. U. Station 1st 6^3 1963 25,000 29,500.00 28,656.25
Cleveland U. Terminal 1st sink. 5J^s 1972 25 , 000 26 , 937 .50 25 , 843 . 75
Commonwealth Edison Co. 1st 5s 1943 16,000 16,660.00 15,695.00
Dom. of Canada 5s 1952 50,000 52,000.00 49,500.00
Elgin, Joliet & E. Ry. Eq. 5s 500,000 500,000.00 500,000.00
Elgin, Joliet & E. Ry. Eq. 6s 480,000 480,000.00 480,000.00
Lehigh and L. E. 4J^s 1957 325,000 322,250.00 331,568.30
Nor. States Power 1st ref. 5s 1941 58,000 57,927.50 57,604.50
N. Y. Gas & E. L. H. & P. Co. purch. money 4s 1949 8,000 7,300.00 6,559.50
Pac. G. & El. Co. gen. and ref. 5s 1942 50,000 49,812.50 49,317.50
Pittsburgh, C. C. & St. L. 5s 1975 100,000 104,250.00 99,637.50
Province of Alberta 5s 1950 100,000 99,750.00 101,125.00
Province of Ontario 5^s 1937 25,000 25,875.00 25,503.60
South and No. Ala. con. 5s 1936 150,000 159,187.50 160,875.00
So. Ry. Co. 1st con. 5s 1994 25,000 26,718.75 23,937.50
Standard Oil of N. Y. deb. 6J^s 1933 25,000 26,375.00 26,787.50
Tenn. Coal, I. & R. R. gen. 5s 1951 2,129,000 2,214,160.00 2,129,000.00
Term. R. R. Asso. 4s 1953 12,000 10,470.00 10,218.00
Union R. R. Co. deb. 6s 1946 2,084,000 2,084,000.00 2,084,000.00
Va. Ry. Co. 1st 5s 1962 100,000 102,500.00 100,723.00

Colourn Fund.

C. M. and St. P. gen. 4J^s 1989

Cleveland U. Terminal Co. 1st sink 5*^s 1972

Liggett & Myers Tob. Co. 7s 1944

P. Lorillard Co. 7s 1944

Ore. Short Line con. 5s 1946

Ore. Wash. Ry. and N. Co. 1st ref. 4s 1961

Park & Tilford Co. sink. deb. 6s 1936

Penna. R. R. Co. gen. 4^s 1965

Pitts. Shawmut and Nor. 4s 1952

Pension Fund.

Am. Tel. & Tel. Co. sink. deb. 5V2 s 1943

Canada So. Ry. Co. con. guaranteed 5s 1962

Cleveland U. Terminal Co. 1st sink. 5^s 1972

Dominion of Canada 5s 1952

Kansas City P. & L. 1st 5s 1952

Liggett & Myers 7s 1944

P. Lorillard Co. 7s 1944

Missouri, Kansas & Texas 1st 4s 1990

New England Tel. & Tel. 5s 1952

N. Y. Gas & E. L. H. & P. Co. purch. money 4s . . 1949

Oregon Short Line con. 1st 5s 1946

Ore.-Wash. Ry. and N. Co. 1st ref. 4s 1961

3,720.00

22,547,199.44

4,000 4,070.00
10,000 10,775.00 10,300.00
10,000 11,700.00 11,600.00
10,000 11,500.00 11,497.50
4,000 4,240.00 3,910.00
10,000 8,700.00 7,940.00
8,000 7,520.00 6,400.00

50,000 49,250.00 51,062.50
42,000 4,200.00

26,213.75

4,200.00

110,980.00

25,000 24,943.75
10,000 10,462.50 9,790.00
10,000 10,775.00 10,315.00
25,000 26,000.00 24,727.50
20,000 20,500.00 20,030.00
2,000 2,340.00 2,375.50
5,000 5,750.00 5,863.75
25,000 21,565.00 19,396.67
10,000 10,225.00 9,955.00
24,000 21,900.00 19,693.50
20,000 21,200.00 19,550.00
15,000 13,050.00 11,956.25

178,596.92

22,890,000 24,610,623.75 22,836,776.36

U
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Schedule of Securities—Continued

„ Ma- t, T7 , Market Value Cost or value
Securities.

turity
Par Value.

0ct> 31> 1926 . date acquired.

Brought forward $22,890,000 $24,610,623.75 $22,836,776.36

Reserve Fund.
Ala. Power 1st and ref. 5s 1951 50,000 49,125.00 48,125.00
Am. Smelt, and Ref. Co. 1st 5s 1947 15,000 15,187.50 13,510.00
Am. Tel. & Tel. Co. sink. deb. 5J^s 1943 47,000 49,467.50 47,354.25
Am. Tel. & Tel. Co. col. 4s 1929 50,000 49,125.00 45,500.00
B. & O. R. R. Co. gen. and ref. 5s 1995 100,000 98,125.00 102,375.00
Canada So. Ry. Co. con. 5s 1962 40,000 41,750.00 39,231.50
Cedar Rapids Mfg. and P. Co. 1st sink. 5s 1953 25 , 000 25 , 000 .00 24 , 025 . 00
Central Pacific 1st ref. 4s 1949 50,000 46,062.50 48,250.00
C. B. and Q. gen. 4s 1958 150,000 139,312.50 141,263.75
C. M. and St. P. gen. 43^s 1989 15,000 13,950.00 14,925.00
Chi. and N. W. gen. 3^s 1987 120,000 92,700.00 100,300.00
Chi. U. Station 6J^s 1963 75,000 88,500.00 85,610.25
Cleveland U. Terminal Co. 1st sink. 5Ks 1972 5 , 000 5 , 387 . 50 5 , 153 . 75

Commonwealth Edison Co. 5s 1943 36 , 000 37 , 260 . 00 35 , 345 . 25
Consumers Pow. Co. 1st ref . 5s 1936 25,000 25,300.00 23,878.50
Detroit Edison gen. and ref. 5s 1955 100 , 000 101 , 625 .00 99 , 942 . 50
Dominion of Canada 5s 1952 100,000 104,000.00 98,936.25
Great Nor. 1st ref. 4Ks 1961 48,000 46,440.00 48,109.25
Illinois Central R. R. Co. ref. 4s 1955 100,000 92,750.00 89,668.75
Int. Rap. Trans, ref. 5s 1966 280,000 200,900.00 276,701.00
Kansas City Terminal Ry. Co. 1st 4s 1960 50 , 000 43 , 812 . 50 40 , 520 . 00
Kansas City Power and Light 1st 5s 1952 27 , 000 27 , 675 .00 26 , 925 . 75
Lake Shore and M. S. 4s 1928 50,000 49,312.50 47,000.00
Liggett and Myers 7s 1944 98,000 114,660.00 116,083.27
Long Island ref. 4s 1949 50,000 44,000.00 48,285.00
P. Lorillard Co. 7s 1944 95,000 109,250.00 111,253.50
Missouri, Kansas & Texas 1st 4s 1990 50 , 000 43 , 250 .00 38 , 661 . 67
City of Montreal 5s 1956 25,000 25,000.00 24,062.50
City of Montreal Sinking 5s 1954 75,000 75,000.00 72,375.00
New England Tel. & Tel. 5s 1952 30,000 30,675.00 29,858.75
N. Y. Edison 1st & ref. 63^s 1941 50,000 57,500.00 55,573.75
N. Y. W. and Boston 1st 4J^s 1946 50,000 38,250.00 49,187.50
N.Y.Gas&E.L.H.&P. Co. purch. money 4s.. 1949 18,000 16,425.00 14,927.00
Nor. Pac. ref . and imp. 6s 2047 95,000 97,612.50 96,756.25
Nor. Pac. gen. lien 3s 2047 50,000 32,750.00 33,101.25
Province of Ontario deb. 5J^s 1937 35,000 36,225.00 35,787.50
Province of Ontario deb. 6s 1943 40,000 44,200.00 43,137.50
Ore. Short Line con. 5s 1946 2,000 2,120.00 1,955.00
Ore.-Wash. Ry. and N. Co. 1st and ref. 4s 1961 50,000 43,500.00 46,375.00
Pac. G. & El. Co. gen. and ref. 5s 1942 50,000 50,000.00 46,399.28
Penna. R. R. Co. gen. 4^s 1965 30,000 31,550.00 29,837.50
Penna. R. R. Co. con. 4J^s 1960 101,000 101,883.75 105,608.12
Southern Bell Tel. & Tel. 1st 5s sink, fund 1941 50,000 51,250.00 47,687.50
Southern Cal. Tel. Co. 1st and ref. sink, fund 5s. 1947 50,000 50,375.00 46,000.00
Southern Pacific 1st ref. 4s 1955 100,000 92,750.00 92,148.75
So. Rwy. Co. 1st con. 5s 1994 50,000 53,437.50 47,875.00
Standard Oil of N. Y. deb. 6^3 1933 70,000 73,850.00 74,504.75
City of Toronto con. deb. 5s 1949 75,000 74,625.00 72,114.32
Union Pac. 1st ref. 4s 2008 140,000 126,350.00 128,722.50
City of Winnipeg interim deb. 5s 1943 50,000 48,500.00 48,250.00
City of Winnipeg deb. 6s 1946 50,000 55,250.00 53,500.00
Wis. Central Ry. Co. 1st gen. 4s 1949 40,000 32,900.00 30,477.00

Harriman Fund.
So. Pac. S. F. Ter. 4s

C. B. and Q., 111. Div. 4s
100,000
200,000

90,000.00
186,500.00

3,143,155.91

1950
1949

100,000.00
200,000.00

26,417,000 27,706,530

300,000.00

26,279,932.27
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Schedule of Securities—Continued

Securities
Ma"

Par Vainp
Market Value Cost or value

[securities.
tuxity>

Far Value.
Qct g^ 1Q26> date acquired .

Brought forward $26,417,000 $27,706,530.00 $26,279,932.27

Insurance Fund.
Am. Smelt, and Ref. Co. 1st 5s 1947 10,000 10,112.50 9,002.50
Am. Tel. & Tel. Co. sink. deb. 5V2 s 1943 53,000 55,583.75 53,598.25
A. T. and S. Fe gen. 4s 1995 50,000 46,125.00 50,056.25
C. B. and Q. gen. 4s 1958 30,000 27,862.50 28,237.50
C. M. and St. P. gen. 4J^s 1989 1,000 930.00 995.00
Consumers Power Co. 1st ref. 5s 1936 25 , 000 25 , 350 . 00 23 , 812 . 50
Dom. of Canada 5s 1952 25,000 26,000.00 24,727.50
Great Nor. 1st ref. 4Ms 1961 21,000 20,317.50 20,944.00
111. Central ref. 4s 1955 21,000 19,582.50 19,008.75
Kansas City P. & L. 1st 5s 1952 25,000 25,625.00 24,999.50
Missouri, Kansas and Texas 1st 4s 1990 25 , 000 21 , 625 . 00 19 , 366 . 67

New England Tel. & Tel. 5s 1952 12,000 12,270.00 11,934.25
Nor. Pac. ref. and imp. 6s 2047 5,000 5,637.50 5,431.25
Ore. Wash. Ry. and N. Co. 1st ref. 4s 1961 25,000 21,850.00 19,881.25
Ore. Short Line con. 5s 1946 25,000 26,500.00 24,468.25
Penna. R. R. con. 4J^s 1960 24,000 24,210.00 25,095.01
Standard Oil Co. of N. Y. deb. 63^s 1933 5,000 5,275.00 5,311.25
So. Ry. Co. 1st con. 5s 1994 25,000 26,718.75 23,843.75
City of Toronto con. deb. 5s 1949 25,000 24,875.00 24,038.10
Wis. Central Ry. Co. 1st gen. 4s 1949 10,000 8,225.00 7,640.00

422,391.53

26,859,000 28,417,705.00 26,702,323.80
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Real Estate and Equipment, Original Cost.

Administration (October SI, 1926):

Building, site, and equipment $341 , 111 . 69

Laboratory for Plant Physiology (September SO, 1926):

Buildings and grounds $54 , 930 . 46

Laboratory and library 33 , 796 . 57

Operating appliances 11, 302 . 02
100,029.05

Ecological Research (June SO, 1926):

Building, Laboratory 8,316.93
Library, Operating 4 , 701 . 70

13,018.63
Department of Embryology (September 30, 1926):

Library 1 , 613 . 86

Laboratory 8,321.91
Adminstration 3 , 899 . 93

13,835.70
Department of Genetics (September SO, 1926):

Buildings, grounds, field 291,249.77
Operating 21,571.55
Laboratory apparatus 15 , 447 . 63
Library 26,358.37
Archives 45,488.90

*400, 116.22
Geophysical Laboratory (September SO, 1926):

Building, library, operating appliances 196,689.82
Laboratory apparatus 104 , 033 . 84
Shop equipment 12,224.27

312,947.93
Department of Historical Research (September SO, 1926):

Office 3,526.18
Library 5,192.14

8,718.32
Department of Marine Biology (September 30, 1922):

Vessels 30,930.43
Buildings, docks, furniture, and library 12, 130.86
Apparatus and instruments 9 , 322 . 55

52,383.84
Department of Meridian Astromelry (September SO, 1926):
Apparatus and instruments 3 , 257 . 34
Operating 4,035.60

7,292.94
Nutrition Laboratory (September SO, 1926):

Building, office, and shop 125,411 .42

Laboratory apparatus 28 , 013 . 44
153,424.86

Mount Wilson Observatory (August 31, 1926):
Buildings, grounds, road, and telephone line 198,547.02
Shop equipment 41 , 856 . 73
Instruments 539,361.26
Furniture and operating appliances 176, 136.66
Hooker 100-inch reflector 599,979.77

1,555,881.44
Department of Terrestrial Magnetism (September SO, 1926):

Building, site, and office 209,574.04
Vessel and survey equipment 192 , 834 . 87
Instruments, laboratory, and shop equipment 123 , 186 . 97

525,595.88

3,484,356.50

* Including Harriman Fund property in the amount of $183,671.75 shown as a separate item
on the Balance Sheet.
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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 year ending

June 30, 1926, including not only those recently authorized, 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 EMBRYOLOGY l

George L. Streeter, Director

An important advance in the development of our plan of work was made
during the past year in the inauguration of a colony of macaque monkeys
to be maintained as a breeding station. It is proposed in this way to carry

our researches in this near relative of man back into the earliest stages, which

have heretofore been unattainable. But more than that, it will make possible

investigations in the functional aspects of the embryo, with which our ad-

vances in morphology need to be correlated. We have already been able to

make some observations on prenatal physiology and behavior in the human
embryo, but such opportunities are necessarily limited. It is expected that

with the development of our primate colony adequate material will be avail-

able for the pursuit of such investigations. The initial and a very important

step in this plan was to secure as manager of the colony a competent investi-

gator, experienced in the breeding of animals, and preferably one whose re-

searches had been concerned with the physiology of reproduction. It was
our good fortune to secure for this post the services of Dr. Carl G. Hartman,
associate professor of zoology at the University of Texas, who is distinguished

for his researches in the embryology and physiology of reproduction of the

opossum. Dr. Hartman became a member of our staff on October 1. He has

already assembled a small group of animals, with which he is testing methods
of feeding, handling, and housing, in temporary quarters on the fifth floor of

the building in which the Department of Embryology is now located. It is

planned to erect suitable permanent inclosures on the roof of this same build-

ing, capable of accommodating 200 animals.

Since my last report, Dr. Adolph H. Schultz has been honored by the ap-

pointment of associate professor of physical anthropology in the Johns Hop-
kins University, where he entered upon his duties on September 1. Dr.

Schultz had been a member of the staff of this department since the autumn
of 1916 and had conducted important investigations on fetal growth in man
and the higher primates, as noted from time to time in our reports. For-

tunately for us, he will remain in close contact with this department, which
will make it possible for him to collaborate in our investigations on the fetus.

When Professor Florence R. Sabin resigned last year from the Johns Hop-
kins University to become a member of the Rockefeller Institute for Medical
Research, the loss was not confined to the University, but was partly ours.

Professor Sabin has been in most intimate contact with the activities and
researches of this department from the time it was established in 1914, and
it should be recorded that our progress is in part to be attributed to her cor-

dial and stimulating cooperation. In going to New York, Professor Sabin
will be enabled to develop her program of investigations on white blood-cells

under the most favorable conditions.

YOUNG HUMAN EMBRYOS
Embryos op 2 to 16 Pairs of Somites

In the past there have been two general ways of approach to the study of

the anatomy of the human embryo. It has been customary to take a given

1 Address: Wolfe and Madison Streets, Baltimore, Maryland.
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embryo and study it as a complete and going organism, thus obtaining a cross-

section of the process of development, or to study the various organ systems

separately through a series of embryos, thereby obtaining longitudinal views

of development. Both methods are necessary and they may be advantage-

ously combined. This is exemplified in the study, by Dr. G. W. Bartelmez

and Dr. H. M. Evans, of the human embryo during the period of somite forma-

tion, the final publication of which has appeared in the Contributions to

Embryology. The nucleus of this whole investigation consists of the very

perfect 8-somite embryo belonging to the University of Chicago embryo-
logical collection, which presents a brilliant cross-section of development,

vividly described and illustrated in the publication. Around this there has

been built up a study of development covering 29 human specimens of from 2

to 16 somites, some of them taken from the literature, in 18 of them the authors

having studied the original sections.

In a sense this study is a by-product of the cooperation which brought

forth the Keibel-Mall Manual of Human Embryology. One of the great

difficulties that arose in the publication of the Manual was an account of

embryos belonging to this period of development. It was at the suggestion

of the late Professor Mall that the study of the somite period was undertaken.

It was begun by Dr. Evans, who studied and made tracings of several Euro-

pean embryos, also making an extensive study of several of our own. In

1916 the investigation was taken over by Dr. Bartelmez, who is responsible for

the greater part of the observations and for their interpretation and final

publication.

These investigators have made a very important advance in the estab-

lishment of the essential characteristics of the external form of these young
embryos. What appears to be the most outstanding contribution, however,

is the series of observations on the nervous system. For the first time we have

been provided with reliable topographical landmarks of the early neural

tube, notably the otic segment and the cranial flexure. With these estab-

lished, the authors could then determine with reliability the various subdivi-

sions of the nervous system and analyze the rhombomeres as specific areas of

localized growth with definite individualities. These are basic facts for an
understanding of the development of the brain. The work on the neural

crest covers a field in which only one comprehensive study has ever been made
on a mammal. It therefore becomes of additional importance. It is the

migrating cells of these crests and the placodal contributions of ectoderm

that make up part, at least, of the cranial ganglia. Basing his classification

upon differences in origin, time of appearance, rate of movement, and fate,

Dr. Bartelmez has adopted a subdivision which will greatly aid in the solu-

tion of the puzzling problems that have arisen from the outwanderings of

these cells from the central nervous system. Special mention should also be

made of the study of the differentiation of the ectoderm of the head and the

marking off of the optic primordium and otic disc. The mesoblastic struc-

tures and the endodermal derivatives were not included in this series of studies.

This will be the next step, and if it can be done as well it will complete a classic

in human embryology.

One result of these investigations, which does not appear in the published

accounts, is the assembling of a large amount of valuable data covering this

period of development of the human embryo, which are collected here in one
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place and available for future students of the anatomy of the embryo. These

include notes, sketches, serial tracings, photographs, and, still more im-

portant, a unique series of three-dimension models. This series of models

now portrays 17 normal embryos, ranging from 2 to 20 paired somites. They
were all painstakingly reconstructed by Mr. O.O. Heard, and for each embryo

separate models were made in a uniform manner so as best to show the exter-

nal form, the embryo as seen in the midsagittal plane, and a model with the

skin ectoderm removed, showing the anatomy of the various organ systems.

Where occasion demanded, additional special models were made. Consti-

tuting a unit in a series of stages, each embryo possesses a communal value,

and the series has now acquired sufficient completeness to make it possible to

follow the general morphogenetic processes, step by step. Furthermore, by
comparison of closely allied embryos, one can better separate the consistent and

significant forms from the merely accidental. Because of its exceptional

importance, this group of reconstructions is arranged serially in a special

room, so that it may be conveniently studied by visiting investigators.

Earliest Man
Structure and function are more significant and of wider bearing the

farther back in development they are traced. The number of people who
ponder on the origin of living matter is very large. The evolution of man is

also a subject of very wide interest because it personally concerns every one.

The Pithecanthropus erectus irresistibly lays hold of our attention. Also in

embryology, it is the early stages that are most sought after. While the later

stages of development of some particular organ may be of theoretical and in-

deed of great practical importance to certain people, the more specialized

the field the more restricted will be the number of individuals to whom it

matters. It is the early steps in man's ontogeny that involve widest interest.

For this reason the Miller ovum, of which I am about to speak, is of extra-

ordinary embryological significance. It is the "earliest man"—a human
individual in the most primitive form known. Some day a still earlier stage

will be discovered, but until then this specimen must constitute the foundation

upon which all subsequent development must rest.

In 1909, a patient complaining of dysmenorrhea was curetted in the

Woman's Clinic at the University of Heidelberg, and subsequently, in a

microscopic examination of the scrapings, Dr. J. W. Miller, at that time assist-

ant in the clinic, discovered the presence of a very young ovum, which proved
to be normal and the youngest thus far known. A preliminary account of the

specimen was published at the time by Dr. Miller. Since this specimen pro-

vides us with a picture of the implanted ovum at such an early stage, the need
of a more complete account of it has been more and more recognized. The
opportunity of studying this unique specimen and preparing such an account
came to me through the courtesy of the discoverer, and during the past year
I have prepared a description of it which is included in Volume XVIII of the

Contributions to Embryology. In doing this, I made a special effort to

provide numerous and adequate reproductions of the material for the benefit

of embryologists elsewhere who are unable to see the original. The success

attained in this endeavor was due to the able assistance of Mr. 0. O. Heard,
of this laboratory, and of Mr. A. B. Hoen, of A. Hoen and Company, Balti-

more, Maryland, who, by an adaptation of the Mees method, were able to

reproduce the sections by direct color photomicrography.
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CYTOLOGICAL STUDIES

Embryonic Heart Muscle

During the past year, Professor W. H. Lewis has completed a study of

embryonic heart muscle, basing it on material and records obtained from over

3,000 cultures of the hearts of chick embryos, varying in age from 3 to 11 days.

In such cultures, in addition to heart-muscle cells, there may be present in the

outgrowth a number of other types, and it has required the experience of a
number of years to identify them accurately. They include mesenchyme,
endothelium, clasmatocytes, and sympathetic nerve-cells and fibers. Mesen-
chyme, endothelium, and mesothelium were present in most of the cultures.

Heart-muscle cells were found in only 8 per cent of the cultures. Dr. Lewis
gave his attention particularly to the latter. He noted their general charac-

teristics and the differences between the reticulum they form in growing

out and that formed by mesenchyme, the relation of the muscle-cells to one
another, the myofibrillae, the character of the mitochondria, and the glycogen

content of the cells.

Concerning the disputed question as to whether outgrowths of heart muscle

form adherent or syncytial reticuli, he regards the former view as correct,

basing his opinion on the following facts: (a) individual cells often beat at a

rhythm of their own, different from that of neighboring cells; (6) single cells

may migrate and become completely separated from the reticulum; and
(c) distinct cell boundaries are sometimes visible, especially when the prepara-

tions are treated with silver nitrate. Until we get still better evidence, we
must regard the normal heart as made up of adherent cells rather than as a

syncytium. As to fibrillae, Dr. Lewis found that these are not true cyto-

logical structures. Their occurrence is due to gelation or, in fixed material, to

coagulation. Rhythmic contractions take place in cells that are free from
visible fibrils and cross-striations. Any theory of contraction must therefore

be based on some other phenomenon, and Dr. Lewis suggests the contractile

molecule. He conceives of large, unstable colloidal molecules, shaped like

elongated crystals or threads, and capable of becoming shorter and broader

following a physical or chemical alteration in their structure.

Heart muscle is the only tissue in cultures from the chick embryo that

contains glycogen. Other tissues apparently lose or utilize their glycogen

before migrating out from the explant, just as heart-muscle cells sometimes

do. When present it is an important criterion for the identification of these

cells.

Chemistry of the Living Cell

The chemical nature of cytoplasm is more easily studied in the dead than

in the living, for the reason that most methods of analysis cause the death of

the cell. Therefore, the chemists have been able to tell us relatively little

about living protoplasm. In this laboratory it has been possible to make
beginnings in such a field of inquiry by means of the tissue-culture technique

and chiefly through the researches of Mrs. M. R. Lewis. In previous reports

mention has frequently been made of the behavior of living cells toward

differential stains, and also of the reactions of cells to a strong oxidizing

reagent, such as potassium permanganate, which produces phenomena re-

sembling certain features of mitosis. I have recorded observations made by
Dr. and Mrs. Lewis on the chemical composition of media necessary for growth

of cells and the effects of modifying such media in various ways ; the study of the
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glycogen content of living embryonic cells; and the effort of Dr. John T. Bauer

to locate intracellular oxidation by the use of pyrogallic acid. Recently, Dr.

Bauer studied the behavior of living connective-tissue cells toward carbon

dioxide and has found that it has a paralyzing effect, inhibiting the movement
of the mitochondria and granules, and that it retards mitosis, particularly

in the prophase. It is relatively non-toxic unless used in large amounts
and for a prolonged period. An increased fluidity of the protoplasm appears

to be produced by its use, as evidenced by greater transparency of the cyto-

plasm and nucleus. The fact that vitally stained cells show a characteristic

change in the color of the neutral-red granules and vacuoles in its presence

indicates that it behaves as an acid.

In this connection mention should be made of the observations recently

made by Dr. A. R. Rich, of the Department of Pathology. He was able to

follow with the microscope the splitting of hemoglobin into bile pigment and
an iron-containing residue following the ingestion of red cells by macrophages
in tissue cultures. The bile pigment made its appearance within the living

cells in the form of typical rhomboid or needle-shaped crystals of bilirubin,

or as a diffuse bright green biliverdin. These intracellular pigments presented

the usual physical and chemical properties of bile pigment. Besides this, Dr.

Rich observed another pigment within cells that had recently ingested red

blood-cells, which does not give the Prussian blue reaction for iron and has

not the characteristics of bile pigment. This may be an intermediary stage

in the transformation of hemoglobin into bile pigment. A third substance,

invisible in the unstained cell but brilliantly blue in the iron reaction, was
observed within the phagocytic cells by the side of the bile pigment. This

phenomenon was never seen in cultures of ectoderm and endoderm cells, but
phagocytic cells of mesoblast from any part of the body almost invariably

ingested the red cells, with the subsequent conversion of their hemoglobin
into bile pigment and the iron-containing residue. The same thing was
produced in the mononuclear blood-cells in hanging-drop preparations of

blood.

Mitosis in Tissue-Cultures

It is conceivable that physiological processes in tissue-cultures might vary
from the normal, owing to the artificial conditions inherent in that technique.

In order to see if this be true as regards the fundamental process of mitotic

division, Dr. R. T. Hance, National Research Fellow at the University of

Pennsylvania, has made a careful comparison of tissue-culture preparations,

made by Mrs. Lewis, with sections of chick embryos that had developed under
normal conditions. He found that mitotic phenomena in tissue-cultures are

essentially normal. The cells are much more easily studied in cultures, as

they spread out in a single thin layer with the component parts displayed in a
diagrammatic manner. The chromosomes are not altered in number and
reveal the same individualities that characterize them in normal development.
They are, however, more spread out and somewhat larger. Apparently, in

some types of chromosome investigations, the tissue-culture technique could

be introduced with advantage.

Factors in Development of the Lens of the Eye

Among the specimens sent to this laboratory for examination was a small

defective human embryo, consisting only of a portion of the head and the
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heart region. On sectioning and microscopic examination, it was found that

the brain consisted of nothing more than an undifferentiated, thin-walled,

irregularly shaped vesicle. There was very little differentiation of the meso-

blast and there were no endodermal derivatives. In spite of the marked
stunting of the specimen, the two lenses had developed all out of proportion

to the rest of the embryo. Although not entirely separated from the ecto-

derm, and not properly invaginated, they had differentiated into typical

elongated lens fibers, and on a casual glance could be mistaken for normal
lenses of a much larger embryo. It is of striking interest that such a highly

specialized structure should proceed so far in independent development, an
example of the specific potentiality of certain tissues. Because of its broad
bearing on developmental processes, this material has been studied by Pro-

fessor Vera Danchakoff, of Columbia University. By making experimental

grafts of lens ectoderm and optic vesicles into the allantois of chick em-
bryos, she showed that a lens differentiates at the expense of the ectoderm

when a distinct and continued contact between it and the optic evagination

of the brain is established. This confirms, in an animal in which regeneration

does not have to be considered, the results of Dr. Lewis in amphibia. In the

case of the human embryo, Dr. Danchakoff concluded that there had been

sufficient contact between the brain vesicle and the skin ectoderm to bring

about the differentiation and invagination of the lens primordium, and in so

far as it was defective, the defect could have been due to imperfect contact.

Regeneration of Colon Following Experimental Anastomosis

In the Year Book for 1921, reference was made to the observations of

Professor Sabin upon the regeneration of blood-vessels and the processes of

repair in end-to-end intestinal anastomosis. Again, in the Year Book for

1924, an improved and simplified technique was described for anastomosing

the colon, devised by Dr. F. C. Lee. With this new operative procedure, Dr.

Lee has made an anatomical study of the process of healing in a series of 12

aseptic anastomoses, showing the condition of the operation site at varying

intervals, from the fourth to the two-hundred and thirteenth day. Aside from

its practical value in operative surgery, this study is of importance for the

information it yields as to the rate and nature of regeneration in these tissues.

During this past year Dr. Lee has been transferred from the department of

anatomy to the department of surgery. Fortunately, it will still be possible

for this laboratory to obtain his cooperation in problems involving surgical

experiment.

Malignant Cell of Chicken Sarcoma

By applying the methods of tissue-culture to sarcomatous tumors occurring

in chickens, Mrs. M. R. Lewis and Dr. H. B. Andervont, of the School of

Hygiene and Public Health, have discovered the significant fact that, for the

most part, the constituent cells of such tumors are hypertrophied white blood-

cells. When studied in tissue-cultures, in vitally stained spreads, or in

permanent sections, they find these cells to be only exaggerated forms of those

occurring in cultures of normal blood, including giant cells and macrophages.

These white blood-cells, in their over-stimulated condition, appear to produce

an active agent—the tumor-producing substance—which was found to be

present in the blood plasma of the sarcomatous chicken and also in the cir-

culating white blood-cells, even after the latter had been thoroughly washed.
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It is their conception that the underlying factor in the production of chicken

sarcoma is the irritation reaction which is set up by the tumor-producing

substance carried by the plasma and white cells of the sarcomatous chicken.

When inoculated into the muscle of a healthy chicken, this substance sets

up an irritation in the region of the inoculation, and this irritation draws white

blood-cells there, which become stimulated to abnormal activity by the tumor-

producing substance. Instead of this process coming to a standstill, as occurs

in ordinary inflammatory reactions, the cells continue to enlarge and multiply,

invading and destroying the surrounding tissue and, spreading to other

regions, eventually cause the death of the host.

The discovery of the nature of these cells is a direct outcome of the observa-

tions of Mrs. Lewis on the remarkable transformations that white blood-cells

undergo in hanging-drop cultures. In pursuing that investigation, she had
no intention of solving the cancer problem or of discovering a cure for tuber-

culosis. Yet the observations made by her, with a view only toward the

amplification of previous researches, happen to have an important bearing on

both of these serious diseases. It is not a new experience in science that an
investigator, in solving difficulties that he meets in his own field, and following

paths that his own investigations open up, now and then discovers some fact

or principle that has long been searched for by workers in an entirely different

field. This has happened so repeatedly that it raises the question whether

investigators, as a general thing, should not be encouraged as far as possible

to follow their individual clues, such as have an appealing interest to them
personally and seem to be capable of solution. Organized research unques-

tionably is going to conquer the great spaces of the unknown, and on the right

occasions it is unquestionably important to name a precise objective and, with

many hands, to break through to it in a straight line. At the same time, it

behooves all of us who are engaged in research activities to remember that

some important discoveries will come from investigators who depend largely

on their own exploring talent. Such an investigator may reach an unexpected

goal, but it may be a better one than the one we would have stipulated in

advance.

Production of Tumors by Blood Inoculation

After finding that the hypertrophied and transformed white blood-cell

constitutes the malignant cell of chicken sarcoma, Mrs. Lewis and Dr. Ander-
vont undertook to determine to what extent the blood itself contained the

tumor-producing agent. Using two types of tumors, the Rous sarcoma and
the Carrel indol tumor, they found that they could be readily passed from
chicken to chicken by means of blood. Both the plasma and the white blood-

cells of the sarcomatous chickens were found to contain the tumor-producing
substance. In the few instances where tumors were not produced by both the

plasma and the white blood-cells, at least one always succeeded. It is

important to note that the tumor-producing substance was not dependent
upon metastases; this factor was eliminated by using blood from chickens

before any metastases had formed. Tumor growth was induced by serial

inoculations through four generations and could probably have been continued
indefinitely. The tumors thus produced by plasma or white-cell inoculation

were capable in every instance of reproducing a similar tumor on trans-

plantation.
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White Blood-Cell Tumor of the Rat

That tumors consisting of modified white blood-cells are not limited to

chickens has been shown by Dr. W. H. Lewis and Dr. B. Briida. In studying

spontaneous rat tumor with the tissue-culture technique, they find that

the growth obtained from it consists of cells that are an epithelioid modifi-

cation of the mononuclear blood-cell. These cells assume a great variety of

forms as they migrate out into the clot or on the cover-glass and continually

change from one form to another. All of them, however, are characterized

by the presence of filmlike pseudopodia, like those found on mononuclear
and epithelioid cells in blood-cultures, and they react to supravital dyes in

the same way. In some cultures giant cells were formed which resembled

those derived from the mononuclear epithelioid cells in blood-cultures and in

tubercles. In the tumor cultures they could be seen to arise by fusion of

epithelioid tumor cells and the phenomenon could be followed under the eye.

It required 15 to 20 minutes for a cell to fuse with and become completely in-

corporated in a giant cell. It had been previously thought that giant cells

resulted only from division of nuclei without division of the cytoplasm. It

is now established that they may also arise by cell fusion. In some cases

giant cells were seen to fuse with other giant cells, making greater cells. It

is interesting to note that as a cell fuses with a larger cell, its granular central

area joins with that of the larger cell and its nucleus moves to the proper

nuclear region.

The crucial test of the fact that these mononuclear epithelioid cells, obtained

in cultures, are the effective tumor cells in the living animal was made by
implanting some of the emigrant growth of epithelioid cells into another rat,

which developed a tumor just like the original. Cultures from it behaved also

like the original and contained only mononuclear epithelioid cells.

DEVELOPMENT AND BEHAVIOR OF BLOOD-CELLS

Transformation of Mononuclear Blood-Cells

Contrary to the idea of an endothelial origin for macrophages, which has

been widely accepted by histologists, the study of these cells in tissue-cultures

shows no indication of such an origin, but yields convincing evidence that

they are derived from white blood-cells. The transformation of white blood-

cells into clasmatocytes, epithelioid cells, and giant cells was first observed

by Mrs. Lewis as a constant phenomenon in cultures of normal blood from a

wide variety of animals, including birds and mammals. Since making her

original observations she has made, in collaboration with Dr. W. H. Lewis,

an extensive study of hanging-drop preparations of blood from the lower

vertebrates, and a full account of the observations of these investigators on

the behavior of the blood-cells, together with a discussion of the problem, has

been published in a recent volume of the Contributions to Embryology.

Mrs. Lewis has continued this work and, using the same technique, has

made a study of the mononuclear cells of the frog's blood. In hanging-drop

preparations of this blood, the mononuclears undergo a great increase during

the first 24 to 48 hours, both absolutely, through division, and proportionally,

as a result of the disappearance of the granulocytes and polymorphonuclears.

Following this increase in number, after 48 to 72 hours, the mononuclears

become much larger, fat droplets appear in their cytoplasm, some of them
begin to ingest foreign bodies, and they then present all the characteristics
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of the clasmatocyte or tissue macrophage. After 4 to 5 days epithelioid and

giant-cell types make their appearance.

In studying the ingestion of foreign material, Mrs. Lewis found that blood-

cells of the same type showed considerable individuality, both as to the

amount and the kind of material they would ingest, such as plasma, red

blood-cells, pigment granules, dead cells, or debris. This in turn largely

determined the appearance of the ingesting cell. It was further found that

some cells increase in size without the ingestion of visible foreign bodies;

side by side with a cell containing many foreign bodies there might be found

one of equal size containing none. The characteristic appearance of the

epithelioid cell seems to be due to the presence of many small plasma

granules and other small granules of partly digested material. It is inter-

esting to note that the white blood-cells of the frog will ingest the red blood-

cells of man as well as those of their own blood, and one cell may at the same
time contain both.

When a fine suspension of carbon or of tubercle bacilli is introduced into the

blood-stream, there results an active phagocytosis. In the case of the tubercle

bacilli, these are at first ingested principally by the polymorphonuclears, but

subsequently dead or dying polymorphonuclears can be seen within the mono-
nuclears, which have enlarged to macrophage size. The carbon from the

start is picked up by the mononuclears. Some of the injected material is

removed from the circulatory system by agglutination and adherence to the

capillary walls in particular regions, such as lung, liver, spleen, and bone
marrow. After 24 hours it is found within the mononuclears, regardless of the

agency involved in its initial removal.

A comparison of newly transformed mononuclears with pre-existing macro-
phages may be made by introducing Kupffer cells, or macrophages of the

lymph, spleen, or peritoneal fluid, into hanging-drop cultures. When the

preparations are first made, the pre-existing macrophages are readily distin-

guishable by their characteristic content. After the mononuclears have
ingested foreign material, many of them can no longer be told from the pre-

existing macrophages. Both the new and the old macrophages change to

epithelioid types and to giant cells.

Transformation of Polymorphonuclear Leucocytes Into Other Forms

After discovering the great extent to which white blood-cells can undergo
transformation under suitable culture conditions, Dr. W. H. Lewis conceived

the possibility that even polymorphonuclear leucocytes might be transformed

into mononuclears. In cultures of the buffy coat of rat's blood he found, after

24 hours, many transitional stages between these two types of blood-cells.

Apparently the lobulated nucleus of the polymorphonuclear swells and, losing

its lobulations, becomes oval or indented. There next occurs an accumula-

tion and concentration of neutral-red staining granules into a central area

about the centrosome. Fat globules then accumulate one by one about the

central area and, finally, the filmlike pseudopodia increase in extent until

they more or less surround the cell instead of being only at the anterior end.

The cell then has the appearance of the typical mononuclear cell, including

its slightly different manner of migration. Such mononuclear forms appear
to change into epithelioid cells or into macrophages. To be certain of this,

it will of course be necessary to follow a single polymorphonuclear cell through
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all these phases of transformation, which is a laborious matter, made more so

by the uncertainty as to which particular cells are to undergo the transforma-

tion and consequently are the ones to be followed.

Contributory evidence was obtained by Dr. Lewis in studying the cells in

the deep fascia of the thigh of the rat. Abundant macrophages are found
normally in this region and they range in size from large mononuclear blood-

cells to the clasmatocyte type, presenting a perfectly graded series. When a
sterile inflammation is set up by pinching the skin, the tissues are swarming
in a short time with inactive polymorphonuclears. Eighteen hours later

there are still many polymorphonuclears, but there are also many transi-

tional forms between them and the mononuclears and small macrophages.

At 48 hours there is an enormous increase in macrophages. This is

interpreted by Dr. Lewis as indicating that in this kind of inflammation the

invading polymorphonuclears do not die and disintegrate, as has been
generally supposed, but in large part change into mononuclears and macro-

phages. In such preparations he could find no evidence of any transition from
either connective-tissue cells or endothelial cells to mononuclears or clasmat-

ocytes, nor was there any evidence of any connection existing between the

different living connective-tissue cells in the form of cellular syncytium.

Living White Blood-Cells Engulfed by Others

There has been frequent occasion to refer to the ingestion of dead white

cells by living ones, which is a common type of phagocytosis, but it was only

recently discovered by Dr. Lewis that living white cells may also be engulfed.

The significance of this is not understood. In the few cases where it was
observed in frog's blood, it was found to occur in almost every culture, that is,

it appeared to be due to some condition of the blood of that particular frog

and was evidently pathological. In addition to its occasional occurrence in

frog's blood, this rare phenomenon was seen in a few instances of living spreads

in pulmonary tuberculosis of the rabbit, where loose epithelioid cells contained

one and even two other living epithelioid cells.

In a few series of frog's blood in which this was observed, the cells were

numerous enough to provide all stages in the process. Two cells, equally

well supplied with neutral-red staining granules, come in intimate contact,

and finally one completely surrounds the other. A recently engulfed cell

shows little or no fluid separating it from its host cell. Ultimately, fluid

accumulates around the engulfed cell, so that it lies in a fluid vacuole. These

fluid vacuoles, however, are not the same as digestion or degeneration vacu-

oles, for the fluid does not take up neutral red and we may assume that it

contains no digestive or degenerative substances. Apparently, this type of

engulfment is different from the ordinary phenomenon of phagocytosis, in that

here the lining of the vacuole seems to maintain its identity as the external

surface of the engulfing cell; that is, the engulfed cell is not taken into the cyto-

plasm, but is encysted. In ordinary phagocytosis, that part of the external

surface which surrounds the ingested particle is supposed to disappear or

become transformed into cytoplasmic material by liquefaction. Dr. Lewis

points out, however, that the existence of a thin film of the external layer of the

cell about ingested particles might easily be overlooked. In a few instances

an engulfed living cell was seen to contain another engulfed living cell.
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Origin of Thrombocytes

It is now generally accepted that the platelets in the blood of mammals
are produced by the constriction of the cytoplasm of megakaryocytes. The
nature of the nucleated thrombocytes found in the blood of birds and cold-

blooded vertebrates has not been so well understood. These thrombocytes

have recently been studied by Dr. S. Sugiyama, who has followed their

formation in supravitally stained chick embryos during the first 7 days of

incubation. In some instances he studied the entire live blastoderm stained

with supravital dyes; in others, drops of living blood or fixed films stained

with supravital and specific blood-stains. He has found that thrombocytes

are derived, through a transitional stage—the thromboblasts, from the

megaloblasts or primitive red cells. The transitional forms, or thrombo-
blasts, he finds in the circulating blood on the third day of incubation; they

differ from the primitive red cell in being reduced in size, in the presence of

irregular pseudopodia, and in the loss of basophilic substance and hemoglobin
from the cytoplasm. About the latter part of the third or on the fourth day
definite thrombocytes make their appearance, their chief characteristics

being their small size and their cohesiveness, resulting in clumps as large as

20 to 30. Thrombocytes appear to be independent cell elements in both em-
bryonic and post-embryonic blood and apparently play an important role in

thrombosis. Previous investigators have mistaken true spindle-shaped red

cells, which occur in both embryonic and post-embryonic blood, for thrombo-
cytes, which has led to confusing views as to their origin. Also, a number of

observers have misinterpreted thrombocytes as lymphocytes. Typical

lymphocytes do not appear in the blood until the final days of incubation. In

making this study it was necessary for Dr. Sugiyama to consider other blood

elements, and his paper, which is published in a recent number of the Con-
tributions to Embryology, contains many observations on the blood-cells of

the chick in the early embryonic stages.

Monocytes and Tuberculosis

In describing the studies of Doctors Sabin, Cunningham, and Doan on
the development of the white blood-cells, I mentioned in my report for last

year Dr. Cunningham's observation of a proportional increase in monocytes
in animals showing widespread tuberculosis. He found that when the mono-
cytes outnumbered the lymphocytes the prognosis was serious, but when the

lymphocytes outnumbered the monocytes the tissues showed that the animal
was recovering from the infection. During the past year the study of this

role of the monocyte in tuberculosis has been completed and published under
the joint authorship of Cunningham, Sabin, Sugiyama, and Kindwall. In a
large series of rabbits experimentally infected with tuberculosis, these investi-

gators made differential counts of the white blood-cells at frequent intervals,

thus recording the blood changes for the various stages of the disease and for

different degrees of resistance on the part of the animal. Though this was a
laborious undertaking, the important results have fully justified the effort.

It has been possible thereby to show that tuberculosis affects the monocytes
particularly. Primarily, there is a marked overproduction of reticular cells,

which are the parent cells of monocytes, and while normally the reticular cells

give origin to other white cells, in tuberculosis there is a greater trend toward
the production of monocytes. These investigators point out that it is the
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ratio of monocytes rather than their actual numbers that is significant. It

is well known, and has been corroborated by them, that a decrease in the actual

number of white blood-cells occurs in tuberculosis. The normal ratio of

monocytes to lymphocytes in rabbits is about 1 to 3. In destructive tubercu-

losis it is 1 to 0.79. In rabbits infected but highly resistant, it is 1 to 3.5.

The increase in monocytes is followed, during the progress of the disease,

by the differentiation of great numbers of monocytes into epithelioid cells,

similar to that occurring in the blood-cultures of Dr. and Mrs. Lewis. This
transformation occurs after the ingestion of tubercle bacilli. From histo-

logical appearances, the conclusion is justified that the tubercle bacillus lives

as a parasite, particularly within the monocytes, and multiplies there and in

the epithelioid cells derived from them. It would appear as though the

monocyte, as host of the bacillus, favored the progress of the disease. This
would suggest that some method be sought to check the overproduction of

monocytes. Since the monocyte phagocytizes the bacilli but fails to destroy

them, a method might be sought for either decreasing their phagocytic ac-

tivity or increasing their cytoplasmic activity, so that the ingested bacilli

would be destroyed instead of being allowed to live and multiply.

Normal Rhythm of White Blood-Cells

Another of the series of blood studies, the rhythm of increase and decrease

of the white blood-cells, referred to in my last report, has since been completed
and published in final form. This work was carried on jointly by Sabin,

Cunningham, Doan, and Kindwall.
It has been known that the number of white cells in the circulating

blood varies in different individuals, under apparently normal conditions, from

5,000 to 10,000 per cubic millimeter, and to a greater extent in disease; but

it was for these investigators to establish the fact of a rhythmic variation

in the number from hour to hour. Their data show that there is no constant

level of the total white count for a day, but that there is a rhythm of the white

blood-cells, just as there is a rhythm of the temperature. Furthermore,

each type of white blood-cells has its own characteristic rhythm and the sum
of these makes the general curve. In 6 normal individuals the blood was
examined every 15 minutes for 7 to 8 hours and the examination each time

included a count of the total number of red cells, total number of white cells,

a supravital differential count of white blood-cells under nine headings, and a

count of the platelets and reticulated red cells. The records thus obtained

show that the white cells of the blood vary in numbers in a characteristic

rhythm. As a whole, there are more present in the afternoon than in the

morning, quite independent of whether food has been taken or not. The
increase is mainly accounted for by the increase in the number of neutro-

philic leucocytes, which die off in showers of considerable proportions and are

promptly replaced, either from some reservoir or by newly formed ones from

the bone-marrow. They died out in numbers, approximately 6 per cent of

their total, during the 8 hours of observation. If this rate is maintained for

24 hours, then one-fifth of the neutrophilic leucocytes die in the circulating

blood every day. Apparently the lymphocytes do not die out in the circula-

tion in any such numbers; they do, however, vary, and at a still shorter

rhythm than the polymorphonuclears. The range of variation is about 1 to

3 ; that is to say, at the highest point there are three times as many as at the
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lowest. This is to be compared to the polymorphonuclears, which vary about

1 to 2. The range for basophiles is from to 5 per cent, and for eosinophiles

and monocytes, from 1 to 10 per cent.

NERVOUS SYSTEM

Our program for the study of the early physiology of the central nervous

system as a basis for the analysis of behavior has been advanced during

the past year, particularly by Dr. L. H. Weed and Dr. O. R. Langworthy.

One of the difficulties met with in extending studies of electrical excitability

back into the fetal stages has been the maintenance of an adequate oxygenated

blood supply to the fetus. This involves a satisfactory method of artificial

respiration and is a technical difficulty that has not yet been overcome. How-
ever, by resorting to the opossum, these investigators have found a mammal
that does not present this difficulty. Here the pouch young are in the embry-
onic or fetal stage and at the same time they are air breathers and wholly

independent of the mother anatomically, making them ideal experimental

subjects. Using pouch young of various stages, Dr. Weed and Dr. Lang-
worthy studied the development of the motor areas of the cerebral cortex,

the phenomenon of decerebrate rigidity, and the development of progression

and posture reflexes. Allied with these is their study of the development of

cortical motor areas in kittens.

Fig. l Fig. 2

Fig. 1.—Left cerebral hemisphere of a poueh-young opossum, 64 days old. At
that time electrical stimulation of area B and part of adjoining areas, A
and C, produces movements of the opposite foreleg. Remainder of cortex
does not respond. In adult, area B remains primarily a center for

opposite foreleg, and areas A and F are centers for facial-masticatory
muscles. Hindleg has no cortical center. X3.

Fig. 2.—Left cerebral hemisphere of 4-day kitten. At 2 weeks only cortical

centers that respond to stimulation are areas A and B, which produce
movements in the opposite foreleg. At end of 3 weeks similar stimula-
tion of area C produces movements of facial musculature, and of

areas E and F, movements of hindleg. X2.

Development of Cortical Excitatory Areas

In a series of 13 pouch-young opossums, ranging in extrauterine age from
23 to 89 days, Dr. Weed and Dr. Langworthy studied the responses obtained
on faradic stimulation of the cerebral cortex with a unipolar electrode. For
comparison they studied 8 adult animals under similar stimulation. The
time of initial excitability of the cortex was not determined, as the youngest
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animal (23 days old) already gave definite responses over the foreleg centers,

with an extensor thrust of the whole leg on the opposite side of the body and
outspreading of the toes. Other parts of the cortex gave no response. The
next response to be obtained was that of the facial-masticatory muscles, which
could be stimulated in the 76-day-old animal, but only in one area; in

slightly older animals, however, an additional area was demonstrable. The
cerebral cortex of the adult yielded three definite motor areas. Two of these

are primarily concerned with movements of the facial-masticatory muscles

and the third is primarily devoted to the foreleg. In each of these areas some
representation of other movement was found: the facial area frequently

showed a foreleg component, while the foreleg area produced some facial-

masticatory movements. The observations show that there is no definite

cortical center for movements of the hindleg in the opossum, a point which
had been under dispute.

Development of Cortical Motor Areas in Kittens

We have just seen in the opossum the superiority of the foreleg, as compared
to the hindleg, in having representation in the cerebral cortex, the hindleg

not having it. In higher mammals both are represented, but here the

superiority of the forelimb expresses itself in the time at which its cortical

representation is acquired, the forelimb center being acquired distinctly

earlier than the hindlimb center. This appears to be a consequence of the

relatively precocious appearance and differentiation of the forelimb bud
always met with in the mammalian embryo. This is brought out in the im-

portant study of the development of the cortical motor areas in kittens,

recently completed by Dr. Weed and Dr. Langworthy. Their experiments

were carried out on kittens ranging in age from birth to 47 days, and also on

a number of adult cats. They found that in the new-born kitten there are

definite areas of the cerebral cortex in the anterior cruciate gyrus which,

on appropriate mild stimulation, are capable of giving well-executed pawing
movements of the foreleg of the opposite side. In these same animals explor-

ation of all other areas of the cortex, even with a stronger current, failed to

give any motor response. This condition persists throughout the first two
weeks. During the third week of life, however, areas on the posterior portion

of the cruciate gyrus begin to respond with movements of the leg of the

opposite side. By the fourth week both the hindleg and the facial mastica-

tory muscles are represented by definite cortical areas in which response to

mild stimulation could be demonstrated. It was found that the location

of these excitable cortical areas of the kitten are topographically identical

with the same areas in adult cats, as made out under the same experimental

conditions. In the adult, however, the motor cortex is more highly differen-

tiated than in the very young animal. Thus it was possible to delimit areas

the stimulation of which caused merely flexion of the toes, or spreading of the

toes, or deviation of the eyes, or flexion of the elbow, etc. Although varying

somewhat, these restricted areas always fell within the larger areas previously

mentioned. In the young animals it was not possible to delimit such areas,

refinement of delimitation being a matter of further cortical development.

Decerebrate Rigidity in the Opossum

By the term decerebrate rigidity is understood the prolonged contraction

of the extensor muscles, a postural reaction counteracting the force of gravity,
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that follows removal of the cerebral hemispheres and basal ganglia. The
reactions of adult animals under this state have been studied and described

for most of the common laboratory mammals. During the past year Dr.

Weed and Dr. Langworthy have had the opportunity of subjecting to decere-

bration a number of adult opossums and also a series of pouch young of the

same species. Their particular interest in the reactions of the decerebrate

marsupial was concerned with the degree of rigidity developed in its hindlegs,

it being an animal in which the movements of the hindleg are not represented

by a motor center in the cerebral cortex. They found, in fact, that, although

transection of the midbrain produced a decerebrate rigidity essentially like

that seen in higher mammals, the hindlegs were involved to a lesser extent

than the neck, trunk, and forelegs, and, furthermore, that there was frequent

occurrence of rhythmic, well-coordinated movements of progression.

In addition to the interest of this phenomenon in the adult, the opportunity

of studying its onset in pouch young yielded observations of value toward
its interpretation. In the pouch young, with the exception of the oldest two,

there was no evidence of extensor rigidity, and they all showed a marked
tendency toward progressive movements. In the oldest two, 82 and 89 days

old respectively, a stage at which the young leave the pouch and are able

to run about and climb actively, definite signs of decerebrate rigidity were
made out in the intervals of quiescence between the periods of rhythmic
progressive movements.

Correlation between Myelinization and Decerebrate Rigidity

The phenomenon of rigidity following decerebration does not occur in

rabbits until they are about 14 days old. In kittens it first occurs a few da}rs

after birth, while guinea-pigs already exhibit the reaction at birth just as in

the adult. Thus, in kittens and rabbits one can follow the onset of this state.

Since it is generally accepted that myelinization and the onset of function in

nerve fibers go hand in hand, it becomes of importance (if we are to determine
the morphological mechanism involved) to study histologically the central

nervous system of these animals for the identification of the fiber tracts whose
myelinization is correlated with the onset of an extensor rigidity response to

decerebration. This has been done by Dr. Langworthy in a series of young
animals in which physiological response to decerebration had been recorded.

He found that during the period when the decerebrated animals exhibit

active progressive movements without extensor rigidity, the only tracts

showing complete myelinization are the ground bundles of the spinal cord and
possibly the posterior longitudinal fasciculus. By the time rigidity replaces

the progressive movements, myelinization is well advanced in the cord, and
the tracts to and from the red nucleus are just becoming medullated. From
the evidence of myelinization, therefore, the hypothesis advanced by Dr.
Weed, that the chief reflex center for the phenomenon of decerebrate rigidity

is the nucleus ruber, receives support, and apparently it is the rubro-spinal

tract that constitutes the essential mesencephalo-spinal pathway.

Development of Progressive Movements in the Opossum

The studies of Dr. Weed and Dr. Langworthy on the maturing of motor
areas in the cerebral cortex of the opossum and the mode of onset of rigidity

in decerebrated animals were continued by Dr. Langworthy, and an additional

series of pouch young examined. This has revealed further facts concerning
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the development of progressive and postural activities and their direct

correlation with the course of general body development. Dr. Langworthy
subjected the new series of pouch young to decerebration and recorded their

cutaneous reflexes, posture, and progressive movements, as compared with

the normal. He found that in pouch young of less than 50 days of age decere-

bration did not change the types of reflex and progressive activities; these

activities, however, were of lesser degree. In animals of about 56 days, de-

cerebration resulted in an outspoken tendency to prolonged, unceasing pro-

gression of all four legs. In a still older group (64 days), after decerebration

there was prolonged progression with maximally extended legs. Finally, in

the oldest group (about 84 days) the characteristic out-thrust of true decere-

brate rigidity appeared on decerebration and the tendency to progression

became suppressed.

Skeletal Muscle Tonus

The attention of neurologists during the past few years has been actively

directed to the problem of the nature of the muscle tonus. In addition to its

physiological interest, there is the clinical interest arising from its association

with certain of the distressing spastic conditions frequently met with in

diseases of the nervous system. Some of the workers who hold that there is

a dual innervation of skeletal muscle tonus, cerebrospinal and sympathetic,

have gone so far as to recommend surgical intervention and the severing of

the sympathetic connections for the relief of the spastic neuropathies. Dr.

F. D. Coman has contributed convincing evidence on this disputed question.

He has been able to show (1) that stimulation of the sympathetic innervation

to the foreleg does not cause any tonic reaction; (2) that removal of sympa-
thetic innervation of the foreleg does not alter the normal development of

tone, either before or after decerebration; and (3) that removal of the somatic

motor innervation, on the contrary, is followed by complete abolition of tone,

both before and after decerebration. The conclusion is thus justified that

there is no direct relation between the sympathetic nervous system and pos-

tural tonus in cross-striated muscle. Dr. Coman's experiments were carried

out on the forelimb of dogs and cats, in which the ventral roots of the brachial

plexus can be sectioned without interfering with the integrity of the sympa-
thetic supply to the limb concerned; for in these animals the secretory and
vasomotor fibers to the forelimb come from the midthoracic segments, the

third to the tenth. For the same reason, the sympathetic innervation of the

forelimb may be stimulated or sectioned without interfering with the somatic

innervation. Exploratory stimulation was employed in all cases to insure

complete removal or complete integrity of the given innervation, a pre-

caution made necessary by the slight variation existing in both the somatic

and sympathetic nerve components.

Muscle Neeve Endings

Dr. Marion Hines-Loeb, whose contributions to the embryology of the

human brain I had occasion to refer to in the Year Book for 1922, recently

joined the staff of the Anatomical Laboratory and has been studying the

character of innervation of muscle, using the methylene-blue technique on

frog material. For investigation she selected certain thin, easily accessible

muscles that could be studied as a whole, without teasing, which enabled her

to see not only the characteristics of the ending but to trace its axis cylinder
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back to its trunk of distribution. A preliminary account of these observa-

tions has been published.

Development of the Gasserian Ganglion

On account of its great clinical importance in reference to the radical opera-

tion for facial trigeminal neuralgia, Dr. Charles H. Frazier and Dr. E. White-

head have investigated the origin of this ganglion in human embryos. Their

purpose was to learn if there is a primary separation of the ophthalmic from
the other two divisions of the ganglion, and whether there are structural

characteristics that would enable one at operation to distinguish these sub-

divisions. Clinically, it would be highly desirable to be able to remove the

maxillary and mandibular portions, leaving the ophthalmic intact. The
results of the study show that in the human embryo the semilunar ganglion,

from the time it can first be definitely outlined, is never completely separated

into parts corresponding to the three peripheral trunks. However, these in-

vestigators did find that the cephalo-medial third of the ganglion belongs ex-

clusively to the ophthalmic apparatus, the central portion to the maxillary

division, and the latero-caudal third to the mandibular division, and they were

able to trace the central fibers from these three divisions through the sensory

root to their point of disappearance in the brain-wall. In general, it may be

said that the ophthalmic portion, though at no time a completely detached

unit, is differentiated from the remainder of the ganglion by being more
precocious in its development. The observations made by Dr. Frazier and
Dr. Whitehead, on the manner of the proliferation of the ganglion cells,

reveal the mechanical factors that bring about the eventual gross morphology
of this characteristically semilunar-shaped ganglion. Mention should also

be made of their observations on the motor root and their recognition of its

mesencephalic filaments. This latter subject is one that should be investi-

gated further and along the lines initiated by them.

Cerebrospinal Fluid Pressure

There has been frequent occasion to refer to this subject in connection

with the important investigations of Professor Weed and those associated

with him. During the past year another aspect of the problem has been

investigated by Dr. F. C. Lee. Using histamine, he has studied the effect of

its administration upon the pressure of the cerebrospinal fluid. In most
organs histamine causes a dilatation of the capillaries and might therefore

be expected to increase the brain size and consequently the cerebrospinal

fluid pressure. Such was not the result; the injections produced a fall in the

cerebrospinal fluid pressure and direct observation of the small vessels showed
that the capillaries of the brain did not enlarge under histamine shock. Dr.

Lee has assembled considerable evidence to show that there is an individuality

in the functional activities of the blood capillaries of various organs, not only

in their behavior toward histamine, but also toward the injection of sodium
chloride and toward india ink. He finds that there is not the same fluid

exchange with crystalloids in the small vessels of the brain as occurs in organs

drained by the lymphatic system. The high degree of permeability of the

blood vascular bed of the liver permits a free passage of particles of india

ink from the blood to the lymph-vessels of that organ, such as is not seen else-

where. Differences in specificity of endothelium, according to locality, will

hereafter have to be borne in mind.
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Cells of the Cerebrospinal Fluid

The technique of supravital staining, which Dr. Sabin applied so success-

fully to the study of white blood-cells, has been utilized also by Dr. L. S.

Kubie and Miss Gertrude M. Schultz for the study of the cells of the cerebro-

spinal fluid. In addition to this method, the free cells were studied in fixed

smears, and scrapings of living arachnoid cells were studied in the fresh or

after being allowed to grow in tissue-cultures. Also, the meninges were
studied after the production of a sterile inflammation by the injection of trypan

blue. By the use of these techniques the investigators found, in the first

place, that the cerebrospinal fluid of normal cats contains young phagocytic

monocytes as well as lymphocytes, identical with those of the circulating

blood. The young monocytes were found in the arachnoid, but both mono-
cytes and clasmatocytes were found in the sheaths of the fine pial vessels.

Kubie and Schultz classify both monocytes and clasmatocytes as phagocytes,

but make a distinction between them on the basis of their morphological

characteristics with the supravital films as described by Sabin, Cunningham
and Doan.
When meningeal irritation is brought about by injection of trypan blue into

the cisterna, there first occurs a marked polymorphonuclear leucocytosis,

beginning within a few hours and lasting 24 to 48 hours, after which mono-
nuclear forms become dominant. If the irritation is rendered chronic by
repeated injections, the fluid, when first drawn off, shows a predominance of

phagocytes and polymorphonuclear leucocytes, whereas in the last drops

lymphocytes predominate, due apparently to the accumulation of lympho-
cytes in the perivascular channels and their release on the drainage of the

fluid. This effect is increased by a simultaneous infusion of hypotonic

solutions.

The evidence obtained by these investigators indicates that the phagocytes

(monocytes and clasmatocytes) of the cerebrospinal fluid are independent of

the lymphocyte and the arachnoid lining cell, and that the young forms of

the phagocytes are always present in the normal arachnoid. They conclude

that the arachnoid lining cell is a specific serosal cell and that it is not trans-

formed into either free or fixed phagocytes, but may have some relationship to

fibroblastic activity. This is contrary to the conclusions reached by Essick,

mentioned in the Year Book for 1919. The explanation may rest on the

higher degree of irritation produced by the injections of laked blood used by
Essick and a consequent increase in the phagocytic action of the arachnoid

lining cell, which is not produced by trypan blue. The work of Kubie and
Schultz should be of practical importance in the study of the histopathology

and diagnosis of diseases of the membranes of the central nervous system.

ANTHROPOLOGICAL AND ANATOMICAL STUDIES

Physical Anthropology of Nicaraguan Indians

The collecting expedition to Nicaragua, referred to in the last Year Book,

made it possible for Dr. A. H. Schultz to secure a complete set of measure-

ments and photographs of 37 adult pure-blooded Central American Indians.

The analysis of this material was completed during the past year and published

by Dr. Schultz. The two groups studied belong to the Rama and Sumu tribes

and number respectively 25 and 12 adult men. The Rama Indians were

visited on a small island in the Bluefields lagoon, where they live in prac-
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tically complete isolation. The Sumu Indians were met with along the

Princapolka River, in settlements 70 to 110 miles from the coast. The strict

customs of both the Sumus and the llamas prevent intermarriage outside of

the tribe.

The following summary of observations and measurements, even though a

larger series might eliminate some of the apparent differences, indicates that

the Ramas and the Sumus are two distinct tribes and that they are extreme as

compared with the better known American aborigines. It remains to be seen

to what extent they are typical for Central American Indians.

Average condition in:

Skin color

Hair color

Eye color

Stature

Sitting height
Shoulder width
Relative arm length

Hand index
Lower limb length

Foot length

Foot index
Head size

Cephalic index
Morphological face index

Breadth of mouth
Lips
Size of nose
Nasal index
Nasal profile

Ears

Sumus

"No. 22"
Black
Dark brown
lS&2 mm
Short
Broad
Fairly long

Above average
Relatively long

Do
Below average
Small for stature

89.5 (very broad heads)
84.8 (very narrow faces)

Large (39.5 mm.)
Thin
Relatively large

73.8

Slightly convex
Narrow

Ramas

"No. 23" (slightly darker).

Black.

Dark brown to very dark.

1661 mm.
Short.

Broad.
Rather short.

Above average.

Relatively long.

Do.
Below average.

Average for stature.

85.9.

85.2.

Small (36.4 mm.)
Moderately thick.

Relatively small.

66.0 (low for Indian).

Straight.

Narrow.

Evolution of Human Teeth

A review of the marked changes which the teeth have undergone and the

individual variations they and the palate exhibit has been published by Dr.

Schultz. The evolutionary significance of the individual variations, pointed

out by him, is of particular interest. Just as is true of other parts of the body,

individual variations occur before any postnatal environment has had a chance
to exert an influence. In general, a marked variability exists, which is not

a direct result of the environment, but must be regarded as predetermined and
of hereditary nature. All the evidence from comparative anatomy, from
fossil remains of man, and from comparison of primitive and higher human
races indicates that the human dental apparatus has become smaller during

the course of evolution. In connection with this the jaws have become re-

duced in size, and this in turn affects other structures of the face. Dr. Schultz

finds that similar changes are also taking place in some of the lower monkeys.
Not only is the tendency toward reduction exhibited in different degrees by
different individuals, but it may be more pronounced in either the upper or

the lower jaw in the same individual, thus giving rise to the conditions known
as overbite and underbite. Disproportion in the amount of reduction under-

gone by the jaw and the tooth row, which may be inherited separately,

appears to be the ordinary cause of crowding and ultimate elimination of

some of the teeth. In considering caries, it is found that an increase of it is
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coincident with the reduction of the dental apparatus. The fact that Dr.

Schultz found caries commonly present in monkeys taken from their native

environment would rule out the dietary conditions of civilization as the cause.

Evolution itself, in tending to produce crowding of the teeth, appears to be

partly responsible at least for the rising frequency of this condition.

Webbed Toes

During the past two years, Dr. William L. Straus jr. has been studying the

development of the foot in the human fetus, together with its comparative

anatomy. In the course of this study he has taken occasion to investigate

the nature and inheritance of webbed toes in man. He has found that this

condition is to be regarded as an embryonic persistence, due to a local arrest

of normal developmental processes. During the second month of human
prenatal development, all of the fingers and toes are joined by webs, the

webbing between the second and third toes extending slightly farther and
persisting somewhat longer than that between any of the others. In normal

development this webbing for the most part disappears and the toes become
separated by clefts extending to the base of the proximal phalanges. If this

process is arrested, the webbing does not disappear and the individual is

rendered zygodactylous. In studying other animals, Dr. Straus found that the

persistence of webbing of fingers and toes is not restricted to man, but occurs

normally in some marsupials, rodents, and insectivores, in a number of lemurs

and catarrhines, and in the siamang and gorilla.

From 5 cases in which Dr. Straus was able to obtain pedigrees, together

with 11 pedigrees assembled from the literature, he has been able to determine

some of the genetic features of zygodactyly. In the first place, the pedigrees

show that not all cases of webbed toes are genetically alike. In 9 families

this characteristic behaves as an ordinary Mendelian dominant. In 2 families

it may be explained in the same way, though it is possible that we are here

dealing with a sex-limited dominant. Three families show the characteristic

as a recessive or as a newly arisen mutation, or as a non-heritable character.

In one family it is inherited by all of the males but never by the females, and
therefore clearly follows the distribution of the Y-chromosome.

The Mandibulo-Atjriculak Muscle

In the last Year Book reference was made to the investigations of Dr.

Ernst Huber on the phylogeny and embryology of the facial musculature.

During the past year he has completed three studies centering on the small

but morphologically important mandibulo-auricular muscle. This muscle is a

member of the retro-auricular group of the facial musculature and a derivative

of the cervical portion of the platysma. It is characterized by the remarkable

course of its nerve, one of the posterior auricular branches of the facial nerve.

This muscle is thus a particularly good example of the value of the Fiir-

bringer principle that motor innervation is a valuable guide in determining

muscle homologies.

By dissected preparations and electrical stimulation in living specimens, Dr.

Huber had previously established the morphology of the mandibulo-auricular

muscle in the carnivores. He then extended his observations to representative

monotremes, marsupials, and to the various orders of the placental mammals.
He found that this muscle has a much wider distribution than had been sup-
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posed. In the monotremes, where there is but scant elaboration of the ear

musculature, the mandibulo-auricular muscle is lacking. It is part of the

typical musculature, however, in the marsupials and throughout the placen-

talia, including the primates. It was Dr. Huber's studies that first revealed

its presence among the primates. Developing as a slip from the retroauricular

facial musculature, it spreads forward along the cartilaginous auditory meatus

toward the skull, securing its origin from the skull, near either the meatus

or the mandibular articulation, or from the posterior part of the zygomatic

arch or the mandible, or from both of the latter. It is possible that these modi-

fications of its attachment represent steps in its phylogeny.

By establishing the morphological entity and significance of the mandibulo-

auricular muscle, Dr. Huber has been able to clarify and correct the con-

clusions of former investigators in this intricate field. His observations on the

constant relationship of the ear musculature, with its associated innervation,

to the ear cartilage will be of great value in subsequent comparative anatomical

studies of the external ear and its cartilaginous framework. In this way he

has already been able to introduce a new viewpoint for determining the sig-

nificance of the cartilago-scutularis, a small cartilaginous plate embedded in

the preauricular musculature in some of the placental mammals.

Anatomy of the Biliary Tract

Because of illness, Dr. Bela Halpert was forced to give up his teaching activi-

ties in the Anatomical Laboratory during the past year, but he has continued

his studies on the biliary apparatus and has published two papers. In one of

these he describes the characteristics of true Luschka ducts in the human gall-

bladder, as contrasted with the Rokitansky-Aschoff sinuses. The former have
their own wall and do not communicate with the lumen of the gall-bladder,

although they sometimes communicate with one another. The latter are

outpouchings of the gall-bladder mucosa, varying in their size, form, and
relations, according to the state of the bladder-wall.

Dr. Halpert also studied the arrangement of folds in the descending portion

of the duodenum with reference to their relationship to the papilla of Vater.

This contribution to the detailed anatomy of the outlet of the biliary tract

should be of immediate practical value to the clinician.

Lymphatics of the Gall-Bladder

In a previous report I described the method of Dr. F. C. Lee by which he

ligates the thoracic duct and thereby secures sufficient dilation of the lym-
phatic vessels to permit of their retrograde injection with india ink. It was
with this method that he secured the beautiful injections of the liver which
were described in Volume XV of the Contributions to Embryology. Working
with Dr. G. B. Wislocki, Mr. W. L. Winkenwerder has utilized the same
technique to determine the lymphatic equipment of the gall-bladder of the

cat. He finds a fine subepithelial plexus draining through the fibromuscular

layer into a valve-containing perimuscular plexus, which in turn communicates
with the subserous plexus. Through collecting ducts from this plexus, coursing

along the cystic duct, the system is finally drained into the lymph nodes at

the head of the pancreas.

The Cephalic Glands in Reptiles

Through cooperation with this department, Professor A. M. Reese collected

a series of alligator embryos (caiman) in the course of an expedition to South
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America. Combining this material with specimens of the copperhead and
mocassin snakes, he has been able to complete a comparative anatomical study

of the glands of the mouth, nose and eye regions. These glands in the forms,

included in his published account, are described and illustrated for the first

time.

Dermal Hillocks in the Sternal Region of the Spider Monkey

In studying the material obtained from the Nicaraguan expedition of 1924,

Dr. Wislocki and Dr. Schultz discovered paired modifications of the skin

of the spider monkey, in the form of dermal hillocks, on either side of the

midline of the body at the upper edge of the manubrium of the sternum.

These appeared at first to be allied to the sternal gland, previously described

by Dr. Schultz in orang-utans. Further study, however, revealed that the

sternal gland of the orang is in reality an invagination of the skin, whereas the

hillocks of the spider monkey differ from the surrounding skin, principally in

the presence of numerous small hairs and abundant, somewhat modified

sudoriparous glands. In addition to being histologically different, the sternal

hillocks are present in both sexes and are paired, while the sternal pits of the

orang-utan are single, situated in the midline, and occur chiefly in the male.

No clear evidence was obtained as to the functional or phylogenetic signifi-

cance of these structures.

ANATOMY AND PHYSIOLOGY OF THE ORGANS OF REPRODUCTION

A number of investigations by workers associated with this laboratory,

which belong under this heading, have been completed during the past year,

and since they are of fundamental importance to embryology, they should be

described in greater detail than is possible if this report is to be kept within

the limits of previous years. I will therefore reserve the description of them
for my next report. Included in this group are the studies on the histo-

genesis of the ovary and testis by Dr. K. M. Wilson; the studies on poly-

nuclear ova and polyovular follicles, post-pubertal oogenesis and pathological

ovaries, by Dr. C. G. Hartman; atresia of graafian follicles, by Miss B. League,

a student of Dr. Hartman; the study of the lymphatics and blood-vessels of

the ovary, by Dr. Dorothy Andersen; the correlation between the external

genitalia and the sex-glands in the human embryo, by Dr. K. M. Wilson; the

anatomy of the uterine opening of the fallopian tube, by Dr. F. C. Lee; the

development of the wolffian body in human embryos, by Dr. J. Shikinami;

placentation in the platyrrhine monkey and in the sloth, by Dr. G. B. Wis-

locki; the effect of placental and follicular extract on oestrus, by Dr. Hartman,

in conjunction with Dr. Edgar Allen and Mr. C. Dupre; and, finally, the study

of menstrual records and vaginal smears in women, by Dr. J. L. King.

EXTRAMURAL ACTIVITIES

In reviewing the work of the year, there are to be mentioned certain activi-

ties which are not directly a part of our investigations, but which constitute

profitable contacts between the laboratory as a whole, or the individual

members, and other individuals, groups and institutions. First of all should

be mentioned our work in the routine examination of embryos, fetuses and

abortion material, a diagnostic service which we maintain for the general

medical profession. During the course of the year embryological specimens,

in a continuous stream, are sent to us for examination, all of which are care-
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fully studied and reported upon to the physician. By seeing a large number of

such specimens we have obtained experience and data that enable us to give an

expert opinion on such matters as the determination of age, sex, race, anoma-

lous development, pathological conditions, and, to some extent, the cause of

the abortion or the defective condition. The records that we are assembling

concerning these matters are of statistical value, and, at the same time, we
have performed in many cases a service for the doctor and his patient. This

diagnostic service is in charge of Dr. C. H. Heuser. We of course have very

close contacts with the various departments of the Johns Hopkins Medical

School, and most of all the Department of Anatomy, in the investigations and
personnel of which our interests have been inextricably blended from the very

outset. Close contacts and cooperative endeavors have been maintained with

embryological laboratories in other universities, and such contacts may be

expected to increase as time goes by. During the past year Dr. W. H. Lewis

has served as vice-president of the American Association of Naturalists, and
the writer of this report was made president of the American Association of

Anatomists.

During the winter a number of papers were read by Dr. and Mrs. Lewis,

Dr. Hartman, and the writer before local biological and medical societies and
journal clubs, and papers were read by Dr. Lewis, Dr. Hartman, and the writer

at the New Haven, 1926, meeting of the American Association of Anatomists.

In addition to these should be mentioned the Harvey Lecture, given by Dr.

Lewis on December 12, 1925, at the New York Academy of Medicine, and the

paper and demonstration given by him before the National Academy of

Sciences at its recent Spring meeting.

SUMMARY OF THE YEAR'S WORK

In connection with our studies of the anatomy of the human embryo, the

completion of the work of Bartelmez and Evans is to be specially mentioned.

It represents several years of endeavor and covers a series of stages ranging

from 2 to 16 paired somites, for which period of development they have made
a study of the external form and the central nervous system. This provides

us for the first time with adequate criteria for the determination of the

topography of the early neural tube. Their work also covers the neural crest

and the differentiation of the head ectoderm. The Miller ovum, the youngest
human embryo thus far known, has been studied and a detailed description of

it published in the Contributions to Embryology. In its publication direct

color photography was utilized for the first time for the portrayal of the

microscopic appearance of the sections of an embryo. Besides giving the first

view of man, this embryo is of importance to the embryologist because of the

new information it provides as to the nature of the trophoblast and primitive

mesoderm.
The cytological studies of W. H. Lewis have been continued and his study

of embryonic heart-muscle has been completed. From this it is evident that

heart-muscle cells constitute an adherent reticulum rather than a true syncy-
tium and that visible fibrils and cross-striations are a result of gelation or

coagulation. Rhythmic contractions take place in cells that are free from both
fibrils and cross-striations. Theories of contraction, therefore, can no longer

be based on these appearances. The behavior of living connective-tissue cells

toward carbon dioxide has been studied by Bauer. The splitting of hemo-
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globin into bile pigment and an iron-containing residue has been observed

under the microscope by Rich. He followed red blood-cells after their inges-

tion by macrophages in tissue-cultures. Mitosis, as it occurs in tissue-cultures

of the embryonic chick, has been compared by Hance with the same phenome-
non as it appears in microscopic sections of chick embryos that had developed

under normal conditions. He found the process essentially the same and that

the tissue-culture preparations present for chromosome investigations the

advantage of better visibility. The development of the lens of the eye has

been studied in experimental grafts of optic vesicles into the allantois of chick

embryos, by Danchakoff, and the process has been compared with normal and
abnormal development of the same structures as they occur in the human
embryo. Regeneration of the colon following experimental anastomosis has

been studied by Lee. He has described the condition of the operative site

at varying intervals during the process of healing, demonstrating the rate and
nature of regeneration in these tissues.

The studies carried on in this laboratory on the transformation of white

blood-cells in hanging-drop preparations have led to important discoveries

regarding the nature and origin of some types of malignant tumors. In the

Rous chicken sarcoma, M. R. Lewis and H. B. Andervont found, in the first

place, that the tumor itself consists primarily of actively proliferating en-

larged and transformed white blood-cells. In the second place, they found

that this tumor, and also the Carrel indol tumor, could be readily passed from
chicken to chicken by means of the blood plasma or the white cells, both of

which they have found contain the tumor-producing substance. Tumor
growth was induced by serial inoculations through four generations, and
probably could be continued indefinitely. That tumors consisting of

modified white blood-cells also are found in rats has been shown by W. H.
Lewis and B. Briida. By means of tissue-cultures of material from a spontan-

eous tumor, they obtained outgrowths of mononuclear epithelioid cells which,

when implanted into a rat, produced a tumor like the original, both in appear-

ance and behavior. This is the crucial test of the mononuclear epithelioid

cell being here the effective tumor-cell.

Following the discovery by M. R. Lewis of the transformation of white

blood-cells into clasmatocytes, epithelioid cells, and giant cells, the phenome-
non has been studied by her, in collaboration with W. H. Lewis, in hanging-

drop cultures from a wide variety of animals, in all of which the transformation

occurred, confirming it as a fundamental characteristic. Using the same
technique, she has studied the phagocytic activities of mononuclear cells of

the frog's blood in the presence of a fine suspension of carbon or of tubercle

bacilli. When newly transformed mononuclears were compared with pre-

existing macrophages, they became indistinguishable from the latter following

the ingestion of foreign material. From the study of the buffy coat of rat's

blood, considerable evidence was obtained by W. H. Lewis that polymorpho-

nuclear leucocytes may become transformed into mononuclears. In the

course of this work it was observed that occasionally living white cells may be

phagocytized by other white cells. This phenomenon was seen in frog's

blood and in spreads from lungs of rabbits suffering from pulmonary tubercu-

losis.

It has been found that the thrombocytes are derived from the primitive

red cells through an intermediate stage, the thromboblast. Their formation
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in the chick embryo has been studied by Sugiyama, who observed them in the

total living blastoderm, in drops of live blood, and in fixed films. The role of

the monocyte in rabbits experimentally infected with tuberculosis has been

followed by Cunningham, Sabin, Sugiyama, and Kindwall. They confirm

Cunningham's observation that there is a proportional increase in monocytes

in animals showing widespread tuberculosis, and in animals recovering from

the disease the lymphocytes outnumber the monocytes. They find that the

tubercle bacillus lives as a parasite and multiplies, particularly within the

monocytes or in the epithelioid cells derived from them. Thus the monocyte
appears to favor the progress of the disease.

It has been found that there is a rhythmic variation from hour to hour in the

number of white cells in the circulating blood, and each type of white cell has

its own characteristic rhythm. A complete study of the blood of 6 individuals

was made every 15 minutes for 7 to 8 hours, by Sabin, Cunningham, Doan, and
Kindwall. There is an afternoon increase in the number of white blood-cells,

regardless of whether food is taken or not, and this is mainly accounted for

by an increase in the number of neutrophilic leucocytes. These die off in

showers and it is estimated that one-fifth of them die in the circulating blood

every day. The lymphocytes also vary, but to a lesser degree and at a still

shorter rhythm.

By utilizing the opossum, in which the pouch young remain for some time

in an embryonic or fetal stage, it has been possible to determine the functional

activities of the central nervous system in early stages of development. In

pouch young of various stages, Weed and Langworthy have studied the de-

velopment of the motor areas of the cerebral cortex, the phenomenon of

decerebrate rigidity, and the onset of progression and posture reflexes. They
determined the age at which movements of the foreleg and the facial mastica-

tory muscles can be first elicited by electrical stimulation of a definite area of

the cerebral cortex. They also found that such an area for the hindleg is never

developed in the opossum. Studying kittens in a similar way, it was found

that at birth a cortical center that responds to electrical stimulation with

movements of the foreleg is already present; during the third week a hindleg

center can be identified and by the fourth week both the hindleg and the

facial masticatory muscles are represented by areas which respond to mild

stimulation. These excitable areas in the kitten are topographically the same
areas that exist in adult cats. In the adult, however, they are more highly

differentiated, and more restricted fields can be mapped out which control

more restricted groups of muscles. These studies of the functional develop-

ment have been followed in some cases by histological examination of the

nervous system. Langworthy has correlated the progress of myelinization

with the phenomenon of decerebrate rigidity.

Muscle tonus has been studied by Coman and he has been able to show that

there is no direct relation between the sympathetic nervous system and pos-

tural tonus in cross-striated muscle, and this means that there is no justifica-

tion for the severing of sympathetic connections for the relief of spastic

neuropathies. The detailed anatomy of muscle nerve endings has been
studied by M. Hines-Loeb. The development of the gasserian ganglion in

the human embryo has been studied by Frazier and Whitehead.

The pressure of the cerebrospinal fluid is lowered by the administration of

histamine, which is contrary to the effect of this substance on other organs.
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This has been demonstrated by Lee, who also has shown that the capillaries

of the brain do not become dilated under histamine shock. It becomes
evident that there exists an individuality in the functional activities of the

blood capillaries, varying for different organs—a localized specificity of endo-

thelium. A study of the cells of the cerebrospinal fluid by Kubie and Schultz

yields evidence that phagocytes are independent of the lymphocytes and the

arachnoid lining cells. The latter they find to be specific serosal cells that are

not transformed into phagocytes but may undergo fibroblastic activity.

The collecting expeditions to Nicaragua in 1923 and 1924 were primarily to

obtain embryological primate material. As a by-product of the last expe-

dition, there has been completed by Schultz a study of the physical anthro-

pology of two groups of pure-blooded Central American Indians.

The evolution of the human teeth has been traced by Schultz. The occur-

rence and significance of webbed toes has been studied by Straus. The
phylogeny and embryology of the facial musculature has been under investi-

gation by Huber for a number of years and has been fruitful in results. During
the past year a comparative anatomical analysis has been completed of the

mandibulo-auricular muscle, a member of the retro-auricular group and a

derivative of the cervical portion of the platysma. Other comparative

anatomical studies include the dermal hillocks in the sternal region of the

spider monkey, by Wislocki and Schultz, and the cephalic glands in reptiles,

by Reese.

The studies of Halpert on the biliary tract have been continued. He has

shown the distinction which exists between true Luschka ducts and the

Rokitansky-Aschoff sinuses in the human gall-bladder. He also contributed to

the detailed anatomy of the outlet of the biliary tract—the relationship

between the folds of the descending portion of the duodenum and the papilla

of Vater. A study of the lymphatics of the gall-bladder has been made by
Winkenwerder.
The anatomy and physiology of the organs of reproduction are of primary

importance to embryology, and naturally our investigations are largely con-

cerned with this field. The following studies are included in this group, but

are only listed in the present report : histogenesis of the ovary and testis, by
Wilson; polynuclear ova and polyovular follicles, by Hartman; postpubertal

oogenesis and pathological ovaries, by Hartman; atresia of graafian follicles,

by League and Hartman; lymphatics and blood-vessels of the ovary, by
Andersen; correlation of the external genitalia and the sex glands in the human
embryo, by Wilson; anatomy of the uterine end of the oviduct, by Lee;

development of the wolffian body, by Shikinami; placentation in the platyr-

rhine monkey and the sloth, by Wislocki; effect of placental and follicular

extract on oestrus, by Hartman; menstrual records and vaginal smears in

women, by King.
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GENERAL STATEMENT

The progress of genetics since the establishment of this Department 23

years ago continues unabated and new vistas are continually opening. At
the same time new contacts are being made with cytology, experimental and
physiological embryology, and with biochemistry. Genetics, reared in the

house of morphology, has gone forth to associate with other branches of

biological science.

Perhaps the leading advance of the year with us has been in the subject

of mutation, or the origin of inheritable variations. This topic was early

recognized by Darwin and others as the problem that lies at the very heart

of evolution. The distinction between "variation" of the older authors and
"mutation" has come to be associated with size; but this is unfortunate,

since size has nothing to do with the matter. Properly, as used by modern
geneticists, a mutation is nothing but a variation that has the quality of being

hereditary or genetical. Any variation, however large or small, that is in-

herited is, by this modern definition, a mutation. If we know how mutations

arise, then we understand the genetical basis of evolution.

One advance of the present year relates to the experiments on Cladocera

which have been continued, by Banta, in parthenogenetic reproduction here

for 650 generations. Probably in no other multicellular organism has the

succession of generations been followed so far in genetically constant germinal

material. As this germinal material has been carried through the generations

it has undergone changes. In the breeding lines, at intervals of between
5 and 35 generations, obvious changes have occurred that have permitted the

investigator to raise a new strain of the organism, one or more of whose quali-

ties varied around a new mutative center. These mutative changes did not

occur at definite seasons of the year; they seemed rather associated with the

interval elapsing since the last mutation; yet the interval is by no means a

constant one.

The inference as to the cause of this mutation that seems most justified

is that, without special external inciting agents, the germ plasm (chromosome
complex) of the Cladocera is undergoing changes in the direction that is

being followed by the investigator (and very likely in others, as well), and
which may be accumulated by a selective agent (in this case the investigator)

until they acquire an important increment.

Simply by waiting a sufficient time, the investigator finds the desired muta-
tions to his hand in the form of special bodily types. The individuals with

their peculiar traits are of interest because they constitute an index of muta-
tions that have already occurred in the germ-plasm. The germ-plasm that

has mutated makes itself known, so to speak, by the peculiar way in which
the soma develops.

From this point of view it follows that, strictly, the individual has an
ontogenetic development, but not a phylogeny; it is the germ-plasm that has

1 Address: Cold Spring Harbor, Long Island, New York.
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a phylogenetic development. The course of ontogenetic development is

determined (apart from environmental factors) by germ-plasmic, phylo-

genetic changes. It is because we can not see the changes directly in the germ-
plasm that in speculating on the "phylogeny" of any species we arrange its

relatives in a series that is most probably in accord with the sequence of muta-
tions in the germ-plasm (chromosomes). Evolution is no longer the tracing

of the origin of species, but of the origin and succession of germinal mutations.

The second marked advance relates to the architecture of the germ-plasm.

The theory of the gene has been fully elaborated, and its general relation to

bodily development has been traced. And for some time we believed that

the genetic unit for the various traits had been found in the gene. But, gradu-

ally, it is becoming clearer not only that the genes do not play a particular

and exclusive r61e in the development of any character, but also that the genes

are themselves complexes in much the same way as atoms are complexes

of electrons. It may well be that these components of genes do not differ

qualitatively, but only in their number, to make the different genes; this

matter is still speculative. But the doctrine of the compound nature of the

gene has been experimentally derived.

The conclusion as to the compound nature of the gene rests on several lines

of evidence. First, the long-established principle of multiple allelomorphism,

according to which several states or degrees of the same trait occupy the same
locus in the chromosome. A good example is afforded by the recessive, sex-

linked, mutant eye colors: white, tinged, buff, eosin, cherry, blood, also the

wild-type red eye in Drosophila. Similar series are found in the albinism of

mammals, and in other traits. The evidence is good that each of these sets

is due to a mutation of the same gene. This implies a complex nature of the

gene, incompatible with the theory of its elementary constitution.

Second, the facts of inheritance of variegation of leaves and floral parts are

best harmonized on the view that the gene is changeable during somatogenesis,

owing to its composition out of many, more elementary, units that vary in

number.
Third, and this is the contribution of Demerec, mutations at their inception

frequently affect a large proportion of the progeny and in a variety of grades.

As a result of selection in successive generations the mutation tends to become
fixed and to occur in a nearly constant proportion of the population. This

multi-mutating condition is most readily accounted for on the ground of a

compound gene which shows a varying number or proportion of elements.

A third advance is in the cytology of genetics. Metz has found that during

sperm formation in the fly Sciara the maternal and paternal chromosomes

do not come together in pairs and then segregate at random in the usual

fashion, such that any sperm may have representatives of both kinds, due

to chance assortment. Instead, no intimate pairing occurs, and the evidence

indicates that the maternal chromosomes all pass into the cell which produces

the sperm, while the paternal homologues segregate from them by means of

a monocentric mitosis, and then are cast off. (Genetic proof of this for one

chromosome pair has been obtained.) Consequently, the sperm fails to trans-

mit traits that were in the male gametes carried by the earlier generation.

This is a mechanism that has not hitherto been described in genetics; it may
lead to the discovery of still other possible types of cytological behavior.



DEPARTMENT OF GENETICS 31

Still another advance lies in the accumulating evidence that in Datura

non-homologous chromosomes may show a mutual attraction, so as to form

"sets" of three chromosomes that have not the same genes. Also, pieces

of non-homologous chromosomes apparently may unite to form whole chromo-

somes. These aberrant unions complicate the interpretation of the progeny

of a given mating.

Finally, reference may be made to the increasing evidence, based largely

upon the facts of variegation, that somatic mutation is, in certain cases, the

cause of a definite somatic pattern. And the hypothesis may be entertained

that the clear facts of variegation are a diagrammatic representation of a

widespread process in development. The changes in form of the developing

organism may be, in part, due to regular ontogenetic changes in the germ-
plasm that are of the nature of somatic mutations.

The second main division of the work of the Department of Genetics deals

with the processes, controlled by the germ-plasm, which result in the develop-

ment of the individual with its somatic characteristics. Only a beginning

has been made in this field. Its cultivation involves studies in the physiology

of reproduction and development and a knowledge of the individuals that fall

by the side of the developmental path prematurely, as compared with those

that reach a more mature stage. It involves the development of the gametes,

the conditions under which the zygote is formed, the growth of the individual,

and the special activators that stimulate it. Particular attention is being

devoted to development as a sequence of chemical processes, since the influ-

ence of the chromosomes upon development can be completely interpreted

only in physico-chemical terms. Much attention is being paid also to the

non-chromosomal factors that modify the course of development, especially

to the effect of external agents in modifying the work both of the genes and
of the chromosomal complexes which are directing development from the

inside. One of the most significant of the lines of the newer work is that which
demonstrates the chemical basis of the difference between the sexes. In so

far as this difference is controlled by the sex-determining chromosome, we
must believe the chemical nature of that chromosome to be in the last analysis

responsible for the fundamental chemical difference between the sexes.

Truly, endocrine glands play an important r61e in the control of development;

but their activity, in turn, is influenced by hereditary factors. This conclu-

sion is confirmed in the existence of the high and low thyroid strains of pigeons

that have been produced in this Department. Consequently we are led to the

conclusion that these endocrine glands are among the most important agents

utilized by the chromosomes for the carrying out of their work. In the special

group of mammals where 5 per cent or more of the period of rapid develop-

ment is spent in the maternal body, receiving hormones from it, a special

study is being made of the effect of these hormones upon development. Any
such effect, though one or more genetical factors may be involved in it, is

determined primarily by factors outside of the chromosomes of the developing

individual. This complication is, doubtless, responsible for difficulties in

explaining some mammalian traits on a Mendelian basis.

Finally, progress is being made in the analysis of the inheritance of special

traits in race horses and man; and other practical applications of heredity to

the American population have not been neglected.
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STAFF

The Director has been studying problems in human development, normal
and abnormal, and has been working on the modification of development by
special treatment in mice. Dr. A. F. Blakeslee, Assistant Director in the

Station for Experimental Evolution, has continued his work on breeding

Daturas to discover their mutations and get a chromosomal interpretation

of them. He has collaborated with Miss Satina on the chemical basis of

sex-differences. Dr. H. H. Laughlin, Assistant Director, Eugenics Record
Office, besides conducting the heavy correspondence of that Office, has con-

tinued his studies on the influence of immigration and deportation on the qual-

ity of the American population. He has also directed a research on heredity

of racing capacity in thoroughbred horses.

In other researches on the germ-plasm we have the operations of Dr. A.

M. Banta on parthenogenetic lines of Cladocera that show repeated somatic

mutations, on their sexual reproduction, and on the calling forth of males.

In these studies he has been assisted by Miss Thelma Wood and, during the

summer, by Mr. L. A. Brown and Mrs. George Snider. Dr. M. Demerec is

working on mutations in Drosophila and Delphinium, especially on the topics

of multi-mutating genes and variegation and the light they seem to throw
on the compound nature of the gene. Dr. C. W. Metz is working out the

chromosomal behavior in an anomalous inheritance in Sciara; and, with Miss

Moses, is continuing his studies on chromosomes of Drosophila. Dr. Belling's

protracted illness has interfered with the carrying out of some of our Datura

program. Despite his illness he has continued his investigations.

In the field of physiology, of that development which is, in large part,

directed by chromosomes, Dr. E. C. MacDowell has completed his study of

the effect of alcohol on the sex ratio and is entering the field of prenatal deaths

in mice and of the relation of X-radiation to the production of abnormalities.

Dr. Oscar Riddle is measuring the effects of different endocrine secretions on

metabolism and the reproductive cycle with special reference to sex. The
sex differential is being investigated by Dr. Riddle with the collaboration of

Mr. W. H. Reinhart; and also by Miss Satina and Dr. Blakeslee. Also, Dr.

Banta's researches in parthenogenesis and male production in Cladocera

touch on this field.

In the field of human heredity and development Dr. Banker has con-

tinued his studies of family capacity for learning as evidenced by school records.

He has utilized the extensive records of the Huntington Schools for this pur-

pose. Dr. Estabrook, in the mountains of Kentucky, is continuing his study

of the genetical factors that have determined the special mental qualities of,

and their distribution in, this population.

Our experimental breeding-pens of mice have been in charge of Miss Eliza-

beth Lord, who has collaborated in much of the experimental work. The
pigeon houses have been in charge of Dr. Riddle and Miss Frances Burns.

The eugenics archives have been in charge of Dr. Elizabeth C. Muncey until

her retirement in January and since that time of Miss Grace Allen. The com-

puting room has been in immediate charge of Miss Catherine Carley, who has

been engaged in statistical service for many of the researches and has con-

tinued the computations upon and tabulation of the anthropometric data.

The greenhouses and gardens have been in charge of Mr. Morrison.
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Among the visitors at the Department may be mentioned Professor

Frederick Breinl, of the German University of Prague, who did some statis-

tical work on correlation between the developmental abnormalities that are

held to depend on abnormal endocrine functioning.

Dr. John T. Buchholz, of the University of Arkansas, spent some weeks at

the Department studying pollen-tube growth.

Dr. K. George Falk transported his laboratory from the Harriman Research

Laboratory to this Department during the early summer, and researches on

changes of enzymes during development were carried on by Miss Helen

Noyes and Mr. Lorberblatt, using fishes and mice. Dr. Falk and Mr. Lor-

berblatt also developed a simplification of the Manoilov sex-reaction.

Professor Masuharu Tange, of Kyushu Imperial University, Fukuoka,

Japan, cooperated with Dr. Riddle on the effects of follicular hormones
on the development of pigeons.

Dr. J. N. Couch, a holder of a biological fellowship of the National Research

Council, worked at the Station for Experimental Evolution during the year.

He investigated the sexuality of the water molds, in the conduct of which

work he was in close contact with Dr. Blakeslee.

DETAILED REPORT ON CURRENT INVESTIGATIONS
THE GERM-PLASM

Cladocera

Progress has been made in the elucidation of the real nature of germinal

mutation by Banta working with the "water fleas," Cladocera. He has bred

these, now, for 650 generations, or nearly thrice the number of generations

allotted to man on earth by the ecclesiastical chronologists. During this

period there has been continuous parthenogenetic reproduction. Each germ-

cell of the female grows and develops into new eggs which become enveloped

in a covering, nourishing organism, the female soma of the following genera-

tion. The eggs that this female is nursing after a few days grow and develop

into more eggs, covered in turn by a new nourishing organism, the female soma
of the third generation, and so on. The form of this soma is precisely deter-

mined by the chromosomes (germ-plasm) of the egg from a piece of which it

has arisen; the other pieces forming more eggs—those of the " next generation."

Thus the form, structure and behavior of the soma are an index of the constitu-

tion of the germ-plasm.

This germ-plasm remains unaltered through the generations, merely
doubling in each cell-generation. It undergoes no "reduction " in the number
of chromosomes, such as occurs in sexual reproduction; it does not fuse with

other (foreign) germ-plasm, as happens in sexual reproduction. The germ-
plasm should go through the "generations" unchanged, and, correspondingly,

its index (the soma) should remain constant and invariable. And so it does,

ordinarily; the somas of the successive generations of Cladocera are exceed-

ingly similar.

But now occur the interesting exceptions. Banta has traced a line with

a peculiar germ-plasm, as indicated by the fact that the outline of the front

of the head is slightly excavated. The amount or depth of the excavation

is variable. This " excavated-head " line has been continued for 85 generations

and an attempt has been made to break it up into 2 lines. The following

method has been used: The amount of excavation fluctuates (doubtless
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partly on account of the complexities of ontogenetic development). One
germinal line (A) was continued on the ground that it was producing the deep-

est excavations—above grade 0.50; another line (B), on the ground that it

was producing the shallowest excavations—below 0.50. In line A, after about
35 generations, the fluctuations began to occur around an obviously new and
higher center, namely, at 1.20. In 5 more generations the center of fluctua-

tion had arisen to 1.60, and after 75 generations from the beginning to about
2.00. Thus new centers of fluctuation appeared after two intervals of 35
generations and one interval of 5 generations. The center was elevated

about 0.40 or 0.50 points at each rise. In line B the results were less marked.
In one case a reduction of the fluctuation center from 0.60 to 0.25 occurred

after about 27 generations; in another case a reduction from 0.75 to 0.25

in 7 generations from the beginning.

The interpretation that is put on the appearance of these new centers of

fluctuation is that the germ-plasm has undergone mutation just previously

to their appearance. The time, nature and degree of the germinal mutation
is made known by the change in the soma whose development is controlled

by the germ-plasm. In general, one may say that mutations are of approxi-

mately equal size—varying from 0.3 to 0.5 point at a time. Possibly this

uniformity is apparent rather than real, for a change of less than 0.20 point

would probably not be recognized as a mutation; and a change of over 0.60

point might be regarded as due to two mutations occurring in quick succession.

The mutations occur at unequal intervals, of from 5 to 35 generations.

Next, it is to be noted that the mutations occurred without reference to

season, conditions of nutrition or any other assignable change in the environ-

ment. The most probable conclusion is that the germ-plasm, while extra-

ordinarily protected from alteration by external agents, is, at more or less

regular intervals, undergoing a change. This change appears to be "spon-

taneous," or dependent upon causes inherent in the germ-plasm itself. Larger

changes are built up by selection. The selector is a person who watches

carefully for evidence that the germ-plasm has undergone a change in the

desired direction and breeds from that germ-plasm.

That the mutations found in the Cladocera—whether in lines bred for

reactiveness to light, or for sex-intergradedness, or for excavated head—are

real inherited mutations has just been tested by Banta. After some years of

failure he has succeeded in securing fertilized eggs and, indeed, rearing

"hybrids" between the wild or normal strains and mutant strains. There

were obtained 135 young from a cross between females of wild stock and males

of the mutant line; also 70 of the reciprocal cross. In addition, he secured

34 sexually produced young from normal X normal and 17 from mutant X
mutant matings. The study of these young showed (as set forth in a later

section of this report) that the new mutations were inherited in Mendelian

fashion, and, consequently, that a gene mutation is involved.

MULTI-MUTATING GENES

In respect to the nature of mutations, the observations of Demerec are of

importance. While genes are extraordinarily stable, resisting all attempts

(except perhaps one) to change them experimentally, they change (mutate)

relatively frequently from some uncontrollable cause. Demerec has been

working with a plant (Delphinium) and an insect (Drosophila), in each of

which there have been found multi-mutating genes.
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REDDISH IN DROBOPHILA

As described in last year's report, reddish is an allelomorph of yellow and
mutates in females, but only when they are heterozygous with yellow or its

wild allelomorph. A constant reddish has been obtained from the mutating

line. Reddish in a cross between the mutating and constant lines does not

mutate. A new reddish (reddish-2) has been found by Miss Moses. It

arose independently of the first reddish, is phenotypically indistinguishable

from it, is allelomorphic to it.

Reddish-2, however, does not mutate. But when reddish-1 is crossed

with constant reddish-2 the heterozygous females do mutate. In this re-

spect reddish-2 differs from the constant line of reddish-1.

Miniature Wing in Drosophila

This new sex-linked character is allelomorphic to the already known
miniature — 1. Miniature-a (as it is called) mutates in all stages of develop-

ment; in males as well as females; in germ-cells as well as in somatic cells.

Somatic mutations produce mosaics; i. e., in the wings of flies carrying minia-

ture-a more or less of the wing may show areas that have mutated back
to the normal or wild type. Miniature-a may mutate back to wild type;

if the mutation occurs in the germ-cell or early in somatic-cells, wild indi-

viduals are produced. Wild-type flies that have originated from miniature

do not regularly mutate back to miniature. The frequency of mutation back
to wild differs in the various lines. By selection almost constant lines of

miniature-a have been isolated; other lines yield close to 100 per cent of

wild flies. Without selection the multi-mutative property of miniature-a

genes tends to disappear. Unselected lines with a high frequency of

mutation to wild tend to lose the miniature character; those with low fre-

quency of mutation tend to become constant miniature.

Thus, the mutation of reddish-1 is limited to the reduction division in

heterozygous females, while miniature-a mutates at all stages of development.

Miniature-a is, then, directly comparable with some plant variegations, for

example, Delphinium.

Delphinium

In the larkspur, Demerec has now identified 6 multi-mutating genes. Of
these, 3 produce variegations in leaf chlorophyll and 3 in flower color. In

some of these a study was made of the frequency of somatic mutations. The
method used is thus described by Demerec

:

" It was assumed that each dark-colored spot originated by an independent
mutation of the gene for light color to the gene for dark color. If the muta-
tion occurred early in the development, many cells are produced from the
mutated one, resulting in a large dark spot; and if the mutation occurred
later in the development fewer cells are formed from the mutated one, giving
a spot of smaller size. Size of the spots can, therefore, be used in determining
the time when mutation occurred. Since, on the average, each cell has an
equal chance to divide, it was assumed that each succeeding cell generation
would double the size of spots. Since with each cell generation the number of

cells is, on the average, doubled, the chance for the mutation to occur in any
of the cells is also doubled. Based on the above assumptions, calculations
were made as follows: Spots were measured, counted and classified according
to size, each class being twice as large as the preceding one to allow for the
doubling of the size of the spots due to the doubling of the number of the cells
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with each cell generation. To allow for the increased chance of the mutation
occurring in later cell generations, because of the larger number of cells pres-

ent, the total number of spots in each class was divided by a divisor which
was increased in geometric proportion for each succeeding class.
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"In figure 1 are presented the results of measurements on the frequency
of mutations of three multi-mutating genes for a period of six cell-generations

during the later part of the development of leaves, or sepals and petals

respectively. The curve number 1 represents the frequency of mutation of a
gene for chlorophyll variegation (variegated-3). From that curve it can be
seen that the frequency of mutation continued approximately the same during
the period of measurement. The frequency of mutation for another gene for

chlorophyll variegation (variegated-1) is given in curve number 2, which
shows that the frequency increased appreciably in the last measured cell

generation, i. e., at the end of the development of the leaf. The same was
true for the frequency of mutations of a gene for flower-color variegation,

which is shown in curve number 3. The upper leaves and flower, when com-
pared with lower leaves and flowers, gave identical mutation curves, indicating

that the increase in the frequency of mutations observed in curves 1 and 3
is determined by some factor connected with the development of the leaves,

or sepals and petals, rather than with a factor concerned with the develop-
ment of the whole plant."

Sciara

In the last report of this Department the aberrant chromosomal relations

of the fly Sciara, as discovered by Metz, were described in some detail. Many
of the difficulties that appeared in that report haVe been cleared up during

the current year. Also an improved technique has been devised for the flies,

and a survey has been made of about a dozen species for the purpose of

selecting those most favorable for breeding experiments and chromosome
studies.

The findings of Dr. Metz that elucidate the chromosomal peculiarities of

Sciara are shown in the comparison of a typical, primary spermatocyte, or
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reductional division, on the one hand, and that of Sciara on the other, shown
in Table 1.

Table 1.

—

Comparison of reductional spermatocyte division in typical forms and in Sciara.

Cell structure or function. Typical division. Sciara coprophila.

Maternal and paternal chromosomes .

.

Undergo synapsis Do not synapse.
Singly.

Absent, chromosomes
scattered at various
levels.

Unipolar (monaster).

Half of the single chro-

mosomes go to one pole

and half to the other.

Bivalents divide and one
component of each
goes to each pole.

"These features," continues Metz, "are shown schematically in the
accompanying diagrams A-F. Ten chromosomes are shown here. Presum-
ably four of these come from the mother and six from the father. The latter

include four like those from the mother, and in addition the two large "sex-
limited" chromosomes found only in the males. These two may be disre-

garded, for the moment, since they always go together toward the 'pole.'

"Interest attaches here, especially, to the fact that all the chromosomes
are oriented with respect to one astral center or centrosome and are connected
with it by 'spindle' fibers; yet part of them, instead of going toward this center

or pole, move directly away from it. In so doing they travel backward, with
the point of fiber attachment posterior instead of anterior. Their paths are

radii from the pole, and hence are at first divergent instead of convergent.

Later they are intercepted by the cell wall (or possibly by cytoplasmic obstruc-

tions) and made convergent, so that eventually the chromosomes come to-

gether at a point opposite the astral center or pole. They are then cast off

bodily in a bud, as described in our last report. The other group of six chro-

mosomes goes toward the pole in the ordinary way and needs no special comment.
"It appears, then, that four of the chromosomes are picked out, so to

speak, from the group, and carried away from the others. These four chro-

mosomes show by their form and behavior that they are being subjected
to two forces. One of these is represented by the 'spindle' fibers and acts

in the direction of the pole or astral center. Its action is localized at one point

on the chromosome—the point of fiber attachment. The other force acts in

just the opposite direction and apparently acts on the whole chromosome,
carrying it bodily away from the pole in spite of the retarding action of the
spindle fiber force. This force acts as if it represented a repellant effect of

the astral center or pole, rather than the attraction of something on the other
side of the cell (e. g., the cell wall), for when an obstruction is encountered or

when the periphery is reached the chromosomes do not stop, but are merely
deflected, and keep moving till they reach the point farthest from the pole."

Every sperm-cell after reduction has 6 different chromosomes (of which 2

kinds are limited in occurrence to the male cells) while every egg presumably
has 4 chromosomes (somatic cells have 8). In the fertilized egg there should

be then 10 chromosomes (4 pairs + 2) and all should produce males—which is

not true. Consequently since there is no parthenogenesis, the 2 male-limited

chromosomes must be dropped out in forming the female zygotes. Where
the dropping out occurs Metz can not yet say certainly. Genetic evidence

from the species which give unisexual progenies makes it appear probable
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that "the female is responsible for the sex-ratio and, hence, that the elimi-

nation or retention of the sex-limited chromosomes is determined by the egg."

Nothing like this is known in other organisms. Clearly there are numerous
new problems here for study.

In studying the mode of inheritance of a mutant character Metz has found

a type that is correlated with the aberrant chromosome behavior. Metz
reports on this matter as follows

:

"The character is a wing-modification called truncate. Its history and
mode of inheritance are summarized as follows:

"It was first seen among the offspring of a pair mating. These offspring

were all males—since we are dealing here with a species which gives unisexual
progenies. Fifty-five were truncate and sixty-three 'normal' or 'wild-type,'

approximately a 1 : 1 ratio. This and other later results indicated that the
character was a dominant, but critical tests showed that it was recessive, the
ratios being due to the peculiar type of inheritance involved.

"When the latter was analyzed it was found that the genetic behavior of

females was of the ordinary type, or approximately so, and that the pecul-

iarities were due to the male. The male inherits equally from both parents
and exhibits the somatic characters expected on this basis, but it transmits
only the factor (gene) derived from the mother, not that from the father.

If the mother is truncate the sons transmit only truncate—i. e., they breed as

if they were homozygous truncate—regardless of the constitution of the father.

Likewise, if the mother is heterozygous for truncate those sons which receive

the truncate gene breed as if they were pure truncate. These features are

shown in Table 2, which represents the descendants of reciprocal crosses."

A factorial analysis of these matings shows that heterozygous males trans-

mit only the maternal gene. It should be noted that the character truncate

is not sex-linked, but is transmitted equally to both sexes, hence we are not

dealing with sex-chromosome behavior.

Table 2.

—

Descendants of reciprocal crosses in Sciara .

Truncate 9 X Normal cf. Normal 9 X Truncate cf.

Fi: All normal. All normal: Fi.

Fj: Normal and truncate. All normal: Fj.

Backcrosses of Fi flies to truncate:

Parents: Fi 9 X trun. cf. Fi 9 X trun. cf

:

Parents.

Offspring: nor. and trun. Nor. and trun.

:

Offspring.

Parents: F x cf X trun. 9- Fi cf X trun. 9 : Parents.

Offspring: all trun. All nor.: Offspring.

Backcrosses of normal F2 flies to truncate:

Parents: F* 9 X trun. cf. F2 9 X trun. cf: Parents.

Offspring: nor. and trun. All nor. or nor. and trun.

:

Offspring.

Parents: F2 cf X trun. 9. F2 cf X trun. 9 : Parents.

Offspring: all nor. All nor. or all trun.: Offspring.

"Translating these results into terms of chromosomes, and considering

the chromosome pair carrying these genes, it is evident that the male trans-

mits only the chromosome from his mother. All the sperms, therefore,

should carry this chromosome, and the corresponding chromosome from the
father should be eliminated, or else we must assume that the sperms carrying

the paternal chromosome are non-functional. In the latter case, we would
expect a random segregation of chromosomes in the maturation divisions,
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while in the former segregation should be of a selective and constant type
rather than at random.
"As has been noted above one of the distinctive features of chromosome

behavior in these flies is the absence of the usual mechanism which should

give random segregation in spermatogenesis. From the chromosome be-

havior in the first spermatocyte division it was postulated that the maternal
chromosomes were segregated from the paternal ones, and that one group
was regularly cast out. The genetic results provide a confirmation of this,

at least as far as one chromosome pair is concerned. But the process is just

the reverse of that expected; i. e., it is the paternal rather than the maternal
chromosomes which are eliminated. It is not certain that this applies to the
other three chromosomes, although it seems reasonable to assume, tentatively,

that it does. If so, then the two sex-limited chromosomes, which are known
to be paternal in origin, go with the maternal chromosome toward the pole

in the first spermatocyte division (see figure 2) , while the other paternal chro-

somes are cast out. Work is under way to test this hypothesis by following

the inheritance of factors in other chromosomes than that considered above.'

'

FIRST SPERMATOCYTE DIVISION SGIARA

Fig. 2.

Drosophila

The study of the chromosomes of this genus has been continued by Metz.
In all, 27 species of the genus and 6 species from related genera have been
studied. Especially has spermatogenesis been studied comparatively. The
following new conclusions are drawn by Metz.

"Homologous chromosomes undergo synapsis in the telophase of the last

spermatogonial division and apparently remain in intimate association

during the growth stages.

"The sex-chromosomes remain relatively condensed and attached to, or
included in, the nucleolus during this period.

"Preceding and during the first spermatocyte division the sex-chromo-
somes exhibit characteristics of form and behavior such as to suggest that the
Y-chromosome remains relatively passive or inert, while the X-chromosomes
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undergo changes more like those of the autosomes. Their behavior also

suggests that instead of undergoing an intimate side-by-side conjugation, or

synapsis, the elongate X becomes attached to the compact Y in only one or

two (or at most in only a few) places. This, in turn, suggests that Y is 'empty'
or 'inactive,' save for certain regions which contain materials homologous to
those in X, which agrees with the genetic evidence indicating that Y is

relatively 'empty' of genes, as compared with X.
"No evidence of the leptotene and diplotene stages, seen in many insects

and other animals, is found here. This may bear a significant relation to the
fact that there is no genetic 'crossing-over' in the males among these flies.

It is, however, merely in agreement with the genetic evidence, and can not be
considered as throwing light on the mechanism of crossing-over. The
material is not sufficiently favorable for the latter purpose.

"Both maturation divisions exhibit the usual general features of chromo-
some behavior, with typical and regular distribution of the chromosomes
to the spermatids. In some species, however, numerous deeply staining

non-chromosomal bodies may be present whose superficial resemblance to
chromosomes might lead at first sight to a misinterpretation of the figures."

Datura

The study of the mutations of the germ-plasm of Datura and the asso-

ciated phenotypical conditions has been made by Dr. Blakeslee, in charge,

Dr. Belling, cytologist, Gordon Morrison, gardener, and Miss Maria N.
Hilliard, assistant.

LIST OP PRIMARY AND MAIN SECONDARY TYPES

Since Datura stramonium has 12 chromosomes, 12 primary types, each

due to a different extra chromosome, are expected. Last year we reported

that only 11 of them had been identified, but that a weak type, that had arisen

from the 3n X 2n cross, was being investigated, as possibly the missing twelfth

primary. It proved not to be, but by somatic characters and breeding

behavior was identified as of the double mutant type "buckling-ilex."

Since in all these years no primary mutant type has appeared with the extra

member in the twelfth chromosomal set, the conclusion is drawn that such a

condition so unbalances the zygote that it is lethal to it.

-List of primaries and their secondaries in Datura, arranged by size of chromosome
in the trisomic set.

Table 3.-

No. Primary. Abbr. Secondaries.
Chromosome

size.

1

2

3

4
5
6

7

8
9

10

11

12

Rolled
Glossy

Rl.

Gs.
Bk.
Ck.
El.

Ec.
Mc.
Rd.
Pn.

Sugarloaf, Polycarpic .

.

Largest.

Large.

Large.

Large.

Large.

Large medium.
Large medium.
Large medium.
Small medium.
Small medium.
Small.

Smallest.

Buckling
Cocklebub
Elongate

Microcaepic . .

.

Poinsettia
Scalloped

Gl.

Ix.

The extra-chromosomal types in the diploid series, so far as determined,

arranged in order of size of the extra chromosome, are as shown in Table 3,
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the primaries being printed in capitals; followed by their secondaries in italics.

The sizes of the chromosomes are based on measurements made by Belling.

In addition to the above, there is the group of Spinach and Divergent,

which are evidently interrelated, but whose relation to the primary (2n + 1)

types has not been traced.

If two mutant types that Blakeslee has found this season in line 1-A

pedigrees are the secondaries Maple and Undulate, as they appear to be,

all of the (2n +1) types listed above trace their ancestry to the same haploid

which is the origin of line 1-A. Barring new mutations in the haploid, or

occurring since their origin from it, the members of each chromosomal set in

all these mutant types should be identical in gene composition.

The group consisting of the (2n + 1) types, Nubbin, Pinched, and Hedge
(discussed in Year Book No. 24, p. 23), has been further studied by Blakeslee,

who reports as follows

:

"As a preliminary hypothesis to explain the morphological peculiarities

and breeding behavior we have suggested that, in Nubbin, the Rolled set

consists of the following members: one, a normal Rolled chromosome, which,

in terms of its two halves, Sugarloaf and Polycarpic, may be written (Sg — Py)

,

one, with the Mutilated part of the Echinus chromosome joined to the Poly-

carpic part of the Rolled chromosome, which may be written (Mt— Py); and
one with the Sugarloaf part of Rolled joined to the Strawberry part of

Buckling or (Sg— St). The mutant type Pinched would then be, in respect

to its Rolled set, (Sg— Py), (Sg— Py), (Sg— St), while Hedge would have the
formula (Sg— Py), (Sg— Py), (Py— Mt). Such an arrangement of the
chromosomes in the Nubbin group seems almost inevitable to explain the
morphological peculiarities and breeding behavior, but without a more
detailed cytological study than has yet been possible it is unwise to consider

it as more than a provisional hypothesis.

"In previous reports we mentioned the occasional appearance of (2n -f 2)

Globes with two extra chromosomes in the Globe set. Judging from the chro-

mosomal counts, which show two extra chromosomes, and from the fact that
the new mutant throws a very large proportion of the corresponding (2n + 1)

type, as does also the +2 Globe, we apparently have now in our cultures a
(2n + 2) Reduced.
"Since the last report two or three new types of Datura have been found

which have not yet been studied cytologically and which have not yet given
recordable offspring.

"Of considerable interest is the occurrence of a new type of sectorial

2
chimeras. Polycarpic, the (2n + ~) secondary of Rolled, has several times

given rise to two kinds of bud-sports. One type of branch resembling a nor-

mal diploid may be assumed to have lost the Polycarpic chromosome. The
type of branch which is more delicate in growth than the Polycarpic plant

from which it arose has been called Etiolated and may have arisen by a
dropping out of one of the normal Rolled chromosomes. It has not yet been
possible to determine the cytological relations; but, in bud-sports involving
chromosomes from another set, it has been possible to judge of the chromo-
somal changes from the breeding behavior. Ten Poinsettias and 5 plants of

its secondary Dwarf were kept in the greenhouse well into the winter. Two
of the Poinsettias produced each a single branch with the appearance of a
normal diploid. One of the 5 dwarfs had a branch which differed in leaves

and capsules from a typical Dwarf. All these plants had come from a cross

between a homozygous dominant and the double recessive, white-curled,
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which is a linked factor-complex represented in the Poinsettia chromosome.
They all started out, therefore, with a single white-curled chromosome,
in addition to the two other chromosomes in the same set not carrying the
genes for white or curled. In all three cases, the off-type branches gave only
dominant offspring in contrast to the typical branches, which showed segre-

gation in their progeny. Attempts are being made to induce bud-sports again
in similar forms and to discover if there is any significance in the fact that
in the cases discussed it was always the double recessive chromosome which
was eliminated."

DOUBLING OF CHROMOSOME

A cold chamber with automatic temperature control has recently been
installed, in which we hope to be able to study the effects of temperature

changes upon the production of chromosomal types. As Blakeslee has

previously reported, he has succeeded,

"by the application of cold, in inducing pollen abortion and the formation of

giant pollen-grains and, in 4 out of 5 such experiments, has apparently in-

creased the number of chromosomal types in the offspring of plants subjected
to roughly controlled low temperatures. As a preliminary to a more detailed

study of the effects of cold upon the types of offspring, Miss Watt has investi-

gated the relative time of the reduction divisions in the formation of male
and female gametophytes respectively. She has found that reduction in the

stamens occurs when the bud is about 5 to 7 mm. long, while reduction in the

ovary occurs considerably later, when the bud is about 20 to 30 mm. long.

Since extra chromosomes are rarely carried by the pollen, induced chromo-
somal changes must be brought about in the egg-cells to show in the offspring,

and our failure to obtain an increased number of mutant types in one of our
earlier cold experiments may have been due to removing the plants from the

cold before the time of reduction in the ovaries. In Echinus, the pollen

grains that contain the extra chromosome are practically devoid of starch.

Mr. Cartledge is testing by iodine the giant pollen-grains which occa-

sionally are formed in this mutant to see whether the doubling of chromosomes
has taken place before or after reduction in the pollen mother-cells. So far,

the work seems to indicate that doubling of chromosomes in pollen may
occur both before and after reduction. Since our last report, we have addi-

tional evidence, from tetraploids which have arisen from heterozygous par-

ents, indicating that doubling of chromosomes in these cases has occurred

after reduction. The fact that pollen of a tetraploid will not function in

ovaries of diploids and the fact that we have never discovered a spontaneous
triploid in our cultures, lead us to the belief that the doubling of chromosomes
which brings about tetraploidy in Datura has taken place in the zygote."

BAD POLLEN PRODUCERS

" It has been previously reported that two kinds of white Daturas are found
in nature. The gene for the A-white is located in the Poinsettia chromosome
and behaves normally in inheritance, while the B-whites give abnormal ratios

with both Poinsettia and Rolled. From a study of the chromosome of Wiry,

a form that arises from parents heterozygous for B-whites, Belling has sug-

gested that in the B-whites a segmental interchange has taken place between
the non-homologous chromosomes, Rolled and Poinsettia. This hypothesis

seemed to be confirmed by the production of the 50% abortion expected in

pollen and ovules in the Fi generation when certain B-whites were crossed

with Line 26, a form from Cuba, which had been shown to be an A-white.

Further tests of this Line 26, however, have shown that F x's between it and
most of our other lines (whether A or B whites) show 50% abortion—in other
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words, that Line 26 is a 'bad pollen producer.' An attempt is being made
to reconcile the hypothesis proposed with the lack of pollen abortion expected
in Fi's between B-whites and other normal lines, since it appears to be the

best hypothesis so far available to account for the peculiarities of the B-whites.

"A rather extensive series of crosses between the main lines in our col-

lection shows a number to be bad pollen producers. So far in this group we
have a line each from Cuba, the Bronx (New York), New Jersey, and the
island of Madeira. Crosses of these lines inter se have given Fi's with good
pollen, a fact which leads to the belief that in the bad pollen producers so far

identified we are dealing with the same genetic difference. This summer we
have in the field both Fi's and F 2 's from the cross between the Primary
mutants of Line 1 and normals of Line 26 and should be able soon to deter-

mine whether the hypothesis of segmental interchange between non-homolo-
gous chromosomes is a possible explanation for the 50% abortion of pollen

and ovules in Fi's between bad pollen producers and other lines. So far as

the pollen counts being made by Mr. Cartledge have gone, the results suggest
that possibly both the Echinus and the Microcarpic chromosomes from Line
26 may be responsible for the production of abortion in the hybrids.

"If, as appears to be the case, both the B-whites and the bad pollen producers
are due to chromosomal changes, we have an opportunity in these types of

studying chromosomal evolution which has taken place in nature."

GENE MUTATIONS IN DATURA

"A few new gene mutants have been discovered from material sent us,

from our own collections, or from spontaneous mutations. A dominant gene,

'Bronze,' responsible for increased pigmentation at base of leaves, has been
located in the Glossy chromosome by the method of trisomic ratios. By the
same method we hope to be able to locate a number of other genes before the

end of the summer.
"Spontaneous gene mutations are relatively rare in Datura. Of the three

useable mutants so far secured in our main Line 1, two first appeared as re-

cessive segregates from two plants which were the offspring of a haploid.

The heterozygosity of each of these two parents was most likely due to a
mutation which had affected a single gamete of the haploid. The number of

parents tested for heterozygosity is too small to conclude that mutations are

more frequent in haploids than in diploids, although a considerably fewer

Fi's from haploids have been tested than parents less closely related to hap-
loids. The occurrence of any mutations in a haploid, however, is of some
theoretical interest in indicating that the phenomenon of gene mutation may
be independent of heterozygosity, which by some has been considered a cause
of their occurrence."

GAMETOPHYTIC SELECTION

Professor John Buchholz has continued his researches of past years into

the differential fertilization of Datura ovules by pollen-grains containing

n and (n + 1) chromosomes respectively, such as are found in the pollen of

(2n + 1) mutants. He has sought to increase the percentage of Globes

transmitted through the (n + 1) pollen, by the method of limiting the number
of pollen-grains placed on the stigma, so as to reduce competition. It appears

that the largest percentage of Globes is obtained if fewer than 600 pollen

grains are used. The optimum is between 450 and 500 grains; with these

numbers 10 per cent or more of Globes may be produced. With 700 to 900

grains competition is so severe that the (n + 1) grains fertilize below 3 per

cent of the ovules. If fewer than 350 grains are employed, the capsules are

small and many (2n + 1 ) zygotes are eliminated.
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As to pollen-tube growth, it appears that at 18° C. the pollen-tube reaches a
maximum rate of growth at 2 hours after the beginning of germination and
maintains that rate. The rate of growth of the pollen-tube depends on
temperature, so that if the rate at 10° is taken as unity, that at 16.5° is 2; at
22° is 3, and at 30.5° is 4. A maximum growth-rate of 5.55 mm. per hour is

attained at 33°, above which temperature growth begins to decline.

When on Datura stramonium pollen of D. meteloides is placed the pollen-

tubes grow 2 mm. per hour at 18° C. ; but the egg forms no proper embryos.
The pollen of D. stramonium on D. meteloides grows so slowly (about 0.8 mm.
per hour) that the tube can not reach the ovary through the long style before

the latter falls off. This cross is thus entirely sterile.

CONFIGURATIONS OF CHROMOSOMES IN NON-DIPLOID SETS

Dr. Belling has continued his analysis of the interaction of chromosomes
where more than the typical pair are involved to the set. He reports as

follows

:

Configurations of trivalents and of quadrivalents—"The five usual configura-

tions of trivalent in the triploids, and the eight configurations of the quad-
rivalents in the tetraploids, are those which would occur if the chromosomes
were united by their homologous ends; the two ends of any one chromosome
being different in this respect, and each of the n classes of chromosome being
different at both ends in the kind of attraction. Thus in Datura there would
be 24 such attractions, normally all different. All of the configurations de-

manded by this hypothesis were found; and configurations not corresponding
to the hypothesis were not found, either in the triploids, in the primary
(2n +1) forms, or in the tetraploids. (There were three apparent exceptions

out of the hundreds of configurations studied; but alternative explanations

were available for these.)

"The frequencies of each of these configurations showed that there was a
greater likelihood that two homologous ends of two chromosomes should
unite than that three or four should meet at one point. That is, either the
attraction of two ends was partly neutralized by their union (at the thin

thread stage), so that they did not attract a third chromosome end so strongly;

or the combination of two homologous ends was more stable than that of three

or four. This was also shown by the number of separate single chromosomes
not united with any other (cases of non-conjunction), being larger in the

triploids than in the diploids (where they are scarce), and larger still in the
tetraploids.

" There are no less than five criteria by which, in a first-metaphase group
of bivalents, trivalents, or quadrivalents, it may be shown to which pole of

the cell any particular chromosome is proceeding. These criteria may also

be applied to secondary (and to tertiary) 2n + 1 forms. In this latter case

the expected numbers of primaries and secondaries in the progenies can be
calculated beforehand, and estimates can be made of the mode of inheritance

(diploid or triploid) in the trivalents."

Parallelism between certain configurations of plant chromosomes and crossing-

over in Drosophila—"In the long chromosomes of certain diploid plants, at

the late prophase and first metaphase, it has been found that homologous
chromosomes are often joined at the ends (as is exclusively the case in Datura),

and also at the median (or nearly median) points of constriction. In addition

to such junctions, the homologous chromosomes are often connected at one
other point (near the center, or nearer one end) where they seem to cross.

Less often they are connected at two such crossing-points, at different places
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in different configurations. Rarely there is an apparent triple junction.

According to the estimates already made, the cases where there is no junction,

except at the ends or the point of constriction, may be not far from half the

number. Also, the number of cases of two junctions is about one-fifth of

the total. These phenomena seem parallel, qualitatively and quantitatively,

to the single, double and triple crossing-over in the X-chromosomes of

Drosophila melanogaster."

The attachment of non-homologous chromosomes in certain 2n + 1 forms—
"Attraction between non-homologous chromosomes in Datura has been
proved in one form of 2n + 1 mutant, namely, Wy. Here one chromosome of

the same size as the extra chromosome of Pn (No. 9) is sometimes combined,
in the trivalent (open V, or ring-and-rod), with the two large chromosomes,
like the extra chromosome of Rl (No. 1); or is sometimes combined in an
open V with the two other chromosomes of the same size as itself, No. 9.

"Wy has three No. 9 chromosomes, as has also Pn. But Wy differs in

many respects from Pn. Hence one of the No. 9 chromosomes must be dif-

ferent in Wy and Pn. Since this altered chromosome of Wy unites both with
chromosome 1 and with chromosome 9, it may be considered as having inter-

changed a terminal segment with chromosome 1. Since Wy has arisen several

times from Pn crossed with a B strain of diploid Daturas, but from no other
Pn, it seems there is something in the B Daturas which causes this abnormal-
ity. If in the B Daturas segmental interchange has occurred between the

non-homologous chromosomes 1 and 9, at the origin of the strain in the past

(as it doubtless occurred also in one species of Stizolobium used in species

crosses in Florida), then the altered chromosome 9 would have a terminal
segment, perhaps a half, replaced by an equal terminal segment of chromo-
some 1; and vice versa for chromosome 1.

"This hypothesis accounts for the appearance of Wy and also for the
abnormal ratios given by Rl and Pn after crossing with B whites.

"It was thought at first that the Fi of normal diploid Daturas and the
B strain was semi-sterile. But it was found that this semi-sterility was
confined to the descendants of one abnormal plant. If the exchanged por-

tions of the two non-homologous chromosomes contained genes vital to

pollen and egg-cells, the Fi would be semi-sterile, as in certain Stizolobium

crosses; but this is not necessarily the case. The hypothesis fits the facts

at present known, and permits several deductions, some of which may be
readily tested.

"A similar hypothesis seems to extend to Hg, where an altered chromo-
some 1 unites both with the 1 bivalent and also apparently with the 6 bi-

valent. Nb also seems to show a similar attachment of non-homologous
chromosomes.
"These mutants are of interest also since they appear to show a possible

origin of plants mutually 1/2, 3/4, 7/8, etc., sterile (when crossed), in a species,

as a result of varietal chromosomal mutations."
Differences and likenesses between plant and animal chromosomes at the

reduction division—"In plants of Uvularia which had been forced in February
and March there were found, in 1924, an abundance of stages between the

metaphase and anaphase of the reduction divisions. These appeared to

demonstrate that in the single or double rings the chromatids were interlaced

at the junctions; that in the horizontal rings or V's one of the chromatids from
each lateral half went to one pole and one from each half to the other; that
in the vertical rings or V's both chromatids from the upper half went to one
pole and both from the lower half to the other pole; that the two opposed
spindle fibers regularly drew out a loop from the points of constriction, and
that this constriction remained visible throughout the metaphase and ana-
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phase; that crosses in the early anaphase were due to partial separation of

the homologues, leaving two decreasing median arms; that oval configura-

tions with two axes of symmetry (when the constrictions were subterminal)
were due to separation of the homologues of a horizontal truncated A, except
at the ends. These last two points, doubtless, differ from the phenomena
in insect chromosomes, as described by Janssens, for instance."

Chromomeres and spirals—" The metaphases of the reduction division have
been observed in about 30 species of flowering plants, the fixation in the pol-

len mother-cells being usually perfect. Chromomeres are often readily

visible at the metaphase and anaphase of the reduction division, especially

in Tradescantia, Datura, and Hosta. When feebly stained, the margins of the
chromomere seem to show up, so that something resembling an irregular,

single or double spiral may be traceable. The chromomeres, on close exam-
ination, seem themselves divided; so that accurate counting is not easy.

By the use of pressure, however, even the X-shaped second metaphase chro-

mosomes may be seen to be composed of chromomeres. Chromomeres can
be seen, near the limit of best microscopical vision, even in the first metaphase
chromosomes of the haploid Datura. If the fixation is not perfect, the chro-

momeres may run together, as a post-mortem change."
Perfect and imperfect fixation of chromosomes in pollen mother-cells and

young pollen-grains—"With iron-aceto-carmine, the fixation of many pollen

mother-cells takes place in a few seconds, as shown by the commencing red-

dening of the chromosomes. In small cells, such as those of Datura, the 45
per cent acetic acid (strong enough to blister the fingers) has only a few mi-
crons of cytoplasm to penetrate, as well as one more or less permeable pectin-

holding cell-wall. Large pollen mother-cells, such as those of Canna, with
abundant cytoplasm, take longer to fix; but if properly manipulated, fixation

may be perfect. On the other hand, young pollen-grains at the stage of the

first metaphase may have a somewhat cuticularized wall, as in Datura, and
the solution does not penetrate them quickly enough to give the best fixation.

"A number of anthers of different flowering plants have been tested in

the usual chromic acid, osmic acid, or platinic chloride fixatives. Perfect

fixation was never obtained for paraffin sections of the whole anther. On the

other hand, the same fixatives gave perfect fixation with the endosperm chro-

mosomes of Liliaceae, at the stage when the nuclei are in a single sheet of

cytoplasm without cell-walls. In this case the embryo sac was cut open
before putting it in the fixative, as Strasburger, apparently, first recommended.
"When smears are made of pollen mother-cells or young microspores,

fixed and then stained in the usual way on the slide and preserved in balsam,
there often seems to be more or less shrinkage of the chromosomes, especially

in the pollen-grains, as compared with iron-aceto-carmine preparations of the

same plants."

EXPERIMENTAL MODIFICATION OF THE GERM-PLASM

In striking contrast with the frequency and large size of mutations that

arise spontaneously in the germ-plasm is the difficulty of securing a modifica-

tion of the genes of the germ-plasm by the action of any external agent.

In earlier reports of the Department, genetic abnormalities have been de-

scribed that occurred in strains of mice that had been subjected to X-rays

(Little and Bagg). The matter seemed to call for reexamination, and this

is being made by MacDowell, cooperating with Bagg of the Memorial
Hospital. First of all, it has appeared necessary to establish the minimum
sterilizing dose. The study was limited to males, since the testes could be

exposed to the X-rays without harm to other organs, and more frequent breed-

ing tests obtained from them.
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Dr. MacDowell reports:

"We now have data on three sets of four litter mates. These were first

tested for fertility, then treated with exposures of 3 to 20 minutes and then every
week mated with a new set of six young females that had been tested for

fertility. In order to protect the other organs from the heavy dosage, a lead

screen was used and each animal, under ether, was strapped in position with

the scrotum exposed.

"One male exposed for ten minutes and two for five minutes bred at once
after the treatment and continued to sire large litters for the three months the

matings were continued; the longest interval between irradiation and copula-

tion resulting in pregnancies was 11 days.

"Two males were exposed for ten minutes. One of these showed no effect

of the treatment, giving as large and as frequent litters as the males with the

lighter doses. The other one in the first week after the treatment gave three

pregnancies; one of these resulted in no young at birth and two resulted in

one young dead at birth. These same mothers had given first litters of 5,

6 and 7 young. After this first week no pregnancy was given for two months,
at the end of which time full fertility returned.

"Six males, exposed for fifteen minutes each, gave pregnancies in the first

week that resulted in small litters averaging 1.9 young per litter, while the

same mothers gave first litters averaging 6.2 young. Two of these males
gave a pregnancy in the second week as well. After this all were sterile.

Two were tested through seven months, and four have so far been tested one
month with no return of fertility.

"One male exposed for 20 minutes gave no detectable pregnancy and no
young in all the seven months of testing.

"From this it appears that a dose of 15 minutes may be expected to reduce
the fertility at once and to induce sterility within two weeks, while a dose of

10 minutes is close to the border-line and may show the same effect or none
at all. If the scrotum of a mouse can be exposed directly for ten minutes
without showing any effect upon fertility, it is not surprising that our earlier

experiments, in which a total of one minute of exposure divided into five

daily treatments applied dorsally, failed to reveal any genetic modifications.

Furthermore, these results question any causal relation between this same
exceedingly light dosage and the inherited abnormalities reported by Little

and Bagg."

PHYSIOLOGY OF REPRODUCTION AND DEVELOPMENT

Genetics is no longer just the science of the laws of heredity, nor the

system of dependence of inheritance upon chromosomes, or their genes.

Inheritance will first be understood when it can be shown how the chromo-
somes do their work of directing the course of development. That they

work by chemical means it is impossible to doubt. In the coming era of the

study of differentiation in development, biochemistry will play a leading role.

For the present our contribution to the problem of development is largely

concerned with ovulation, with growth processes, with inter-uterine deaths

and with the chemical basis of the sex differential.

Ovulation in Mice

One approach to this subject has been the effect of alcohol upon the germ-
cells and development, a line that is being followed especially by MacDowell.
He had shown that female mice treated with fumes of alcohol for 45 minutes
each day did not differ from the controls in any of the criteria for reproduc-
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tion—length of oestrus cycle, as determined by vaginal smears, number of

corpora lutea per pregnancy, as determined by counts made through an inci-

sion into the body-wall, number of young born alive and born dead, total

amount of prenatal loss. The results of these experiments led to the use of

an increased dosage of alcohol such that a condition of deep anesthesia was
produced at each treatment, the time required to produce this result varying

with age, strain, and weather. The extreme times were 30 minutes (at 4
weeks) to 120 minutes. Only one male and one female were rendered in-

fertile by the treatments, in which every imaginable difference (except alco-

hol) was controlled. Some of the final results of this investigation are re-

ported on by MacDowell as follows:

ACTIVITY OF THE OVARY

"Based on the number of corpora lutea, the ovaries of treated mice are

fully as active as those of their untreated sisters. Neither in the beginning
of their reproductive life after 20 to 40 treatments, nor late in their repro-

ductive life after 6 to 8 months of treatment, is there any indication that the

alcohol cut down the number of corpora lutea. On the other hand, there is

found a distinct tendency for the corpora lutea from the treated mothers to

average higher per ovulation than the controls in the same parity. This
result may be associated with the tendency of alcohol to diminish the blood-

supply to the skin, resulting in visceral hyperemia. However much the

alcohol may cut down the number of young born, this is not due to a reduction

in the activity of the ovaries.

TIME BETWEEN LITTERS

"Aside from the vicissitudes of taking a large number of mice down into

deep alcoholic intoxication each day, the number of pregnancies studied from
control mice was soon found to be exceeding those from treated mothers.

This led to a special study of the age at the time of first births and the time
between subsequent births. The treated and control females in each unit

experiment at four weeks were given a male already tested for fertility, so the

age at the first birth was significant of the female. As all young were re-

moved from their mothers on the day of their birth and the mother remated
at once, the time between litters is also significant. This study showed a
clear-cut delay in the birth of the first Utters from treated mothers, as well as

longer intervals between first and second, and second and third litters; in

later litters the difference between the treated and control mothers dwindled.

The exact cause of this delay is not yet ascertained. To test the hypothesis

that the difference in the number of corpora lutea produced by the two groups
of females might be merely an expression of the differences in age at the cor-

responding birth due to the treatment delaying conception, the following

study was made."

RELATIVE INFLUENCE OF PARITY AND AGE UPON THE NUMBER OF CORPORA LUTEA

"In last year's Year Book (p. 49) reference was made to the problem of

separating the effect of age upon the number of corpora lutea per ovulation

from that of the number of previous pregnancies. A more complete analysis

is now available with larger numbers and the primary classification based on
parity instead of age. That is, the corpora lutea counts for all first litters

are arranged according to the age of the mother at the births of the litters;

the averages of the different age classes are practically equal. The counts

for second Utters so classified and averaged are also equal, but higher than
first litter and so for third, fourth and fifth litters. That is, for a given parity,

the corpora lutea counts for the different age groups average about the same,
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but as the parity is increased all age groups increase, until the maximum
activity of the ovary is reached about the fifth or sixth litter. These results

lead to the conclusion that the previous reproductive history up to the fifth

litter makes more difference in the number of corpora lutea than the age of

the mother. This may be explained in terms of the suspension of ovulation

that occurs during pregnancy; every pregnancy means two or more fewer ovu-

lations than in an unmated mouse, and each of these rest periods may result

in accelerated ovulation until a maximum number is reached. Hence it is

concluded that the difference between the corpora lutea counts from treated

and control mothers of the same parity can not be due to the difference in the

ages of the mothers."

TREATMENT AT TIME OF OVULATION

"The procedure adopted at the outset of this investigation was to suspend
the alcohol treatments between the day of the operation for counting the

corpora lutea and the birth of the young. In 65 per cent of the cases this

period was from 5 to 7 days. But during these last days of gestation, the
final stages of ovigenesis are accomplished for an ovulation that takes place

soon after birth; besides this, at the time of ovulation a new proliferation of

cells from the germinal epithelium initiates a new set of ova, some of which
will reach maturity at a later ovulation. It thus appears that the alcohol was
being omitted at the most critical period of the ovarian cycle. The experi-

ments were, therefore, divided into two series; half of them would continue

as at first and half would be given alcohol throughout pregnancy with the

exception of the day of the operation, but not excepting the day of birth.

These experiments led to the conclusion that the administration of alcohol

throughout pregnancy yields results of the same nature and only questionably

different in amount from the omission of this treatment at the end of preg-

nancy. This result supports the opinion that whatever the effect of the treat-

ment in general upon the number of the corpora lutea, it is probably indirect

and not specific."

Ovulation in Pigeons

Ovulation in birds involves relatively larger changes in metabolism than

in mammals, since the bird makes all nutritive provision for the embryo
during the few hours of ovigenesis, while mammals feed it through weeks of

gestation. Riddle and his collaborators are investigating these changes.

Just as the suprarenals hypertrophy and the blood-sugar increases at this time,

so does the blood calcium. The calcium is, indeed, doubled in females

(but not in males) at the ovulation period; and this demonstrates extraor-

dinary activity at this time of the parathyroid glands. Following the

ovulation of the second egg this excess of calcium gradually diminishes to

normal proportions. Also, early in the preovulation period a notable increase

of both fat and phosphorus appears to occur in the blood. The final data
will, it is expected, enable us to compare the metabolism of fats and phos-

phatides in males and non-reproducing females.

In cooperation with Professor Masahura Tange, who was a guest of this

Department during six months, tests were made of the effect of injections of

placental and follicular hormones upon the acceleration of puberty and growth
and activity of the oviduct in birds. There was some evidence that ovi-

ducal hyperemia is induced by these hormones, but the results were less

striking than those obtained in mammals. Enlargement of the spleen was
unfailingly induced.
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To test the possible influence of the bursa Fabricii upon reproduction, this

gland was removed by Riddle and Tange from 8 males and 12 females that

were reared to maturity. The bursectomy shows no effect upon rate of growth
nor age of maturity. It has been earlier shown by Riddle that as the bursa

begins to atrophy the rate of growth of the gonads increases. In herons ex-

amined in Florida by Riddle the bursa is retained during one or two years and
these species do not mature until their third year.

Right and Left Gonads in Birds

Additional evidence was gathered during the year by Riddle that "in many,
or most, species of birds those conditions that repress testis growth are more
effective in the right testis than in the left." Two feral male birds (an oven-

bird and a wood-thrush) showed a rudimentary left and right testis respec-

tively. Nevertheless, the seminal vesicle on the rudimentary side was fully

formed, indicating that its size is not determined by its function merely, but

probably largely by the secretions of the functional testis (of the opposite

side).

Studies made by Riddle in Florida showed that the regression in size of the

testis, following the breeding-season, occurs quite as readily in a hot climate

as in a cool or temperate one. Riddle has now made observations on the condi-

tion of the testis in 100 species of feral birds belonging to 28 families.

Growth in Mammals

One of the most obvious of the developmental processes is growth of the

body, as a whole. Hardly less important is that of the different parts of the

body. While the importance of nutritive conditions in controlling the ve-

locity of growth is not to be overlooked, on the other hand, each species, or

race, has its standard adult size. Even the rats of Osborn and Mendel, which

grow with such unexampled speed, do not much exceed the weight of slower-

growing rats fed on a less highly selected diet. Adult body size and the gen-

eral laws that it follows in the individual of the species is a genetical charac-

ter. Studies in growth of man and lower mammals have been made by
Davenport. Misses Allen, Gould, March, Newman, and Scudder have par-

ticipated in the observations and computations.

Additional anthropometric data of children have been secured from the

Orphan Society of Brooklyn, and these data, together with others already on

deposit at the Eugenics Record Office, were utilized in an analysis of growth.

The study of "Human Metamorphosis" was published in the "American
Journal of Physical Anthropology." Development of stature and weight

were traced in both sexes; also relation of stature to span, sitting height, and
chest-girth were analyzed for a stock chiefly of Northwestern European

origin. A paper on the human growth curve, with special reference to growth

cycles, was read before the National Academy of Sciences in April. Standard

growth curves for human females were published as a schedule of the Eugenics

Record Office.

Abnormal human growth is being followed in humans, especially in mon-
goloid dwarfs, in continuation of work begun some years ago at Letchworth

Village. Further studies have been made by Davenport on human dwarfs

in collaboration with the State institutions at Laconia, New Hampshire,

Columbus, Ohio, Gainesville, Florida, Gracewood, Georgia, and Newark,

New York.
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The studies on the production of dwarf mice by operations on their mothers

have been continued with the cooperation of Professor Swingle. For com-
parison with the growth of normal mice there were weighed repeatedly (by

Miss Newman) 48 litters of controls and 66 litters of mice from mothers

that had been thyrocauterized.

Prenatal Mortality

In the studies on the effect of alcohol upon reproduction especial attention

was paid to prenatal mortality. It was found by MacDowell that

—

"the prenatal mortality normally increases with the parity—a result that
illumines the reduction in fertility so generally found in mammals after the
early reproductive peak is passed. For each parity, from the first to the sixth,

the prenatal mortality is increased by the alcohol treatment of the mothers.
The differences in order of parity in percentages are 12.6, 8.5, 5.5, 11.5,

11.6, 11.1. This completes the demonstration that alcohol treatment of the

mothers cuts down the reproductive output by losses after ovulation rather

than by cutting down ovarian activity.

"Another considerably larger set of data (over 800 litters and corpora
counts) on prenatal mortality has been obtained in a series of experiments
originally planned to test the conclusion of Stockard that in guinea-pigs the

treatment of the fathers increases the prenatal mortality as much as the treat-

ment of the mothers. Instead of treating the mothers, in this series half the
fathers were treated and each mother mated for alternate litters with a treated

and control male. The differences in prenatal mortality from treated and
control fathers in different subgroups is between 1.0% and 0.1% and in no
case statistically significant. On the other hand, a clear difference in prenatal

mortality is found when the litters from the two strains of males are compared.
"It is concluded (1) that the nature of the sperm influences the amount

of prenatal mortality; when the sperm are genetically very similar to the ova
(inbreeding) the prenatal mortality is higher than when the sperm and ova
are dissimilar (crossing) but the amount of this reduction in the mortality
depends on the strain from which the male came; (2) that the extreme alcoholi-

zation of the males failed to produce any significant modification in the pre-

natal mortality of the young, either in the beginning of the treatments or
after many months. This is considered to indicate that the germ-cells of the
mouse are resistant to alcohol and to fall in line with the finding that alcohol

does not impede the maturation of ova."

Abnormal Development

In the alcoholization experiments upon mice several abnormal young were
found in the first generation derived from the treated animals. The question

arose, in how far is the alcohol responsible for these abnormalities. The
statistical fact is that, in the series of alcoholization experiments where the

mothers were treated, abnormalities of different sorts appeared in 0.83 per

cent of the young of the treated mothers and 0.65 per cent of the young from
control mothers. Also, different strains showed different types of defect;

thus, one strain showed defects of the eyes (but this strain was characterized

by this defect before the experiment was begun), another of the jaws (oto-

cephaly), and another of the feet (talipes).

"In the series of experiments with the fathers treated, out of 2,082 young
from treated fathers 9 were abnormal, and out of 2,087 young from the control
fathers 9 were abnormal. Only two of these (one tailless and one abnormal
footed) came from the four experiments in which the fathers were from the
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Dilute Brown strain; all the rest came from the four experiments in which
fathers were Bagg Albinos.

" Although the young in all these cases were Fi hybrids from unrelated lines,

the number of abnormalities, as in the inbred matings, is influenced by the
strain and not by the alcohol.

"It is of interest to note that all the types of abnormalities shown externally

by the abnormal race that originated in the X-ray experiments of Little and
Bagg have been found in these experiments. They could not be distinguished

by the somatic appearances, but there is good evidence that the genetic basis

is different and, indeed, complicated.

"By selecting abnormal eyed parents the proportion of eye defects has
been increased in one branch to over 30% of all young born. Normal parents
will throw the abnormality and abnormal parents will throw normal young.
In crosses with an entirely unrelated line and using unselected normals from
the first strain, the abnormality has appeared in four cases in the Fi genera-
tion. Two of these have been inbred and in both of the branches so started

the abnormality has reappeared, but in one the frequency is much higher
than in the other line. There is, as indicated, no evidence that alcohol had
anything to do with inducing these abnormalities; and this doubt extends to

the abnormalities secured by Bagg and Little in their X-ray line of mice."

SEX

Since sex (and the train of associated sex characters) is generally believed

to be chiefly determined at the moment of fertilization, it is one of the

earliest determined traits of the zygote. Indeed, in the parthenogenetic

strains of Cladocera whether there shall be males or not is probably determined

before the time of maturation.

Male Induction in Moina

Further progress by Banta and Brown in inducing males experimentally

has been made. The importance of low temperature in determining the re-

sult, reported last year, has been confirmed this year.

Pseudo-Sexual Eggs in Daphnia

A report on sexual-like eggs of Daphnia that develop parthenogenetically,

and which were discovered by Banta, has been made by Dr. Franz Schrader

of Bryn Mawr College, who has examined their cytological conditions. It

appears that the pseudo-sexual eggs have the full complement of 24 chromo-

somes, which is the somatic number for the particular strain of Daphnia
studied. This is the same number as that found in the parthenogenetic or

summer egg.

Chemical Differentiation of the Sexes

In this topic several studies have been made. In those on green plants

and mucors Blakeslee has had the assistance of Miss Satina, whose salary

has been met by an appropriation from the Committee of the National

Research Council for Research on Sex Problems. It appears that the plus

(female) strains of mucors have a greater power of reduction of selenium

and tellurium than the minus strains. Many races of Absidia blakesleeana

and Circinella spinosa were tested and found to vary in vigor of reaction to

the tests for sex.
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In green plants, also, a difference appears to the reaction of juices of

plants of the two sexes to various tests. Thus alcoholic extracts of the leaves

showed the female to be on the average more yellowish and the male more
greenish. Catalase gave a stronger reaction with female than male leaves.

Reduction of KMn(>4 and of methylene blue were stronger in the females.

The Manoilov's reaction generally gave the violet reaction with the extracts

of female plants. Parasitella, which is a mucor that is parasitic on other

mucors, also gave the male and female reactions, like the other mucors.

In pigeons, Riddle, with the collaboration of Mr. Warren Reinhart, is

applying the Manoilov sex reaction. Special attention is being given to

cases and conditions in which the test gives reversed reactions, to the relative

strength of the reaction obtainable from a wide series of organs or tissues in

one and the same animal, and other points.

RACE DIFFERENCES IN THYROID GLANDS IN PIGEONS

An attempt has been made by Riddle to establish races of pigeons char-

acterized some by large, others by small size of the thyroid gland. In conse-

quence of certain special procedures during the past five years it has come
about that now we have high thyroid and low thyroid races of ring-doves,

and perhaps also of the common pigeons. The basis of selection for thyroid

activity was sometimes indirect, as when made on the basis of reproductive

abnormality; for there is a close relation between thyroid activity and repro-

ductive activity. The selection was often based on direct knowledge of thy-

roid conditions in the family, since the thyroids of all birds have been, during

the past 5 years, weighed at autopsy. At the same time, possible effects of

age, season of year and disease were considered. Meanwhile, the diet,

degree of confinement and amount of sunlight have been standardized in

such a way as to minimize the variability of these factors.

There were selected for close inbreeding young from parents whose thyroids

were known to be abnormally small or abnormally large. Thus, in one

strain in 3 generations the weight of thyroids increased, on the average, from

20 mg. in the offspring to 27 mg. In a strain selected for decreasing thy-

roids the weight fell from 14 mg. to 11 mg. in 4 generations. Two strains

or races of ring-doves with large thyroid glands and at least 2 races with small

thyroids seem to have been well established. Through 3 or more generations

a great majority of the healthy individuals of these races have shown thyroids

characteristically large or small in accordance with their race. It is believed

that these are the only " thyroid races" that have been experimentally pro-

duced.

Just the races with high or low thyroids are poor breeders. It is the races

of intermediate thyroid size that are most highly fertile and produce the most

viable young.

In cooperation with Dr. F. G. Benedict, Director of the Nutrition Labora-

tory, Riddle is securing data on the basal metabolism of races of pigeons that

deviate widely from the normal thyroid size. The necessary measurements

are being made by Miss Edith Banta. The apparatus permits of the meas-

urement of the basal metabolism of 3 birds each day. Among the apparatus

is one equipped with a heating and insulating device that permits the birds

to be subjected to external air of any desired temperature.
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GENETICS OF SPECIAL TRAITS

Cladocera

As stated above, Banta has succeeded in hybridizing clones of Daphnia
differing in respect to the degree of "excavation of head," from the wild type

(unexcavated) to an extremely modified type. A summary of his results, so

far as success in hatching the young goes, is given in Table 4.

Table 4.

—

Results of matings among "wild" and mutant "excavated head" forms.

No. eph-
ippia.

Hatched.
Lived to

maturity.
Fertile.

Excellent

fertility.

No. P. ct. No. P. ct. No. P. ct. No. P. ct.

A. "Wild" 9 X "wild" cf ...

B. Mutant 9 X mutant <? . . .

C. "Wild" 9 X mutant cf ..

.

D. Mutant 9 X "wild" cf. .

.

226
116
373
192

34
17

135
70

15

10

36
36

31
12

112
60

91

70
84
86

27
6

109
57

79
35
81-
81 +

10
2

60
33

29
12
44+
47-

As Table 4 shows, the mating of two mutant lines gives the least fertility;

that of two wild lines next least; while cross-matings, in reciprocal fashion,

give a relatively high fertility. This low fertility of the mutant stocks is

accounted for, by Banta, on the ground that they carried lethal or sublethal

mutations.

The method of inheritance of "excavated head" is shown in Table 5.

Table 5.

—

Inheritance of "excavated head."

No. indi-

viduals

tested.

No. bear-

ing exca-

vated head.

No. bear-

ing sex

intergrade.

Mendelian
expectation.

A. "Wild" 9 X "wild" o"

B. Mutant 9 X mutant cf

C. "Wild" 9 X mutant c?

D. Mutant 9 X "wild" c?

27
6

109
57
39

3

53
24
16

3

31

23
20

4^ to 1H
54H to 54H
28^ to 28J^
19^ to 19H

"The approach to the expected 1 to 1 ratio is fairly good in the hybrid
groups, for both excavated head and sex intergrades.

"Hybridization was also carried out between wild stock and the sex-

intergrade lines. The sex-intergrade character has rarely been manifest in

the individuals hatched from sexual eggs; but its genetic presence is shown by
their production of parthenogenetic offspring showing the character. It is

a matter of record that sex-intergrade offspring frequently do not appear
among the early broods of a mother. It was impossible to follow all these

mothers of hybrid origin far enough to learn conclusively just how many of

them genetically possessed the sex-intergrade character, and it is certain that

more than 31 of the 109 wild type 9 X & mutant cf hybrids would have
shown the character if they could have been followed farther. Of 28 such
hybrids, which were followed throughout their reproductive history, 13

showed the sex-intergrade character among their offspring. This and other

evidences not readily introduced in brief lend weight to the interpretation

that the real ratio is again 1 to 1 and that sex-intergradedness, like the exca-

vated head character, is due to a dominant heterozygous factor in the parent
mutant stock."
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ACCESSORY FACTORS INVOLVED

"It seems probable that in addition to the principal factors involved in the

inheritance of this excavated head character there are also accessory factors

(possibly 4 or 5) affecting the extent of the manifestation of the character.

"The results of sexual reproduction throw further light on this subject.

A level for the excavated head character at least one step below the lowest

level obtained in the low-selection strains is strongly suggested. Perhaps,
then, the excavated head character at the lowest level reached in the selection

experiments was still controlled by the principal factor and one accessory

factor. Further, the large number of hybrid strains which show a mean
grade around 0.30 to 0.40 suggests that this is another genetic level for the
character.

"An analysis along similar lines seems to fit the facts for the inheritance

of the sex-intergrade character, so that it too seems to be influenced by ac-

cessory factors.

"The excavated head and sex-intergrade characters are inherited inde-

pendently—approximately one-fourth of the hybrids (between stock having
both mutant characters and wild type stock) bearing neither character, one-

fourth bearing both characters, and one-fourth bearing each but only one of

the two characters.

"The apparently typical Mendelian behavior of these mutant characters,

which we had previously followed through several modifications in parthen-
ogenetic inheritance, when carried through sexual reproduction seems to

bring our studies on inheritance in parthenogenesis into harmony with the
very extensive studies that others have made on bi-parental inheritance in

other animals and in plants."

MAIZE
Studies on albinism in maize have been continued by Demerec in coopera-

tion with Professor R. A. Emerson, of Cornell University. These have estab-

lished the presence of at least 13 genotypically different factors for albinism.

It has been found, also, that a large proportion of albinos are determined by
duplicate and some by triplicate genes.

THE THOROUGHBRED HORSE

This extensive investigation conducted by Dr. Laughlin is rendered pos-

sible by the continued generous support of Mr. Walter J. Salmon. Six

assistants and statisticians are employed on this investigation. The principal

purpose of this research is to discover as definite rules as possible of inheritance

of certain constitutional qualities of the running horse. The most important

of these are age of mature performance, weight-carrying ability, stamina or

distance-going ability and speed.

Biological Handicap

The accurate determination of the biological handicap is fundamental to

the study, as that number represents the racing merit of the horse or his stand-

ing in the group of thoroughbreds. Laughlin has worked out a method of

securing this value by relative standing of the propositus in relation to other

horses whose handicaps have already been determined.

Relation Between Distance and Speed

In making this determination the basis of speed is taken as " the mean num-
ber of seconds per furlong in the American record for 2 furlongs, i. e., 10.62

seconds. With this as a standard, the increased number of seconds per



56 CARNEGIE INSTITUTION OF WASHINGTON

furlong was computed for each particular number of furlongs in American
speed records. In this particular series of records, age, sex and weight

carried were not considered, because the whole breed, regardless of age, sex

and weight carried, is striving for speed, and when a record is broken, which is,

of course, rarely, all subordinate conditions are most apt to be at the optimum.
In analyzing speed records, if we let y equal the number of furlongs run, and x

equal the mean time per cent increase per furlong, when the basic unit 1.00 =
10.62 seconds per furlong, we find that x =10 (0.088296 . log y + 1.9763).

While in general this has proven to be a successful measure of the effect of

distance upon speed, it is clear that each individual horse is not a duplicate

in distance-running ability of the best of the breed as a whole."

Relation between Weight and Speed

"This determination is proving much more difficult than the determination
of the relation between speed and distance. A number of records are in

process of analysis and efforts are being made to eliminate the factors which
obscure the most direct effect of weight upon speed. This, too, when found
for the breed as a whole, will have to be modified to fit the weight-carrying

abilities of the individual horse.

"In actual racing, the range of weight carried and distance run by an
individual horse in a single season are not great enough to supply the series

of data desired for the more definite determination of the influence of weight

upon speed; therefore, experiments are planned to test the speed of selected

horses under a wide range of distances and of weights carried."

The Futurity Index as a Predictor of Speed and Breeding Quality

"During the year the Futurity Index was further developed and put to a

more extensive test as a particular pre-indicator of racing ability and breeding

quality. The elements which enter into this index are the racing abilities

of the nearest blood-kin of a selected horse, or of a prospective foal, based on
data securable at the time of the mating of the sire and dam of the particular

foal."

There is also a close correlation between the Futurity Index and the Breed-

ing Index found later in the offspring.

The relation of Futurity Index to Near-Kin Index is so close that even when
the series of grades of the Futurity is divided into a scale with 6 divisions the

Near-Kin Index increases in each division with increasing value of the

Futurity.
TWINNING IN SHEEP

In the autumn of 1925, No. 379d1 was again used as sire to the flock of

sheep. There were born 21 lambs to 14 ewes, or an average of 1.5 per ewe.

This is a further reduction in the average number of young born to a mother.

The still-births increased in number. The ram has been replaced by one of

the late Alexander Graham Bell's flock of high twin production.

HUMAN GENETICS
Heredity in Aristogenic Families

The work of analyzing the scholarship records of the Huntington schools,

with the aim of throwing light on inheritance of the elements of scholarship,

was continued during the year by Banker. He has spent much time on de-

vising better methods of interpreting school records than those now in use.

This preliminary work has involved a laborious amount of statistical research.
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During the year Banker has published an analysis of age distribution in the

grades as a measure of mentality. He has worked out for each school grade

the chronological age at or above which the pupil is presumptively feeble-

minded or border-line; also the chronological age at or below which the pupil

is one of "superior intelligence" as defined by Terman. He concludes that

achievement increases with a diminishing increment as the intelligence

quotient increases.

A study was made by Miss Grace Allen of the families of 48 children having

intelligence quotients of between 133 and 190. This is a group which has

been the center of studies made by Teachers College, New York City. The
results of Miss Allen's findings were published as Bulletin No. 25 of the

Eugenics Record Office. The fathers of the children showed 12 times the

average rate of graduation from college. The mean intelligence quotient

of sibs was 127. All, except 1, of 21 tested cousins had IQ's of between 120

and 185; but one untested family had five subnormal cousins. The fecundity

of the parents is low; 0.8 of a reproducing child to each parent. The life

expectancy of the grandparents and the physical development of the children

are exceptionally good.

Heredity in Cacogenic Families

The studies of Estabrook in the Southern Appalachians are giving general

conclusions of importance. He reports as follows:

"These studies indicate that in isolated and unproductive regions of the

Southern Appalachians there is a great tendency for the more energetic indi-

viduals to move on, leaving the less energetic and incapable in the more
undesirable regions. Further research indicates that these energetic indi-

viduals who have started out for new homes keep on moving until they
finally find an environment which is best suited to their inherent capacities.

This leaves stranded in the less favored sections of the Southern Appala-
chians a group of people with little energy and low mental and physical

capacity for action. Their mental level is below that of the population
found in more favorable areas. The economic level of many of these people

is retarded not only by the untoward conditions of the environment, but
also by the fact that the individuals themselves are of mediocre intelligence

and activity. The field work carried on in the Ozark Mountains in Arkansas
and in the Pacific Northwest on migrant families from Eastern Kentucky and
Tennessee tends to strengthen this conclusion.

"It has been noted in previous reports that Leslie County in Kentucky
was settled in the year 1800 by about 50 families which came mainly from
Virginia and North Carolina. The general history of these families shows
that there has been a high birth-rate, that the family groups are large, and that

much intermarriage took place between these groups and that there were
but few matings from stocks outside the area. There has been much migra-
tion in some families and little in others.

"The people left in the isolated areas in the Southern Appalachians are

not particularly energetic. The more active, few in number, produce only
for their own needs and a little surplus for sale for profit. The greater

majority produce little and live at a very low economic and sanitary level.

The schooling in this whole area has been negligible and illiteracy is quite the

rule in the older generations, and while the last two, in general, have been
taught to read and write, actually little use is made of this training.

Mental tests made in the schools in this area show none with an intelligence

quotient above 100, the great majority have an I. Q. of about 75. A large
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number of individuals are found who seem incapable of assimilating academic
training beyond the fourth grade. A number of distinctly feeble-minded
persons have been found.

The children of Leslie County who have attended one of the schools for

mountain children number 142 during the past 30 years. One-half of these

are now in the county, one-fourth in other mountain counties, a fourth have
left the area. A study has been made also in Owsley County, Kentucky,
which was settled by the same stocks as located at Leslie County and at about
the same time. The terrain is less rough, the valleys are wider and hence the

county is more adapted to agriculture and general development. Though
this county has only half the population of Leslie County, it has at the same
period sent 500 students to the mountain school just mentioned. In this

county, just because it appeals to a higher class of persons, there remains a
much larger number than in Leslie County of active, energetic men and women
who have been held by good homes, productive farms, and fairly normal
economic conditions. This continued residence of the best stock results in

the greater success of the students at the mountain school; for 70 per cent of

them subsequently do well, as compared with 25 per cent of the students from
Leslie County.

The migrants from the South Appalachians have been traced at two points

in the United States—the Ozark Mountains in northwestern Arkansas and the

Pacific Northwest, especially the Willamette Valley in Oregon. The Ozark
mountaineers settled in 1820 and later from the mountain people of Eastern

Tennessee and Kentucky. They found in the Ozarks a region similar to that

they left. A section of the more ambitious strains from the Alleghenies has

resulted in a more intelligent, industrious and progressive stock. A later

migration from eastern Kentucky to the Ozarks in the late eighties was of a

less progressive stock. There remain on the ridges much the same poor

economic and social level as there did in the Southern Appalachians.

GENETIC CONSTITUTION OF THE AMERICAN POPULATION

Economic Population Complex

Progress has been made, by Laughlin, on his tabulation of the data on area,

population, literacy, wealth, births and deaths, and emigration and immigra-

tion of the principal emigrant exporting and immigrant receiving countries.

It is expected that this tabulation will throw light upon the extent to which

migrations are affected by economic and other conditions.

Deportation

The survey of deportable aliens in State and Federal custodial institutions

begun last year by Laughlin now includes returns from 687 institutions, con-

taining 482,535 inmates. Of these, 19 per cent were reported as foreign

born and 3.28 per cent of them were reported as deportable. The non-deport-

able were mostly (31,584) resident in the United States for longer than 5

years, a smaller number (14,671) having been naturalized. 3,317 were inmates

from causes arising since admission to the United States, and the remainder

unclassified. Some data have been gathered concerning parenthood of in-

mates after discharge from institutions.
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In connection with the topic of deportation of aliens to theirhome countries,

statistics were gathered on the return of public charges by one State to the

State of which they are citizens. These statistics indicate the development

of a principle of considerable eugenical significance, namely, the tendency to

require the nation, State or community that produces a socially inadequate

individual to care for him.

EUGENICAL STERILIZATION

Inasmuch as the Eugenics Record Office has been looked to for information

on eugenical sterilization, since the publication of Laughlin's book on the

subject, we have continued to gather statistics on the topic. These statistics

have been published during the year by the Eugenics Society of America.

A collection of about 700 initial-case histories of persons who have been
sterilized has been made. The calls for these data have been considerable,

and it is hoped, as soon as funds may become available, to follow up these

histories for the purpose of determining the physiological and psychological

effects of sterilization.

ADMINISTRATIVE RECORD

The archives of the Eugenics Record Office have been maintained and
indexed. As of June 30, 1926, the books in the archives amounted to 1,858;

field reports to 63,570; special traits file (A & S), 28,850; records of family

traits 9,435; special inventories (during 1925-26), 2,309; index cards, 1,208,-

000. Some 27 schools and colleges cooperated by sending in family records.
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IMMISCIBILITY IN SILICATE LIQUIDS

It is a well-known fact that some liquids refuse to mingle together to form

a homogeneous mixture. An every-day example of two such liquids is

furnished by oil and water. Perhaps not so familiar a phenomenon but

nevertheless a relation, well established in science, is the fact that two liquids

which are perfectly miscible at high temperatures may become immiscible

at lower temperatures. In casting about for an explanation of associated

igneous rocks it is only natural that geologists should have turned to this

process of unmixing of liquids on cooling as a possible explanation of the asso-

ciation. It has thus been suggested that two masses of igneous rocks showing

distinct chemical relationships and found in association may have been formed

from a single molten mass which separated into two liquids upon cooling.

The hypothesis of immiscibility in silicate melts thus took its place among
the hypotheses offered in explanation of the frequently observed association

of igneous rocks of related composition. With the advance of general chem-
ical knowledge it has become more and more frequently possible to test it

out and to compare its theoretical consequences with the relationships actually

shown by the rocks. The accumulation of experimental data upon silicate

melts also has naturally thrown much light on the tenability of this view.

In general, it may be said that neither theoretical considerations nor the results

of experimental work have tended to support it. In the whole realm of sili-

cate studies no example of immiscibility has hitherto been encountered and,

except among a very few, the hypothesis of the limited miscibility of silicate

magmas has come to be regarded with little favor.

At this juncture comes the discovery in the laboratory of a number of ex-

amples of limited miscibility. It is found that two immiscible liquids do form
in certain of the binary systems of silica with the oxides that make up rock

minerals. These examples are all found in mixtures very rich in silica;

indeed, in all the cases thus far established one of the liquids is nearly pure

Si0 2 . As a consequence of this fact the minimum temperature for the exist-

ence of the two liquids is in each case only a little below the melting point

of Si0 2 or practically at 1700°. It is now demonstrated that mixtures of

Si0 2 with any of the oxides CaO, MgO, FeO, and other oxides of lesser im-

portance in rocks, show the immiscible relation in the appropriate (high-

silica) compositions. On the other hand, silica and any of the oxides Na20,
K20, A1 2 3 are found to be completely miscible in all proportions as hereto-

fore supposed. Moreover, it requires but a small proportion (approximately

2 per cent) of any of these miscible oxides to render miscible with silica the

oxides which are by themselves immiscible with silica.

The bearing of these experimental results upon the hypothesis of immisci-

bility in natural magmas is in large measure implicit in the statements of the

results as given above. No natural magmas are known that are so rich in

silica and at the same time have as their principal other constituents only the

oxides of the immiscible group. Indeed, all natural magmas that are rich

1 Situated in Washington, D. C.
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in silica contain the oxides of the miscible group, the alkalis and alumina,

as their principal additional constituents. It is plain, then, that natural

magmas are always well removed from any compositions that show immisci-

bility and that the discovery of these examples of limited miscibility in sili-

cates offers no support to the hypothesis of segregation through immiscibility

in natural magmas.
In the matter of the conclusion to be drawn from experimental work, in so

far as a conclusion regarding natural magmas can be drawn therefrom, the

situation thus remains unchanged. But in the confidence which may now
be placed in the conclusion the situation is considerably clarified. There

have always been those who doubted whether investigations in the laboratory,

with their necessary limitations of time and space, would reveal immiscibility

in silicate liquids. In other words, some question has been raised of the ade-

quacy of laboratory methods to provide for the attainment of equilibrium

in such materials as silicates when the process involved is the separation of a

homogeneous liquid into two liquids. It is, therefore, gratifying to find that,

in particularly intractable, high-silica melts, immiscibility is unequivocally

displayed. Indeed, the only reason for failure to find this relation long since

in the melts concerned is the fact that the phenomenon occurs in a temperature

region that has hitherto been particularly inaccessible from the point of view

of accurate temperature control and measurement. A wide range of silicate

compositions has now been investigated. Compared with the highly siliceous

melts in which unmixing occurs, the great bulk of these compositions is uni-

formly much more favorable for the attainment of equilibrium and for the

observation of the changes demanded by equilibrium. With renewed confi-

dence, therefore, we may regard the failure to find immiscibility in all but the

restricted compositions as due to the fact that phase equilibrium does not

demand its appearance; in short, that it is an impossible condition in the great

body of silicate mixtures with which we are concerned in the formation of

natural rocks and not a condition which has escaped discovery through

limitations in laboratory methods.

STUDY OF THE SYSTEM COPPER-IRON-SULPHUR

In the years 1914 and 1915 the Geophysical Laboratory undertook a series

of studies on secondary enrichment of the copper-sulphide ores in cooperation

with Harvard University. The annual reports of those years contain frequent

references to this work. Year Book No. 14 contains the following:

"An apparatus has now been developed for the systematic investigation

of the whole system Cu-Fe-S, with the aid of which all the known phases of

the system, viz, pyrite, pyrrhotite, chalcopyrite, bornite, chalcocite, and
covellite, have been prepared synthetically in such form that they can be

handled easily by the microscopist. The manner of studying these has been

through their dissociation-pressure curves. The method consists in ascertain-

ing for a given temperature two sulphur-vapor pressures near together, at

one of which a sulphide dissociates (loses sulphur), while at the other it remains

undissociated or its dissociation product absorbs sulphur. Between these

two pressures lies the equilibrium pressure.
" In this way it is possible to discover the boundaries which limit the domain

of stable existence for each of these minerals. This information is not alone

of theoretical importance, but may find direct application in copper-smelting

practice."
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This work was interrupted by the War, but has been continued in so far

as our resources permitted since that time, and it is now possible to report a

considerable amount of progress in this extremely difficult and somewhat
intangible field.

Scope op This Research

A complete study of the system copper-iron-sulphur would involve the

determination of the chemical composition and relationships of the phases

which are formed when a mixture containing Cu, Fe, and S in any propor-

tions is brought to a state of chemical equilibrium at definite temperatures

and under definite pressures of sulphur vapor. Specifically, the present in-

vestigation has been limited to compositions which may be formed from the

compounds CuS, Cu 2S, FeS 2 , and FeS, within a temperature range of about
400° to 1100° and under S-pressures of 760 mm. and less. In the accompany-

ing triangular diagram these compositions lie in the area whose corners are

occupied by the above compounds. For all other compositions either the

phases present are known ; or else the high temperature at which equilibrium

occurs, together with the complexity of the phases, offers experimental diffi-

culties which are beyond the reach of the laboratory resources now available

to us.

Previously Known Cu-Fe-S Compounds

The compounds which were known before, and which are involved in this

system, occur as minerals. They are:

Chemical formula Name Relative hardness Color

CuS Covellite

Chalcocite
Soft Blue.

Gray.
Yellowish-white.

Light yellow.

Yellow.
Yellow.
Purplish brown.

CuaS—CusSi.m....
FeS 2

FeS—FeSi.u
CuFeSa
CuFe 2S3

Cu6FeS4

Soft

Very hard
Hard
Soft

Soft

Soft

Pyrrhotite
Chalcopyrite. . . .

Most of the experiments were made with artificially prepared Cu-Fe
mattes which may be made of any desired Cu : Fe ratio. These mattes were

prepared by melting together in an atmosphere of H 2S, at about 1100°, mix-

tures of pure Cu and iron sulphide. The product was pulverized and re-

melted, usually three or four times, until equilibrium was reached under these

conditions. The preparation of these mattes not only furnished the material

to work with, but made possible the determination of the composition of the

phases present in them. The results obtained from the use of these mattes

have always been identical with those obtained when a natural mineral

of the same Cu : Fe ratio was used.

Methods Used for Obtaining Equilibrium

The compositions of the mattes thus prepared lie along the line B-D (see

triangular diagram), and their sulphur content is less than that of the com-
positions occurring in the greater part of the field to be studied, which lies

above this line. Therefore, if any one of these mattes is heated in sulphur vapor
at a temperature below that at which it was prepared, it will take up sulphur

progressively as the temperature is lowered, and will react with this sulphur
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to form new phases. At each temperature and S-pressure the composition

thus reached and the nature of the phases formed will be definite and charac-

teristic for these particular conditions. It was also necessary to approach

equilibrium from S-contents greater than that at the point being studied, and
thereby to show that the equilibria are reversible.

Identification op the Phases Formed in Mattes which Have Been Brought to
Equilibrium with S-Vapor

After a matte has been brought to equilibrium at a definite temperature

in S-vapor, the Cu and Fe in it are determined quantitatively and the S esti-

mated by difference. This gives the percentage composition of the product

and determines its position as a point on the diagram; but taken alone, it

gives almost no clue to the number or composition of the phases which have
been formed as a result of the reaction with S-vapor. Polished grains of the

product are next examined microscopically at a magnification of about 600
diameters. These grains are opaque, and microscopical examination does not

yield the quantitatively measured optical properties which are so useful in

identifying the transparent silicate minerals. It shows only the number of

phases present, their color, relative hardness and their spatial relations in the

polished section. The identification of the phases has been accomplished,

however, by a combination of microscopic and chemical methods, aided by the

fortunate fact that when a product is non-homogeneous, often only two phases

are present. If, then, the Cu : Fe ratio is either increased or decreased, the

mattes will produce a homogeneous product at the composition which corre-

sponds to that of one or the other of the unknown phases, respectively. Its

identification is then simple.

Results. Dissociation Pressure Curves of CuFeS2 , CuFe2S3 , and Cu 5FeS4

It was first necessary to determine the temperatures and corresponding

S-pressures at which the known Cu-Fe compounds are stable. For CuS
and FeS 2 this had already been done (Geophysical Laboratory Publication

No. 285). Following this precedent, the dissociation pressure, or stability

curve, of CuFeS 2 was carefully determined. Next, points on the stability

curves of Cu 5FeS 4 and CuFe 2S 3 were determined at 453 mm. and 760 mm.,
their curves being found to be almost coincident. At 453 mm. CuFeS 2 is

stable at about 610°, Cu 5FeS 4 at 740°, and CuFe 2S 3 at 750°. Conversely, by
heating mattes having Cu : Fe ratios of 1 : 1, 5 : 1, and 1 : 2 under the above
conditions, respectively, these minerals may be synthesized artificially.

The Phase Relations in the System at Different Temperatures

These are presented graphically in the triangular diagram, which, below
900°, refers to a S-pressure of 453 mm. The system is complex, because when
compounds decompose they rarely yield definite chemical compounds, but
give: (1) A compound plus a solid solution1 whose composition varies with the

temperature; (2) two solid solutions, each of which varies with the temperature;
or (3) a homogeneous solid solution whose composition varies with the temper-
ature. The phase changes will be described which occur at several typical tem-

1 The term solid solution as used here refers to a microscopically homogeneous product which
does not have a simple chemical composition. Also, such solid solution series often do not termi-
nate at the compositions of definite chemical compounds. An X-ray study of these products will

probably throw light on how they are actually to be interpreted. This, however, is a problem in

itself.
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peratures, from the highest to the lowest studied, as the composition changes
at constant temperature from one containing no Cu to one containing no Fe.

Also, those phase changes which occur when each of the three principal

compounds, CuFeS 2 , CuFe 2S 3 , and Cu 5FeS4 , is heated in S-vapor between
1200° and 430°, absorbing or evolving S according as the temperature is below
or above its temperature of stability.

Phase Changes Occurring in Compositions between FeS and CU2S

The pyrrhotites and the chalco cites each form a solid-solution series

having compositions between FeS and FeSi.is, and Cu2S and Cu2Si.i 4 ,

respectively, the amount of excess S increasing as the temperature decreases.

There appears to be no solid solution of Cu in Cu2S, nor of iron in FeS.

For compositions lying between FeS and the point A (Cu : Fe = 4 : 1) there

are four phases present : (1) Metallic Cu, mostly in the form of fine, superficial,

hairlike sprouts which form after the matte has solidified; (2) small amounts
of metallic iron; (3) a hard yellow phase which is probably pyrrhotite, and
which disappears at the composition A

; (4) a purple phase whose composition

can only be conjectured, but may have the composition of the homogeneous
purple product which contains a maximum of Fe and a minimum of S and
which does not separate Cu on cooling. The composition at the point E
fulfills these conditions. As the Cu increases beyond A the metallic-iron

phase disappears, and there are left a purple phase and metallic Cu. The
amount of metallic Cu present is a maximum at about Cu : Fe = 4.5 : 1, and
decreases as Cu2S is approached.

Phases Present in the Mattes Prepared in H2S at About 1100°

The compositions of these mattes lie along the line 2?-Cu 3Fe 4S6-C-.D

.

The pyrrhotite at B is FeSi.06. The matte Cu 3Fe4S 6 is homogeneous, soft

yellow, and has the simple composition Cu 3Fe 4S6 which may be a new
compound. Between B and Cu 3Fe4S 6 two phases are present, soft yellow

Cu 3Fe 4S6 and hard yellow pyrrhotite, B, their relative amounts depending

on the Cu : Fe ratio. The matte C is ahomogeneous purple solid solution which
separates Cu after solidifying and standing. The homogeneous matte left

after Cu separates must have a composition slightly higher in S and lower in

Cu, as at E, where no Cu separates. Therefore, between Cu 3Fe 4S 6 and C
there are two phases, soft yellow Cu 3Fe4S 6 and the purple phase at C plus its

separated hairlike Cu. Beyond C, Cu ceases to separate from the solidified

mattes, and they form a series of purple to gray solid solutions extending to

D = Cu2Si.04 . These are homogeneous except for occasional mottling. Thus
the increase in S-content from the line Cu2S-FeS to the line JB-Cu 3Fe4S6-C-Z)

has caused the complete disappearance of the metallic-iron phase, the appear-

ance of the compound Cu 3Fe4S 6 , and consequently a complete alteration of

the phase relations.

Phases Present at 750°

These compositions lie along the line F-CuFe 2S 3-G
r-Cu 5FeS 4-^. The

phases from F to CuFe2S 3 are hard yellow phyrhotite, FeSi.u, plus soft yellow

cubanite, CuFe 2S 3 . From CuFe 2S 3 to G there is a series of soft yellow solid solu-

tions ranging in composition from CuFe 2S 3 to that at G, which are character-

istic of the whole solid solution area CuFeS 2-7-Cu 3Fe 4S 6-J-CuFe 2S3-iiC. From
G to Cu 5FeS4 , two phases, the soft yellow solid solution at G and purple
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Cu 5FeS 4 , bornite. No metallic Cu separates from compositions above the line

I-E. From CusFeS 4 to H= C\xS\-n there is a series of purple homogeneous
solid solutions of these two substances.

Phases Present at 610°

At this temperature none of the pyrrhotites are stable, but FeS2, pyrite,

is the stable iron sulphide. The compositions lie along the line FeS2-CuFeS2-

L-M. The phases along the line FeS2-CuFeS2 are these two compounds,
pyrite and chalcopyrite. It will be noted that at this temperature cubanite

decomposes completely into these. Along CuFeS2-L there is a soft yellow

phase, CuFeS2, and the soft purple solid solution phase at L of approximately

the composition Cu 6FeS4.6, from L to M= Cu 2Si.i2, a series of homogeneous
solid solutions.

It will be noted that CuFeS 2 and CuFe 2S 3 are connected by a continuous

series of homogeneous yellow solid solutions along the line CuFeS2-i£-CuFe2S3 ,

those higher in Fe becoming progressively more stable as the temperature

increases from 610° to 750°. At about 677° FeS2 , FeSi.u (at N), which is the

pyrrhotite of highest S-content, and the solid solution at K are all stable and
can exist in equilibrium with each other. Therefore, in the area FeS2-K-N,

at the one temperature 677°, these phases may be present in equilibrium with

each other in any proportion.

Phases Present at 490°

The compositions lie along the line FeS 2-L-M . From FeS 2 to L two phases

are present, FeS2 and the purple solid solution at L, Cu6FeS4. 6 . From L
to M— Cu2Si.i4 is a purple homogeneous solid solution series which has a

slightly lower S-content than the one at 610°, so that no attempt is made to

show the difference on the diagram. The S-content in this solid solution area

increases relatively slowly with the temperature, paralleling the rate of in-

crease of the S-content of the chalcocites. At 490° bornite and chalcopyrite

have decomposed.

Phases Present between 490° and 470°

The phase relations in this relatively short temperature range are basically

related to the behavior of chalcocite. At 490° chalcocite has an S-content,

CU2S1.14, and immediately below 490° reacts with sufficient S to form
covellite, CuS, thereby undergoing abruptly a 90 per cent increase in its

S-content. Those mattes which are high in Cu (up to Cu : Fe = 5 : 1),

however, do not acquire a corresponding increase in S-content so abruptly,

but do so gradually over about 20° and through the intervention of several

series of solid solutions, the members of which are progressively stable as the

temperature decreases to 470°. First, consider mattes between Cu : Fe= 5 :

1

and 6:1. At 490° the stable homogeneous phase is the solid solution at L,

Cu 6FeS 4 .6, but at about 478° it is a new compound, Cu5FeS 6 , which is formed

by bornite, Cu5FeS 4 , reacting with two atoms of S, and which is characterized

by its pleochroism when polished sections are viewed microscopically in

reflected polarized light. Between 490° and 478° the stable solid solutions

lie progressively along the line L-Cu 5FeS 6 as the temperature decreases.

Between about 478° and 470°, Cu 5FeS 6 and CuS are mutually soluble along

Cu 5FeS 6-0, the maximum solubility being reached at O. The stable solid

solutions for mattes between Cu2Si.i 4 and Cu :Fe = 13 : 1 lie progressively
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along the line M-P, and those between 6 : 1 and 13 : 1 along the line L-P.
At the one temperature, 470°, there are three stable phases, CuS and the solid

solutions at and P; and in the area CuS-O-P they may coexist in any pro-

portion at this temperature. Immediately below 470° the gray solid solution

at P reacts abruptly with a large amount of S, thereby paralleling the abrupt
change of Cu2Si.i4 to CuS at 490°, and reaches a composition on the line

CuS-O, forming two phases, blue CuS and the pleochroic solid solution of

CuS in Cu 5FeS 6 at 0. Similarly, all other compositions between CuS and
contain only these two phases.

Compositions between Cu : Fe = 5 : 1 and FeS 2 between 490° and 470°

consist of FeS 2 and a purple or a pleochroic solid solution lying on the line

L-Cu 5FeS6-0, whose exact composition depends on the temperature. At
430° all ratios of Cu : Fe decompose, giving CuS and FeS 2 , and lie along the

line CuS-FeS 2 .

Phase Changes Appearing in CuFeS2 , CuFe2S3 , and Cu6FeS4 at Various
Temperatures and 453 mm. Pressure

The changes to be considered occur along the dotted lines drawn through

these compounds in the diagram.

CuFeSj

Stable at only one temperature, 610°. Below 610° it absorbs S, forming

FeS 2 , a purple solid solution, approximately CueFeS4 .6, and an unknown soft

yellow phase which looks like CuFeS 2 , but whose Cu:Fe ratio may be variable.

This region is being studied further. At 490°, at Q, it decomposes completely,

giving FeS 2 . At 490°, at Q, it decomposes completely, giving FeS2 and
the solid solution Cu 6FeS 4 . 6 . Between 490° and 470° the phases are FeS 2

and the solid solutions along the line L-Cu5FeS 6-0; at 430°, CuS, and FeS2 .

Above 610°, CuFeS 2 evolves S and remains homogeneous, soft yellow

down to about the point I, at 900° and between 50 mm. and 1 mm. Shortly

above 900° it melts and from IS it contains purple solid solution at C which
separates superficial Cu, and a yellow solid solution whose composition varies

along the line 2-Cu 3Fe 4S6. Below S the compound Cu3Fe 4S 6 is unstable and
the phases are a hard yellow pyrrhotite, the purple solid solution which sep-

arates superficial Cu, and small amounts of metallic Fe.

CuFe2S3

Stable at 750°. From 750° to 677°, two phases, a series of hard yellow

pyrrhotites and the soft yellow solid solutions along the line CuFe2S 3-i£. At
677°, from T-U, three phases are possible, FeS 2 , the pyrrhotite FeSi-is, and
the solid solution at K. From 677° to 610°, U-V, FeS 2 and soft yellow solid

solutions from K to CuFeS 2 . Below 610° it gives the same phases as CuFeS 2 ,

although in different proportions.

Above 750° it loses S but remains homogeneous, soft yellow, down to the

point J. From J to W, two phases, a series ofhard yellow pyrrhotite and a soft

yellow solid solution from J to Cu 3Fe 4S 6 . Below W the phases are the same as

for CuFeSj.
Cu 6FeS4

Stable at 740°. Between 740° and 610°, purple solid solutions along the line

Cu6FeS 4-L and yellow solid solutions along the line G-CuFeS2 . The change in

composition is from Cu BFeS 4 to Cu 5FeS 4.o8- If the yellow phase at 610° is

CuFeS2 , it should give at 490° purple Cu6FeS 4 .6 and FeS2 as does CuFeSj,
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and the soft yellow phase should disappear. However, from 610° to 490°

inclusive, the soft yellow phase usually persists and no pyrite is formed. This

anomalous behavior of bornite is probably to be correlated with the unknown
composition and properties of the stable soft yellow phases formed by CuFeS2
below 610°. Between 490° and 478° S is absorbed rapidly, forming the solid

solutions along the line L-Cu 6FeS 6 , and traces of FeS 2 ,
giving at 478° the new

pleochroic compound Cu 5FeS 6 . From 478° to 470° Cu 5FeS 6 absorbs S to

become about CusFeSe-u, giving the pleochroic solid solutions of CuS in

Cu BFeS 6 along the line Cu 5FeS6-0, and traces of FeS 2 .

Above 740° Cu 6FeS 4 evolves S and remains in the homogeneous purple

solid-solution area until the line of the mattes is reached at X. At this com-

position mottled structure often appears in the 5 : 1 mattes. Between the line

of the mattes and the line Cu2S-FeS the mottling becomes a more frequent

and finally a constant property. Metallic Cu appears, to a slight extent, as

a constituent of the molten Cu2S-FeS, 5 : 1 mattes, but mostly as superficial

Cu separated on cooling.

The total change in the S-content experienced by bornite between the 5 :

1

matte at 1100° in H 2S and the product at 490°, 453 mm., is from about

CuBFeS 3 .85 to Cu 5FeS 4 .i 6 , or only about 7 per cent of the total S-content.

This comprehensive study is now approaching completion.

PUBLICATIONS

(571) The crystalline modifications of NaAlSi04 . N. L. Bowen and J. W. Greig. Am. J.

Sci., 10, 204-212. 1925.

Two crystalline modifications of NaAlSi0 4 have hitherto been recognized,

the hexagonal form, nephelite, stable below 1248° C, and the intricately

twinned form which has been called carnegieite and has been regarded as

stable above 1248°.

In this paper are given the results of further studies of carnegieite which
show that the form of NaAlSi0 4 , which is stable above 1248°, is isometric and
that it assumes the intricately-twinned, birefracting state only as a result of a
low-temperature inversion, which takes place at somewhat different tempera-
tures in different preparations as noted below.

In addition to this change, one of our preparations of carnegieite shows
another change at a still lower temperature, viz, 226.5° C.

In preparations which show only the upper of these two inversions it takes
place at 692.1° C. on heating and at 687.0° C. on cooling.

In the one preparation which shows the lower inversion as well, the upper
inversion takes place at 658.3° C. on heating and at 653.7° C. on cooling;

that is, at a distinctly lower temperature than that at which the same inver-

sion is observed in other preparations.

The upper inversion is observed under the microscope as an abrupt dis-

appearance of the birefringence on heating and its abrupt reappearance on
cooling.

The lower inversion, in the one preparation which gives it, is observed as an
abrupt increase of birefringence on heating, but as a very gradual fading out of

the birefringence on cooling.

The significance of the isometric symmetry of the high-temperature form
of NaAlSi0 4 is discussed.

(573) The Geophysical Laboratory furnace thermostat. Howard S. Roberts. J. Opt.
Soc. Amer., etc., 11, 171-186. 1925.

A detailed description of the present form of the Wheatstone-bridge furnace
temperature regulator described in previous publications (White and Adams,
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Physical Rev., 14, 44-48, 1919; see Abstract No. 18, Annual Report, 1920;
Roberts, J. Wash. Acad. Sci., 11, 401, 1921; Abstract No. 428, Annual Report,
1922; Roberts, J. Opt. Soc. Amer., etc., 6, 965, 1922; Abstract No. 468,
Annual Report, 1922). The original form has been modified by the addition

of a triode tube relay, which makes it possible to operate the regulator con-

tinuously for a month or more without attention to any of the contacts.

(574) Vaterite and ju-calcium carbonate. Ralph Edward Gibson, Ralph W. G. Wyckoff,
and Herbert E. Merwin. Am. J. Sci., 10, 325-333. 1925.

A critical examination of the literature on "Vaterite" has shown that this

name has been applied to two entirely different spherulitic habits of calcium
carbonate. The first of these, which was investigated by Vater and later by
Johnston, Merwin, and Williamson, has now been shown, by X-ray powder
photographs, definitely to be calcite, thereby confirming the conclusion of the

last-named authors. The second, which was studied by Biitschli, Spangen-
berg, Rinne, and Heide has proved to be essentially /x-calcium carbonate.

A reliable method for the preparation of distinct crystals of ^-calcium

carbonate in fairly large yields has been obtained. The principal lines in the

X-ray powder photographs of this modification are given. Reviewing all the

work in this field, therefore, we are able to state that anhydrous calcium
carbonate may exist at ordinary temperature and pressure in three distinct

crystalline forms, calcite, aragonite, and /x-calcium carbonate.

(575) Crystal structure of silver phosphate and silver arsenate (Ag3XO«). Ralph W. G.
Wyckoff. Am. J. Sci. ,10, 107-118. 1925.

Laue and powder photographs have been used to establish the structure for

Ag 3P04 and for Ag3As0 4 . Two molecules are contained in the unit cube.

The atomic arrangement (2a, 6f, 8a), is a new one; its corresponding space

group probably is Te-4. The position of the oxygen atoms could not be
established in either crystal. The length of the edge of the unit cube is

cio= 6.00A for Ag 3P0 4 and 6. 12A for Ag 3As0 4 . Several spacing measurements
gave ao= 4.203A as the length of the edge of the unit cube of a sample of MgO.

(575a) Die Kristallstruktur von Silberphosphat und Silberarsenat (Ag3XO«). Ralph
W. G. Wyckoff. Z. Krist., 62, 529-539. 1925.

Translation of No. 575.

(576) X-ray diffraction measurements upon the pyroxenes. Ralph W. G. Wyckoff,
Herbert E. Merwin, and Henry S. Washington. Am. J. Sci., 10, 383-397.
1925.

From an examination of their X-ray powder diffraction photographs it is

shown that, with the exception of clino-enstatite, babingtonite, spodumene,
pyroxmangite, alamosite, and sobralite (each of which has a pattern unlike

any other), all of the different kinds of minerals usually grouped amongst the

pyroxenes have the structure of either diopside, enstatite, wollastonite, or

rhodonite.

From measurements of several typical augites, which in structure are like

diopside, it is seen that the excess ferric oxide and alumina have no clearly

marked effect on the X-ray diffraction pattern. Density calculations, com-
bined with the X-ray spacing measurements, prove that these oxides can not

be present in the molecules in addition to the diopside-like constituent; they
do not, however, distinguish between the possibility (1) of fine-grained ad-

mixture of the oxides themselves or of some other ferric iron and aluminum
compounds, or (2) of some sort of atomic replacement involving these oxides.

Comparative spacing measurements of minerals of known chemical com-
position show that in these pyroxenes ferrous iron replaces magnesium with
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practically no change in shape or size of the resulting crystal. Manganese in

the divalent condition seems to have a slightly larger and calcium a much
larger effective volume than these two metals.

(577) Making thin sections of rocks. Mary G. Keyes. Am. J. Sci., 10, 538-550. 1925.

This paper presents the methods adopted by the author, which are essen-

tially those of the U. S. Geological Survey, for the making of thin sections of

rocks. These methods differ in many details from those advocated in various

publications, notably by Johannsen and Holmes. The making of thin

sections of firm rocks is described in detail, with the modifications to be used
for friable rocks and those that contain minerals alterable on heating or which
are soluble in water.

(578) The amount of assimilation by the Sudbury norite sheet. N. L. Bowen. J. Geol.,

33, 825-829. 1925.

A criticism of a paper by G. W. Bain (J. Geol., 33, 509-525, 1925), who
concludes that the Sudbury norite sheet assimilated an amount of the over-

lying rock equivalent to several times its own mass. Bain's reasoning is

based on a static condition, but it is shown that if the observed deformation
of the norite sheet took place during gravitative differentiation, the relative

proportions of exposed norite and micropegmatite could be produced by inflow

of micropegmatite. It is thus unnecessary to believe that any significant

amount of assimilation took place.

(579) The eruption of Santorini in 1925. Henry S. Washington. J. Wash. Acad. Sci.,

16, 1-7. 1926.

This is a preliminarj^ brief account of the eruption at the Greek island of

Santorini, which began in August 1925, and was visited by the author. Two
lava-flows were formed, the rock closely resembling that of previous eruptions.

The various kinds of volcanic activity are described. For fuller details see

No. 612.

(580) The ternary system sodium metasilicate-calcium metasilicate-silica. G. W. Morey
and N. L. Bowen. J. Soc. Glass Tech., 9, 226-264. 1925.

Both petrology and ceramics are based on the chemistry of silicates, and
every investigation in silicate chemistry which has been carried on in the
Geophysical Laboratory has had a bearing on some problem in ceramic tech-

nology. The system sodium metasilicate-calcium metasilicate-silica has a
particularly direct application in glass technology, because it includes within
its composition range the soda-lime glasses, which comprise the great bulk of

commercial glass. This paper discusses the compounds found within the sys-

tem, their melting relations, and the application of the newly discovered facts to

glass technology. The compounds met with in the system include the known
compounds Na2O.Si02, Na 20.2Si0 2 , Si0 2 in its three forms (high quartz,

tridymite, and cristobalite) , and CaSi03 in its two forms (wollastonite and
pseudo-wollastonite) ; and also the new compounds 2Na2O.Ca0.3Si0 2 , whose
isotropic crystals melt incongruently at 1141°, Na 20.2Ca0.3Si0 2 , weakly
birefringent crystals which melt congruently at 1284°, and Na 20.3Ca0.6Si0 2 ,

which melts incongruently at 1047°. These compounds are all charac-

terized by a large amount of dissociation in the liquid phase, a circum-
stance which makes it probable that the composition of glass is a complex
one, involving equilibria between many molecular species. The melting rela-

tions of these various compounds have been determined, and the results are

presented in tables and curves. Of the 10 quintuple points, only two are

eutectics; and of these two, the ternary eutectic Na20.2Si02-quartz-

Na20.3Ca0.6Si0 2 , at 725°, is of special importance. All commercial soda-
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lime glasses are of such composition that their crystallization is dominated by
this eutectic; and in the low temperature of this point, and of the fields whose
intersection produces this point, is to be found the reason that glasses can be
worked without devitrification, for glasses within that composition-range
which has proven of practical value are above their freezing-point throughout
their working range.

(581) X-ray diffraction measurements on some soda-lime-silica glasses. (A preliminary-
note.) Ralph W. G. Wyckoff and George W. Morey. J. Soc. Glass Tech., 9,
265-267. 1925.

Powder photographs have been prepared from a number of soda-lime-
silica glasses. Besides the broad bands usually considered as typical of

glasses, narrow bands have been obtained which are as sharp as the lines from
crystals of colloidal dimensions. The connection between the occurrence of

these patterns and certain aspects of the melting-point diagram is noted, but
detailed discussion of their origins is deferred until more experimental data
have been obtained.

(582) Note on the LnLm levels of the atoms Si, P, S, CI. Samuel K. Allison. J. Wash.
Acad. Sci., 16, 7-10. 1926.

By application of the combination principle it is possible to calculate the
energy values of the LnLm levels in the atoms Si, P, S, CI in various com-
pounds from recent X-ray data. The resulting values are compared with a
determination of these levels in the hydrides of these atoms which was carried

out by Holweck by photo-electric methods. The results show that for Si,

P, S these levels have very nearly the same energy in the hydrides as in the
elementary substance itself, but that in the higher oxides of these elements
there is an appreciable difference in this respect between the element and
oxide.

(583) The structure of high- (or /3-) "quartz. Ralph W. G. Wyckoff. Science, 62,
496-497. 1925.

A preliminary description of the structure for /3-quartz, described more
fuUy in No. 589 and 601.

(584) Ferromagnetic ferric oxide, artificial and natural. Robert B. Sosman and E. Posn-
jak. J. Wash. Acad. Sci., 15, 329-342. 1925.

The ferromagnetic modification of ferric oxide, long known only as an
artificial product has now been found in nature. The properties of this

specimen are compared with the properties of Mineville magnetite and artificial

ferromagnetic Fe2 3 . The three are similar in magnetic susceptibility, and
give the same X-ray pattern, in spite of the radical difference in composition
between Fe 3 4 and Fe 2 3 . The ferromagnetic oxides are similar in color, and
differ in color from ordinary Fe 2 3 . The natural specimen gives a different

hysteresis curve from the artificial oxide and from magnetite. The ferro-

magnetic property of Fe20 3 is lost reversibly above 500° and irreversibly at
750° or lower, depending upon the time of heating.

(585) Formation of mullite from cyanite, andalusite, and sillimanite. J. W. Greig. J.

Am. Ceram. Soc, 8, 465-484. 1925.

The three minerals, cyanite, andalusite, and sillimanite, are decomposed,
on heating, to mullite and silica, or to mullite and siliceous liquid. The silica

is probably cristobalite.

The lowest temperatures at which the alterations take place are different

for the three minerals; cyanite alters at the lowest temperature, sillimanite at

the highest. For all three there is no definite temperature at which the
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mineral decomposes sharply to the new phases and below which it remains
unaffected for an indefinitely long period.

In the cases of cyanite and of andalusite the alteration commences on the

surfaces of the grains and advances inward. In that of sillimanite the change
seems to take place throughout the grain.

In all three minerals the rate of decomposition increases rapidly with rise of

temperature.
When andalusite and sillimanite are decomposed, the newly formed mullite

crystals are oriented parallel to the original crystals: with cyanite this

orientation is determined by the surfaces from which the mullite grows.

The decomposition of cyanite and of andalusite is shown to be accom-
panied by an absorption of heat.

In all three cases the new phases formed are of lower density than the

original mineral, so there is an expansion accompanying the decomposition.

(586) Formation of mullite from cyanite, andalusite, and sillimanite. J. W. Greig. Am.
J. Sci., 11, 1-26. 1926.

Same as No. 585, with paragraphs on the application to industrial refrac-

tories omitted, but with a few new data added.

(587) An X-ray examination of some ammonia catalysts. Ralph W. G. Wyckoff and E. D.
Crittenden. J. Am. Chem. Soc, 47, 2866-2876. 1925.

The length of the edge of the unit cube of magnetite is found to be ao=
8.37 ±0.010 A. In magnetites containing an excess of ferrous iron this

substance occurs as a separate phase. This phase disappears when an equiva-

lent amount of the promoter aluminum oxide is added. The composition of

the oxide is thus adjusted toward ferroferric oxide with the formation of

ferrous aluminate which is apparently in solid solution in the magnetite. The
value of ao for magnetite containing potassium aluminate differs so little

from Oo for pure ferroferric oxide that it is impossible to decide whether or

not there is solid solution of one in the other.

The length of the edge of the unit cube ao of the a-iron obtained by reduc-

tion of magnetite is 2.859 ±0.004 A. The size of the unit cell of iron in the
reduced material containing the promoters differs from that of pure iron by
less than 0.1 per cent. The presence of the composite promoter potassium and
aluminum oxides in the reduced catalysts has been found to maintain a large

surface of iron by preventing the rapid growth of the iron crystals.

(588) The preparation and crystal structure of ferrous oxide. Ralph W. G. Wyckoff and
E. D. Crittenden. J. Am. Chem. Soc, 47, 2876-2882. 1925.

An oxide of iron, which is essentially ferrous oxide, has been made by
saturating magnetite, melted in an electric fusion-pot, with iron. This oxide

is practically non-ferromagnetic and gives an X-ray pattern showing no traces

of either iron or magnetite. The observed diffraction lines are fully explained

on the assumption that this oxide is ferrous oxide having the " sodium
chloride" arrangement (4b, 4c). The length ao of the edge of the unit cube
containing 4 molecules of FeO is 4.29 4 a. The density of ferrous oxide
calculated from this structure is 5.99. There is no evidence for solid solutions

at ordinary temperatures of ferrous in ferroferric (Fe 3 4) oxide; the unit cube
of ferrous oxide in a material containing much magnetite appears to be
slightly larger than the unit cube of the pure substance.

(588a) Herstellung und Kristallstruktur von Ferrooxyd (FeO). Ralph W. G. Wyckoff und
E. D. Crittenden. Z. Krist., 63, 144-147. 1926.

A more detailed description of this determination of structure is given in

No. 588 above.
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(589) The crystal structure of the high temperature (£-) modification of quartz. Ralph
W. G. Wyckoff. Am. J. Sci., 11, 101-112. 1926.

Powder and spectrum photographs have been made from quartz above its

inversion, and Laue photographs from both a and /3 quartz. The two modi-
fications of quartz have hexagonal unit cells of almost equal sizes and shapes.
This fact, combined with the similarity of their powder photographs, makes
it probable that the structure of low-quartz is not very different from that of

/3 quartz. The structure of this high-quartz is shown to be that of the enantio-
morphic pair 6D-4 (c, j) and 6D-5 (d, i) [or (c, j)]. The parameter u ap-
parently has the value 0.197 =±=0.004. The unit hexagonal cell containing
three molecules of Si02 has the dimensions ao= 5.01 A, co= 5.47 a.

Each silicon atom is surrounded by a tetrahedron of oxygen atoms, and
each oxygen atom is equally distant from two silicon atoms. There is, thus,

no evidence for the existence of chemical molecules in this crystal.

(590) Concerning "Evidence of liquid immiscibility in a silicate magma, Agate Point,
Ontario." N. L. Bowen. J. Geol., 34, 71-73. 1926.

A criticism of a paper by T. L. Tanton (J. Geol., 33, 629, 1925) who reaches
the conclusion that a certain globule-bearing quartz porphyry from Agate
Point, Ontario, represents a frozen emulsion formed by unmixing of two
liquid phases. It is pointed out that Tanton's analyses prove the globules

and their matrix to be so nearly alike in composition that the slight difference

could be due to the uneven distribution of phenocrysts in an otherwise homo-
geneous mass. It is concluded that the globules are merely rests of unaltered
porphyry in a mass which has suffered slight hydration and oxidation by
circulating solutions.

(591) Some causes of volcanic activity. Arthur L. Day. Bulletin Volcanologique, 1925,

pp. 216-233. Nos. 5 and 6.

Reprint of No. 572. (Annual Report, 1925.)

(592) La costituzione della Terra. Henry S. Washington. Bulletin Volcanologique, 1925,

pp. 245-283. Nos. 5 and 6.

This paper is a resume" of modern ideas as to the constitution of the earth,

especially as to its interior (see Nos. 513, 540, 546, 549, 561). It is hoped to

publish the matter, in extenso, elsewhere.

The physical characters of the earth are first discussed. These include its

solidity, rigidity, density, temperature, magnetism, and the passage of

earthquake waves through the earth. The reasons for belief in the existence

of a central core of solid metallic iron, or nickel-iron, are set forth, and it is

pointed out that the argument against the magnetism of the earth being due
to this because iron loses its magnetism at 785° is not sound, inasmuch as

alloys of iron with nickel and other metals, or with carbon or gases, behave
magnetically very differently from pure iron, and we know, so far, nothing as

to the magnetic behavior of iron under great pressures. The general char-

acters of meteorites are described, and their analogy with the presumable
characters of the central metallic core is pointed out. A section is devoted to

the characters of the crust of the earth (see No. 529).

The general constitution of the earth, as deduced from the preceding data,

is then taken up, the various theories that have been advanced being set

forth. The constitution of the earth is thought to be as follows : There is an
outer crust of solid rock, about 60 km. thick, grading inwardly from granite

to basalt. Beneath this is a shell of generally peridotitic material, cor-

responding to the achondritic meteorites, about 1,700 km. thick. Next
below is a transition shell composed largely of olivine, with metallic iron

present and increasing gradually toward the center. This shell, which corre-
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sponds in composition (but not in texture) to the chondritic meteorites,

is about 1,400 km. thick. At the center is a core of metallic iron, or nickel-

iron, with a radius of about 3,400 km. Finally, the chemical composition of

the earth, as calculated in No. 561, is stated and discussed.

(593) Properties of ammonium nitrate: I. A metastable inversion in ammonium nitrate;

II. The system ammonium nitrate-ammonium chloride; III. A note on the
system ammonium nitrate-ammonium sulphate. N. L. Bowen. J. Phys.
Chem., 30, 721-737. 1926.

I. A Metastable Inversion in Ammonium Nitrate

Besides the several well-known transformations of crystalline ammonium
nitrate, it is found that a reversible transformation takes place at approxi-

mately 50° C. The method of studying the inversion is that of direct obser-

vation under the petrographic microscope, by which means the various forms
can be identified in virtue of differences of optical properties. The inversion

at 50° C. is found to correspond with the change, orthorhombic (IV) ^
tetragonal (II). At this temperature both forms are metastable; nevertheless

the transformation is, in many respects, more prompt and dependable than
most of the stable inversions. Extrapolation of Bridgman's values for the
11^IV inversion at high pressures, where it is a stable transformation, indi-

cates a value of 50.5° for the temperature of this change at atmospheric
pressure. This temperature is in good agreement with that here directly

determined.

II. The System Ammonium Nitrate-Ammonium Chloride

A reexamination of the system ammonium nitrate-ammonium chloride

gives results that agree with those of Perman as to the position of the liquidus

curves and the eutectic, but reveals a series of solid solutions not found by
him. The method of investigation is that of direct observation under the
microscope, whereby the various crystalline phases can be identified by means
of their optical properties and phase-changes can be observed actually in

progress.

It is thus found that all mixtures from pure NH 4N0 3 as far as 8 per cent
NH 4C1 crystallize to a homogeneous, mix-crystal phase of isometric sym-
metry. In consequence of the existence of this mix-crystal or solid solution

series, the phenomenon of the eutectic does not enter until after the limits

of solid solution are passed, each member of the series beginning to melt at a
successively higher temperature as pure NH4NO3 is approached.

In addition to these melting intervals of the solid solutions, their inversion

intervals can likewise be observed directly. The isometric -> tetragonal

(II) inversion changes from 125.5° for pure NH4NO3 to 109° for the solid

solution containing 3.5 per cent NH 4C1. At 109° the curve of unmixing of

solid solutions is encountered, and along this curve the phenomena of mixing
and unmixing of solid solutions take place and can be directly observed. Thus
even changes involving diffusion in the solid state take place with compara-
tive readiness in these materials. All of the facts are embodied in the equili-

brium diagram.

III. A Note on the System Ammonium Nitrate-Ammonium Sulphate

By the method of direct observation of phase-changes under the micro-
scope it is proved that the rising liquidus in the system NH4NO3—
(NH^^SCX is caused by solid solution, as Perman and Howells conclude, and
not by the limiting position of the eutectic, a possible alternative sug-
gested by Freeth.
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(594) Scientific papers and discussions at the 1925 meeting of the Section of Volcanology,
American Geophysical Union. J. Wash. Acad. Sci., 15, 413-425. 1925.

This report contains the record of eight short papers, of which four were
presented by members of the Laboratory. These are:

(1) Gases in volcanic activity. Arthur L. Day. (Abstract, p. 415.)

Informal notes on some of the problems raised by the study of volcanic

gases, especially at Kilauea.

(2) Note on the chemical significance of engulfment at Kilauea. E. S. Shepherd, (pp.
418-420.)

The gases at Kilauea are almost completely oxidized. A mechanism
for the oxidation of rising combustible gases and for the maintenance of the
temperature necessary for liquidity of the lava may be found in the engulf-

ment of oxidized breccia containing a considerable percentage of ferric iron,

which is reduced to ferrous, in depth, by the rising gases.

(3) Gravity and underground lava. F. E. Wright. (Abstract, p. 421.)

Informal notes on the possibility of using the so-called geophysical methods,
now being applied in geological prospecting, to the study of volcanoes.

(4) Oxygen and volcanism. Robert B. Sosman. (pp. 422-423.)

A suggested hypothesis, based on the instability of FeO, to explain the

occurrence of metallic iron in igneous rocks, and to furnish a supply of oxygen
for the oxidation of the elements in the upper levels of the earth's shell.

(595) Annual report for this year.

(596) A petrographic and X-ray study of the thermal dissociation of dumortierite. N. L.

Bowen and R. W. G. Wyckoff. J. Wash. Acad. Sci., 16, 178-189. 1926.

The dissociation of dumortierite, 8Al2O3.6SiO2.B2O3.H2O, at high tempera-
tures has been studied, and it is found that decomposition of the crystals

occurs with formation of mullite, 3Al2 3.2Si0 2 , and a little excess material.

The first definite evidence of a change is obtained at 950°, but the products of

decomposition are recognizable by their microscopic and X-ray characters

only at higher temperatures.
X-ray diffraction photographs (powder method) have been made of du-

mortierite and of its decomposition products as obtained at various tem-
peratures.

Formation of a little liquid with definite sintering occurs first at 1550°.

Determination of the loss on ignition shows that B 2 3 and H 2 are com-
pletely expelled at 1500° in 4.5 hours and almost completely in a much shorter

time. At such temperatures, then, the product of decomposition is mullite

with a little free silica, and the fact that liquid first appears at 1550° is due to

melting at the eutectic between mullite and Si0 2 (1545°). The mineral thus
behaves for all practical purposes as a simple mixture of alumina and silica,

nearly, if not actually, in the proportion 4Al 203.3Si0 2 , and its thermal be-

havior can be read off directly from the alumina-silica diagram.

(597) A simple model for illustrating the atomic arrangements in crystals. Ralph W. G.
Wyckoff and C. J. Ksanda. Am. J. Sci., 11, 377-380. 1926.

A simple model is described for showing the arrangement of the atoms in

crystals. It consists essentially of a set of four long screws mounted on an
appropriate base. A series of glass plates is supported by nuts moving on
these screws. The atomic positions are shown by paper circles shellacked to

the plates. This type of model has the advantages that it is easy to construct
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accurately, it is readily portable, it is applicable to the most complex struc-

tures, and it shows clearly the prevailing atomic relationships without inter-

ference from rods, wires, or other construction details.

(598) Two rapid and accurate methods in calorimetry. Walter P. White. J. Am. Chem.
Soc, 48, 1146-1149. 1926. Copper covers for calorimeter jackets. Ibid.,

1149-1154.

Two Rapid and Accurate Methods in Calorimetry

I. The classical Regnault-Pfaundler formula, which for 60 years has been
the standard method for calculating a part of the temperature change in

accurate calorimetry, can, by simply exchanging the part played by the rating

periods, be written in a different form, which is mathematically identical

with the original one, but easier to use, and therefore deserves to supersede

that. This new form, in turn, leads to a modified formula (temperature loss =
[Vr-\-K(Qx —9r)] Tx , where Vr is observed rate; K, thermal leakiness; Tx ,

experimental period in minutes; 0a; and Qr , mean calorimeter temperatures
for the experimental and (single) rating period), using a predetermined value
for the thermal leakiness of the calorimeter, which saves a considerable part

of the time of the experiment. It is an adequate and advantageous substitute

for the standard formula in the great majority of experiments.

II. Simpson's Rule, which gives the area under a parabolic curve from a few
points on it, can often be advantageously applied to get the integrated calori-

meter temperature, thus diminishing the number of observations required for

a given precision.

Copper Covers for Calorimeter Jackets

Jacket covers of sheet copper, very easily made, dipping into a water-

jacket which is around and below the calorimeter, are an excellent means of

providing a complete inclosure at a uniform temperature. They are alto-

gether superior to poorly conducting covers, as of wood or rubber, since when
provided with thermal insulation in addition they give better protection from
the room temperature. Experiments show that two such, with the insulation

added, are as effective in most respects as a water-cap or submarine inclosure,

while a single copper cover is sufficient for most work.

(599) Difficulties in the study of local earth movements. Arthur L. Day. Paper No. 4 of

A symposium on earthquakes. (Philosophical Society of Washington.)
J. Wash. Acad. Sci., 16, 250-254. 1926.

A brief discussion of the limitations confronting students of local earth

movements. These are attributable to fortuitous conditions surrounding the

recording instrument, to sea-waves, storms, and other meteorological

phenomena, or to differences in the kind of crustal movement under the in-

strument itself.

(600) The compressibilities of dunite and of basalt glass and their bearing on the composition
of the earth. L. H. Adams and R. E. Gibson. Proc. Nat. Acad. Sci., 12,

275-283. 1926.

In a previous investigation the compressibilities of the more important
rocks and rock-forming minerals were measured, but it was not until after

these measurements had been completed that the importance of the ultra-

basic rocks was fully appreciated. The compressibility of a sample of dunite,

consisting of nearly pure olivine, has now been measured under hydrostatic

pressures up to 12,000 megabars. It was found to be 0.81 X 10~6 as a mean of

seven separate determinations. From this it is calculated that the velocity

of longitudinal vibrations in this rock is 7.9 km./sec. at low pressures and some-
what higher than this at pressures corresponding to 60 km. depth within the

earth. Since the corresponding velocity in a typical granite is 5.6 km./sec.
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and in a typical gabbro 6.9 km./sec, and since seismological observations

show that at a depth of 60 km., the velocity of longitudinal earthquake waves
is 8.0 km./sec, we now have direct evidence that the silicate material of the
earth below a depth of 60 km. is not at all of the character of ordinary rocks,

but consists of ultrabasic rock approaching peridotite in composition.

The compressibility of a sample of basaltic glass was also measured and
found to be 1.45 X10-6

per megabar. The velocity of longitudinal vibration

in this material is calculated to be 6.45 km./sec, which is significantly lower
than 6.9, the velocity of holocrystalline rock of the same composition.

(600a) Die Kompressibilitat des Dunits und des basaltischen Glases und ihre Beziehungen
zur Zusammensetzung der Erde. L. H. Adams und R. E. Gibson. Beitrage
zur Geophysik.

Translation of No. 600.

(601) Kriterien fur hexagonale Raumgruppen und die Kristallstruktur von 0-Quarz.
Ralph W. G. Wyckoff. Z. Krist., 63, 507-537. 1926.

1. Powder and spectrum photographs have been made from /? quartz and
Laue photographs from both a and /3 quartz.

2. The correct unit cell of a quartz, as deduced from the analysis of several

Laue photographs, contains three molecules of Si0 2 and has the dimensions
ao= 4.90 A, Co= 5.393 1. The unit cell of /3 quartz is nearly the same, both in

size and shape. This fact, combined with a close similarity in their powder
photographs and the observation that a single crystal of a inverts to a single

crystal of /3 quartz without change in the axial directions, makes it probable

that the structures of the two forms of quartz are not very different.

3. Laue photographs, taken at temperatures below and within 30° of the
inversion point, suggest that within this temperature range the structure of

a quartz is altering perceptibly towards that of /3 quartz.

4. The structure of j3 quartz is shown to be that of the enantiomorphic
pair 6D-4 (c, j) and 6D-5 (d, i) [or (c, j)]. The parameter u apparently has

the value 0.197 ±0.004. The unit hexagonal cell contains three molecules of

Si02 and has the dimensions ao= 5.01 A, co = 5.47 A. In this structure each
silicon atom is surrounded by a tetrahedron of oxygen atoms, and each
oxygen atom is equidistant from two silicon atoms. There is thus no evidence

for the existence of chemical molecules in /3 quartz.

5. The connection between the symmetry of the structure of /3 quartz and
of the possible space groups of a quartz is discussed.

6. Tables are given which state the characteristic diffraction effects from
both the general and the special cases of all the hexagonal space groups.

(602) Calibration tables for selected thermocouples. L. H. Adams. International Critical

Tables, 1, 57-59. 1926.

An extract from the first volume of the new International Critical Tables of

Physical and Chemical Constants.

(603) X-ray diffraction data from crystals and liquids. R. W. G. Wyckoff. International

Critical Tables, 1, 338-353. 1926.

An extract from the first volume of the new International Critical Tables of

Physical- and Chemical Constants.

(604) Chemistry as a branch of mathematics. Leason H. Adams. J. Wash. Acad. Sci.,

16, 266-276. 1926.

In this paper, which was given before the Chemical Society of Washington
as the address of the retiring president, some of the points of contact between
chemistry and mathematics are discussed, and attention is directed to the

more important of the mathematical aspects of chemical investigation.
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(605) The X-ray diffraction patterns of mullite and of sillimanite. Ralph W. G. Wyckoff,
J. W. Greig, and N. L. Bowen. Am. J. Sci., 11, 459-472. 1926.

Powder, Laue, and spectrum photographic data from mullite and silli-

manite are recorded and discussed. The powder and Laue photographic
results from these two compounds show very slight but probably real differ-

ences. The Laue data from mullite fit a unit cell having the approximate
dimensions

ao = 7.50 A, 6 = 7.66 A, co = 2.85 A.

Except for two or three very faint reflections the spectrum and Laue data
from sillimanite agree with this same unit. This cell contains two molecules

of sillimanite (Al 203.Si0 2).

In view of the impossibility of such a unit containing fractional numbers of

atoms and molecules, it is concluded that the true unit cell of mullite, and
presumably also of sillimanite, is probably a larger one. Such a larger unit

might contain 3 molecules of mullite and 8 of sillimanite. Because of the

similar scattering powers of all of the atoms involved, it is not inconceivable

that such a unit should give data practically identical with those from the

smaller cell.

(606) Rocks of Eastern China. Henry S. Washington and Mary G. Keyes. J. Wash.
Acad. Sci., 16, 291-301. 1926.

Very little is known as to the chemical characters of the igneous rocks of

China, and this paper gives the results of the study of a suite of representative

specimens from eastern China, which was sent by the Director of the Geological

Survey of China. The specimens are described petrographically, with ten new
analyses. It would appear from this study, and from the petrographical

work of others, that the igneous rocks of the region are predominantly
granite and granodiorite, with some basalts. A small area of nephelite

syenite in Shansi, also described previously, but without analyses, presents

some very interesting types.

(607) The nature of "stannic acids." E. Posnjak. J. Phys. Chem., 30, 1073-1077. 1926.

By means of the X-ray powder method it has been shown that the so-called

a and /S stannic acids are identical and are essentially stannic oxide. The
width of the lines indicates that "a stannic acid" has finer particles than the
"/3 stannic acid." These results extend and directly confirm the deductions
drawn by others, especially Mecklenburg, from the study of the colloidal

properties and behavior of the "stannic acids."

(608) The testimony of the jades. Henry S. Washington. Scientific American, 135, No. 2
(Aug.) 94-95. 1926.

This is a brief, popular article, which describes the jadeite that is found as
ancient artifacts in Mexico and in Central America. It is pointed out that
the characters of this jade are adverse to the theory that the Middle American
culture was introduced from southeastern Asia.

(609) The carbonate rocks of the Fen area in Norway. N. L. Bowen. Am. J. Sci., 12.

A reply to a paper in which R. Brauns (Centrbl. Min. Geol., 1-8, 1926)
discusses the origin of the carbonate rocks of the Fen area in Norway, reaching
a conclusion in accord with that of Brogger and in opposition to that of

Bowen as set forth in a previous paper (Am. J. Sci., 8, 1-11, 1924; see Abstract
No. 526, Annual Report, 1924). Since the previous paper was written, the
thin sections of a large collection of the Fen rocks made by Professor Brogger
himself and now deposited in the Harvard University Museum have been
examined, and they confirm the hypothesis of replacement of silicate minerals
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by carbonates, probably through the action of aqueous solutions. This
replacement has plainly had a selective tendency whereby feldspars were
attacked more readily than aegirite; the ringite-hollaite-kasenite series is thus
one of increasing replacement of the silicate minerals by carbonates, and
sovite is the end-product of this action. Every stage of the replacement can
be traced and the original crystals of the silicates can be reconstructed from
their scattered remnants of uniform orientation, separated by lanes of car-

bonate in the early stages or embedded in areas of carbonate in the late

stages. The calcite is commonly entirely free from turbidity and often has
hair-line borders against the remnants of unreplaced and usually fresh silicates.

(609a) Die Carbonatgesteine des Fengebietes in Norwegen. N. L. Bowen. Centrbl. Min.
Geol. Abt. A., 241-245. 1926.

Translation of No. 609.

(610) Petrology of the Hawaiian Islands. V. The Leeward Islands. Henry S. Washington
and Mary G. Keyes. Am. J. Sci., 12, 336-352. 1926.

The islands, the rocks of which are described, are: Niihau, Nihoa, Necker,
La Perouse, and Gardner, which form the eastern part of the thousand-mile
long chain of islets and shoals that extends northwestward from the main
group of large islands. Scarcely anything has been known as yet regarding the
volcanic rocks of these islets, and especially of their chemical characters.

Detailed petrographic descriptions, with 17 new chemical analyses, are given
of typical specimens from each of these tips of sunken volcanoes, the speci-

mens having been collected and contributed by Professor H. S. Palmer and
Dr. Sidney Powers. All the lavas are essentially basaltic, some with and some
without olivine. One nephelite basalt was found. Most of them greatly

resemble lavas from Hawaii (see Nos. 491, 498, 502) and the other large

islands, although those of the Leeward Islands appear to be much more uni-

form. An increase in olivine westward is apparent. This and the generally

basic character of the lavas may be connected with the fact that the Leeward
Islands are probably the oldest of the whole group, the latest being Hawaii, at

the southeast end.

The paper forms one of a series descriptive of the petrology of the whole
Hawaiian group (see Annual Report for 1923, No. 503). Analyses have been
and are being made of the rocks of other of the Hawaiian Islands.

(611) A half century of progress in the glass industry. George W. Morey. Ind. Eng.
Chem., 18, 943-945. 1926.

Contribution to a symposium, held by the American Chemical Society at

the Sesquicentennial Exposition, Philadelphia, September 1926, on the part

played by chemistry in the progress of technology in the past 50 years.

(612) The Santorini eruption of 1925. Henry S. Washington. Bull. Geol. Soc. Amer., 37,
349-384, 1926.

This paper presents a detailed statement of the author's observations (in

September 1925) of the eruption that began on August 11 of that year. San-
torini is a group of volcanic islands on the southern edge of the Grecian
Archipelago. They form an external ring, the remains of a large prehistoric

volcano, the central lagoon having been caused by a paroxysmal explosion,

and a central group of smaller volcanic cones due to eruptions in historic

times, at which the present eruption broke out.

The constitution of the original cone is described, with description of the

"pozzolana," and discussion of the date of the great explosion, which archae-

ological evidence shows to have taken place about 1500 to 2000 b. c. After

a brief description of the central group, the author's observations on the

various phases of the volcanic activity are given in detail, with many illustra-
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tions. The volcano formed a low dome of loose blocks, and the ejections of

steam and ash presented some unusual features. The petrography of the

lavas, with several chemical analyses, is described. The present lava is almost

identical with those that have been erupted from prehistoric times to the

eruption in 1866. Comparison is instituted between the lavas of Santorini

and those of Mont Pelee, Sakurajima, and other volcanoes, with a view to

casting light on certain rather obscure features of volcanism. It is thought
that the present eruption will continue for a year or more.

(613) Memorial of Robert Simpson Woodward. Fred. E. Wright. Bull. Geol. Soc. Amer.,

37, 115-134. 1926.

In this memorial, prepared for the Geological Society of America, a brief

account is given of Dr. Woodward's contributions to science, especially to

geology, and of his achievements in directing research work, first as Dean of

the College of Pure Science at Columbia University and later as President of

the Carnegie Institution of Washington. A list of the scientific publications

by Dr. Woodward is appended to the memorial.

(614) Magmatic problems of the Aleutians. Clarence N. Fenner.

Suggests several problems which may be considered in a study of the vol-

canology of the Aleutian Islands.

(615) X-ray diffraction measurements upon compounds in the system soda-lime-silica.

Ralph W. G. Wyckoff and George W. Morey. Am. J. Sci., 12, 419-440. 1926.

Powder diffraction measurements have been made from the compounds
Na2CaSi0 4 , Na4Ca(Si0 3)3 and Na2Ca 2 (Si0 3)3- Except for differences in

faint lines, the data from the first two of these crystals are practically indis-

tinguishable. The powder pattern of Na2Ca2(Si0 3 )3 is richer in lines than are

the patterns of the other two compounds. It resembles these others, however,
in having conspicuous lines in the same places. The problems of interpretation

presented by Na2CaSi04 and Na4Ca(Si03)3 are thus similar to those intro-

duced by mullite and sillimanite in that two compounds of radically different

chemical compositions give rise to nearly identical X-ray diffraction effects.

Both the optical and X-ray diffraction results agree in assigning cubic

symmetry to Na 2CaSi0 4 . The unit cube contains 4 molecules and has a
length of edge a = 7.49 7A. The metal atoms have approximately the positions

4b, 4c, 4d, 4e. The positions of the oxygen atoms can not be established.

Well-developed crystals of Na4Ca(Si0 3 ) 3 exhibit forms which are apparently
cubic and seem to be completely isotropic. Their powder diffraction pattern

nevertheless shows a few lines which can not be ascribed to a crystal having
cubic symmetry and which apparently do not arise from impurities. Hence
it is probable that the symmetry of this substance is pseudo-cubic rather

than cubic. The diffraction lines which can belong to a cubic crystal fit a cube
having a = 7.547A and containing two molecules of Na 4Ca(Si0 3)3- These
observed data are qualitatively explained if the metal atoms have, at least

approximately, the following positions: 2a, 6e, 8e. Even though it can
scarcely furnish the correct grouping of the oxygen atoms, the preceding
structure with oxygen at 12a (u = 0.30) and 6f yields a satisfactory explanation
of these "cubic" data. Several ways are briefly discussed for reconciling this

apparent conflict between observed symmetry and calculated symmetry of

atomic arrangement.

(617) The crystal structure of ammonium hexachloroplumbate [(NH4) 2PbCl 6 ]. Ralph
W. G. Wyckoff and L. M. Dennis. Am. J. Sci.

From a study of powder photographs of (NH 4 ) 2PbCl 6 it is shown that this

compound has the same type of atomic arrangement as (NH 4 ) 2PtCl 6— Pb at

4b, N at 8e, CI at 24a, and H presumably at 32a. The assumption that u
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for chlorine is one-fourth leads to a series of calculated intensities that are in

generally satisfactory agreement with observation. An even better fit is,

however, obtained by assuming that u is slightly less than 0.25. The length

of the edge of the unit cube containing four molecules is 10.14a. The density

calculated from this structure is 2.89.

(618) The lavas of Etna. H. S. Washington, M. Aurousseau, Mary G. Keyes. Am. J.

Sci., 12, 371-408. 1926.

Although Etna is the largest of the active volcanoes of Europe, and its

various eruptions have been well described, little modern work has been done
on the petrography and chemistry of its lavas, except some of the flows of

recent years, the last work on the lavas of the volcano as a whole being that of

von Lasaulx in 1881. It is, partly, to fill this gap that the present study was
undertaken, and partly to see whether Etna could throw light on the theory
of recurrent cycles of different lavas in connection with cycles of volcanic

activity (No. 141), especially that marked by the formation of the caldera

of the Val del Bove.
A large and representative suite of specimens, collected by the senior author

and Dr. Day, was studied, detailed petrographical descriptions of many of

them being given, with 18 new chemical analyses. The material studied is

referred to four periods: the pre-Etnean lavas (of Quaternary age), those of

the so-called pedestal, the lavas that make up the main cone, and the recent

lavas, or those that have been poured out within historic times.

The pre-Etnean lavas are all basalt and andesite, and appear to be very
uniform. The pedestal lavas, likewise, are very uniform, being mostly basalt,

with some andesite. The lavas that make up the main cone are more varied.

They are all andesitic, but of two well-distinguished and chemically different

kinds, oligoclase andesite, with about 58 per cent of silica, and andesine

andesite, with from 53 to 50. The recent lavas are very uniform, being mostly
basalt, with a few andesites.

As a result of this study it appears that Etna, which has been regarded as a
typically basaltic volcano, is in reality andesitic, with much higher soda than
was expected. It differs widely, in this and other respects, from the basaltic

volcanoes of the Hawaiian Islands (see Nos. 491, 498, 502, 610) and from the

plateau basalts of India, Oregon, etc. (see No. 470). This may indicate a
magmatic relationship with the lavas of the Aeolian Islands, northeast of

Sicily, and possibly with those of the Ponza Islands, still farther north, a
matter that it is hoped to investigate in the future. There is little evidence of

any recurrence of cycles in the lavas connected with cycles of volcanic activity.

The lavas of the great volcano are deserving of much more study along modern
petrological lines.

(619) The Katmai magmatic province. Clarence N. Fenner. J. Geol., 34, 673-772. 1926.

A set of igneous rocks collected in the Katmai region has been analyzed, in

order to supplement our very scanty knowledge of the composition of igneous
material from the volcanoes of the Alaska Peninsula. The results are tabu-
lated and plotted on a variation diagram. A description of the field relations

and the petrography of the rocks is given.

The plot of analyses shows an almost linear variation of constituents. There
is little doubt that all the rocks have been derived by some process of differ-

entiation from one common stock. Differentiation of magmas has long been
recognized as a process theoretically demanded, and many explanations have
been suggested. It has been considered one of the outstanding problems of

volcanology.

A view which has attracted much attention within recent years is that of

N. L. Bowen, in which differentiation is attributed almost wholly to processes

by which crystallizing minerals are separated from residual liquid.
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The applicability of this view is considered here with reference to the

Katmai rocks. In order to reach a better basis for this discussion, some of the

more general evidence with respect to its efficacy is first considered.

It is recognized that separation of crystals has been, at times, an important

factor, but other processes also appear to be plainly indicated. Moreover,
some of the evidence that has been adduced in support of the theory appears

susceptible of other interpretations.

With regard to the specific problem of the Katmai rocks, we find it is diffi-

cult to reconcile their linear variation with the results to be expected from the

separation of successive crystalline phases. Crystallization differentiation,

therefore, does not seem a probable explanation of the differentiation of these

rocks.

(630) Immiseibility in silicate melts. J. W. Greig. Am. J. Sci.

It has been found that silica-rich mixtures of MgO, CaO, SrO, MnO, ZnO,
FeO, NiO, or CoO with Si02 melt to two immiscible liquids.

The relations are remarkably similar in each case, the temperature of

equilibrium between cristobalite and two liquids being not far short of 1700°,

and one of the liquids formed being nearly pure silica.

Equilibrium has been studied in those parts of the binary systems MgO-
Si0 2 , CaO-Si02 , SrO-Si0 2 , and FeO-Si02 which are affected, and the results

have been expressed by diagrams. The compositions (weight per cent) of the
two liquids and the temperatures of the equilibria between cristobalite and
the two liquids are as follows:

CaO 0.6 Si02 99.4 CaO 27.5 Si02 72.5 1698° =*= 5°

MgO 0.8 Si02 99.2 MgO 31 Si0 2 69 1695°± 5°

SrO 2.4 Si02 97.6 SrO 30 Si0 2 70 1693°± 5°

FeO 3 Si02 97 FeO 40 Si02 60 1689°± 15°

In the system BaO-Si0 2 this immiseibility is not found, but the form of

the liquidus of cristobalite indicates the proximity of an area of immiseibility.

In each case cristobalite crystallizes from the less siliceous liquid so rapidly
on cooling as to make the quenching of the liquid to a clear glass exceedingly
difficult, even though it be in very small quantities.

While the above-mentioned oxides are incompletely miscible with silica,

there are other oxides, notably alumina and the alkalis, which are not. In
ternary systems of silica with two of the former oxides the range of com-
positions of mixtures which melt to two liquids extends across the corner of

the diagram. In ternary systems of silica with one of the former oxides and
one of the latter there is but a narrow range of mixtures which give rise to two
liquids on melting. Cristobalite is the first crystalline phase to form when any
of these liquids is cooled. As examples, immiseibility has been studied in the
following ternary systems: MgO-CaO-Si02 , MgO-FeO-Si02 , MgO-Al2 3-Si02 ,

MgO-Na20-Si0 2 , CaO-Al2 3-Si02 , CaO-Na 20-Si02 , MgO-K20-Si02 .

Some mixtures of B 2 3 and Si0 2 were made into clear homogeneous glasses.
There is no evidence of immiseibility in this system.
The melting-point of cristobalite has been redetermined and a value of

1713° ±5° obtained. This is in excellent agreement with Ferguson and
Merwin's value 1710° ± 10°.

The temperature of equilibrium between cristobalite and two liquids in the
binary system CaO-Si0 2 ,

1698° ±5° is suggested as a suitable fixed thermo-
metric point.

The cooling and heating of some typical mixtures which form two liquids is

traced.
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The relations of these results to the problems of silica refractories are
touched upon.
The bearing on petrology is discussed.

(640) The modern calorimeter. Walter P. White.

Within the past 20 years the science of calorimetry has received in this

country a development which, including a reasonable number of new devices,

has been distinguished by the large amount of attention given to studies of

efficiency and of the conditions governing accuracy. The leaders have been
T. W. Richards, H. C. Dickinson, Frederick Barry, and the present author.
This book attempts to give a unified account of an important part of this 20
years of progress. It deals chiefly with methods of measuring heat by means of

temperature change in some body, the calorimeter, to which the heat is com-
municated.
To measure a quantity of heat and do nothing more is a meaningless

operation, since heat, as heat, has no individuality. The object of a calori-

metric experiment is always to find the relation of the heat quantity measured
to some process or body which yields or produces the heat. There must there-

fore be measurements of the source of heat, which are compared with the value
given by the calorimeter, to get the result of the experiment. Such measure-
ments are, for instance, of the amount and purity of reacting chemicals, or of

the quantity and temperature of hot bodies dropped into the calorimeter.

But these associated measurements, as a rule, are less accurate than the value
given by the calorimeter. Hence direct and adequate tests of calorimetric

accuracy are rather rare, and there seems to be a greater need for the present
book, which studies calorimetric performance by special and partial experi-

ments, and by analyzing the conditions of precision. It also follows that in

many cases the practical problem is, not how to increase the precision of the
calorimeter, but how to get more easily and efficiently a precision already
obtainable.

Since the thing directly measured in the calorimeter is a temperature change,
the capacity for heat of the calorimeter must be independently known; the

product of the two is the quantity of heat. It has come to be generally realized

that this heat capacity is best found by an actual calorimetric experiment,
using a standard source of heat. The calorimeter thus becomes a transfer

instrument, comparing one quantity of heat with another; the calorimeter heat
capacity is not so much determined as canceled. There are several reasons

why this is best: (1) There are ways by which heat can be furnished with far

better accuracy of measurement than can ordinarily be obtained in determin-

ing heat capacity without such aid. (2) Most errors tend to affect alike both
sets of experiments, calibration and subsequent work, and are thus more or

less canceled, most completely where the heat in the two sets of experiments is

produced in similar ways. (3) The cancellation is especially complete with

lags. Lags occur when the thermometer or any part of the calorimeter

reaches its temperature later than the body on which calculation is based.

Twenty years ago the growing precision of calorimetry made these lags seem a

very appreciable source of possible error, and various means of dealing with

them were considered. It has been shown, however, that every lag, if con-

stant, causes an apparent temperature change which is always the same frac-

tion of the total rise, not only where determinations are similar, but with

very different times and rates of temperature rise as well. Constant lags thus

behave as part of the effective heat capacity, and so can be neglected, if the

calibration is experimental.

There is no perfect insulator for heat, and a vacuum with metallic surfaces,

which comes the nearest to that, is limited in its possible application to

calorimetry. Hence a calorimeter, ordinarily, no sooner begins to be heated
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than it begins to lose heat to the environment. This thermal leakage, as it is

called, must be taken strict account of. The total heat quantity measured is

found from the sum of the temperature rise, due to the heat that stays in the

calorimeter, and the temperature loss from thermal leakage. There is dif-

ference of opinion as to whether thermal leakage can fairly be called the chief

source of error in calorimetry, but thermal leakage certainly is the source of

most of the important and interesting features and devices. It is due to con-

duction and radiation, two simple processes, whose behavior is quite constant

in a constant system, while the effect of any daily changes in the system can

be eliminated by observing the thermal leakage each time, just after the

experiment itself is finished.

Indirectly, however, thermal leakage may cause several errors. It pro-

duces differences of temperature within the calorimeter, which must be re-

moved by stirring, and the stirring produces heat, and therefore possibly error.

It creates the necessity for knowing the course of the temperature during the

period of the experiment, and this may be hard to do adequately if the rise is

very rapid. Thermal leakage may be due partly to convection, which follows

a law much less simple than the laws of conduction and radiation, and is

therefore productive of error if the usual simple method of calculation is

adhered to. Not one of these errors should be appreciable in the majority of

calorimetric experiments, those where the agreement is no better than 0.3 per

mille. For the higher ranges of precision, which may be taken as extending to

agreement of 0.03 per mille, study of conditions indicates that to avoid these

errors may call for special arrangements, but still for nothing difficult. If

readings can not be made rapidly enough, the temperature rise can be retarded.

The error is also diminished if the thermal leakiness of the calorimeter is

diminished. Convection can be dealt with in four ways, two of which were

introduced in the last 20 years. Insufficient stirring can seldom be corrected

by stirring faster, since the heat produced varies as the cube of the speed, and
would soon become excessive, but stirring can be made sufficient by dim-

inishing the thermal leakage which makes it necessary, that is, by diminishing

the thermal leakiness of the calorimeter. This can be done in two ways.

One way to lessen thermal leakiness is to surround the calorimeter with a

vacuum. The partial inclosure provided by the well-known vacuum-walled
glass bottle is almost always sufficient. This bottle is also one of the means of

practically avoiding convection.

The second method of diminishing thermal leakiness is to increase the thick-

ness of the heat-insulating layer of air around the calorimeter. This scheme,

unlike the vacuum, tends to increase convection very greatly, but can be

prevented from doing so in two ways. One is by use of the adiabatic method,
in which the temperature of a surrounding jacket is so manipulated as to be
always about the same as that of the calorimeter. The other is by use of a

convection shield. This is merely a sheet of thin metal extended in the middle
of the air layer parallel to the calorimeter surface. Such a shield, contrary to

some statements, does not in the least diminish conduction directly, but by
dividing in halves the air layer and the temperature drop across that, it de-

creases some sixty-fold the convection, which is about proportional to the

cube of the thickness of the layer and to the cube of the temperature dif-

ference. It thus kills the convection error and so indirectly lessens the thermal
leakiness by permitting a thicker air layer.

The convection error can also be avoided by taking account of the convec-
tion in calculating the temperature loss. This is not at all hard, but one of the
other ways will probably be generally considered to be still better.

It has recently been noticed that the standard method of finding the
temperature loss, by means of observations of the calorimeter cooling rate,
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has the advantages of a comparison method, since the amount of heat loss

thus measured tends to be almost the same as that in the period of the experi-

ment, unless steps are deliberately taken to avoid this advantageous condition.

This equality does not greatly increase precision, since it does not affect the
real sources of error listed above, but it makes simpler observations possible,

and so usually saves about a third of the total time of a determination, yet
with no increase in the error.

On the contrary, a method has been widely used in which the initial tem-
peratures are so chosen that the net heat loss in the experimental period is

close to zero. This method sacrifices the brevity obtainable through equality

of heat losses; as a means of lessening the heat loss error it is quite illusory; it

has other very serious drawbacks. A further step in progress would be the
abandonment of this detrimental method.

Evaporation depends on temperature; otherwise it differs from conduction
and radiation leakage. It has recently been found to be enormously compli-
cated by adsorption of water-vapor on the surface of the calorimeter. Error
can be prevented by sealing the calorimeter or the space immediately above it,

or by slightly imperfect sealing, plus drying material to prevent the adsorption.

Most experimenters have avoided these precautions, taking a chance on the
constancy of the evaporation.

It thus appears that most errors can more or less easily be made negligible.

The chief error in most calorimetric experiments is in the measurement of the
temperature rise and of the amount of cooling afterward.

For this reason great importance attaches to an improvement made by
Pfaundler in the double or twin calorimeters of Joule. Pfaundler added a
sensitive differential thermo-electric thermometer, by which the precision of

temperature measurement can be increased about ten-fold. This was done in

1869, but the relatively complicated thermal leakages of the double system
have recently been studied, and then greatly diminished by combining the

adiabatic with the twin method. The twin calorimeters have always had the
advantage of a compensation or cancellation of both heat losses and heat
supply, between two bodies which are compared with each other. The recent

improvements go further, and eliminate some small residual differences.

The adiabatic method was first used about 1850, but its present practical

value in accurate work is due to more recent developments, especially to

means of providing a uniform and controlled environment. These means,
indispensable for accurate non-adiabatic work also, include submerging the

calorimeter in the water-jacket, jacket covers containing water, and covers

combining conducting copper with heat-insulating material.

The convection shield, also, is not altogether new, at least shields of some
sort have long been used. But their chief function as preventers of convection

was seldom, if ever, appreciated. They also appear to have been usually too

thick. The modern analysis has shown that the value of a very thin (0.05 mm.)
shield is of a different order of magnitude. The very thin shield, then, designed

with reference to the effects of convection, is practically a new device, and a

very valuable one. Less effective in some ways than certain other devices, it

imposes fewer restrictions, and is quite effective enough to render negligible

the worst of the minor errors.

Two classes of calorimeters, called aneroid, in which heat conduction in

metal takes the place of stirred liquid as a temperature equalizer, were first

used in Europe, but have been improved in this country. The improvements
include numerous special devices, especially superior means of temperature
measurement; first, a control of the surrounding temperatures that promotes
uniformity in the calorimeter; and second, a distribution of the electric

thermometers which averages out such temperature irregularities as remain.
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J. Franklin Jameson, Director

The following report, the twenty-first annual report submitted by the

present Director of the Department, is intended to record the operations of

the Department during the year beginning July 1, 1925, and ending June 30,

1926.

In the composition of the Department, so far as regular members of the

staff are concerned, there has been only one change during these twelve

months. Miss Mary F. Griffin, who had served the Department with ex-

emplary faithfulness since April 1, 1922, and continued that service till Sep-

tember 4, 1925, died after a very brief illness on September 12. Her work
was mainly concerned with assistance in the editing of the American His-

torical Review, but she had also assisted in several other activities of the

Department. In all these lines of work her extensive acquirements, her

extraordinary accuracy, and her large and exact knowledge of languages

have been of great value to the Department, while her conscientiousness, her

unwearied industry, and her constant unselfishness and gentleness of conduct

in all relations make her memory one to be greatly cherished there. Her
place was supplied by the appointment of Miss Marguerite M. McKee,
hitherto of Columbia University, who began work on October 15, 1925.

Miss Davenport has been in London throughout the year reported upon.

Mr. Leland, who during the first half of the year was mainly occupied with the

duties of executive secretary to the American Council of Learned Societies,

carried on his work mostly in Cambridge, Massachusetts, during the winter,

and sailed in April for Paris to complete volume I of his Guide to Materials for

American History in the Archives and Libraries of Paris. Mr. David W.
Parker, listed as temporary member of the staff, worked for the Department
in Washington during the first half of July, in Paris during one month of the

autumn, and in Washington again from November 11 till near the end of

the year reported upon.

Outside the regular staff of the Department, much aid has been given

to its work by several other historical scholars. Mrs. Catterall continued

throughout the year the prosecution of her part of its program, reading the

proof of her first volume and continuing preparation of the second. Miss
Elizabeth Donnan, formerly a member of the staff, now chairman of the De-
partment of Economics in Wellesley College, devoted the summer, as usual, to

work upon the volumes which she had begun while still a member of this De-
partment. Professor John S. Bassett, of Smith College, prepared the preface

to the first volume of the Correspondence of Andrew Jackson, edited by him,

and read proof of the second volume. Professor Charles W. Hackett, of the

University of Texas, read proof of his second volume of the documents col-

lected by the late Dr. Adolph Bandelier and Mrs. Bandelier. Professor

Marcus W. Jernegan, of the University of Chicago, finished his period of

assistance to the Department's Atlas of the Historical Geography of the United

States. Professor Edwin W. Pahlow, of the Ohio State University, contri-

buted nearly a month of his time, and Mr. A. J. F. van Laer, of Albany, and

1 Address, No. 1140 Woodward Building, Washington, D. C.
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Mr. Frank L. Van Cleef, of Brooklyn, lesser amounts, toward the com-
pletion of the Guide to the Materials for United States History in Dutch Ar-
chives. Mr. David M. Matteson, of Cambridge, Massachusetts, prepared

the indexes to our West Indian volume and to the third volume of Dr. Bur-
nett's series of materials on the Continental Congress, and began the index to

Mrs. Catterall's first volume. Others outside of our regular staff who as-

sisted in the work of the Department during the year were Mr. Abel Doysi6,

of Paris, Miss Ruth A. Fisher, of London, and Miss Irene A. Wright, of Seville,

whose abundant knowledge of the archival materials in their respective cities

of residence, and whose faithful and scholarly execution of all tasks placed in

their hands, make their services of great value to the Department.
The officials of the Library of Congress have, as in all previous years,

constantly aided our work with the greatest liberality. Especial gratitude is

due to Dr. Herbert Putnam, librarian; to the late Mr. A. P. C. Griffin, chief

assistant librarian; to Dr. Charles Moore, chief of the Division of Manuscripts,

and Dr. John C. Fitzpatrick, of that division; and to Lieut.-Col. Lawrence
Martin, chief of the Map Division. Grateful recognition is also made of the

courtesies shown by the library of Harvard University in facilitating the work
of Mr. Leland and Miss Donnan; by the Virginia State Library and that of

the Circuit Court of Appeals in Richmond in affording to Mrs. Catterall

special opportunities for her work; and by the authorities of the British

Museum, the Public Record Office in London, the libraries and archives of

Paris, and the Archivo General de Indias in Seville.

Nearly all the operations of the Department can be classified as consisting

either in the discovery and listing of materials for American history and the

provision of aids to their use, or as consisting in the full presentation in print

of selected portions of those materials. In accordance with this classification,

and with the custom of previous years, the work of the year will be described

under the three headings: (1) Reports, Aids, and Guides; (2) Textual Pub-
lications of Documents; and (3) Miscellaneous Operations.

REPORTS. AIDS. AND GUIDES

One volume of this sort was published during the year, entitled Guide to

British West Indian Archive Materials, in London and in the Islands, for the

History of the United States. This volume (No. 372 of the publications of the

Carnegie Institution of Washington), a volume of ix + 435 pages, was pub-

lished in February 1926. It was so fully described in last year's report

(p. 74) that it seems unnecessary to dwell upon it further in this place, beyond
saying that it seems to have commended itself as a useful, indeed indispensable

implement of work for all who wish to labor upon the history either of the

British West Indies, of the relations of the Continental colonies and the United

States to those islands, or of the old British Empire as a whole.

During the previous year Miss Griffin, in such time as she could spare

from her main work as subeditor of the American Historical Review, had made
much progress in reducing into a text for publication the notes taken by Mr.
A. J. F. van Laer toward a Guide to the Materials for United States History in

Dutch Archives. At the date with which last year's report ends she had made
substantially ready for publication the sections relating to the archives of

the House of Orange, the various ecclesiastical archives in the Netherlands,

and the municipal archives of Amsterdam, Rotterdam, and the Hague.
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The notes concerning the papers of the Dutch West India Company had
received partial treatment. At the time of her sudden death, two months
later, it appeared that some further progress had been made. The comple-

tion of a text for the section relating to the West India Company was intrusted

to Mr. Frank L. Van Cleef, official custodian of the early Dutch records of

Brooklyn, who in the period from October to December finished this. Useful

consultations were also had with Mr. van Laer himself, who likewise prepared

the texts relating to the archives of the admiralty colleges preserved in the

Rijksarchief at the Hague, and to the Rijksarchieven in the provinces. Still

more important steps toward the completion of the volume were taken by
Professor Edwin W. Pahlow, of the Ohio State University, a scholar well

acquainted with the Dutch archives, who kindly spent some three weeks of

February in the offices of the Department, at work upon these notes. He left

with the Department a text for the portions of the book relating to the re-

maining sections of the Rijksarchief at the Hague (records of the States

General and of the States of Holland and West Friesland, archives of the

"Eenheidsstaat" after 1795, and certain special collections), to ministerial

and other archives of that period preserved in other repositories, to other local

archives than those of the three cities named above (including notarial and
orphan-chamber records), to the archives of the American Legation in the

Hague, to those of the Holland Land Company, and to libraries and collec-

tions of maps. Thus the book approaches completion in manuscript, lacking

only certain sections and revisions which the Director of the Department
feels that he must himself supply, but which he has been thus far prevented

from preparing by pressure of other work which seemed to have precedence.

Similar reasons stand in the way of the completion of the contemplated

Guide to the Materials for American History in the Scandinavian Archives,

and although during the year some progress has been made upon it, especially

through the kindness of Professor Waldemar Westergaard, it must be some
time yet before the book may be completed and ready for publication.

Mr. Leland's work upon the Guide to Materials for American History

in the Archives and Libraries of Paris has been mainly devoted to the "Manu-
scrits Franc,ais" of the Bibliotheque Nationale, of which the final editing

could be pursued with much advantage in the Library of Harvard University

during the winter. This work was continued in Paris after his arrival there.

Such portions of Mr. Parker's time as we were able to command, and some
of that of Mr. Leland, were devoted to the revision of Mrs. Surrey's Calendar

of Documents in Paris Archives and Libraries relating to the History of the

Mississippi Valley. This work, the origin of which has been explained in

previous reports, was completed. It has been decided that the book should
be produced by planograph rather than by print, partly because, since it

would mostly be used in libraries, a small edition would suffice, in which
case there would be much economy in the use of the planograph process, and
partly because that process, photographic in nature, avoids the chance of

typographical errors and the costs of proof corrections. With this in view,

the revised cards were typewritten with great accuracy by Mr. William A.
Conkright, in such form as to insure a handsome as well as correct reproduc-
tion. There will be two volumes. At the end of the year the first volume
was ready for the planograph, which was to operate upon it during the summer.
It will be a volume of 905 pages, running from the earliest document found
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(1581) to the end of the year 1739. After all consolidation of duplicates,

this means the indication of not less than 11,000 documents, each item stating

date, place, from whom, to whom, contents in brief, reference in the various

archives or libraries, and, if the document is known to have been printed,

the place where it may be found in print. Lists of ministers, governors, in-

tendants, and other officials connected with the history of New France, worked
out by Mr. Doysie

1

from the archives with more completeness and accuracy,

it is believed, than any preceding lists of them, are to be prefixed to the

volume. It is believed with confidence that, with such contents as have been
described, the volume will be found a very important help to all serious studies

of the history of New France and, in connection with Mr. Leland's Guide,

will make it possible to put that history on a new and more solid basis.

Under Dr. Paullin's hands the Atlas of the Historical Geography of the United

States has made advances during the year which bring it within measurable

distance of completion. The largest portion of his work lay in the section

which is intended to illustrate the development of geographical knowledge of

the present area of the United States as exhibited in cartography, especially

in the earlier period. The necessary photostatic prints for the reproduction

of the many maps which are to be included have been completed, and Dr.

Paullin has also revised into conformity with the rest of his letterpress the

text, of description, comment, and references, which at an earlier period had
been prepared by Dr. James A. Robertson to accompany this division of the

Atlas. Dr. Paullin has also completed, in the division illustrating social

history, the twelve maps showing the distribution of churches in 1775-1776;

in the physical section the geological and relief maps; and in the division

relating to industries and resources, the maps showing oil and gas fields,

manufacturing centers, and iron and steel works. Dr. Paullin also, as repre-

sentative of the Department in the matter of exhibits, expended much time

and thought in preparing its section of the Institution's annual exhibition of

December 1925.

TEXTUAL PUBLICATIONS OF DOCUMENTS

In this second field of the Department's activities, which seems likely

hereafter to assume a larger place in them than that given to the field described

on the pages immediately preceding (Reports, Aids, and Guides), Miss Daven-
port has advanced the second volume of her European Treaties bearing on

the History of the United States by the completion of work upon three treaties,

or such portions of them as concern America. These are, the treaty of May
1703 between England, Portugal, the Emperor, and the States General, the

separate article of the commercial treaty of 1707 between England and Spain

("Charles III."), and the preliminaries of general peace in September 1711.

These results open the way to the complicated nexus of treaties concerted at

Utrecht in 1713.

Besides laboring with these treaties at the Public Record Office and the

British Museum, Miss Davenport prepared for the Anglo-American Confer-

ence of Professors of History, held at the University of London in July 1926,

a paper on English Colonial Expansion in the period from 1700 to 1715.

The third volume of Dr. Burnett's Letters of Members of the Continental

Congress (Publication No. 299 of the Institution) was published in June.

It is a volume of lxii + 582 pages, embracing 706 letters or parts of letters
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illustrative of the history of the Congress during the year 1778. Prefixed to

the letters, as usual, is a preface in which Dr. Burnett interprets with consid-

erable fullness their contents, and a carefully constructed conspectus of the

membership of the Congress during the year concerned, and the attendance

of members. The value of the contribution which the volume makes to the

history of the Revolution has been estimated by scholars in similar terms to

those used in the case of the two preceding volumes; and naturally the con-

tribution increases with each year of the period, because up to the present time

the attention of writers has been much concentrated on the earlier years of

the period. The doings of Congress after 1776 and 1777 have been much less

thoroughly known, even by historians, than the transactions of the first years.

The second volume of Dr. Stock's Proceedings and Debates of the British

Parliaments respecting North America (Publication No. 338 of the Institution)

was finished during the year and sent to the printer. By June 30 all galley-

proofs had been read, and the earlier portions of the page proofs. The
volume extends from the revolution of 1689 and the accession of William and
Mary to the end of the last Parliament of William III and to his death in

March 1702, embracing also the American transactions of the Scottish and
Irish Parliaments within the same period. Like the preceding volume, it

includes proceedings (journal items), documents emanating from either house

of Parliament or presented to either, and whatever records of debates are

extant. It will make a volume of about 550 pages. While the process of

printing this second volume has been going forward, Dr. Stock has carried on

the preparation of manuscript for the third, and by the close of the period

reported upon had brought his text to the end of the year 1707, embracing

the first and second English Parliaments of Queen Anne and the first Parlia-

ment of Great Britain.

Since the published volumes of the Manuscripts of the House of Lords, which
have been of much use hitherto in Dr. Stock's work, do not extend at present

beyond the year 1708, it has been necessary to make use of the manuscripts

themselves for the period immediately ensuing, which Dr. Stock's labors will

reach before long. The search of these manuscripts, and transcription of the

relevant parts, was accordingly undertaken, and was intrusted to Miss Ruth
A. Fisher, who so faithfully renders such services to us in London. By the

kindness of the Clerk of Parliaments and of Mr. F. W. Lascelles, Mr. V. M.
R. Goodman, and Miss M. E. Waterman, of the office of the House of Lords,

Miss Fisher was enabled, by the end of June (and a few days more) to com-
plete this work to the end of Queen Anne's reign, and thus to furnish valuable

supplementary material for Dr. Stock's third volume.
The two months which Miss Donnan was able to devote to her slave-trade

volumes, at Cambridge, in the summer of 1925, advanced them in many par-

ticulars, but her work was distributed over so many different portions of the
area intended to be covered by the publication that the advances can not be
described in sufficiently brief terms for the present purpose. More than
another summer's work will be necessary for the completion of the project.

In the other set of volumes devoted to the history of slavery in the United
States, that which is being prepared by Mrs. Catterall, the first volume was
during the year carried by the printing office through the processes of composi-
tion, all page proofs had been read, and the making of the index had been
begun by Mr. Matteson. The series bears the title Judicial Cases concerning
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American Slavery and the Negro (Publication No. 374 of the Institution).

Its contents comprise on the one hand the narratives, documents, or state-

ments of fact which are preserved in the printed reports of cases concerning

slaves or other negroes and which accordingly illustrate by actual instances

the nature of slavery as a working institution. On the other hand, thevolumes
will also contain, in compressed form, the judicial decisions and opinions

rendered in all such cases. Every effort is being made, however, to avoid

repetitious material. The contents of the first volume, which will com-
prise some 469 pages, exclusive of the index, differ considerably from what
was stated as their contents in the last annual report of the Department.
Material consisting so largely of excerpts, which it was desirable to present

in the words of the original as fully as possible, and which therefore was
marked by many elisions, is difficult to estimate. When totals for sections

already prepared could be arrived at, it was found that they made necessary

a different composition for Volume I. It therefore consists of the cases from
the courts of England, Virginia, West Virginia, and Kentucky. Each of

these four sections is preceded by a well-studied introduction, in which Mrs.

Catterall has described the history of the law respecting slavery and the negro,

or those aspects of it which seemed most interesting and important, in the case

of England and the states named. Meantime, Mrs. Catterall has proceeded

with her work upon the North Carolina reports, it being expected that the

second volume will consist of her material respecting negro cases in North
Carolina, South Carolina, and Tennessee, together with such other states as

the limits of the volume may permit. The Department now has in hand her

completed material for Maryland, Delaware, the District of Columbia, South
Carolina, Missouri, and the few cases presented in the judicial reports of Can-
ada, of Jamaica, of Illinois, of Vermont, and in part of Massachusetts.

The first volume of the Correspondence of Andrew Jackson (Publication

No. 371 of the Institution), edited by Professor Bassett, was published in

February 1926. It extends from the first known document in Jackson's

handwriting (1779; the first letter, 1788) to May 1, 1814, the date at which he

became a major-general in the United States Army. It is a volume of 508

pages, embracing some 500 letters or documents, in most cases written by
Jackson, in a lesser number of cases addressed to him by military or political

associates, or relatives or friends. The volume has been received as beginning

the filling of an important gap in the published records of United States his-

tory for the
'

' middle period . '

' The index, as is customary and most convenient

in the case of publications of the writings of statesmen, has been deferred

till the completion of the sixth and last volume. Just before the end of the

year reported upon the second volume was sent to the printer. It is a volume
of similar extent and composition, running from the first of May 1814 to the

end of the year 1819, and comprising the extremely interesting and important

correspondence of Jackson during and respecting the operations against

Pensacola and the campaign for the defense of New Orleans, the actions of

Jackson as commander of the Seventh Military District, and his whole con-

duct of military affairs in Florida in 1818 and 1819.

The series entitled Historical Documents relating to New Mexico, Nueva
Vizcaya, and the Approaches Thereto (Publication No. 330 of the Institu-

tion) is arranged to consist of four volumes, comprising a mass of papers

collected in Spain, chiefly in the Archives of the Indies, by the late Dr.
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Adolph Bandelier and Mrs. Bandelier, and edited by Professor Charles W.
Hackett, with some additional Spanish material gathered together by him as

closely supplementary to the main body of documents. Of this series the

manuscript of the second volume went to the printer in January 1926, and by

the end of June was all in page proof, awaiting only the preparation of its

index. Exclusive of the latter, it will make a volume of 470 pages. The
documents in it relate to the history of Nueva Vizcaya (substantially, North-

ern Mexico) in the seventeenth century. As illustrations of extraordinary

interest, it will contain facsimile reproductions of the only surviving relics in

manuscript of La Salle's unfortunate expedition in Texas. Of these docu-

ments, discovered in the Archives of the Indies a few years ago by Professor

William E. Dunn, of the University of Texas, the first is a parchment which

was originally used for an excellent drawing of a ship, but which two survivors

of La Salle's party employed as the vehicle for a message of anxious appeal

to the captain of the Spanish party which had been sent to seek out and expel

La Salle. The second is a group of four pages surviving from a rude log kept

by the master of La Salle's smallest vessel.

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, mainly by the Director,

Miss Griffin, and Miss McKee, with aid from Dr. Burnett in one section.

Various help has been given to the American Historical Association and other

historical societies, especially in respect to investigations in Washington
archives. Until the proposed National Archive Building has been erected,

the situation with respect to archival material in Washington will be, as it has

been in the past, chaotic to a high degree. This makes it natural for his-

torical scholars at a distance to seek the aid, in locating material, of a staff

that has for many years continuously been in contact with the Washington
archives, and has by experience acquired a certain amount of knowledge as

to where documents or information can be found. Inevitably the Depart-

ment is obliged to act, and within appropriate limits is glad to act, as a clear-

ing-house in Washington for American historical scholars, and as a promoter,

to a certain extent, of undertakings that promise benefit to the advance of

historical knowledge in the United States. The answering of inquiries, the

securing of transcripts, and the like services, entail a somewhat heavy corre-

spondence, but it is felt that this is a natural part of the work of such a

Department.
The Director has continued to serve as chairman of the Committee of

Management of the proposed Dictionary of American Biography, and as one
of the two representatives of the American Historical Association in the Amer-
ican Council of Learned Societies. Mr. Leland has been a representative of

the American Antiquarian Society in the same council, and during the first

half of the year its executive secretary. He has also rendered important serv-

ice in the organization of the permanent International Committee of His-

torical Sciences provided for by the last International Historical Congress,

in the formulation of its constitution, and in the preparations which that com-
mittee has made toward the organization of the next International Historical

Congress, to be held at Oslo in the summer of 1928. Dr. Stock has given a
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course of historical instruction in the Catholic University of America, and has

helped in the editing of the Historical Outlook.

To facilitate the work of the Survey of Research in Humanistic Fields,

undertaken by the American Council of Learned Societies at the request of

the Carnegie Corporation, the Director has had pleasure in giving office

accommodations to Professor Frederic A. Ogg, of the University of Wiscon-
sin, to whom the conduct of the survey had been intrusted by the Council,

and who accordingly occupied during the later months of the year the room
temporarily vacated by Mr. Leland.
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Benjamin Boss, Director

One of the chief objects of the program of observations undertaken at

Albany and San Luis was to provide a means of forming a homogeneous sys-

tem of star places extending from pole to pole. To provide for this desider-

atum three important features were introduced; first, the employment in

large part of the same observers at both stations; second, the use of the same
instrument; and third and most important, the observation of stars through-

out a broad region of the sky common to both stations. This program fur-

nishes an excellent opportunity for the intercomparison of star positions

observed north and south of the equator, with a consequent opportunity to

free the observations from systematic errors which could not be determined

from observations taken at either station alone. The computations for

deriving the positions of the stars observed at Albany have now reached an
advanced stage. As previously reported, the San Luis observations are in

final form. Therefore the time was ripe for the anticipated comparison.

Not only was it possible to harmonize the observations north and south of the

equator, but considerable light was thrown on the conditions of refraction at

both stations.

The progress in the reduction of the observations is as favorable as was
anticipated. The right ascensions of the Albany catalogue are nearly com-
pleted, but considerable work remains to be done on the declinations. Reduc-
tion of the Washburn observations undertaken by Albert S. Flint is under way.
In addition to the main program a number of miscellaneous investigations

have been made. Mr. Raymond and Dr. Wilson were joint recipients of the

gold medal of the Danish Academy of Sciences offered in competition for the

best solution harmonizing the discordant results for the motion of the Sun in

space as derived through radial velocities and through proper-motions.

REDUCTIONS OF OBSERVATIONS

Right-Ascensions

The corrections to the Albany observations for Clamp East minus Clamp
West and for personal equation have been derived and tables of corrections

formed for each observer and each clamp, separate solutions being made for

the periods 1907-08 and 1911-18. This was assumed to be necessary as the

instrument was dismounted and reassembled twice between the two periods of

observing. In deriving the personal corrections the mean of the three

observers, Roy, Varnum and Albrecht, was taken as the standard, and curves

were drawn to represent the corrections to each observer. The solutions made
for Clamp East minus Clamp West are based upon the assumption that the

systematic differences are due to outstanding pivotal errors and to the cosine

component of the flexure. The solutions give:

1907-08, Albany +0 80269 -0 ?0092 sin z -0 ?0340 cos z

1909-11, San Luis + .0179+ .0050 sin z- .0304 cos z
1911-18. Albany + .0220- .0080 sin z- .0297 cos z

1 Address: Dudley Observatory, Albany, New York.
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The results for San Luis are included to indicate the excellent action of the

instrument which, though twice dismantled and reassembled, suffered no
appreciable change.

The East minus West results combined with the personal corrections have
been applied to the general reduction sheets for all of the original copy and
for 70 per cent of the duplicate copy. All other corrections, except those of

the clock, have been applied to both sets of reductions. The clock correc-

tions have been entered on all the first copy and on 70 per cent of the dupli-

cates. The final right ascensions have been formed for 70 per cent of the

observations on both sets of sheets and are being drawn off on to cards.

Thus the reduction of the Albany right ascensions is rapidly drawing to an
end. A test has been made of each series of observations, from the fundamen-
tal reductions, for any large systematic errors peculiar to a particular series.

No series was found to require special treatment.

Declinations

All of the Albany Observations of declination have now been transcribed

and an attempt has been made to ascertain the necessary corrections to reduce

the observation of each observer, in each position of the instrument, to a

homogeneous system that will be as nearly as possible the undistorted mean
of all. As had previously been found, some of the corrections are quite large

and the difficulty of avoiding distortion is even greater than was expected.

This is largely due to the unequal distribution of observations in all positions

by the various observers. It has seemed advisable to introduce an additional

revision of certain parts of the reductions.

In all the preliminary reductions it has been assumed that the refraction

could be adjusted by using some factor into the Pulkova refractions or its

equivalent, a term into the tangent of the zenith distance, but now it seems
imperative to introduce terms depending upon the third and possibly the

fifth power of the tangent. Such terms will also materially help to remove
discordances in the San Luis results, but without reducing the apparent

difference in refraction north and south of the zenith.

The preliminary work upon the observations taken by Professor Albert S.

Flint at the Washburn Observatory to supplement the Albany observations

of stars of magnitudes 6.0 to 7.0 between —20° and +30° of declination has

progressed far enough to permit a beginning of routine reductions. Pro-

fessor Flint's difficulties with the printing chronograph continue far into the

reductions.

Systematic Corrections Derived from the Albany and San Luis Observations

The progress of the work in right ascension and declination offers an oppor-

tunity for intercomparison of the Albany and San Luis observations, in order

to determine the systematic corrections to the catalogues and the indicated

corrections to the system of the Preliminary General Catalogue. The errors

in declination of the observed star places which depend upon declination were

assumed to be due to uncorrected flexure and refraction, flexure being repre-

sented by a sine term and refraction by a tangent term. It is evident from the

observed results that a plain tangent term will not suffice, so higher orders of

the tangent were used. This shows that the Pulkova refraction system which

was employed in forming the declinations does not apply, particularly to the
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San Luis station at an altitude of 800 meters and with a less humid atmosphere

than that of Pulkova. Evidently there is need of refraction tables based

upon modern observational and theoretical data. The corrections to the

declination system of the Preliminary General Catalogue differed in some re-

spects from those derived from Raymond, being in general somewhat larger,

but bearing out his general conclusions. There seems to be a sharp break in the

declination system of the Preliminary General Catalogue at —60 °declination.

The corrections to the right-ascensions of the Preliminary General Cata-

logue depending upon right-ascension were also determined from the Albany

and San Luis observations, employing all the fundamental stars located in

the zone +30° to —30° declination. The observations from both catalogues

were then combined. The results are as follows:

Albany -0 S0106 sin a +0f0137 cos a

San Luis — .0074 sin a + .0071 cos a
Combination — .0099 sin a + .0112 cos a

These values are in accord with those determined from recent observations

at other institutions.

The corrections to the right-ascensions depending upon declination, due

in part at least to irregularity of pivots, to effects of illumination, and to

personal equation, are given in the following table:

5 S. L. Alb. All 8 S. L. Alb. All

+90°
+85
+80
+75
+70
+65
+60
+55
+50
+45
+40
+35
+30
+25
+20
+15
+10
+ 5

+0?260
+ .120

.000
- .031
- .028
- .023
- .034
- .043
- .034
- .020
- .008
- .006
- .009
- .003
- .004
- .004
- .005
- .004
- .002

0°

- 5
-10
-15
-20
-25
-30
-35
-40
-45
-50
-55
-60
-65
-70
-75
-80
-85
-90

-0 S003
- .002
- .004
- .002
- .005
- .008
- .014
- .019
- .018

0?000
+ .002

+ .001

+ .005

+ .002

+ .017

+ .015

+ .012

+ .010

-0^002
.000

+ .001

+ .001

+ .002

+ .003

+ .002
- .011
- .018
- .010

+ .006

+ .007

+ .016

+ .052

+ .082

+ .131

+ .230

+ .300

+ .300

-0 8028
- .013

+ .003
- .010

+ .012

+ .007

+ .008

+ .007
- .001
- .003
- .003

- . ?034
- .024
- .013
- .012
- .013
- .009
- .003
- .009
- .002
- .001

.000

After correcting the Albany and San Luis observations for systematic errors

depending upon right-ascension and declination, groups were formed accord-

ing to magnitude, Harvard magnitudes being used. The resulting magnitude
equation is — 0!0011 -f- 0?0017 (m— 3.5). Since the Preliminary General

Catalogue, however, employed Chandler's magnitudes, a correction was neces-

sary to reduce to Harvard magnitudes. This gave as a correction to the Pre-

liminary General Catalogue reduced to the Harvard scale: — 0^0008+0S00 11

(m— 3.5) or, conversely, this represents the errors of the San Luis and Albany
observations depending upon magnitude. The small size of the correction

was anticipated as the Preliminary General Catalogue system was freed as

nearly as possible from magnitude effects, and both the Albany and San Luis
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observations employed screens to reduce the magnitudes to approximate
equality.

Adopting the deviation of the Albany and San Luis corrections to the Pre-

liminary General Catalogue from the mean corrections as accidental errors in

observed place, the following errors of a published position were derived:

Albany =±=0!0096

San Luis ± .0094.

When we consider that the position of the south pole, as derived from the

San Luis observations, was taken as absolute in locating the meridian for

San Luis, and that similarly the position of the north pole, as derived from the

Albany observations, was taken as absolute in locating the meridian for

Albany, the agreement between the two series of observations is remarkable.

When the meridians from the circumpolar belts are extended to the equatorial

region, the azimuthal difference, in the sense of a correction to Albany to

reduce to San Luis, amounts to only 0?00054 (Decl. + 4?2).

Corrections to the Declinations of the Preliminary General Catalogue

Some part of the preparation of the corrections to the declination system
of the Preliminary General Catalogue depending upon declination fell within

the time covered by this report, but the subject was sufficiently noticed in the

last report. In continuance of the study of the declinations, using material

which has become available since the publication of the Preliminary General

Catalogue, the errors varying with the right-ascension have been determined

by Raymond. The causes of error of this type in the catalogues of observa-

tions, and by consequence in the Preliminary General Catalogue, may be classed

under three heads. These are erroneous astronomical constants, variation

of latitude and errors entering through refraction.

The Preliminary General Catalogue is free from the first of these. The
material used in revising it was also freed where necessary from such errors,

which arise chiefly from errors in the adopted nutation constant. The sys-

tem of constants used was that of Struve-Peters, but the difference in the

declination system which would have resulted from the adoption of the Paris

Conference system would be insensible.

The second class of error was eliminated by accepting only material free

from variation of latitude. This includes some early catalogues in which the

declinations rest upon polar points determined at short intervals from circum-

polar stars, catalogues to which corrections for the variation of latitude have

been applied, and those, including most recent catalogues, in which these

corrections were embodied in the course of their construction, and a few com-

binations of catalogues from observatories distributed in longitude in such a

manner as to mutually offset the effects of the error.

The rigorous elimination of the third type of error, that entering through the

refraction, is impossible and we can only rely upon the multitude of authori-

ties to render this error, systematic for anyone of them, accidental in the mass.

These errors may arise through seasonal or diurnal variation of refraction,

lag of the thermometer, or erroneous coefficient of expansion. The number
of catalogues for which these have been properly investigated is small indeed

and to rest the system upon them would be hopeless. Such errors, moreover,

vary with the declination as well as the right-ascension. The correction

would, if these errors had any great part in it, vary considerably for different
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zones. While small variations of this sort exist, the resemblance between the

variations of different catalogues is slight and it is unlikely that the correction

to the declinations of the Preliminary General Catalogue depending upon right-

ascension varies greatly with the declination. On a -priori grounds, it may be

believed to diminish toward the poles. As a measure of precaution the

results of this study should be used only over a broad but rather ill-defined

equatorial zone, say from +40° to —30°.

In addition to the catalogue material, use was made of the International

Latitude Service results. It is obvious that an error in declination depend-

ing upon right-ascension in the catalogue of zenith-telescope pairs would

produce an annual variation of latitude of the same phase at all stations.

Such a variation is known and is called the Kimura-term, or z-term. The
standard catalogues used by the observers are by no means identical with the

Preliminary General Catalogue but can readily be reduced to it. The indica-

tions so derived agree well with those derived from catalogues.

In all 43 authorities were used. The resulting corrections to the Pre-

liminary General Catalogue were found to be

:

I Correction to declination = -0''057 sin a-0''024 cos a (for 1900)

II Correction to proper-motion = — .051 sin a — .089 cos a (centennial)

Probable error I = ± .007 =*= .005 (Epoch, 1894.6)

Probable error II = == .027 =•= .019

The corrections and their probable errors are much smaller and the epoch

later than for the corrections to declination depending upon declination.

Altogether, the general impression that errors of this type are small is con-

firmed.

MISCELLANEOUS INVESTIGATIONS

Progressive Changes in Mean Latitude

The observations taken at the International Latitude stations from 1900

to 1914 show progressive changes which have been ascribed by various writers

to a motion of the pole, errors in the proper-motions of the latitude stars, or

to movements of the Earth's crust at the stations. Wilson has shown that

when the proper-motions of the latitude stars are reduced to the Boss system

as corrected by Raymond, the residual errors, upon which the suggestions of

creepage of the Earth's crust have been based, are eliminated and that the

remaining progressive changes are represented by a motion of the pole amount-
ing to about 0''6 per century.

Systematic Motions of the B-Type Stars

Proper-motion and radial velocity data used separately both indicate that,

whereas the great mass of the stars of the major spectral classes show prefer-

ential motion within the plane of the Milky Way along an axis defined by
Kapteyn's vertex, the axis of avoidance being directed quite closely toward

the pole of the galaxy, the B-type stars, on the other hand, appear to be

moving preferentially along an axis inclined at an angle of about 45° to that

favored by the other stars and lying about in line with the solar motion.

It has been suggested that this peculiarity in the motions of the B-type stars

might be more apparent than real, due to a combination of factors, such as

systematic errors in the proper-motions and radial velocities, distribution

effects and group motions which are known to be prevalent among this class

of stars.
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Wilson has made a study of the systematic motions of these stars based
upon their space motions, which are in a sense independent of distribution

effects. The proper-motions were based upon Raymond's revision of the

Boss system, a K-term of +4.0 km. was subtracted from the radial velocities

and the two sets of data were correlated by means of the parallaxes, most of

which were derived by Wilson's method. From the space motions of 348
stars of Classes BO to B5 the following coordinates of the solar motion and of

the principal axes of the velocity figure were derived :

A 277?8 Do +30?2 V 16.7 km.
Ai 93.0 D! -33.5 Vi 8.1
A2 54.6 D 2 +61.0 V2 6.7
A3 169.8 D 3 +19.4 V3 5.1

These results indicate that the B-type stars tend to move more nearly in

the plane defined by their positions on the sky, a plane which is inclined at a

small angle to the plane of the galaxy, than in the plane of the galaxy; that the

avoidance of motions toward the poles of this plane is about the same as the

avoidance of motion toward the galactic poles in stars of other spectral

classes; and that the preferential motion of these stars is but little less pro-

nounced than that of the other stars and is greatest along an axis almost

coincident with the direction of the solar motion. It is further noted that the

high-velocity stars of this type show the same tendency as the high-velocity

stars of other classes in their avoidance of motions toward the first galactic

quadrant.

Stellar Wave-Lengths

Albrecht has made an analysis of the various factors contributing to the

K-term of +4.0 km. in B-type stars. If the effects of systematic errors in

the normal wave-lengths employed in the computations be removed, the

K-term is reduced to about +2.6 km. In order that relativity displacements

might be as great as +2.6 km. it would be necessary that the average mass of

B-type stars be about 25 times the mass of the Sun with a density of 0.1, or

about 10 times the mass of the Sun with a density of 0.6. Although either of

these alternatives is possible, the most probable amount of the relativity

shift, based upon the generally accepted values for average mass and density,

is +1.4 km., in terms of velocity. General downward convection currents

may be the cause for the remaining +1.2 km. of the K-term, with about +2.0
km. as an upper limit and zero as a lower limit for this effect.

Manuscript has been completed by Albrecht and is now in the hands of the

printer on an extensive list of observed wave-lengths for B-type stars. The
physical conditions giving rise to stellar spectra are entirely beyond the

reach of manipulation by the observer. In view of this fact, stellar spectra,

photographed with a properly adjusted spectrograph and with good com-

parison spectra, have intrinsically a permanent value comparable with that

of laboratory spectra obtained under controlled conditions. Accurately

defined stellar wave-lengths are needed for such fundamental problems as

the K-term, convection currents in stellar atmospheres, and relativity dis-

placements of stellar spectra. Various factors make the B-type stars espe-

cially suited for this purpose. Published and unpublished measures of 3-prism

spectrograms of "helium" stars by Frost and Adams were re-reduced on a

homogeneous basis with the use of the best recent laboratory wave-lengths.

Individual stellar wave-lengths were determined for 58 lines from X4317 to
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X4713 for 34 stars with a total of 174 spectrograms represented by 231 sep-

arate plate measurements. For the means for classes BO to B8 the probable

errors for lines represented by numerous measures range from ±0.002 A to

±0.007 A. The probable error for an observation of weight 1 is ±0.052 A.

No appreciable "coma" effect is indicated in the measures. The agreement

between the observed means and the normal wave-lengths is on the whole

very good. For a few lines moderate deviations occur, which are attributed

to inaccuracies in the normal wave-lengths, due in some instances to appre-

ciable accidental errors and in others to the arbitrary blending of close pairs

according to the intensities of the components. Additional study of labor-

atory wave-lengths is necessary to remedy these difficulties. A systematic

difference of 0.019 A between the observed wave-lengths for O and N relative

to those for H, He, Mg and Si, as a group, is interpreted as probably due

to systematic errors in the normal wave-lengths rather than to relative

motions between the two groups of gases. No relative radial motions of

appreciable magnitude are indicated between the metallic and non-metallic

gases. By process of elimination the conclusion is reached that downward
convection currents in the atmospheres of B-type stars are probably small,

of the order of 1 km. per second or less.

Albrecht has pointed out that Rowland's solar wave-lengths, which have
commonly been employed for the titanium comparison lines in reductions of

stellar spectrograms, should be replaced by laboratory wave-lengths because

the former are not in every instance due to titanium alone. A comparison

with Crew's titanium wave-lengths indicates marked changes to be necessary

for three of the comparison wave-lengths, namely: X4367.823 instead of .839,

X4387.023 instead of .007, and X4590.142 instead of .126. These errors

affect the mean radial velocity only slightly but they enter with nearly their

full value into the wave-lengths of stellar lines which are near these positions.

Thus the new wave-lengths of X4388.104 for this helium line in B-type stars

is a distinct improvement over the old value of .092.

STAFF

The director has been engaged in a discussion of the Albany and San Luis

observations in declination and has undertaken tentative researches in other

fields. Ralph E. Wilson and Harry Raymond devoted some time to the

preparation of a paper on reconciling radial velocity and proper-motion

determinations of the solar motion, in recognition of which they were awarded
the Gold Medal of the Danish Academy of Sciences. In addition Mr. Ray-
mond brought to a conclusion his studies of the systematic corrections to the

Preliminary General Catalogue in declination depending upon declination and
has also completed a discussion of the corrections depending upon right

ascension. Dr. Wilson completed his work upon the solar motion and upon
progressive changes in mean latitude and has been engaged in an investiga-

tion of the systematic motions of the B-type stars. Arthur J. Roy has con-

tinued in charge of the reductions of the Albany observations in declination

and the reductions of Flint's observations. William B. Varnum has super-

vised the reductions of the Albany observations in right ascension and under-

took a discussion of the systematic errors in right ascension. Sebastian

Albrecht continued his investigations of stellar wave-lengths. Heroy Jenkins

has assisted in the discussion of the systematic erorrs in the declinations.



102 CARNEGIE INSTITUTION OF WASHINGTON

Sherwood B. Grant and Mr. Jenkins have assisted Mr. Roy with the reductions

of the declinations. Miss Isabella Lange has supervised the reductions in

right ascension under the direction of Mr. Varnum.
The Misses Grace I. Buffum, Marie Lange, Frances L. McNeill, Elizabeth

Coughlin, Ruth Willstaedt, Edith W. Davies and Frances Wainwright have

been variously engaged upon the computations in the reduction of the obser-

vations. Miss Willstaedt resigned as computer on January 1, 1926, and was
succeeded on March 1, 1926, by Miss Wainwright.
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The year has brought notable advances in numerous lines of scientific

investigation and has been especially fruitful in the development of instru-

ments and methods of research which hold marked promise for the future.

The telescope and a portion of the spectroscopic equipment of the Solar

Laboratory have been brought into operation by Dr. Hale, and the spectro-

helioscope designed by him has proved to be a new and effective means of

observing the rapidly changing phenomena in the solar atmosphere. Used
in conjunction with photographic records with the spectroheliograph, it

affords a more complete method of studying the surface of the sun than has

been developed hitherto.

The construction of the 50-foot interferometer, which has been delayed by
a shortage of water for concrete work on Mount Wilson and by numerous
demands upon the time of the instrument shop, is being carried forward

rapidly. The piers, foundation walls and tracks for the movable house are

nearly completed, and the steel house itself will be erected during the present

summer. The 40-inch concave mirror is now being parabolized and work
has been commenced upon the four auxiliary plane mirrors. The central

section of the interferometer beam with driving mechanism and clock was
completed about two years ago and the outer sections with the mirror mount-
ings and adjustments will be built in the instrument shop during the coming
autumn and winter. The instrument should be in operation before the sum-
mer season of 1927.

The relationship of the Observatory to the public and especially to the

schools and colleges of Southern California has received increasing con-

sideration during recent years. Through lectures, exhibits, demonstrations

of the apparatus, and statements to the public press the attempt has been
made to present some of the less technical results to those interested in the

progress of astronomical discovery. In addition to the popular lectures

given weekly in connection with the public use of the 60-inch reflector, over

90 lectures have been given by members of the staff before science classes

at neighboring colleges and high schools, and before general audiences. A
series of four addresses on astronomical subjects was included in the course of

Lectures on Evolution given under the auspices of the Sigma Xi Society at

the California Institute of Technology.

STAFF

Dr. George E. Hale, Honorary Director of the Observatory, has devoted
most of his time to observations of the sun and the design and use of new
apparatus at the Solar Laboratory. In conjunction with the Director he
has given much attention to questions relating to the general policies and
activities of the Observatory. Dr. Walter S. Adams, Director, has continued

his investigations in stellar spectroscopy and related subjects. Professor

Frederick H. Seares, Assistant Director, has aided in the administration of

1 Address Mount Wilson Observatory Office, Pasadena, California.
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the Observatory, and has carried on researches and studies of problems in

stellar distribution. He has also remained in editorial charge of the publi-

cations.

Dr. John A. Anderson served as spectroscopist on the expedition of the

U. S. Naval Observatory which observed the total eclipse of the sun on Jan-
uary 14, 1926, in Sumatra and was absent from the Observatory between
September 1 and April 1. In the physical laboratory he has been continuing

his work on the spectra of wire explosions and the vacuum spark, using the

powerful new condenser for the purpose. Dr. Arthur S. King, Superintendent

of the Physical Laboratory, has extended his investigations on the spectra

of the high-current arc in air and in vacuum and the classification of spectral

lines under different sources of excitation. Dr. Charles E. St. John has been
giving especial attention to the extensive work of a preliminary revision of

Rowland's Table of Solar Spectrum Wave-lengths, involving a determination

of wave-lengths on the international system, many new identifications and
numerous other data. His study of the rotation of the sun and other solar

spectroscopic problems is being continued. Mr. Harold Babcock has carried

on further determinations of wave-lengths with the interferometer in the

physical laboratory, especially in the violet and the red portions of the spec-

trum. Dr. Paul W. Merrill has been engaged in physical studies of the spectra

of variable stars and bright-line spectra of Type B. Mr. Francis G. Pease has

continued measurements of stellar diameters and double stars with the 20-foot

interferometer and has given much time to the design of instruments and
numerous optical problems. Professor Alfred H. Joy, Secretary of the Obser-

vatory, has extended his investigations of the spectra of variable stars and,

in collaboration with Dr. Adams and Mr. Milton Humason, has continued

determinations of radial velocities and absolute magnitudes. Dr. Edwin
Hubble has devoted essentially all of his time to nebular investigations,

especially the determination of the distances of spirals and the correlation of

brightness and angular diameter. Dr. Adriaan van Maanen has continued

his measurements of stellar parallax and proper motions and has commenced
photographic observations of double stars. Dr. Seth B. Nicholson has

remained in general charge of regular solar observations, and in conjunction

with Dr. Pettit has made radiometric measurements of stellar energy. Dr.

Roscoe F. Sanford has been engaged in stellar spectroscopic observations,

more especially of stars with variable radial velocities. Mr. Ferdinand

Ellerman has carried on solar observations and has remained in charge of the

photographic work of the Observatory. Dr. Gustaf Stromberg has continued

observations on stellar spectra and has given much time to statistical investi-

gations of stellar motions. Dr. Edison Pettit has developed further his

methods of observing the ultra-violet radiation of the sun and has made
regular measurements of stellar energy with the thermocouple. Mr. Milton

Humason has added to his determinations of the radial velocities and spectral

types of the fainter stars in the Selected Areas and has made several direct

photographs of spiral nebulae. Dr. Sinclair Smith has carried on investiga-

tions on the spectra of wire explosions and has assisted in the work of the

physical laboratory. Mr. Lewis H. Humason has done much of the solar ob-

serving on Mount Wilson and has devoted considerable time to plate testing

and general photographic work. Mr. Wendell P. Hoge has shared on some
occasions in the stellar spectroscopic observations.
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In the Computing Division Dr. Hazel M. Losh, who was appointed on

July 1, 1925, has been carrying on the measurement and reduction of sun-spot

and solar photographs. Miss Louise Ware and Mr. Edward F. Adams have

assisted in the measurement of solar wave-lengths and determinations of the

rotation of the sun. Miss Charlotte M. Moore, who joined the Division on

January 1, 1926, has given nearly all of her time to work connected with the

revision of Rowland's Table of Solar Wave-lengths. Miss Joyner has con-

tinued to assist in photometric investigations and studies of the distribution

of stars. Miss Richmond has aided in the reduction of radiometric observa-

tions of stellar energy. Mrs. Marsh has carried on measurements of stellar

photographs for determinations of parallax and proper motion. Miss Burwell

Miss Brayton, Miss MacCormack, Miss Fretz and Miss Wiberg have all been

engaged in different phases of the study of stellar spectra and the measurement
and reduction of the spectrograms. Mr. Wendell P. Hoge has continued his

work on interferometer determinations of wave-lengths of solar and arc lines.

Miss Elizabeth Connor has remained as librarian and has assisted in editorial

work on the publications of the Observatory.

Of the Research Associates of the Observatory Dr. A. A. Michelson and
Dr. Henry Norris Russell have each spent several months in Pasadena.

During the summer of 1925, Dr. Michelson obtained numerous excellent

series of measurements of the velocity of light on the Mount Wilson-San

Antonio base-line. These he expects to complete early in the present summer
and soon afterward he plans to extend his observations to a base-line of much
greater distance. Dr. Russell has continued his investigations on the analysis

of complex spectra and the energy levels in the atom. The direct applica-

tion of these results to the work of the physical laboratory and their important

astrophysical bearing have made his researches of vital interest to the members
of our staff. Dr. J. H. Jeans, Research Associate, has assisted in many ways
through his important publications on the theories of stellar equilibrium and
variable stars in defining and clarifying the observational work of the

Observatory.

Dr. E. Freundlich, of the Astrophysical Observatory at Potsdam and
Director of the Einstein Tower Observatory, spent several weeks in Pasadena

on his return from the Sumatra Eclipse. He took part in some of the solar

observations on Mount Wilson and lectured on ionization and theories of

radiation before the members of the Staff. Dr. John C. Duncan, Director of

the Whitin Observatory, has spent a portion of the year at Mount Wilson and

has carried on photographic observations of nebulae and some stellar spectro-

scopic investigations. Dr. S. Rosseland, Research Fellow of the International

Education Board, has remained at the Observatory throughout the year and

has been engaged in studies of atomic radiation. He has also taken part in

observations with the 60-inch reflector. Dr. J. Schilt, Research Fellow of the

International Education Board, has been at the Observatory since September

1925 and has carried on photometric and spectroscopic investigations with

the instruments on Mount Wilson.

Many of the members of the Staff, through the part they have taken at

meetings of scientific societies and their membership in research committees,

have contributed in numerous ways to the organization and development of

plans for cooperative investigations. Representatives from the Observatory

have attended most of the astronomical and physical meetings held during
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the year, and especial reference may be made to the presence of Dr. St. John
at the meetings of the American Association for the Advancement of Science

and the American Physical Society at Kansas City, where he took part by
invitation in the conference on Relativity.

The research committees of the International Astronomical Union include

numerous members of our Staff. Dr. Adams, Mr. Babcock, Dr. St. John and
Professor Seares are chairmen of committees, and other members are Dr.

Hubble, Professor Joy, Dr. Merrill, Dr. Nicholson, and Dr. van Maanen.
The time given to the organization of the work of these committees and the

preparation of reports is in some cases very considerable.

SUMMARY OF THE YEAR'S WORK

The rapid increase in the solar activity as indicated by the number of sun-

spots, prominences and eruptions has added especial interest to many of the

solar investigations of the year. The spectrohelioscope as designed and used

by Hale has opened up new possibilities in the discovery and measurement of

rapidly changing phenomena, and will prove of great value in guiding and
interpreting observations made with the spectroheliograph.

The study of the polarities of sun-spots is particularly valuable because of

the large number now visible, and the fact that they all belong to the new
cycle. Observations by Nicholson, Ellerman, and L. H. Humason indicate

that about 96 per cent of all those examined are of regular polarity, and hence

show the reversal of sign, as compared with those of the preceding maximum,
which was discovered by Hale two years ago.

The important series of observations by Pettit on the ultra-violet radiation

of the sun has been continued regularly throughout the year. The results

show large fluctuations in the amount of ultra-violet light with a marked
direct correlation with sun-spot activity. A similar investigation of the ultra-

violet radiation of the sun's center and limb is in progress.

A spectrograph designed by Anderson for observations of the flash spec-

trum was used by him at the Sumatra Eclipse of January 14. Although

clouds prevented satisfactory photographs, sufficient lines appeared on the

negatives to prove that the optical method devised by him for greatly re-

ducing the effect of bad seeing was fully successful and can be employed to

excellent advantage in future observations.

St. John and Babcock have added greatly to their measures of solar spectrum

lines, especially in the red and infra-red portions of the spectrum. Standards

of wave-length, based on selected lines of atmospheric oxygen, have been

determined by Babcock with the interferometer and have been utilized by
St. John in the measurement of solar lines on photographs taken with grating

spectrographs.

The preliminary revision of Rowland's Table of Solar Spectrum wave-

lengths, which is being undertaken by St. John, should be of great value to

those engaged in spectroscopic investigations. In addition to wave-lengths

determined to a high degree of precision on the International System, the table

will contain many new data on the physical and astrophysical behavior of

the lines, their identifications, series relationships, degree of ionization and
energy-levels in the atom.

Numerous other solar investigations have been carried on during the year,

including a study of the solar rotation by St. John, an examination of the

wave-lengths of lines in the spectrum of integrated sunlight by Babcock, and
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several statistical researches on the relationship of sun-spot areas, polarities

and changes of size to strength of field and magnetic storms by Nicholson

and Miss Losh.

Observations of the radiation of the planet Venus by Pettit and Nicholson

with the thermocouple confirm their previous conclusions that there is little

difference of temperature in the radiating surface before sunrise and after

sunset on the planet. Their results are in agreement with the view that the

radiating surface consists of clouds in the isothermal layer of the planet's

atmosphere. Pettit has also measured the radiation from the moon and
has derived a color index of 0.92 from his results.

Babcock has confirmed his previous value for the wave-length of the green

auroral line and is now engaged in studying its structure and intensity.

Observations of the brightness of the night sky are being carried on as a part

of a cooperative plan initiated by Lord Rayleigh.

The direct photography of nebulae has been continued by Hubble, Humason
and Dr. Duncan, partly for classification purposes and partly for the detailed

study of interesting objects. From a comparison of two photographs of the

Net Work Nebula in Cygnus taken 15 years apart, Hubble finds an expansion

at the rate of about 10" a century. Hubble has completed the determination

of the distances of the irregular nebula N. G. C. 6822 and the spiral Messier

33 with results of 700,000 and 870,000 light-years, respectively. He also

has made a statistical study of non-galactic nebulae, based on a classification

according to forms of images. These nebulae present a smooth sequence of

forms ranging from globular through elliptical to closely wound spirals, and
finally to widely open spirals with arms resolved into stars. The surface

brightness varies from type to type, but for each type is constant. The
brightest stars in the spirals and the nuclei represent a constant fraction of

the total luminosity. The data suggest an evolutional sequence of objects

of the same general order of luminosity, uniformly distributed throughout

space, and having an average mass about 300,000,000 times that of the sun.

In the field of stellar investigations van Maanen has completed trigo-

nometric measures of parallax for a number of interesting stars, including

Cepheid variables and stars of large proper motion, and has commenced photo-

graphic observations of double-star positions with most promising results.

Photometric investigations by Dr. Schilt have resulted in the discovery of

several new variable stars, including two of the W Ursae Majoris type.

Thermopile measures have been used to determine the light-period of these

stars.

A statistical examination of the distribution of different magnitudes with

reference to the Milky Way has been made by Seares and Miss Joyner, based

on the material of the Mount Wilson Catalogue of the Selected Areas and other

available data. The results show systematic irregularities due to the dis-

placement of the sun from the center of the galactic system, the northern hemi-

sphere having less stars and the southern hemisphere more stars than the

mean. The systems of stars defined by different limits of magnitude are not

concentric, but with reference to the universe of stars of about the seventeenth

magnitude the sun lies very nearly in the galactic plane and distant about

4,000 light-years from its center.

Radial velocity investigations of the year have included determinations

for a large number of stars, among them numerous dwarf stars of high velocity,

by Adams and Joy; the derivation of the orbits of four interesting spectro-
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scopic binaries, including the ninth-magnitude companion of Castor which
shows double bright lines, by Sanford and Joy; measures of stars in the
Selected Areas by M. L. Humason and of red stars by Merrill; and an exam-
ination by Stromberg of the accuracy to be obtained in the measurement of

radial velocities from objective prism spectra taken with absorption screens

which has yielded promising results.

Physical studies of stellar spectra have included investigations by Merrill

of M, N, S and B-type stars, by Joy of the spectrum of o Ceti, and by
Sanford of certain N-type stars. Merrill has made a discussion of the be-

havior of lines with reference to the atomic energy levels of their origin, and
has examined the spectral changes of variable stars with variation in light.

A number of spectra has been found, among them the well-known variable

X Cygni, in which zirconium and titanium oxide bands are present simul-

taneously. Changes of a remarkable character have been observed in the

spectrum of the Be star H. D. 161114, and 15 new B-type stars with bright

lines have been discovered by Merrill, M. L. Humason and Miss Burwell.

Sanford has detected two unidentified bands with heads at A4868 and X4979
in the spectra of 16 N-type stars examined by him.

Through the aid of curves made with the microphotometer, Joy has found
that the light-variation of o Ceti amounting to 5.5 magnitudes may be ac-

counted for by the radiometric range in combination with the change in

intensity of the titanium oxide bands. Several new bands have been observed

in the violet part of the spectrum. With an absolute magnitude of —0.3,

derived by the spectroscopic method, and a measured angular diameter of

0''056, the linear diameter is found to be 490,000,000 km., and the surface

brightness 7.5 magnitudes fainter than that of the sun. For an assumed mass
five times that of the sun the mean density is 1.1 X10-7

, and the surface

gravity 4X10~ 5 of the corresponding values for the sun.

New determinations of absolute magnitude and parallax have been made
for many stars by Adams, Joy and M. L. Humason, and additional lines have
been studied and included among those already used. Especial consideration

has been given to stars of the M type, and a list of over 400 stars, 100 of which
are dwarfs, has been completed. The results show in a very marked way the

division into giants and dwarfs : the average absolute magnitude of the giants

is about —0.2, with 28 stars brighter than —1.0. These very bright stars

show a marked galactic concentration. Among the dwarfs numerous stars are

found to have large parallaxes, the values exceeding 0''1 in nine cases for which

no trigonometric measures are known.

Further stellar investigations have included measurements of stellar

diameters by Pease, who has confirmed his previous values for Antares and

/3 Pegasi but finds a change in the diameter of Betelgeuse similar to that

observed in 1922; radiometric observations of stellar energy by Pettit and
Nicholson; further studies of the asymmetry in stellar motions by Stromberg,

who finds the effect to exist even among stars of moderate velocity; and the

classification of the spectra of faint stars in the Selected Areas by M. L.

Humason.
The use of the high-current arc by King in the physical laboratory has

provided most valuable data for the classification of spectral lines according

to widening and change of wave-length in this source of high excitation.

About 3,000 lines in the spectra of chromium, cobalt, iron, manganese and
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nickel have been classified in this way by Miss Moore. King has also com-

menced work with the high-current arc in a partial vacuum, and has obtained

spectra which consist mainly of lines due to the ionized atom. In titanium,

lines due to the second stage of ionization have been recognized by Russell.

Anderson and Smith have continued the investigation of the spectra of wire

explosions and of the phenomena which occur at the time of explosion. A new
10 micro-farad condenser has been completed for use in this work, and new
methods have been devised for securing photographs with exposure times of a

few millionths of a second or less, and for studying the absorption coefficients

of the metallic vapors by means of the rotating mirror spectrograph.

Measurements of standards of wave-length in the specified iron arc have

been completed by Babcock for the region X3400-X6600 and are being prepared

for publication. The degree of accuracy attained is very satisfactory, the

uncertainty for most lines averaging about 0.001 A. The differences between

the new system and that adopted in 1922 have been calculated and are very

slight except in the red portion of the spectrum.

The most complete analysis of a complex spectrum which has yet been

made has been completed recently by Dr. Russell in the case of titanium.

More than 1,900 lines have been classified, 1,400 of which belong to the arc

spectrum, 500 to the ordinary spark spectrum, and 27 to that of the doubly

ionized atom. A comparison of the systems of terms found in the various

spectra with those predicted by Hund's theory shows very striking agreement.

From the limits toward which the 12 series discovered in the arc spectrum

and two in the spark spectrum converge, Dr. Russell finds a principal ioniza-

tion potential of 6.80 volts for the neutral atom, and 13.6 volts for the ionized

atom. This is the first time that the ionization potential has been deter-

mined for a complex spark spectrum.

In connection with his measurement of ultra-violet solar radiation Pettit

has made a laboratory investigation of the absorption properties of ozone and
water vapor. The constants of absorption of ozone in the region X3100-X3300

have been measured, together with the bolometric intensities of the lines in the

ozone bands as compared with the background.

Dr. Michelson has completed two series of measurements of the velocity of

light on the 22-mile base-line between Mount Wilson and San Antonio Peak,

each series consisting of 15 sets of observations. Two revolving mirrors have

been used, one of 12 and the other of 16 sides, with speeds of 352 and 264

revolutions a second. The results found are remarkably accordant, the mean
value, still to be regarded as provisional, being 299800 ±14 km/sec. in vacuo.

This important investigation will be continued on a base-line between Mount
Wilson and Mount San Jacinto, giving a distance about four times as great as

at present.

OBSERVING CONDITIONS

The observing conditions for the year July 1, 1925, to June 30, 1926, were

distinctly below the average of those for past years. Although the earlier

months of the winter season were characterized by light precipitation, there

was considerable cloudiness and a prevalence of north winds from the direc-

tion of the Mojave desert which invariably produce poor seeing. Later in

the season there was very heavy precipitation, a single storm in April giving

a rainfall of 15.02 inches. The total precipitation for the year was 36.26

inches, as compared with a 22-year mean of 32.96 inches. The total snowfall



110 CARNEGIE INSTITUTION OF WASHINGTON

was extremely light, amounting to only 7.5 inches. The highest recorded

temperature was 99° and the lowest 22° F. An extensive forest fire to the west-

ward of Mount Wilson in August interfered to some extent with observations

at that time. In accordance with the practice inaugurated during the previous

year, special data on relative humidity, temperature, and wind velocity have
been furnished to the United States Forest Service. These are in addition to

the regular daily weather reports.

The following table taken from the records maintained in connection with

the 60-inch reflector gives a summary of the observations.

Month.
Hours of

darkness.

Hours of

observation.

No
observations.

Nights of observation.

All night. Part of night. None.

1925
July 255

269
295
336
330
346

346
308
324
286
266
230

211
204
221
171
164
93

133
127
137
122
183
198

44
65
74
165
166
253

213
181

187
164
83
32

27
26
22
13

13

6

10

8
10

9
19

18

2

5

3

8
7
19

9

9
11

6
8

11

2

5

10

10

6

12

11

10

15

4
1

September

November
December

1926
January
February
March
April

May

Totals 3591 1964 1627 181 98 86

Mean 14 years. 2225 1366 189 94 82

The 60-inch reflector has been made available for observations by the

public on Friday evenings throughout the year. Nearly 4,000 visitors have
used the instrument on these occasions, including many students from high

schools and colleges and the representatives of a considerable number of

technical societies.

SOLAR RESEARCH

The year has been marked by a general increase in sun-spot activity and
in the number of prominences and eruptive phenomena. Observations of the

number and areas of sun-spot groups and of the polarities of the individual

spots have been continued regularly, and, in the case of a few large spots,

spectra have been obtained in the red region beyond the limits of previous

photographs. Of especial interest in connection with the increase of solar

activity is the development by Hale of the visual method of observing with

the aid of the spectrohelioscope. This instrument makes it possible to

observe changing solar phenomena continuously, and to secure accurate

measures of the changes and motions which take place in active areas.

SOLAR PHOTOGRAPHY

Direct photographs of the sun have been obtained on 301 days with the

60-foot tower telescope by Ellerman, L. H. Humason, Nicholson and Pettit.

Photographs with the spectroheliograph have been made as follows:
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Spectroheliograms of 6.5-inch image with 5-foot spectroheliograph, 124 on 124 days.

Spectroheliograms of 2-inch image with 13-foot spectroheliograph, including photo-

graphs of whole sim, spot groups and prominences in K and Ha light, 965 on 285

days.

As in past years, reports have been sent monthly to the Kodaikanal Obser-

vatory regarding the days on which spectroheliograms have been obtained.

A special series of negatives taken for the purpose has been furnished for the

dates requested.

SUN-SPOT ACTIVITY

Since the minimum of 1923 the number of sun-spots has increased very

rapidly, reaching a total of 299 for the year 1925. This is an increase of 212

groups over the year 1924, and since the maximum activity will probably

not occur until 1927, an exceptionally active cycle seems to be developing.

The largest number of groups yet observed on any day in this cycle was 16

on December 21, 1925, a number which was exceeded in the last cycle only

in the year of maximum.
The northern hemisphere has continued the more active, 183 groups having

appeared north and 116 south of the equator. All of the groups observed in

1925 belonged to the new cycle. Their mean latitude was 21 ?4 in the north-

ern and 21 ?6 in the southern hemisphere. Solar observations were made on
313 days during 1925, on 18 of which no spots were seen. The average

number of groups observed daily in each month was as follows:

Month.

Daily number.

Month.

Daily number.

1924 1925 1924 1925

January
February
March

0.0
0.4
0.4
0.6
1.8
1.7
2.5

1.0
2.5
2.4
4.0
3.7
3.8
4.0

1.9
2.0
2.0
1.6
1.3

3.6
7.1

7.3
4.2
8.6

October

Yearly average .

.

April

May

1.4 4.4

With the completion of a sun-spot cycle, statistical studies of the behavior

of spots in relation to their polarities, latitudes, motions and growth have
been undertaken. The short-period variation in sun-spot activity, with a
period ranging from 6 months to a year, and averaging 9 months for the last

two cycles, has been especially prominent during the last cycle.

The combined tidal action of the planets on the sun has been investigated

by Miss Losh to see whether any connection with sun-spot activity could be
discovered. The results are entirely negative.

SUN-SPOT POLARITIES

The daily determination of the polarities and intensities of the magnetic
fields of each sun-spot group has been continued regularly by the solar ob-

servers. The following table summarizes the results of the observations of all

spots for which the polarities have been classified. In the present cycle the

polarities of preceding spots in the northern hemisphere are tabulated as

regular if they are S (south-seeking) or negative, while groups in the southern
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hemisphere are regular if they have opposite polarities, that is, N for the pre-

ceding and S for the following members:

Hemisphere.

Polarity.

Regular. Irregular.

North 139
92

231

6

4

10
South
Whole Sun

A summary of the magnetic observations of sun-spots, including the classi-

fication of all spot groups according to their magnetic fields, has been prepared

by Nicholson and Miss Losh and printed every two months in the Publica-

tions of the Astronomical Society of the Pacific as in past years.

The preparation for publication of the daily drawings of sun-spot polarities

and field-strengths made with the 150-foot tower telescope from 1917 to 1925

has been continued during the year by Nicholson and Miss Losh; 824 of these

cuts are ready for the printer.

The relation between the size of sun-spots and the strength of their magnetic

fields has been studied. For spots with radii between 5,000 and 13,000 km.
the relation is a linear one, the field-strength at the center of the umbrae
varying from 1,000 to 2,500 gausses. For larger spots the field strength does

not increase in proportion to the increase in the size of the spots.

THE SPECTROHELIOSCOPE

After the detection of the Ha vortices on Mount Wilson in 1908, the

spectroheliographs were used for a variety of purposes, in addition to the

routine work. Successive photographs of the hydrogen flocculi surrounding

large spot groups sometimes recorded interesting changes, like the remarkable

phenomenon of June 3, 1908, when a large hydrogen flocculus was suddenly

drawn into the vortex surrounding a spot. But in the great majority of

cases the changes in structure between exposures were slight and, when present,

their interpretation often proved difficult. The reason and the remedy for

this condition of things have now been found through Hale's development and
use of the spectrohelioscope.

This instrument, which consists of a spectroscope with a pair of rapidly

oscillating slits, one of which constantly moves with the Ha line, permits

the phenomena of the hydrogen atmosphere of the sun to be clearly seen in

projection against the photosphere. The aluminum disk which carries the

slits at opposite ends of a diameter is mounted on a vertical bearing attached

to the heavy casting that forms the upper end of the 75-foot spectrograph.

As this disk oscillates (by means of an electric motor) the first slit moves
rapidly back and forth across a part of the 2-inch solar image, while the hydro-

gen line Ha, in the bright first-order spectrum of an excellent plane grating,

ruled by Jacomini with 600 lines to the millimeter, moves with the second

slit alternately toward the red and violet. The spectroscope ordinarily

used with the oscillating slits is a reflecting one of 13-feet focal length,

provided with 6-inch collimating and image-forming mirrors, and con-

taining this grating. When higher dispersion is needed, as in work with
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lines narrower than Ha, the full focal length of the 75-foot spectrograph may
be employed. A simple device permits the Ha line to be moved across the

slit while work is in progress, thus enabling the observer to see the sun's

disk with light from the center or from the red or violet wings of the line.

In this way objects moving rapidly in the line of sight, and thus displacing

Ha, can be instantly brought into view by a quick adjustment. Moreover,

by observing simple precautions, their approximate radial velocities can usually

be determined. When these are too small to distort Ha perceptibly, the spec-

trohelioscope provides the only means of measuring them.

Phenomena rarely or never recorded by the spectroheliograph are now
frequently seen. Thus the sudden engulfment of a large hydrogen flocculus

by a vortex, registered but once among thousands of photographs covering a

period of 18 years, has been observed twice by Hale within a month. More-
over, the radial velocity of the inrushing hydrogen could also be measured.

Other phenomena, hitherto frequently confused with the vortex structure,

have also been repeatedly seen and easily interpreted. These are the bright

jets which frequently shoot upward near active spots, change into dark ab-

sorbing masses at higher levels, and move in arched trajectories, descending

rapidly toward the surface at some distance from the source. Such outbursts

are short-lived, and may not occur for days or weeks, though sometimes the

jets and arches follow each other at short intervals.

With the spectroheliograph one works blindly, usually without knowledge
of critical moments or even of the general course of events. Moreover, the

high radial velocities which often characterize sudden changes may throw the

line off the second slit, and thus the most interesting structure may not be

recorded. To the observer at the spectrohelioscope, moving the line back and
forth across the slit, radial motion serves to explain the phenomena, without

interfering with their visibility. The new instrument thus promises to be of

great service, not only as a guide to workers with the spectroheliograph, but

in detecting brief outbursts, particularly such eruptions as may give rise to

terrestrial auroras and magnetic storms.

A pair of oscillating slits for use with the 13-foot spectroheliograph on
Mount Wilson will soon permit its quick transformation into a spectro-

helioscope. With this aid it is probable that the solar observing program can

be very materially improved.

WAVE-LENGTHS OF LINES IN THE SOLAR SPECTRUM

The measurement of solar wave-lengths on the International system has

been continued throughout the year by St. John and Babcock, especial con-

sideration being given to the red and infra-red portions of the spectrum.

This has required interferometer measures of standards in the infra-red by
Babcock, which have then been employed by St. John in the determination

of the wave-lengths of the intermediate lines from high-dispersion grating

spectrograms. The recent commercial production of photographic plates

sensitized with neocyanin has facilitated greatly the work in this region.

For his measurements with the interferometer of wave-lengths in the infra-

red from X6900 to X8800, Babcock has used integrated sunlight as a source,

and selected lines of oxygen produced by atmospheric absorption as standards.

The wave-lengths of these lines have been determined with high precision by
comparison with neon standards, and they have the marked advantage, like
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the lines of water-vapor, of appearing automatically on the photographs of

the solar spectrum under instrumental conditions identical with those for the

solar lines. Much previous work has shown that their wave-lengths are

constant within the limits of observational error, and measurements of addi-

tional lines should help to compensate for the lack of reliable standards in

the infra-red region of the spectrum of the iron arc. These accurate deter-

minations of the wave-lengths of the lines in the band spectrum of oxygen
are also providing improved data for analytical studies of the structure of

oxygen molecules.

The exposure time on neocyanin plates of integrated sunlight taken through
the interferometer and an auxiliary spectrograph giving a dispersion of 5 A
to the millimeter is about 15 minutes for spectra measurable as far as X8800.

The observations can doubtless be extended to X9000 without serious difficulty.

PRELIMINARY REVISION OF ROWLAND'S TABLE OP SOLAR SPECTRUM WAVE-LENGTHS

The preliminary revision of Rowland's Table, which is being prepared by
St. John, will contain the wave-lengths of the lines on the International

system and, as far as possible, their intensities in sun-spot spectra, tempera-

ture and pressure classifications, excitation potentials, degree of ionization and
their origin, revised according to modern data. It is planned to collect as

wide a variety of material as the limits of space will permit. The wave-
lengths are being determined by the aid of reduction curves drawn on a large

scale and based on the great number of lines for which direct measurements of

wave-length on the International system are now available. Much of the

work of conversion and tabulation of the wave-lengths has been carried on by
E. F. Adams, while Miss Moore has given her entire time since the beginning

of the year to the preparation of material involving studies of series relation-

ships, excitation potentials, identification of lines according to origin, and the

pressure classification as derived from spectra taken with the high-current arc.

THE SPECTRUM OF INTEGRATED SUNLIGHT

During recent months a new comparison has been made by Babcock
between the wave-lengths obtained from integrated sunlight and from the

center of the sun's disk. Several methods of integration have been used

which are found to yield accordant results. From ultra-violet to blue, no
difference in wave-length is found, while in the red there appears to be a slight

excess in the wave-lengths derived from integrated sunlight. A computation,

based on the best data available for darkening at the sun's limb and for

change of wave-length from center to limb of the sun's disk, shows that in

the violet no difference greater than 0.001 A is to be expected, while in the

red, integrated light should be of longer wave-length by about 0.0014 A. Since

reliable data for darkening and for limb-displacement in the infra-red are

lacking, a similar calculation for this region has not been made; but measure-

ments are now in progress which it is hoped will make certain the amount of

the difference. The divergence noted above for the visual region is so small

that for many purposes it may be neglected.

SOLAR ROTATION

Spectroscopic observations of the rotation of the sun have been continued

by St. John with the assistance of Miss Ware. The principal portion of the

investigation for some years to come will consist of a determination of the
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rotation period at the equator and at an intermediate latitude for purposes

of comparison with the 22-year sun-spot period.

ULTRA-VIOLET SOLAR RADIATION

Daily observations with the ultra-violet solar radiometer were begun by
Pettit in June 1925, and have been continued as a part of the regular solar

program. This automatic apparatus records a comparison of the solar

radiation transmitted by a silver film (X = 3180 to 3300 A) with that trans-

mitted by a gold film (X = 4780 to 5000 A) at intervals of four minutes through-

out the day. The ratios of the ultra-violet to the green light can then be

extrapolated to the corresponding values outside the atmosphere. The
quarterly averages for the past two years are given in the following table

:

Quarter
ending.

Ratio ultra-

violet to green.

Number
sun-spot

groups

.

1924.... June 30 1.37 1.7

Sept. 30 1.52 2.1

1925.... June 30 1.84 3.8
Sept. 30 1.82 4.9
Dec. 31 2.04 6.5

1926 Mar. 31 1.92 5.1
June 30 1.79 5.0

This shows a general correspondence between the increase in the ultra-

violet light and solar activity as indicated by sun-spot numbers. A sharp

decrease in ultra-violet radiation was observed in August and November
1925, and in March and April 1926. No seasonal effect has thus far been

observed.

The effects of atmospheric ozone upon the measurements of ultra-violet

radiation have been tested by placing a tube containing different amounts of

ozone in the light-path of the ultra-violet radiometer. This shows that if all the

atmospheric ozone were eliminated, the ratio of ultra-violet to green light

would be increased only about 3 per cent; or, if the amount of ozone were
increased 100 per cent, the ratio would be diminished only 5 per cent. These
values are of the same order as those obtained by computation from the

constants of transmission of silver and ozone obtained in the laboratory.

The effects of tarnish upon the transmission of silver films was tested on a

thinly silvered quartz plate. The results showed a decrease in transmission

when tarnish was present.

A new instrument similar to that used on Mount Wilson has been designed

and is being constructed by Henson and Gaertner for the Desert Sanitorium at

Tucson, Arizona. The observational data from this apparatus will furnish a

valuable check on those obtained at Mount Wilson.

An apparatus for measuring the contrast between limb and center of the

sun in ultra-violet and green light is being constructed. It is hoped that this

will throw additional light on the origin of the variations found in ultra-

violet solar radiation.

A SPECTROGRAPH FOR ECLIPSE OBSERVATIONS

On the invitation of the U. S. Naval Observatory, Anderson joined its

expedition to Sumatra for the purpose of making spectroscopic observations
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at the total eclipse of the sun on January 14, 1926. The equipment included

three spectrographs designed by Anderson and constructed in our instrument

shop, one of which differs in an important respect from instruments previously

employed at eclipses.

It has been customary to use a concave grating as an objective; that is, the

parallel light from the eclipsed sun falls directly on the grating which then

forms a spectrum of the solar crescents on a curved film or plate. No slit is

used because theoretically the crescents are exceedingly narrow, their apparent

width being due simply to atmospheric disturbances known as bad seeing.

Experience has shown that for focal lengths up to about 5 feet the effect due
to seeing is not great, but that for a focal length of 10 or 12 feet it becomes
very serious indeed. In fact, spectra secured with gratings of 11-feet focus

show no more detail than these made on a much smaller scale.

In order to reduce the bad effects of seeing, it was planned to form an image
of the eclipsed sun by means of a mirror of relatively short focal length. The
light from this image is rendered parallel before it falls upon the grating by
means of a mirror having the same radius of curvature. The result is that, as

seen from the grating, the sun's image subtends an angle which is smaller than

that of the real sun in the ratio of the focal length of the image-forming

mirror to that of the grating. The important feature is that the width of the

crescents due to seeing is reduced in exactly the same ratio, while the dispersion

is not changed.

On January 14, at Kepahiang, Sumatra, clouds interfered with the obser-

vations so that only partial results were obtained. The sun was seen rather

faintly through clouds for two or three seconds during the fourth exposure

with the large instrument, and on this film the crescents of H, K, and a few

of the hydrogen lines show plainly. An interesting feature is that the cres-

cents due to He and H, which usually touch each other or even overlap

slightly on eclipse spectrograms taken with objective gratings or prisms, are

here separated by a space at least as wide as H. Also, both H and K, as well

as the strong hydrogen lines, show a width and structure indicating that they

are reversed. These wide reversals are best shown on photographs made by
Adams in his studies of the chromosphere and flash spectrum without an
eclipse.

Although clouds prevented the observers from obtaining the results to be

expected from this apparatus, it is important to know that the method is

successful in actual practice and that it can be used to such good advantage at

future eclipses.

REFLECTING POWER OF STAINLESS STEEL MIRRORS

Two 6-inch steel mirrors of cobalt alloy have been tested by Pettit for

reflecting power throughout the photographic and visual regions of the

spectrum at intervals of one year. No change has been noted, although the

mirrors have not been repolished since they were figured two years ago. The
reflecting power is 65 per cent and is practically constant from X3200 to

X6800. The focal changes due to temperature are about half of those of pyrex

glass, and about equal to those of speculum metal.

PLANETARY AND RELATED INVESTIGATIONS

RADIOMETRIC OBSERVATIONS OF VENUS

The radiation from the dark hemisphere of Venus was again measured by
Pettit and Nicholson before and after inferior conjunction. While the
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observing conditions were not so good as those prevailing at the conjunction

of 1924 they confirm the conclusions derived at that time, that there is little

difference in the temperature of the radiating surface before sunrise and after

sunset on the planet. The temperature of the radiating surface appears to be

the same around the circumference of the planet, but decreases somewhat
toward the poles. This is in agreement with what we might expect if the

surface were formed of clouds in the isothermal layer of the planet's atmos-

phere.
DIRECT PHOTOGRAPHY OF THE MOON

Photographs of the moon were made by Pease during August and September

1925, through color filters of various types. The negatives in many cases

showed superior contrast and definition over those taken without screens.

Copies of our best lunar photographs have been supplied to the members of

the Committee on the Moon's Surface for use in detailed studies of its features.

In addition, contact prints from 223 negatives have been sent to Dr. F. E.

Wright, a member of this Committee, at the Geophysical Laboratory at

Washington, for purposes of direct measurement.

ENERGY CURVE OF THE LUNAR SPECTRUM

The coefficients of proportionality of the solar to the lunar spectrum

through a wide range of wave-length have been measured by Pettit. The
spectrograph employed was designed originally for the determination of

similar relations in the spectrum of the corona. The results show that for

integrated light the ratio of lunar to solar light varies from 1.0 at X4000 to

1.52 at X6300, the variation with wave-length being nearly linear. The
color index of the moon derived from these ratios and the known color index

of dwarf stars of the solar type is 0.92 as compared with a value of 1.2 obtained

by direct methods.
THE GREEN AURORAL LINE

A few observations of this line have been made by Babcock, chiefly to

afford an independent test of the wave-length formerly obtained. A fourth

interferometer, incommensurable with the three previously used, and shorter

than any of them, gave a wave-length accordant with the published value.

This leaves no doubt that the result is affected only by the errors of observa-

tion and is free from uncertainty arising from imperfect knowledge of the

approximate wave-length. It is doubtful whether further refinement of the

wave-length is justified at present; but study of the structure and intensity

of the line is needed. A large glass etalon has been constructed by Dalton,

having a thickness of 37 mm. and a useful aperture of 65 mm. This will

afford a marked increase of resolving power, which can probably be utilized

during the coming months when greater brightness of the non-polar auroral

light is to be expected because of increased solar activity. Visual measure-

ments of the brightness of the night sky have been made during the year

in collaboration with Lord Rayleigh. Observations were begun in Pasadena,

but increase of scattered artificial light has made it necessary to continue

them on Mount Wilson. Lewis Humason, assisted occasionally by others,

has observed on as many moonless nights as possible, and during most of the

year Professor F. P. Brackett has made similar measures at Claremont. This

work is part of a comprehensive program, including widely scattered stations,

for the purpose of correlating variations in the brightness and color of the

night sky with possible causes such as solar activity.
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THE NINTH SATELLITE OF JUPITER

Nicholson and Miss Losh have calculated the perturbations of the Ninth
Satellite of Jupiter and have published an ephemeris for the opposition of

1926.

RESEARCHES ON NEBULAE
DIRECT PHOTOGRAPHY

Investigations involving the direct photography of nebulae have been
carried on by Hubble, Humason and Dr. Duncan. The classification of

nebulae by Hubble and his statistical studies of non-galactic nebulae have
required photographs of a wide variety of objects ranging from globular

nebulae to fully developed spirals. The method of extra-focal images is

being utilized for the determination of the total photographic magnitudes
of many of these nebulae.

As a result of the comparison of two photographs, made 15 years apart,

of the Net Work Nebula in Cygnus, in which N. G. C. 6960 and 6990 form
opposite segments of the great loop, Hubble finds an expansion of the diam-
eter of the nebula at the rate of about 10" a century.

Photographs with the 100-inch telescope have been made by Humason of

the spiral nebulae M 31, 51, 63, 94 and 101, and of the globular clusters M 31

and 15. These form a portion of the program for the repetition of the pho-

tography of these important objects at considerable intervals in connection

with investigations of possible changes of form or internal structure.

Dr. Duncan has secured about 70 photographs of a variety of objects with

the two large reflectors. Among these are M 11, 13, 16 and 33; N. G. C.

6888, 6960, 7562 and 7727; the nebulosity west of N. G. C. 7000 and that

following 7 Cygni. The last two were found to consist of remarkable com-
binations of luminous and dark nebulae. In each region a new nebulous

star of late B-type spectrum was found. Photographs of Nova Aquilae No. 3

obtained in May 1926 showed a nebulous disk about 12" across. This is

about the size to be expected if the expansion has continued at the rate

actually observed during the first three years after the outburst.

DISTANCES OF INDIVIDUAL NEBULAE

Investigations by Hubble of the irregular nebula N. G. C. 6822 and the

late-type spiral M 33 have been completed and published. The final values

of the distances are:

N. G. C. 6822 2.14 X 105 parsecs

M 33 2.63 X 105 parsecs

The exact values depend upon the revised period-luminosity relationship,

but the order of the distances is confirmed by the independent evidence of

novae, blue giants involved in diffuse emission-nebulosity and the luminosity

functions of the brighter stars.

Both nebulae are systems of stars and nebulosity comparable with the

Magellanic Clouds and, in a general way, with the galactic system itself. The
brighter stars in M 33 appear to be blue.

STATISTICAL STUDIES OF NON-GALACTIC NEBULAE

A statistical study has been made by Hubble of 400 non-galactic nebula

in the northern sky, for which Holetschek has determined total visual magni-

tudes. The list is complete for the brighter objects and representative to

about 12.5. A classification, mentioned in the Annual Report for 1923, based
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on the forms of images, has been devised in which, except for the 3 per cent

of irregular nebulae, the objects fall into a progressive sequence ranging from

globular masses of unresolved nebulosity, through flattened lenticular forms

and closely wound spirals to widely open spirals whose arms are swarming

with stars.

The various types are similar in spectra, apparent magnitude, and distribu-

tion over the sky. At each stage in the sequence, diameters and total ap-

parent magnitudes are related by the formula mT=C— 5 log d. The con-

stant C, expressing the magnitude for a given diameter, or the diameter for a

given magnitude, increases smoothly throughout the sequence. When the

values of C are reduced to that for a given type, a single formula represents

all the nebulae from the Magellanic Clouds to the faintest that can be classi-

fied with the 100-inch reflector. Nuclear magnitudes as measured by Hop-
mann lead to the same results. It appears that the nuclei, in a given type,

possess a constant fraction of the total luminosities.

The numbers of nebulae over the entire sky to various limits vary inversely

as the 3/2 power of the limiting luminosity, as would be expected on the

hypothesis of objects uniformly distributed in space. The magnitude dif-

ferences between the entire nebulae and the brightest stars involved show a

moderate dispersion about a mean value of about 9.0 and, among the known
isolated systems, the brightest stars have a fairly constant absolute lumin-

osity.

These results lead to a consistent picture of extra-galactic space as inhabited

by systems of the same general order of total luminosity, whose structural

forms fall into a progressive series suggesting an evolutional sequence. The
hypothesis assumes that the larger nebulae are representative objects, and
these furnish a mean visual absolute magnitude of — 15.2. The statistical

expression for the distance in parsecs is then log D = 4.04-f-0.2mx where mx
is the visual apparent magnitude. Mean dimensions at various stages in

the sequence are readily derived, major diameters ranging from 350 to about

3,000 parsecs. M 31 and its companion M 32 appear to represent the extreme

ranges actually observed.

The order of the mean mass, derived from spectrographic rotations and
coefficients of emission, is about 3 X 108

, which leads to a density of space of

the order of 2X10-31
in c. g. s. units. This is a lower limit, for scattered

material between the systems is disregarded. The corresponding radius of

curvature of Einstein's spherical space is of the order of 3X 1010 parsecs, or

about 600 times the distance at which normal nebulae could be detected with

the 100-inch reflector. No evidence has been found for any appreciable ab-

sorption in extra-galactic space.

NEBULAR SPECTROSCOPY

Hubble has continued spectroscopic studies of some of the irregular and
spiral nebulae with an objective prism, or slitless spectrograph, to determine

the areas showing emission and absorption spectra, respectively. These
observations have a direct bearing on the classification of nebulae.

A spectrogram of N. G. C. 221, the companion of the Andromeda Nebula,

taken by Sanford with the Cassegrain spectrograph, showed a radial

velocity of —265 km/sec. This compares with a value of —300 km/sec.
obtained by Slipher. A small spectrograph of low dispersion was used by
Sanford in photographing the spectrum of N. G. C. 6960. About 12 bright
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lines were identified, and the radial velocity was found to be — 18 km/sec.
A value of about + 100 km/sec. was obtained several years ago for N. G. C.

6992, which forms the segment of the Net Work Nebula in Cygnus opposite

to N. G. C. 6960.

RESEARCHES ON STARS

TRIGONOMETRIC PARALLAXES AND PROPER MOTIONS

In continuation of his work, van Maanen has made 137 photographs with
231 exposures at the primary focus of the 100-inch reflector, and 189 photo-

graphs with 668 exposures at the 80-foot focus of the 60-inch reflector. The
latter include several plates with numerous exposures on selected double stars.

Parallaxes have been obtained from 13 fields. The stars Boss 936 and
Lalande 15565, which were placed on the observing program because of

discordances in previous determinations, yield values of +0''044 and
+0'f061, respectively. A parallax of 0''000 is found for the late A-type star

A. G. Berlin 1366, in good agreement with other determinations. The star

has a considerable proper motion and must therefore have a high velocity in

space. Parallaxes of — 0''003 and +0''013 have been derived for the Cepheid
variables PS Bootis and Y Sagittarii, and +0''002 for the eclipsing variable

BJJ Coronae.

Three of the faint stars discovered by Wolf to have large proper motions
have been measured for parallax. The proper motions, parallaxes and
apparent and absolute magnitudes are as follows

:

ix ir m M
Wolf 110 2M3 +0':042=t0'f005 13.2 11.3

437 1.03 +0.108±0.003 12.2 12.4
1056 1.69 +0.078±0.008 12.9 12.4

The spectrum of Wolf 1056 is given by Luyten as A3, and it is therefore an
additional star of the white dwarf class.

At the request of the Chairman of the Parallax Committee of the Inter-

national Astronomical Union, a list of objects suitable for an investigation of

systematic errors in trigonometric parallaxes has been compiled by van
Maanen.

MOTIONS IN GLOBULAR STAR CLUSTERS

In the last annual report reference was made to the results of the measures

by van Maanen of the motions in the globular cluster M 13. Two other

clusters, M 56 and M 2, have been investigated during the past year. In the

case of M56 two pairs of photographs with intervals of 9 and 11 years have

been measured and, in that ofM 2, one pair with an interval of 11 years. The
results agree with those for M 13 in showing that the proper motions of the

clusters as a whole are very small, and the internal motions negligible. These

photographs were taken at the 80-foot focus of the 60-inch telescope and similar

negatives will be obtained at the primary 25-foot focus in order to allow a

comparison of results.

PHOTOGRAPHIC MEASUREMENTS OF DOUBLE STARS

A number of photographs of double stars have been made by van Maanen
with the object of learning what degree of accuracy can be secured in

measurements of position. Double stars were selected with distances ranging

from 3" to 8" and differences of magnitude not exceeding 0.6. From 22
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to 38 exposures were made on each plate with exposure times ranging from

2 to 3 seconds. On each plate a star trail was added to give the east-west

direction. The measurements were made in right ascension and declination,

and the results have proved to be most satisfactory, the probable errors in the

separations not exceeding ^C'OOe, and in the position angles, for average

separations, only a few minutes of arc.

STELLAR PHOTOMETRY

Dr. Schilt has obtained 108 photographs with the 10-inch Cooke refractor

centered on the region at +22h 30m ,
+53°, in a systematic search for variable

stars. A number of new variables have been found. The material is suf-

ficient to determine the periods of several of them. The light-curve of BD
+75°752, which is of the W Ursae Majoris type, has been determined from

thermopile measures of 106 plates taken with the same instrument. A number
of extra-focal exposures was also made on non-galactic nebulae to determine

their magnitudes; and 40 plates were taken with an objective prism and

coarse grating to determine the temperatures of stars.

At the 60-inch reflector Schilt has confirmed the variability of a number of

suspected variables in the Orion nebula, and in some cases finds an indication

of periodicity in the light changes. The short-period variable RV Canum
Venaticorum was observed intensively on four nights. The total of 98

plates should give a well-determined light-curve. Messier 3 was also re-

peatedly photographed on three nights for the purpose of testing the constancy

of the periods of variable stars. About 1,200 exposures, on 22 plates, were

made on 44i Bootis, another variable of the W Ursae Majoris type. These

have been measured and reduced. Schilt has also made a statistical investi-

gation of various characteristics of Cepheid variables.

It is of interest to note that both BD +75°752 and 44i Bootis were examined

for variability of light because of spectral peculiarities. Spectrograms by
Adams and Joy had shown the remarkably broad and diffuse lines which
appear to characterize the W Ursae Majoris type of variable.

Systematic Irregularities in the Distribution op Stars

The data used to determine the average distribution of the stars with respect

to magnitude and distance from the Milky Way have also been used by Seares

and Miss Joyner to derive the principal deviations from the adopted mean
distribution. A discussion of the Mount Wilson Catalogue of the Selected

Areas, the Harvard-Groningen Durchmusterung , and practically all the pub-
lished data for the Astrographic Zones reveals a large-scale systematic irregu-

larity which reflects the displacement of the sun from the center of the

galactic system.

The deviations of the observed from the mean densities were calculated for

magnitudes 9, 11, 13.5, 16 and 18. For the Harvard-Groningen Durchmus-
terung, however, which has been used only for declinations —30° to —90°,

it has been necessary to use the single limit 16.8, which is the limiting magni-
tude of this part of the catalogue. The fields for the Mount Wilson Catalogue

are approximately one-ninth of a square degree; those for the Durchmus-
terung are about one square degree, while the areas discussed for the Astro-

graphic Zones usually cover the full width of a 2° zone and an hour in right

ascension.
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For the most satisfactory results, the fields for the Selected Areas are too
small and too widely spaced, while those for the zones are too large. In
consequence, the deviations in one case are unduly influenced by local irregu-

larities, while in the other, rapid changes in density, especially in the Milky
Way and on the edges of obscured areas, are too much smoothed out.

During the reduction it was necessary to determine the systematic correc-

tion tq the mean distribution table for each zone of declination. The results,

which are given in the second and fifth columns of the accompanying table,

show that in the northern hemisphere the true distribution is less than the

mean and, in general, greater than the mean in the southern hemisphere, in

harmony with what has generally been accepted with regard to the greater

richness in southern declinations.

Dec. ALog N. Am. Dec. ALog N. Am.

+90° -0.26 +0.71 -15° -0.01 +0.03
+75 -0.12 +0.32 -30 +0.12 -0.34
+60 -0.12 +0.32 -45 +0.14 -0.38
+45 -0.01 +0.03 -60 +0.33 -0.88
+30 -0.06 +0.17 -75 +0.15 -0.41
+16 -0.08 +0.22 -90 -0.22 +0.60

-0.05 +0.14

North of declination —15° the tabular corrections are means for magni-

tudes 13, 14, 16 and 18; for the remaining declinations they refer to 16.8.

The change with magnitudes is less than the uncertainty; and, for a first

approximation, it has been assumed that the mean values are applicable to all

magnitudes. This assumption is admissible for magnitude 13.5, but for the

other limits of the Astrographic Zones, 9 and 11, respectively, the validity of

the corrections is must less certain.

The values of the deviations for each of the five magnitude limits were

entered on charts according to their respective co-ordinates and combined
graphically in such a way as to give curves of constant deviation from the

mean distribution; these show at a glance the principal irregularities.

Aside from such well-known features as the great richness of the Sagittarius-

Carnia-Crux region and the obscured areas in Taurus and Ophiuchus, the

most conspicuous irregularity affecting stars brighter than the sixteenth or

eighteenth magnitude is a general excess of density in the galactic hemisphere

between approximate longitudes 240° and 60° and a corresponding defect in

the opposite hemisphere. The brighter stars also show a general asymmetry,

but in a different longitude; in passing from the lower limit at magnitude 18

to the upper at 9, the limiting longitudes decrease some 50° or 60.°

The character of the asymmetry is well shown by plotting the deviations

throughout 360° of galactic longitude for 10° intervals of latitude. At 0°

latitude the maximum deviations in the logarithm of the number of stars per

square degree average approximately +0.3 and —0.3, and show little de-

pendence on magnitude. In the direction of highest density, therefore, the

average number of stars per unit area is about four times that in the dia-

metrically opposite direction. With increasing distance from the Milky

Way, both north and south, the amplitude of the curves decreases; but the

effect of the general asymmetry can be traced into high latitudes.



MOUNT WILSON OBSERVATORY 123

Position op the Solar System

The chief irregularities of stellar distribution not obviously connected

with obscuration can be accounted for by assuming the solar system to be dis-

placed parallel to the plane of the Milky Way, in the direction of approximate

longitude 150°, with respect to the center of the system defined by the stars

brighter than the seventeenth or eighteenth magnitude. The center of the

latter system therefore lies in the direction of longitude 330°. The distance

to the center, on the basis of Kapteyn and van Rhijn's values for the distribu-

tion of stellar density in the plane of the Milky Way, is of the order of 1,200

parsecs, which is small as compared with the dimensions of that part of the

galactic system under consideration. The direction of the center and its

shift toward smaller longitudes, as the limiting magnitude is diminished, is

in general agreement with results derived by other investigators from special

classes of stars or from other kinds of data.

The symmetry of the deviation curve for the same latitudes, north and
south, shows that the solar system is very near the galactic plane. In fact

the distance from the plane of symmetry defined by the faint stars seems to be

negligible. The mean of the differences in observed star density, log N for

northern galactic hemisphere minus log N for southern hemisphere, are shown
in the following table. The differences for the limiting magnitude 9, 11 and
13.5, together with the space densities of Kapteyn and van Rhijn, indicate

that the sun is some 30 or 40 parsecs north of the plane of symmetry defined

by the stars brighter than those limits. Here, as in the case of the changing

longitude of the center, the dependence on magnitude shows that the system
of stars defined by the brighter apparent magnitudes is not concentric with

that of the fainter stars.

Galactic latitude.

Mag.
Limit.

70° 60° 50° 40°

18 +0.02 -0.01 +0.03 0.00
16 0.00 -0.03 0.00 -0.01
13.5 -0.11 -0.11 -0.09 -0.08
11 -0.12 -0.10 -0.09 -0.11
9 -0.14 -0.14 -0.12 -0.16

Reduction op the Astkographic Zones to the International Scale

The detailed counts, published chiefly by Turner, for 39 zones of the

Astrographic Catalogue have been used by Seares and Miss Joyner to reduce the

provisional magnitudes of these zones to the international photographic scale.

The results, which have been published in Contribution No. 305, were obtained

by comparing the counts for each zone with the mean distribution table for

stellar density, and do not, therefore, include the effect of the very con-

siderable systematic deviation depending on declination, which arises chiefly

from the eccentric position of the sun within the galactic system. The only

determination of the deviations available is that given in the above table,

which applies primarily to stars of the thirteenth magnitude and fainter.

Provisionally, however, the equivalents in magnitude in the third and sixth

columns of the table may be used as a constant correction to the results in

Contribution No. 305.
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STELLAR SPECTROSCOPY

The large spectrograph for use in the constant-temperature room at the

coude focus of the 100-inch telescope has recently been brought into successful

operation as the result of the construction of a satisfactory prism in our
optical shop. This prism with an angle of 53° has a height of 8.4 inches and
faces about 8.3 inches long. The base of the prism for a distance of about
1.5 inches is less homogeneous than the remainder and the mounting is so

designed that this portion is not used. The spectrograph is auto-collimating

with a 6-inch Ross lens of 15-feet focal length, and the focal curve of the lens

is such that by using separate sections of plates at proper inclinations within

the 24-inch plate-holder excellent definition can be obtained on stellar spectra

from X4200 to X6800, a distance of about 18 inches. Spectra of several of the

brighter stars have been obtained with this instrument, and the exposure

times indicate that stars of photographic magnitude 5.0 can be obtained within

a single night.

A special lens of 1.5-inches aperture and 3-inches focal length has been
obtained for use with the small slit spectrograph placed in the plate-holder

frames at the Cassegrain focus of the two large reflectors. This lens gives

definition superior to that obtained with the other short-focus lenses which
have been tested and should prove extremely valuable in the photography of

the spectra of nebulae and very faint stars.

The observers with the regular Cassegrain spectrographs, consisting of

Adams, Humason, Joy, Merrill, Sanford, Stromberg, and Dr. Duncan and
Dr. Schilt, have obtained a total of 1,213 spectrograms during the year. Of
these, 760 were made with the 60-inch and 453 with the 100-inch reflector.

Nearly 60 per cent of the stars observed with the 100-inch telescope were

fainter than the eighth magnitude visually. In addition to these spectro-

grams, numerous photographs have been obtained by Merrill and Sanford

with the plane-grating and ultra-violet spectrographs. The observations

have covered a wide variety of objects, including, in particular, many dwarf

stars of all types, giant K and M stars, variables and spectroscopic binaries,

and stars showing bright lines in their spectra.

Radial, Velocities

The measurements of radial velocity have been carried on by the observers

in this department, assisted by Miss Fretz, Miss MacCormack and Miss

Brayton. Miss Wiberg has performed many of the computations. Among
the results of interest may be mentioned the following

:

(1) The radial velocities of 145 stars have been determined from measure-

ments of three or more spectrograms. About 40 of these are stars of large

proper motion and low luminosity, among which high radial velocities are

especially common. Two stars observed recently, B.D. +6°2932 and Luyten

680, have velocities of —139 km/sec and —178 km/sec, respectively.

(2) A list of 69 stars with radial velocities exceeding 50 km/sec, as based on

Mount Wilson observations, has been published by Adams and Joy. Very

few of these stars have been observed elsewhere. The majority of them are

dwarfs, but several rapidly moving giants, especially of the M type, are found

among them. The results show very clearly the asymmetry of the motions

of stars of high velocity, the preponderance of negative velocities in the north-

ern hemisphere, especially in the general vicinity of 20 hours of right ascen-
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sion, being very marked. The largest velocities of all are found among dwarf

stars of type F or early G.

(3) Several spectroscopic binaries have been discovered during the year,

and the orbits of a number of interesting binaries have been under investi-

gation by Sanford. The star e Hydrae C, which is a member of a triple

visual system, is found to have a period of 9.9 days, an orbit with an eccentricity

of 0.62, and a velocity of the center of mass of +31.2 km/sec. The B-type

star B.D. +57°2309, which is embedded in nebulosity, shows a variable

velocity which may be fitted to periods of 5.4 and 225 days and orbits of little

or no eccentricity. The system is doubtless a triple one. The H and K
lines of calcium, and perhaps the D lines of sodium, appear to be of the

"detached" type and do not shift periodically. They yield a mean velocity

of — 19 km/sec, which may fairly be regarded as the velocity of the surround-

ing nebulosity. The well-known binary r\ Orionis has been investigated by
Sanford, who finds that the velocity of the center of mass oscillates through

a range of 35 km/sec, about a mean value of about +20 km/sec in a period of

9.5 years. The D lines of sodium give a constant velocity of +17 km/sec,

which is in exact agreement with that of the Orion Nebula.

(4) The ninth magnitude companion of Castor was discovered several years

ago by Adams and Joy to be a spectroscopic binary with the spectra of both

components present. So far as known at this time, it is unique in this

respect among dwarf M-type stars. Each component shows bright hydrogen

lines, as well as the bright calcium lines H and K. The orbit has been investi-

gated by Sanford and Joy, who find a period of 0.81426 day, semi-amplitudes

of velocity-variation for the two components of 114 km/sec and 127 km/sec,

and a velocity for the system of +4.3 km/sec. This velocity agrees with that

found by Curtis for the bright components of Castor. The minimum masses

assignable to the two dwarf stars are 0.63 and 0.57 of the mass of the sun.

(5) In continuation of his determination of the radial velocities of the

stars in the Selected Areas, Humason has obtained 61 spectrograms during

the year. The total number of stars with velocities measured from one or

more plates is now 170.

(6) Stromberg has made a study of the degree of accuracy attainable in the

radial velocities of stars photographed with the 10-inch photographic telescope

and 15° objective prism. Absorbing cells filled with neodymium chloride

and chlorine peroxide have been tried for comparison purposes. The neo-

dymium solution, as is well known, gives one good line at X4273 and three

rather diffuse but useable lines near H/3. The line at X4273 blends with strong

stellar lines in types more advanced than GO, but can be used in types A
and F. Measurements with the stereocomparator of the spectra of some of

these stars against stars of known radial velocity show that their velocities

can be determined with a probable error of =*= 10 km/sec. The chlorine perox-

ide cell gives bands with measurable heads, but the gas must be of a very

definite density. It is also somewhat unstable and combines with metals

in the glass of the cell, producing tarnish within a short time. Special types

of glass or quartz could probably be used.

The Spectrum op o Ceti

The study of the spectrographic behavior of the long-period variable o

Ceti has been continued by Joy, and the results of the investigation will

soon be published. Microphotometric curves of special spectrograms which
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may be calibrated in terms of energy show that the strengthening of the
titanium bands at minimum of light may account for about two magnitudes
of the variation. The range of variation of the star, which usually amounts
to 5.5 magnitudes, seems to result from a bolometric range of only 1.1 magni-
tudes, as found by Nicholson and Pettit with the thermocouple. With
temperatures of 2300° absolute at maximum and 1800° at minimum, this

corresponds to a variation of 3.3 magnitudes in visual light. The remaining
fluctuation may result from the increased absorption of titanium bands at

lower temperatures. These considerations simplify to some extent the
problem of long-period variation and reduce it, in amount at least, to that of

Cepheid variation.

Several new bands to the violet of X4354 have been identified on King's
laboratory spectrograms of titanium oxide. The peculiar features found at

the low maximum of 1924 in the region X4584-X4905 have been attributed

tentatively to bands of magnesium hydride.

A spectrographic absolute magnitude of —0.3, corresponding to a parallax

of 0''017, was determined with the aid of the reduction curves used for

ordinary M-type giants. From the angular diameter of 0''056 measured with
the interferometer, the linear diameter is found to be 490,000,000 km., and
the surface brightness 7.5 magnitudes fainter than the sun. For an assumed
mass of 5 times that of the sun, the mean density is 1.1 X10-7

and the surface

gravity 4X10~5 that of the sun.

Several high-dispersion spectrograms which were made at the maximum
of December 1925 will be measured and discussed by Joy and Merrill. The
bright lines H7 and H5 were found to be triple on these plates, but the relative

intensities of the components were quite different from those previously

observed by Campbell. After the minimum of 1925 the companion appeared
to be considerably fainter than at any time since its discovery.

Spectra of Red Stars

A preliminary test of the behavior of the lines of the principal elements

in the spectra of stars of types M, N, and S has been completed and published

by Merrill. The lines have been discussed in accordance with the atomic
energy levels of their origin, Russell's important list having been used for

this purpose.

Much attention has been given by Merrill to the investigation of S-type

stars. In this connection he has prepared a revised list of 29 such stars,

19 of which are variable. Several of the more important variables, such as

II Geminorum, T Geminorum and R Cygni have been observed throughout

a considerable portion of their periods, and S Ursae Majoris has been followed

through its entire light-cycle. The changes in spectrum are conspicuous.

While the zirconium oxide bands tend to persist throughout, the bright hydro-

gen lines, extremely prominent at maximum of light, are absent at minimum,
and other changes occur, similar to those observed in Me variables. Several

of the S-type variables contain titanium as well as zirconium bands, and in

such cases the intensity of the titanium bands is greater when the stars are

faint. The temperatures involved appear to be near the upper limit for the

production of titanium bands, and, consequently, the bands are peculiarly

sensitive to changes of temperature.

The simultaneous occurrence of titanium and zirconium bands in spectra,

and the existence of a few stars with the S-type characteristics but no zir-
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conium oxide bands, will require additions to the present system of spectral

classification of types S and M. The well-known long-period variable x
Cygni has zirconium bands of moderate intensity accompanying very strong

titanium bands, while other stars show the bands with varying relative inten-

sities. It seems probable that subdivisions should be added to type S, anal-

ogous to those of type M, to allow for the intensity of the S-type character-

istics, especially the zirconium bands, and that a special nomenclature should

be given to spectra apparently intermediate between M and S.

A study of N-type stars by Sanford has shown the existence of absorption

bands degraded toward the red in the spectra of 16 such stars. Little atten-

tion has been given to them hitherto. The approximate wave-lengths of the

heads of the two most conspicuous bands are X4868 and X4979, but neither

has as yet been identified.

B-Type Stars with Bright Lines

In continuation of the investigation on stars of type Be a new series of

photographs with the objective prism in the red region of the spectrum has

been commenced. Fifteen new stars with bright Ha have been discovered by
Merrill, M. L. Humason and Miss Burwell. The observations are being sup-

plemented by slit spectrograms in the case of stars of special interest.

Changes of a very remarkable character have been found in the star H. D.

161114. Observations made during 1921-1923 showed prominent bright

enhanced lines of iron, but on photographs taken during the summer of 1925

the spectrum, apart from that of hydrogen, was almost wholly one of wide

absorption lines. The enhanced lines of titanium were the most prominent

feature of these spectrograms, enhanced lines of iron being present but much
less conspicuous.

Spectral Classification

The classification of the spectra photographed with the different instru-

ments has been carried on as a regular part of the work of the various ob-

servers. Especial attention has been given to the stars of the M and advanced
K types of spectrum, in connection with a study of the luminosities of these

stars by Adams, Joy and M. L. Humason.
Merrill has devoted much consideration to the classification of the O-type

stars with bright lines and has suggested a system of nomenclature which has

received the approval of most of the members of the Committee on Spectral

Classification of the International Astronomical Union. In accordance with

this notation the absorption spectrum would be designated as 05 — 09 in ac-

cordance with H. H. Plaskett's system, while the presence of bright hydrogen
lines would be indicated by the letter "e", and of Wolf-Rayet lines by the

letter "w," appropriate symbols being added to denote their intensities.

The classification of the spectra of the fainter stars in the Selected Areas
has been continued by M. L. Humason. Eleven areas have been completed
during the year, making a total of 64 in which the stars have now been classi-

fied. To test the accuracy of the estimates, a series of bright stars in the

Selected Areas is being photographed with the same instrument and classi-

fied in the same manner. For these stars spectral types determined from
photographs with a slit spectrograph are available.

A study has been made by Joy with the registering microphotometer of the

changes in spectrum of the Cepheid variable X Cygni between minimum and
maximum of light. The resulting curves show a marked strengthening of the
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hydrogen lines at maximum, a slight strengthening of the enhanced lines, and
a slight weakening of the arc lines of iron.

Determinations of Luminosity and Parallax

The photographs of spectra obtained with the various instruments have
been utilized regularly throughout the year for determinations of absolute

magnitude and parallax by the spectroscopic method. This work has been
carried on by Adams, Joy and Humason. New lines have been added to those

in use previously, and a considerable gain in accuracy should result from this

increase. In accordance with the method adopted at present, preliminary

values of the absolute magnitudes of the giant stars are calculated from cali-

bration curves derived from a large number of stars whose proper motions

and radial velocities are well known. When the observations for the stars of

a definite spectral type have been completed, the entire material is then

rediscussed and corrections to the preliminary values are computed from the

mean absolute magnitudes resulting from the calculations of parallactic and
peculiar motions for these stars. The solar motion appropriate to the

spectral type or class of stars under consideration, based on parallactic motion,

is used in the computation. Much of this work has been carried on by
Stromberg, to whom are due many of the methods used in the calculations.

For the dwarf stars the calibration of the reduction curves has been based

almost wholly upon absolute magnitudes derived from trigonometric paral-

laxes. The list compiled by Schlesinger, in which corrections have been
applied for systematic errors in the determinations by various observers,

has been used extensively for this purpose.

It is clear from the method of reduction employed, as well as from con-

siderations of efficiency in observing and the applications which the final

results will find among astronomers, that the stars of each spectral type should

be considered separately. The stars of the M type have formed the first

class to be investigated in this way, and a study of more than 300 giant stars

and about 100 dwarfs has been completed. The giant stars include prac-

tically all of the stars of this type north of — 30° declination listed in Boss's

Catalogue, as well as several stars observed in the Selected Areas. There is no
basis of selection except one of apparent magnitude, which applies to the

stars observed by Boss.

The results of this investigation give about —0.2 as the mean absolute

magnitude of the ordinary giant M-type stars, but some of the " supergiants
"

range nearly to — 4.5. The faintest of the giant stars is +0.7 and the brightest

of the dwarf stars +6.9, thus leaving an interval of 6.2 magnitudes in which

no early type M-stars have been found. For stars of type M5 or later this

interval increases to about 11.0 magntiudes. The ordinary giants show a

small range in absolute magnitude, the reality of which is supported by com-
parisons with the reduced proper motions. They also show little variation

of mean absolute magnitude with advancing type, while the dwarf stars

decrease rapidly in luminosity as the type becomes later. In the case of the

giants, less visual radiation due to lower temperature appears to be com-

pensated by increased size, but in the dwarfs smaller dimensions go with

lower temperature to produce decreased luminosity.

Twenty-eight stars in the list have absolute magnitudes brighter than
— 1.0 and may for convenience be called "supergiants." These stars show a

pronounced galactic concentration, the average galactic latitude being 7°.
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The highest is 27° for a Herculis, and only five stars have values exceeding 10°.

It is well known that M-type stars in general show no such concentration, and

the behavior of these stars is of interest as being in conformity with that of the

most luminous stars of other spectral types. The average proper motion of

the 17 stars for which values are known is 0''017, a value considerably smaller

than that for the ordinary giants.

A comparison of the spectroscopic with the trigonometric parallaxes for 69

of the giant stars shows very close agreement, the mean difference being less

than 0''001. A similar comparison for the dwarf stars gives a difference of 0.1

in absolute magnitude, the spectroscopic value being the brighter. The
average absolute magnitude of 155 giant stars is about 0.4 magnitude brighter

than that given in the list of 1646 stars published in 1920. Eighty-six of the

stars are common to the list published by Young and Harper. The Mount
Wilson values average 0.8 magnitude fainter. The agreement is good for

types M0 and Ml, but the Victoria values for the later subdivisions are pro-

gressively brighter.

Among the dwarf stars are found nine with spectroscopic parallaxes 0''1

or larger, for which no trigonometric values are known. These stars should be

of especial interest to photographic parallax observers.

MEASUREMENTS WITH THE STELLAR INTERFEROMETER

Observing conditions during much of the limited time available for the

20-foot interferometer have been unfavorable for accurate measurements.

Results obtained by Pease for Antares and /3 Pegasi indicate the same
diameters as those obtained previously. During observations in October

1925, a trace of fringes was still seen in the case of Betelgeuse at a separation

of the mirrors of 14 feet, although they had disappeared at about 10.5 feet

in the course of observations made in 1924. This indicates a decrease in

diameter similar to that observed in 1922.

At the suggestion of Dr. Freundlich during his visit to the Observatory

after the Sumatra Eclipse, Pease undertook some investigations in the labora-

tory of Pokrowsky's method of measuring stellar diameters. The necessary

optical and mechanical parts of the apparatus were constructed and the

difficulties arising from the lack of large calcite crystals were obviated by the

insertion of a negative lens near the focus. The instrument, however, did not

show the optical phenomena which were expected, and an investigation of the

problem by Anderson indicates the existence of serious theoretical difficulties.

RADIOMETRIC OBSERVATIONS OP STARS

During the year 331 sets of stellar radiation measurements have been made
by Pettit and Nicholson. The objects investigated have included a selected

list of long-period variables and late-type stars. A preliminary reduction of

the observations indicates that it will be necessary to use atmospheric trans-

mission coefficients in the near infra-red smaller than those generally accepted.

The water-cell absorptions and heat indices of giant and dwarf stars of

type K and of nearly the same apparent magnitude have been compared on a
number of nights. These measurements show that the dwarfs have the
smaller water-cell absorption and heat index, which is in agreement with the

conclusions derived by Adams and Seares from studies of the spectra and color

indices of such stars. Changes in the radiometric magnitude and water-cell
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absorption of o Ceti can be explained by an increase in diameter between
maximum and minimum of light of the order of 15 per cent.

LABORATORY INVESTIGATIONS

ELECTRIC FURNACE SPECTRA

To complete his study of the electric furnace spectra of yttrium, lanthanum
and zirconium, King has made additional spectrograms for the last two
elements, especially in the infra-red, and by the method of absorption in the

ultra-violet. The regular temperature classification has been made and the

arc and spark spectra have been compared; and much of the material has

already been used by those working on the analysis of spectral structures.

As the enhanced lines of these elements are of interest in solar problems, their

behavior in the three laboratory sources was specially noted. The enhanced
lines of zirconium are found to require a high excitation, while many of those

of yttrium and lanthanum appear at moderate furnace temperatures. The
furnace material thus indicates the relative energy levels of lines of the

ionized atom, as well as those of the neutral atom. The presence of many
outstanding low-temperature lines and, in the lanthanum spectrum, of numer-
ous close doublets previously unresolved are other features of interest.

Band spectra which appear in the arc in air and not in the vacuum furnace

may usually be ascribed to an oxide. Such bands may be intensified by passing

a current of oxygen over metal contained in the furnace tube. A new group of

bands in the violet, due to titanium oxide, was detected by this method; and
this led to the identification of corresponding bands in certain stellar spectra.

Two band systems in the red and infra-red were observed to occur regularly in

furnace spectra and are clearly due to carbon, possibly combined with

nitrogen. Their close agreement with bands measured by Merrill indicates

that these bands are present in class N stars.

To provide a portable vacuum furnace for use in special experiments, a

replica of the large furnace has been constructed, with dimensions reduced by
one-half, which gives temperatures up to 2400° C. After various tests the new
furnace, together with a low-voltage, 15 k. w. transformer, was installed in the

Solar Laboratory.
HIGH-CURRENT ARC SPECTRA

Experiments on the phenomena of arcs in air carrying currents of 1,000

amperes or more have been continued by King, and a beginning has been

made in the operation of this source in a partial vacuum. In order to observe

the nature of the discharge at various stages of its duration, a moving picture

camera was used to photograph the high-current arc in air. Further details

of the arc's action were shown by a rotating-mirror camera. The stream of

luminous vapor is greatly constricted, thus giving an extremely high current-

density. The closely packed luminous particles may be expected to give

rise to high interatomic electric fields, resulting in a disturbance of period

similar to the Stark effect. That this takes place is rendered probable by the

close agreement in the widening and in the direction and magnitude of the

displacements of lines in the high-current arc with those indicated by the

available data on the Stark effect.

The study of high-current arc spectra reported last year showed that,

besides giving a strong radiation of high-temperature lines, this arc is very

effective in showing the characteristic widening and change of wave-length
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affecting lines in a source of high excitation. As data concerning stability

of wave-length are needed for lines of the solar spectrum, the high-current

arc was applied to this problem. Spectrograms were made for nickel, cobalt,

chromium and manganese from X3700 to X6600. These plates, together with

those for iron already on hand, were studied by Miss Moore. Approximately

3,000 lines in the five spectra have been classified according to widening char-

acteristics, for insertion in the new table of solar wave-lengths. A close

correspondence with the temperature classification occurs throughout. As
lines in the same multiplet group invariably show similar peculiarities of

structure under this high excitation, the material may be used for the selection

of multiplets among those lines which are usually too faint to show their

characteristics.

Selected regions in the spectra of titanium, calcium, copper, silver, alumi-

num and magnesium produced by the high-current arc have been studied

with special reference to lines important in series analysis.

The use of the high-current arc in a partial vacuum combines the condi-

tions of high excitation and low gaseous pressure, which evidently prevail in

stellar atmospheres. A metal chamber previously used as an electric furnace

was adopted for this purpose, and preliminary experiments with electrodes of

iron, titanium, copper and magnesium have shown the usefulness of such

a source. The currents employed reach 2,000 amperes, and the arc is of

intense brightness. The spectrum is very largely that of the ionized atom,

titanium showing lines of the second stage of ionization, as well as the first,

the lines of the neutral atom being largely suppressed. In the case of mag-
nesium the preponderance of ionized vapor gives a reversal of the spark line

X4481 and a high intensity of other enhanced lines. The spectrum, in general,

is thus one of enhanced lines; and although operated at low voltage, such an
arc appears to belong in the scale of excitations between the condensed spark

in air and the " hot spark " in high vacuum. As incidental features, the spark

lines are better defined for accurate measurement than in the spark in air,

and the disturbing lines of the air spectrum are absent. The extreme bright-

ness of the source permits the photography of difficult spark lines with high

dispersion.

ELECTRICALLY EXPLODED WIRES

Since his return from the Sumatra Eclipse, Anderson has devoted con-

siderable time to the preparation of material for a publication on the subject

of electrically exploded wires, summarizing the work of the past five years.

With the assistance of Sinclair Smith two new methods have been developed
for securing photographs of the explosion with exposure times of from less

than one up to a few millionths of a second.

During the autumn Smith assembled and put into operation the new 10

micro-farad glass plate condenser. This is built in 10 units, each of 1 micro-

farad capacity, which may be connected in parallel or in series-parallel com-
binations, so that a variety of capacities and voltages is available. To
provide the close voltage regulation required for the problems at hand a
new 10-kilowatt auto-transformer tapped for one per cent regulation has
been constructed. Both condenser and transformer have proved most useful

for other investigations in the laboratory.

Experiments have been made by Smith to determine whether absorption
coefficients of metallic vapors from wire explosions can be accurately measured
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by means of the rotating mirror spectrograph. To determine the absorption

coefficient, it is necessary to have a definite thickness of gas at a known
temperature and pressure. The vapor from an exploded wire was allowed to

expand through a wedge-shaped slot. It was found that a transverse slot

could be cut through the edge a short distance above the wire without dis-

turbing the flow of vapor from the explosion. This furnished a light-path

through a definite thickness of the vapor, at a place where the pressure is

approximately known. An attempt was made to determine the temperature
by projecting a beam of high-frequency sound-waves through the explosion

and measuring their velocity with the rotating-mirror spectrograph. The
sound-waves were produced by a quartz piezo-electric oscillator, driven by a

250-watt vacuum tube oscillation generator, but no effect was recorded.

The temperature must therefore be determined from low-dispersion black-

body curves. The investigation will be continued as soon as a coarsely

ruled concave grating becomes available.

For some of these experiments, it was found necessary to construct a new
rotating-mirror spectrograph. A mirror having six faces 2" by 2" was used,

which makes this instrument photographically much more efficient than the

previous one.

Experiments have also been made to determine the part played by oxida-

tion in explosions. It is found that when a wire is exploded in hydrogen,

luminosity ceases with the oscillations of the condenser. To study this and
other phenomena, a closed chamber has been built, containing a loading de-

vice which makes it possible to fire any desired number of wires without open-

ing the chamber, and in which explosions can be produced in various gases

and at various pressures.

SECONDARY STANDARDS

Standard wave-lengths in the spectrum of the specified iron arc have been

completed by Babcock for the region XX3400-6600, and are now being pre-

pared for publication. Their accuracy is appreciably greater than seemed
possible a few years ago. For over 150 lines, averaging about 20 A apart, the

uncertainty is less than one part in five million, and for many more the pre-

cision is only slightly less. From X3400 to X4000 the difference between the

revised system and that adopted in 1922 is practically zero ; From X4000 to

X5500 the correction to the adopted system is —0.002 A; while in the red the

correction increases linearly with the wave-length to —0.012 A at X6700.

Although small, these corrections can not be ignored in modern spectroscopic

measurements.

The importance of adhering to the adopted specifications for the iron

arc when wave-lengths of highest accuracy are to be derived has repeatedly

emphasized itself in the course of this work. Unfortunately the infra-red

of this arc is relatively faint, and, further, most of the stronger iron lines in

this region are unsuitable for use as standards, since they belong to unstable

groups whose wave-lengths are easily affected by the conditions of excitation.

Recent advances in our knowledge of the structure of complex spectra may
suggest a satisfactory substitute for iron in the region of very long wave-lengths.

ANALYSIS OF THE SPECTRA OF TITANIUM

Dr. Russell has been engaged mainly on spectroscopic work. He has com-

pleted an analysis of the spectrum of titanium and has succeeded in classifying
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practically all the lines of any strength in the region accessible without a

vacuum spectrograph. More than 1,900 lines have been classified, of which

nearly 1,400 belong to the arc spectrum (Ti I), 500 to the ordinary spark

spectrum (Ti II), and 27 to that of the doubly ionized atom (Ti III). King's

temperature classification and Babcock's observations of the Zeeman effect

have been of great value in the analysis. The lines of the third spectrum were

identified on a photograph made by Miss Carter of the spark in vacuo, in

which these lines are greatly enhanced.

The arc spectrum includes three systems, consisting of singlet, triplet, and
quintet terms; the spark spectrum includes doublets and quintets; and the

third spectrum, singlets and triplets.

A detailed comparison of the results with the theory recently developed

by Hund shows a very striking agreement. The two lower terms (corre-

sponding to the more probable state of the atom) are in exact accordance with

the theory, and the same is true of the higher terms, with the exception of a

few for which the interpretation is ambiguous.

This practically complete analysis of a very complex spectrum indicates

that Lande's rules of multiplet structure, and Hund's theory of the origin

of spectral terms, suffice to account completely for the phenomena. With the

rapid progress of similar investigations, it is probable that within a very few

years we shall know just what changes of configuration within the atoms cause

the emission or absorption of all the astrophysically important lines.

Twelve series, consisting of two or three numbers each, have been found

in the arc spectrum and two in the spark spectrum. The arc series converge

toward seven different limits, corresponding to as many known terms in the

spark spectrum. The principal ionization potential of the neutral titanium

atom, corresponding to the change from the normal state of the atom to that

of the ion, is 6.80 volts. That for the ionized atom is 13.6 volts. This is the

first time that the ionization potential has been determined for a complex

spark spectrum. Both are in good agreement with the values inferred from
astrophysical data.

Dr. Russell has also been engaged in an analysis of the spark spectrum

of iron and has classified all the lines which appear in the sun or stars. A
preliminary report on his results is in press.

While in Pasadena Dr. Russell gave a series of lectures on the new theories

of atomic and spectral structure, which were attended by several members of

the staff of the California Institute of Technology, as well as by the Observa-

tory Staff.

ABSORPTION PROPERTIES OF OZONE AND WATER VAPOR IN THE ULTRA-VIOLET

In connection with the study of ultra-violet solar radiation, a laboratory

study of the transmission constants of ozone has been made by Pettit. The
continuous spectrum from a nitrogen-filled incandescent lamp with quartz

window was photographed with a 1-meter concave grating spectrograph

after passage through ozone varying in amount from 1.4 cm. equivalent light

path to pure oxygen. These plates were calibrated photometrically and
measured on the registering microphotometer. The following results were

obtained :

(1) The constants of absorption in the region 0.31 to 0.33/x are somewhat
less than those generally adopted.
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(2) The bolometric intensities of the absorption in the lines of the band
series in this region are about one-tenth of the background intensity.

(3) The wave-lengths of the lines in this band series were obtained both
from direct measurement and from the curves of the registering micropho-
tometer. Two lines not previously listed were observed at X3 148.6 and
X3213.9.

To test the possibility of water-vapor absorption in this region of the

spectrum for amounts of water comparable with that in the atmosphere above
Mount Wilson, a 4-inch pipe, 16 meters long and provided with quartz

windows, was filled with steam and set up between the light source and the

spectrograph. This introduced about 1 cm. of precipitable water in the light

path. Means were provided for superheating the steam, insulating the tube,

and clearing the windows. No absorption lines have been found thus far, but
the experiments are being continued with various light sources.

TESTING PHOTOGRAPHIC PLATES

The examination of photographic plates for relative speeds and color-

sensitiveness has been carried on regularly throughout the year by Merrill

and L. H. Humason. A small spectrograph with a transmission grating has

been used for this work. Many plates of foreign manufacture have been
tested, but with the exception of the Ilford Panchromatic, no plates with

marked advantages over the domestic emulsions have been found as yet.

The plates dyed with neocyanin, which have been manufactured recently

by the Eastman Company, show an excellent degree of color-sensitiveness in

the region of X8200 and preserve their qualities over considerable periods of

time.

VELOCITY OF LIGHT

Dr. Michelson has continued with most successful results his measurements
of the velocity of light on Mount Wilson-San Antonio base-line. The appa-

ratus has remained essentially unchanged in form, but greater stability has

been insured by attaching the mirrors and prisms to a rigid casting at the

observing end of the instrument.

Four revolving mirrors have been obtained, two of pyrex glass with 12

and 16 faces, respectively, and two of steel with 8 and 12 faces. The steel

mirrors, which were presented by Mr. Elmer Sperry, are now being corrected

for figure and angle between the faces, a process considerably more difficult

than in the case of glass mirrors.

Two series of observations have been completed during the present summer,

each consisting of 15 sets of measurements. The first (I) was made with the

12-sided mirror at a speed of 352 revolutions per second, and the second (II)

with the 16-sided mirror at a speed of 264 revolutions. In each set of meas-

urements 3 measures were made of the small displacement of the image when
the mirror was rotating in a clockwise direction; 6 with the rotation counter

clockwise ; and finally 3 in the clockwise direction again. After each such set

of observations the tuning fork was compared with the C. G. S. gravity

pendulum whose rate and temperature coefficient had been determined by
comparison with the Observatory clock. For the first series a tuning fork

making 382 vibrations a second and for the second series one making 528

vibrations was used.
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The two series of observations give the following very accordant results

for the velocity of light in air, together with the average deviations from the

mean:

I 299732=*= 13 kilometers per second.

II 299741 ±15

The atmospheric observing conditions were rather unfavorable in both

series of observations, and it is probable that under better conditions the

results might be considerably improved. At present they are to be regarded

as provisional.

If these values are combined with the earlier result of 299704 km/sec,

obtained with the small octagonal mirror, and if equal weights are assigned,

the mean value is found to be 299726 km/sec in air, or 299800 km/sec in vacuo,

with an uncertainty of 14 km/sec.

These results show a decided difference from the mean result obtained by
earlier investigators.

Weight
Cornu 299950 1

Perrotin 299900 1

Michelson (1 and 2) 299895 2

Newcomb 299865 3

Weighted Mean 299891 ±20

The results to be expected from a continuation of the work, and especially

from measures which it is hoped may be made between Mount Wilson and
San Jacinto, may modify this comparison; but as they now stand the differ-

ence of 91 km/sec seems to lie outside the probable uncertainty. It is most
desirable that another survey of the distance between the observing stations

be completed in order to make certain that no error has crept into this part

of the investigation.

SOLAR LABORATORY

The general equipment of Hale's Solar Laboratory, with the exception of

the 30-foot spectroheliograph and some of the miscellaneous apparatus, is now
nearly completed. The telescope consists of a coelostat and second mirror

at the summit of a low tower, sending a vertical beam of sunlight to the lenses

or mirrors mounted below. The 2-inch solar image given by a 12-inch

objective of 18-feet focal length, loaned to us by the Yerkes Observatory, is

generally employed for work with the spectrohelioscope. It is also frequently

used for photography with the 13-foot spectroheliograph, but for the photo-

graphic study of many phenomena the 6.5-inch or 16.5-inch solar images given

by the oblique Cassegrain reflector are needed. This instrument consists of

an 18-inch concave mirror, mounted in the basement just above and to the

south of the spectrograph, and used in conjunction with either of two convex
mirrors. These are supported in the tower not far below the coelostat, on
mountings provided with electric motors for focussing, and so arranged that

either mirror can swing into position on the optical axis of the spectrograph.

If the 12-inch objective has previously been in use, it is first swung out of the

axis, and the coelostat and second mirror, which rest on a common carriage,

are moved to the south until the center of the second flat is vertically above the

center of the 18-inch concave in the basement. Credit is due to the Observa-
tory opticians for successfully accomplishing the difficult task of figuring the



136 CARNEGIE INSTITUTION OF WASHINGTON

concave and the two convex mirrors so as to give excellent definition, in spite

of this oblique arrangement. The whole of the 6.5-inch solar image is very-

sharp, and a large part of the 16.5-inch image, much larger than is ever used
for the study of sun-spot spectra or other purposes, is equally well defined.

A single telescope has thus been made to serve for all of the classes of solar

research conducted on Mount Wilson with the 60-foot and 150-foot towers

and the Snow telescope.

Another valuable characteristic of this instrument is its comparatively

small change of focal length when exposed to the sun. This amounts, in the

case of the Cassegrain combination giving a 6.5-inch solar image, to an
increase of 0.2 centimeter per minute for about 20 minutes, after which the

focal length slowly decreases toward its normal value. This reduced change,

which is about half that of the best optical combination tested by Pettit in the

solar telescopes on Mount Wilson, is due to the use for the three large mirrors

of special glass, superior to pyrex, which we owe to the kind interest of Dr.

Arthur L. Day and the efforts of the Corning Glass Company, and to the

provision of two disks of fused quartz for the convex mirrors by Professor

Elihu Thomson and the General Electric Company. The freedom from
the difficulties experienced with ordinary glass mirrors, and the ease of chang-

ing from one solar image to another, render this telescope extremely satis-

factory.

The spectrohelioscope equipment, which combines in one instrument a

spectrohelioscope of 13-feet or 75-feet focal length, a spectroheliograph (or

spectrograph) of 13-feet and another of 30-feet focal length, and a spectro-

graph of 75-feet focal length, mounted in a well beneath the tower, is equally

satisfactory. These various combinations, which were built in our instru-

ment shop, are easily and quickly brought into service, with no loss of efficiency

resulting from their union in a single mounting.

The laboratory equipment, which is arranged for use in the basement with

the above spectrographs, includes a large Weiss magnet, a 5 k. w. trans-

former and condenser for powerful sparks, a small transformer for vacuum
tube work, an electric furnace, and a comparison arc, all from the Physical

Laboratory of the Observatory. The small instrument shop is used for the

construction of many of the devices needed in experimental work.

CONSTRUCTION DIVISION

DRAFTING AND DESIGN

The design of apparatus for the Solar Laboratory and of the foundations,

house and driving mechanism for the 50-foot interferometer have occupied

much of the time of Pease, Nichols and H. S. Kinney in this department.

Detailed drawings have also been completed for numerous instruments, in-

cluding a quartz spectrograph for the laboratory, a stellar microphotometer,

the new aluminum Cassegrain spectrograph, a telescope for registration of

drift-curves in ultra-violet light, a chamber for the study of wire explosions

and many smaller pieces of apparatus. The design of the mountings, piers

and shelters for the two 40-inch mirrors planned for Dr. Michelson's further

investigation of the velocity of light has also been carried out in detail. The
construction of charts and curves for the publications of the Observatory has

been continued as usual.
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OPTICAL SHOP

Three 40-inch mirrors have been under construction during the year in the

optical shop by W. L. Kinney, Dalton and Bolter. Two of these are concave

mirrors of 50-feet focal length for use in measures of the velocity of light and

have been entirely completed. The third mirror, which will form the principal

optical element of the 50-foot interferometer, has been partially finished.

Kinney has also carried out successfully the difficult work involved in figuring

the 7.5-inch fused quartz convex mirror which forms a part of the Cassegrain

telescope at the Solar Laboratory.

Dalton has given much time to the construction of speculum plates varying

from 4 to 10 inches in radius, for the ruling machine. He has also made many
plane-parallel plates of glass, quartz, fused quartz and rock salt for laboratory

investigations, and has figured a large number of small lenses and prisms.

A 10-inch objective prism was recently completed by him for use with the

photographic telescope.

INSTRUMENT SHOP

The work of the instrument shop has been continued throughout the year

under the superintendence of Alden F. Ayers. About one-third of its time has

been given to the construction of instruments for the Solar Laboratory and to

the erection and operation of its apparatus. The large aluminum spectrograph

for use at the Cassegrain focus of the 100-inch telescope has been the most
important of the instruments built during the year. Additional apparatus

has included a quartz spectrograph, wire-explosion chamber, interferometer,

copper and glass condenser, and vacuum arc chamber for the physical labora-

tory, a stellar microphotometer apparatus for registration of drift-curves in

ultra-violet light, eclipse instruments and mirror supports for the investiga-

tion of the velocity of light. Much of the remaining construction on the 50-

foot interferometer mounting has been completed. Tools and an edge-

grinding machine for the 40-inch mirrors in the optical shop have been built in

the machine shop, and the usual repairs, alterations and improvements on the

Observatory equipment have been continued regularly.

CONSTRUCTION, MAINTENANCE AND TRANSPORTATION

The construction of the foundations, concrete walls and track for the 50-foot

interferometer under the superintendence of George D. Jones has been the

principal work of the year in this department on Mount Wilson. In addition,

concrete retaining walls have been built at several places near the Observatory

buildings and a considerable amount of painting and necessary repairs has

been completed. The building used for many years for commissary quarters

for the workmen engaged in construction work has been remodeled to provide

several small living rooms.

In Pasadena the transfer of the photographic rooms to the Government
building and provision for additional office space required considerable

interior construction during the winter months. A valuable feature of this

change is the gain of an important amount of room for the convenient storage

of supplies for the instrument shop.

The power plant on Mount Wilson and the maintenance of the power,

water and light services have remained in charge of Merritt Dowd, engineer,

and Sidney Jones, assistant engineer. In addition to the care required for the

uninterrupted operation of the instruments, they have given much time to the
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construction of electrical and mechanical equipment for the apparatus on
Mount Wilson and the Solar Laboratory.

The deficient rainfall for three successive years and the light precipitation

during the earlier months of the past winter made provision for an additional

water supply almost imperative. Through the aid of a special grant from the

Carnegie Institution, and in cooperation with the Pasadena and Mount
Wilson Toll Road Company which shared equally in the project, a well 60

feet deep with a cross tunnel 50 feet long was constructed in the bed of the

canyon about 1,000 feet below our present well. The new well is located

close to a rock dike which brings water to the surface nearby, and the watershed

drained by the canyon at this point includes a large proportion of the top of

the mountain ridge. Although the heavy April rains improved greatly the

water supply, the construction of the new well may be expected to go far

toward solving a difficulty which has confronted the Observatory during the

later years of its growth.

A forest fire which covered a large area to the west of Mount Wilson

occurred in August 1925, but at no time threatened the Observatory in any
such serious way as the great fire of the preceding year. During the early

spring months considerable work was done in cutting brush near several of the

buildings and in clearing existing fire lines. In accordance with the practice

of several years past, a patrolman has been maintained during the period of

greatest fire hazard, the Forest Service and the Toll Road Company cooperat-

ing with the Observatory in his appointment.

Owing to ill health J. Fred Burt was compelled to retire from his duties at

the Observatory in October 1925, after 17 years of most efficient and devoted

service.
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Francis G. Benedict, Director

The general policies of the Nutrition Laboratory in its conduct of research

and in the employment of its modest financial resources have been fully

approved by the large number of investigators, both American and foreign,

who have familiarized themselves with its activities. The approval of friends,

however, although encouraging, is not necessarily as helpful as honest, critical

comment, devoid of personalities. Advice and suggestions of a critical

character have been obtained as the result of the periodic visits of members
of the Nutrition Laboratory staff to American and European laboratories,

in which intimate contacts have been established with the most eminent

research workers in the field of nutrition and physiology. Through the giving

of lectures, addresses, and communications to scientific societies, through the

publications of the Institution, and through publications in numerous scien-

tific journals, such contacts have been further accomplished. Since the

Nutrition Laboratory has now been in existence for a period of nearly two
decades, it seemed advisable to approach those experts in physiology, nutrition,

and clinical medicine who by their written or spoken word had shown fullest

knowledge of the activities of the Nutrition Laboratory, in order to determine

whether the usefulness of the Laboratory to humanity at large could be

bettered by a change in the fundamental policies and by expansion of its

work along lines other than that of an elaboration of its original program.

Specific critical comment on the Nutrition Laboratory's past methods of

attack and suggestions as to the best means of expanding its usefulness have
been sought from a number of these experts.

It was gratifying to find that the past policies, the researches, and (save

in an occasional rare instance) the findings of the Laboratory were approved.

The consensus of opinion was that the basic researches of the Nutrition

Laboratory on the fundamental laws governing vital activity, the production

and loss of heat, and the intermediary metabolism and its relation to physi-

ology and pathology, should be continued and expanded, since they are im-

peratively needed.

The opinions as to the best method of still further expansion varied greatly,

but it seems clear from the digest of these opinions that wider use of the

methods developed at the Nutrition Laboratory (methods purposely simplified

to be capable of wider use) should be made, and that the long-established

policy of the Laboratory in forming contacts with other institutions in the

cooperative prosecution of research could be greatly enlarged to advantage.

In addition to the personal conferences, several group conferences were held

in Washington with representatives of other research activities of the Insti-

tution. These conferences have already resulted in the establishment of

several cooperative researches. Thus, research on the metabolism of the

special races of pigeons so carefully studied by Dr. Oscar Riddle of the

Department of Genetics—races showing pronounced differences in the weight

of the thyroid gland, for example—has already been begun. Because of the

1 Situated in Boston, Massachusetts.
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strong suggestion that marked racial differences exist in the heat-production

of the resting man (a measurement acknowledged to be the best index of

vital activity), a proposed cooperative study of racial metabolism has like-

wise already taken definite form in connection with field work of the Carnegie

Institution of Washington in other countries. The keynote of this study is the

differentiation between the influence upon metabolism of differences in local

climate and food, on the one hand, and the influence of true racial character-

istics, on the other hand. The promise of a more extensive study of racial

differences seems about to be fulfilled, and the otherwise drab, tedious studies

of decades are justified by the usefulness of the Nutrition Laboratory's basic

metabolic studies on normal American men, women, and children as standards,

and by the use in these far-reaching studies of apparatus developed at the

Nutrition Laboratory. The potentialities of the projected macaque colony

at the Department of Embryology, as well as the intricate but highly signifi-

cant problems of the metabolism of the fetus, are also being seriously con-

sidered.

Further conferences with regard to the best future usefulness of the Labora-

tory are planned with the numerous experts with whom I shall come in contact

in a forthcoming tour of European institutions.

COOPERATING AND VISITING INVESTIGATORS

Professor E. G. Ritzman, of the Department of Animal Nutrition of the

University of New Hampshire, assumes the responsibility for the active

prosecution of the intensive cooperative research on animal nutrition at this

university. The liberal policy of the university towards this research has

been emphasized by the completion of an addition to the special building

devoted to this work.

Professor Hazeltene L. Stedman, of the Department of Physiology, Mount
Holyoke College, South Hadley, Massachusetts, after a sojourn of several

weeks at the Nutrition Laboratory, has cooperated throughout the winter

in a series of observations on the physiology of the young college woman.
Dr. Howard F. Root, of the New England Deaconess Hospital, has made

further contributions to the study of the relationship between insensible

perspiration and metabolism, with numerous subsidiary observations on the

skin temperature of diabetics. He has also cooperated in the study of the

role of Jerusalem artichokes in the nutrition of a diabetic patient of Dr.

Elliott P. Joslin, and is cooperating in the study of the metabolic changes in

an individual undergoing reduction in body-weight.

Mrs. Cornelia Golay Benedict has devoted a considerable part of the winter

as volunteer research associate at the Laboratory.

Dr. Oscar Riddle, of the Department of Genetics of the Carnegie Institution

of Washington, is actively cooperating in a research on the metabolism of

various races of pigeons in his most thoroughly studied pigeon colony.

Professor Grace MacLeod, of the Department of Nutrition, Teachers

College, Columbia University, New York City, has continued observations

on the metabolism of the albino rat.

Through the instrumentality of Director John C. Kendall, of the New
Hampshire Agricultural Experiment Station, Professor J. M. Fuller, of the

Department of Dairy Husbandry, is cooperating with the Nutrition Labora-

tory in a series of observations on the physiology of the dairy cow, supple-
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menting in admirable manner the work on these animals carried out in the

Institute of Animal Nutrition by Professor Ritzman.

Dr. H. G. Earle, Professor of Physiology at the University of Hongkong,
China, spent several weeks at the Laboratory in studying the technique of

metabolism measurements, prior to a general study of racial metabolism under

conditions existing in China.

Miss Florence Gustafson, of the Department of Physiology at Wellesley

College, has devoted considerable time assisting in the researches at the

Laboratory on insensible perspiration and basal metabolism, with a view to

establishing similar studies on the Wellesley College students during 1926 and
1927.

Dr. Z. Asz6di and Dr. Z. Ernst, of the University of Budapest, made a most
critical survey of the Laboratory's techniques and researches during the

several weeks that they were in Boston.

Mr. T. S. Hamilton, of the Department of Animal Husbandry at the Uni-

versity of Illinois, devoted several weeks to the intensive study of the respira-

tion apparatus at Durham, New Hampshire, and later spent some time with

Dr. T. M. Carpenter at the Nutrition Laboratory, studying his technique for

gas analysis.

Dr. E. B. Forbes, Director of the Institute of Animal Nutrition at State

College, Pennsylvania, likewise visited the laboratory at Durham, New
Hampshire.

Miss Mary E. A. Pillsbury and Miss A. Gertrude Farr, of the University

of New Hampshire, spent a month at the Nutrition Laboratory acquiring the

technique of the oxy-calorimeter under the direction of Mr. E. L. Fox, in

connection with a proposed survey of the calorific value of the food eaten by
the students at the University of New Hampshire.
A most stimulating visit was received from Professor R. Magnus, of the

Pharmacological Institute of the University of Utrecht. The visit of Dr.

E. F. Du Bois, of New York, resulted, as usual, in valuable suggestions.

LECTURES

Two lectures on basal metabolism were given by Dr. Carpenter to the

class in biochemistry at the Harvard Medical School, these representing his

tenth annual series. The Director delivered a lecture on "The metabolism of

children" before the Rochester Nutrition Conference, at Rochester, New
York, on October 26, 1925, and a lecture on "Food needs in health and dis-

ease" before the Middletown Scientific Association, at Wesleyan University,

Middletown, Connecticut, on February 9, 1926. A lecture on "Perspiratio

Insensibilis : Its significance in physiology and pathology and its relationship

to skin temperature and heat loss" was also given on March 15, 1926, before

The Physiological Society of Philadelphia, on March 19, 1926; at Teachers
College, New York; and on April 16, 1926, before the Department of Physi-

ology at Mount Holyoke College.

The use of the special laboratory equipment in instruction by educational

institutions is shown by the yearly increasing visits of groups and classes of

students. This year such classes from the Harvard Medical School, Simmons
College, Miss Farmer's School of Cookery in Boston, the Nurses' Training

School of the New England Deaconess Hospital, and from Wellesley College,

were given special demonstrations by Dr. Carpenter.
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INVESTIGATIONS IN PROGRESS

Study of preservation of human urine—Dr. Carpenter is seeking a suitable

chemical preservative for human urines, to be used instead of the ordinary-

disinfectants, such as thymol, chloroform, and toluol. The criterion employed
has been the ammonia-content of the preserved urine in comparison with
that of the freshly voided urine. The analytical work has been carried on by
Mr. E. S. Mills.

Determination of chlorides in urine of ruminants—Using a strong oxidizing

agent and titrating the clear solution thus formed, Dr. Carpenter is avoiding

the serious difficulties in the determination of chlorides in urine due to the

presence of coloring matter. The analytical work has been carried on by Mr.
Harry Newman.
A gas-analysis apparatus modified for determining methane in metabolism

experiments with ruminants—The metabolism of ruminants on full feed is

accompanied by the production of methane from the fermentation of cellulose

in the alimentary tract. In order to determine this gas quantitatively in the

ventilating air of the respiration chamber used in the metabolism studies

of ruminants at the Institute of Animal Nutrition, University of New Hamp-
shire, Dr. Carpenter's gas-analysis apparatus (described in a previous report)

has had added to it a pipette for combustible gases. The technique of de-

termining methane has been worked out satisfactorily and the modified

apparatus is in use at the above-mentioned laboratory. The development
and testing were carried on in cooperation with Mr. E. L. Fox.

The basal metabolism of an individual undergoing voluntary reduction in

weight—Several investigations have been made of the metabolism of humans
during voluntary or enforced reduction in weight, when the initial weight was
normal, but little is known regarding the change in metabolism during the

reduction process from overweight to normal weight. An opportunity for a

study of this kind was provided through the announced intention of a member
of the staff to reduce his weight considerably by dietetic regulation. His

total metabolism and the changes in blood and urine are being studied by
Dr. Carpenter at intervals during the period of reduction. The investigation

is being carried on through the cooperation of Dr. H. F. Root, of the New
England Deaconess Hospital, and Mr. E. L. Fox.

Rdle of the Jerusalem artichoke in the nutrition of a diabetic—The belief that

diabetics have a good tolerance for levulose has existed for a number of years.

Chemical studies of the Jerusalem artichoke have shown that it contains a

large amount of inulin (a polymer of levulose), and that by suitable methods
it may be used as a source of levulose. Among the patients of Dr. E. P. Joslin

was an individual who used large amounts of artichoke in his diet, and during

the spring academic vacation he volunteered to undergo an intensive study of

his metabolism. This study was carried on by Dr. Carpenter with the coopera-

tion of Dr. E. P. Joslin and Dr. H. F. Root.

The effect of small quantities of levulose and dextrose upon the gaseous exchange—
Observations have been made by Dr. Carpenter to determine the minimum
quantities of levulose and dextrose in 10 per cent concentration which will

produce significant changes in the respiratory quotient in comparison with the

course of this function when similar volumes of water are used as controls.

The measurements of the respiratory exchange have been accompanied by
records of activity, pulse-rate, and respiration-rate. The investigation has
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been carried on in cooperation with Mr. E. L. Fox and with the technical

assistance of Messrs. H. S. Palmer and E. S. Mills.

Insensible perspiration—At the exhibition of the Carnegie Institution of

Washington on December 13, 1923, it was demonstrated that the body-

gradually loses weight from hour to hour. Since that time research on the

amount and character of the insensible perspiration has been actively carried

on, both with normal individuals in the Laboratory and with pathological

patients in the clinic of Dr. E. P. Joslin at the New England Deaconess Hos-
pital. Through the active cooperation of Dr. H. F. Root, sufficient material

has been collected to show clearly that this loss is in large part determined by
the degree of vital activity of the individual, and that when the metabolism

is measured simultaneously with the hourly loss in weight there is a close

correlation between them. The determination of the nature of the insensible

perspiration and of the proportion lost from the skin and from the lungs has

been carried out in cooperation with Mrs. Cornelia Golay Benedict. Special

apparatus and technique have been developed for the study of the loss from
the skin alone and for the separation of the loss from the lungs into its com-
ponent parts, water-vapor and carbon dioxide, together with a simultaneous

study of the oxygen consumption. The results are being prepared for pub-
lication in extenso, and will be given in abstract in a communication at the

Twelfth International Congress of Physiology at Stockholm, in August 1926.

In these researches the details have been in large part carried out by Miss
M. D. Finn at the Laboratory and by Miss A. McElroy at the New England
Deaconess Hospital.

Skin temperature of humans—With the skin-temperature technique demon-
strated at the Carnegie Institution of Washington on December 11, 1924,

extensive studies have been made of the skin temperature under the clothing,

both with varying degrees of activity and striking changes in environmental

temperature. At Mount Holyoke College, where outdoor sports are partici-

pated in by nearly every student, the effect upon skin temperature of exposure

to the cold was studied. The effect, likewise, of the protection of ordinary

clothing (such as the moderately heavy costume ordinarily worn during the

day and the modern extremely light evening dress) was studied with three

young women, who remained in the same environmental temperature for

over 2 hours. These observations were made by Professor H. L. Stedman,
assisted by Miss Miriam F. Clarke and Miss Madeleine E. Field, of the

Department of Physiology at Mount Holyoke College. At the Nutrition

Laboratory Miss M. D. Finn and Mrs. Benedict have also carried on observa-

tions, particularly on a nude subject. The practical use of the apparatus has

already been shown by its application in the study of the skin temperature

during the sun-bath treatment for tuberculosis and in the study of the circu-

lation rate in cases of impaired circulation, such as diabetic gangrene of the

extremities. In these latter experiments many of the diabetics of the New
England Deaconess Hospital were measured in conjunction with Dr. Root and
with the help of Miss Finn. The introduction of this simple method in the

hospital, so long deferred, now seems to assure that this technique will rapidly

assume its rightful place.

Metabolism of young women while walking and climbing stairs—A simple test

to impose a definite amount of muscular work is difficult, but by taking

advantage of the elevation of the Clapp Laboratory at Mount Holyoke Col-
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lege, Professor Stedman was able to study the metabolism of a number of

young women during the ascent of ordinary stairs, a common household
experience. Critical experiments were then made on an especially long

flight of stairs, 522 steps in a straight line at an angle of 37 degrees, in the

covered cable-way on the side of Mount Holyoke. By studying the

subjects while standing prior to the test and while going both up and down
the stairs (in the latter case using the cable railway to reach the top of the

mountain and then walking down), extensive measurements were obtained on
the relationship between the energy expended in walking on the level and in

walking up and down these stairs. In connection with these studies, a modified

form of the student respiration apparatus of Mrs. Benedict and myself was
developed. The apparatus was arranged so that it could be practically entirely

carried by the operator, thus leaving the subject free either for work with the

hands or for walking. This modification supplements admirably the type of

apparatus exhibited at the Carnegie Institution of Washington on December
12, 1925, when the metabolism of a young woman was studied during the

simple operation of ironing.

Temperature of expired air—One of the agencies in the loss of heat from the

body, a study of which still remains one of the Laboratory's most important

fields of research, is the actual heat brought out by the air leaving the lungs

and, secondly, by the water vaporized from the lungs. Both the sensible heat

thus brought out and the heat brought out in the form of water-vapor are

determined by the volume as well as by the temperature of the air leaving

the lungs. To measure the temperature of the air leaving the lungs is very

difficult, but, thanks to the ingenuity of Mr. V. Coropatchinsky, we have been

able to devise a series of delicate thermo-junctions with which, when used with

a string galvanometer and simultaneously with one of the Laboratory's

metabolism apparatus, we are able to photograph on the same film the

amplitude of the respiration movement and the actual temperature of the

expired air. Thus the temperature of each fraction of the respiratory dis-

charge is known. We were fortunate in securing the cooperation of Miss
Margaret F. Macintyre, a student at Mount Holyoke College, who has

normally an extremely low respiration-rate.

Racial metabolism—Based upon the studies of the basal metabolism of

Oriental women at Mount Holyoke College and at Teachers College, New
York, a distinct racial metabolism of Orientals living under American con-

ditions was established. This finding has attracted the attention of physiol-

ogists and anthropologists in general, and active plans for an extended study of

racial metabolism have already been made. Preliminary steps have been

taken by Dr. H. G. Earle for metabolism investigations in China, and a

respiration apparatus for field work will be demonstrated by him at the

forthcoming meeting of the China Medical Association at Peking. A repre-

sentative of the Department of Genetics, Mr. Morris Steggerda, has received

training at the Nutrition Laboratory for a proposed study of mulattoes in

Haiti and Jamaica, and other field workers are planned for in the various

expeditions of the Carnegie Institution of Washington.

Development of a portable respiration apparatus for studying the metabolism

m the field—In view of the projected study of racial metabolism and the

possibility of having to make studies at considerable distances from either

scientific laboratories, hospital clinics, or, indeed, physicians' offices, a modi-
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fication of the student type of respiration apparatus has been made, so that the

entire apparatus can well be carried in the field and even the cylinder of com-

pressed oxygen can be dispensed with by making the necessary oxygen by
contact of sodium peroxide with water. About a score of the apparatus are

being constructed, and it is planned to train various workers in its use here

at the Laboratory.

Metabolism of pigeons—Rarely has a colony of animals been bred and

studied over a longer period and more carefully, with all details regarding their

history known, than has the pigeon colony of Dr. Oscar Riddle, of the Depart-

ment of Genetics at Cold Spring Harbor, Long Island, New York. Because of

important strains developed by breeding there, the extremely careful studies

of weights of endocrine glands, the possibility of predicting with remarkable

accuracy the sizes of glands in various races of pigeons, and the well-known

relationship between the endocrine system and metabolism, a cooperative

study of the metabolism of pigeons between the Nutrition Laboratory and
the Department of Genetics has been desirable. Three respiration chambers,

each with its special ventilating system, have been installed at Cold Spring

Harbor, and Miss Edith Banta, working under the direction of Dr. Riddle, is

collecting the data.

Metabolism of the albino rat—The studies of the metabolism of this important

laboratory animal (an animal used extensively in innumerable nutrition

studies where special emphasis is laid upon the vitamin and mineral metab-
olism) have been continued during the year. The particular factors under
investigation have been the effects of age, pregnancy, sex, and environmental

temperature. These measurements have been under the direction of Professor

Grace MacLeod at Teachers College, New York, assisted by Miss Mary
Shimanovsky.
A device for separation of the feces and urine of coivs—A study of the metab-

olism of the dairy cow, one of the chief producers of food for human use,

involves many economic problems. The large proportion of costly protein in

the food necessary for cows in their production of milk makes a measurement
of the metabolized protein very important. The nitrogen of ingested protein

leaves the animal's body in three forms, as the protein of milk, the nitrogen of

urine, and the nitrogen of feces. The latter represents for the most part

unassimilated nitrogen. That of the urine represents nitrogen which has

passed through certain metabolic changes. There is therefore a distinct dif-

ference between these two forms. Heretofore it has been almost impossible

to separate the fecal and urinary excretions satisfactorily, but Professor

Ritzman, of the University of New Hampshire, in connection with the machine
shop of the Nutrition Laboratory, has succeeded in devising and constructing

an apparatus which has functioned continuously for over three months in

separating the urine and feces of two cows.

Metabolism of large ruminants—Entirely aside from the most important
physiological problems presented by the study of the ruminant, the physiology

of beef-raising is of great economic importance. By means of a special respira-

tion apparatus at the University of New Hampshire, Durham, New Hamp-
shire, studies upon several large steers have been in progress, with special

reference to fasting following different nutritive levels. Further evidence

with regard to the influence of environmental temperature, a practical factor

in connection with the winter protection of cattle, has been obtained. A new
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method of determining the values of various feeds in providing energy for the
animal and preserving its body material from consumption has resulted from'

these tests. This year's observations have also included studies on the

physiology of the milch cow. With Professor Ritzman's device for the separa-

tion of feces, with the excellent series of gas-analysis apparatus of Dr. Car-
penter, and with the perfectly functioning respiration apparatus, these

researches are progressing with remarkable rapidity and with minimum
expense. The success of these investigations is due wholly to the inde-

fatigable efforts of Professor E. G. Ritzman and his most loyal assistants,

Miss H. M. Hilton, Mr. M. H. Voyagis, Mr. A. D. Littlehale, and Mr. R. M.
Batchelder.

Physiology of the milch cow—In spite of the fact that this most common
animal has been a companion of man for centuries, astonishingly little is

known regarding the actual physiology of the milch cow. With the coopera-

tion of Professor J. M. Fuller, of the University of New Hampshire, at Durham,
New Hampshire, extensive observations on the ordinary physiological factors

of the milch cow's daily life have been collected. These include measure-
ments of the heart-rate and the factors influencing it, the respiration-rate, the

skin temperature, the actual consumption of drinking-water per 24 hours, the

volume of urine per 24 hours, the frequency of urination, the total daily

weight of feces, and the frequency of defecation. Observations were also

made regarding the length of time that the animals were standing and lying

and the number of times they changed their position from standing to lying.

In many instances the currently accepted notions of text-books were found

to be glaringly at fault. Since the observations were made upon a herd of 40

or more cows, comprising 5 or more breeds, they may be accepted as purely

representative of so-called dairy-barn conditions.

EDITORIAL WORK

Continuing the policy established by the Director in connection with his

European trip in 1907, Dr. Carpenter has prepared a report of his trip taken

in the first half of 1925. This report is the tenth of a series of such reports

which are kept on file at the Laboratory. They form an important record of

the contacts established with European investigators and of development in

research in the various foreign laboratories. As a result of these European

tours an extensive collection of photographs of foreign scientific men has been

accumulated.

A monograph describing four years' work at Durham, New Hampshire, on

the metabolism of the ruminant under conditions of feeding and fasting has

been edited during the year, chiefly through the assistance of Miss E. A.

Wilson. This has been the largest individual editorial undertaking of the

year.



NUTRITION LABORATORY 147

PUBLICATIONS

(1) The Nutrition Laboratory of the Carnegie Institution of Washington, and its investigations

on the metabolism of men and animals. Thorne M. Carpenter. Proc. Roy. Inst.,

London, vol. 24, pp. 631-635 (1925).

A condensed publication of a lecture given on May 22, 1925, at the Royal
Institution of Great Britain.

(2) Skin temperature and heat loss. Francis G. Benedict. Proc. Nat. Acad. Sci., vol. 11

pp. 549-552 (1925).

The importance of body temperature to the physician has long obscured the

physiological significance of skin temperature. The temperature of the skin,

in connection with that of the environmental air, is one of the largest factors

in the loss of heat, which with humans is a normal regulatory process and
capable of large changes, dependent upon the amount of muscular work
performed. The average skin temperature of normal subjects well-protected

with bed clothing, after a night's rest in bed, has been found to be not far from
33.2° C. The ordinary clothing of men is a much greater protection than that

of women. On exposure of the nude body the skin temperature falls rapidly,

but the internal temperature undergoes little, if any, change. With severe

muscular work the temperature of the skin over the active muscles either

remains constant, when the environment is cold, or may actually rise slightly.

The factors involved in the loss of heat from the skin are not only the tem-
perature potential, but the vaporization of water through the lungs and skin

and the disturbance of the closely adhering layer of air, particularly under the

clothing, which has been designated as the "private climate." The tem-
perature of the skin never rises sufficiently high to provide for the entire loss

of heat, and with severe muscular work a considerable proportion of the heat
is lost by the vaporization of water. The value of skin-temperature observa-
tions is being increasingly realized in physiological studies.

(3) 7s prolonged bed rest a prerequisite for the measurement of basal metabolism? Francis G.
Benedict and Elizabeth E. Crofts. Am. Jour. Physiol., vol. 74, pp. 369-380 (1925).

In many hospitals the measurement of basal metabolism is a part of the
routine examination of patients, particularly those suspected of having toxic

goiter. Usually these patients must come to the hospital the night before and
occupy a frequently much-needed hospital bed prior to the basal metabolism
measurement in the morning, before breakfast. In this research the metab-
olism of a group of young college women after a night's rest in bed was com-
pared with that after they had arisen, dressed, walked down three flights of

stairs, walked out in the air (which was frequently cold) for 10 minutes,
climbed three flights of stairs, and had lain down in the laboratory, lightly

covered with a blanket, at a room temperature of 20° C, for about 30 minutes.
This period of rest is that prescribed for all basal metabolism measurements.
It was found that the metabolism measured under these latter conditions was
not essentially different from that measured after the night's rest in bed.

Hence it seems reasonable in most, if not all, cases to release the use of

hospital beds for these studies. Simultaneous studies of the skin temperature
showed that after exposure to the air during the walk outdoors the skin

temperature fell greatly. Since the metabolism did not change, it is obvious
that at least under the conditions of these experiments the heat-production
and the heat-loss were two independent processes.

(4) The fixity of basal metabolism. Francis G. Benedict and Elizabeth E. Crofts. Proc.

Nat. Acad. Sci., vol. 11, pp. 585-588 (1925).

Based upon the observations in the foregoing paper, emphasis is laid upon
the uniformity in the basal metabolism when the measurements are made on
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the same day, even with widely varying environmental temperatures. It is

concluded that the basal metabolism on any given day is remarkably constant.

(5) Some techniques for measurement of the gaseous metabolism of humans. Francis G. Bene-
dict. Boston Med. and Surg. Jour., vol. 193, pp. 807-825 (1925).

In the elaboration of the numerous researches at the Laboratory new and
modified techniques are necessary from time to time. Modifications of the
closed-circuit apparatus, which was developed and has been in use here for

many years, are discussed. These modifications include the measurement of

the contraction of the spirometer bell under known conditions of saturation,

with a minimum change in temperature and with the soda-lime for absorbing
carbon dioxide placed outside of the spirometer. It is believed that these

modifications have resulted in the best physiological apparatus for measuring
the oxygen consumption of man. Details are given regarding the control of

this apparatus by an alcohol lamp with an automatic device simulating

respiration. A small portable form of respiration apparatus, which can be
carried in the hands of the subject while walking, is described and results

obtained with this apparatus and with the more elaborate standard apparatus
in the Laboratory are compared. A still further modification of this apparatus,
which permits it to be attached to the back of the subject, thus enabling not
only walking experiments but many work experiments in which the hands are

involved, is also described. This apparatus was demonstrated at the ex-

hibition of the Carnegie Institution of Washington in December 1925.

Many of the work experiments at the Nutrition Laboratory are made when
the subject is riding a stationary bicycle. A form of respiration apparatus for

rapidly measuring the oxygen consumption during such experiments was
devised. Finally, a description is given of the open-circuit apparatus ar-

ranged for the ventilation of respiration chambers for infants and adults,

adopted by Dr. F. B. Talbot at the Massachusetts General Hospital and used
with the emission calorimeter at the Nutrition Laboratory.

(6) A method for the determination of the. energxj values offoods and excreta. Francis G. Bene-
dict and Edward L. Fox. Jour. Biol. Chem., vol. 66, pp. 783-799 (1925).

The oxy-calorimeter for the measurement of the energy value of coals and
fuels (described in detail by the authors in Ind. and Eng. Chem., vol. 17, pp.
912-918, 1925) is capable of great simplification. The attachment of the

simple combustion chamber to any of the standard forms of respiration ap-

paratus developed at the Laboratory, particularly the student apparatus and
the apparatus described in the foregoing paper, makes it possible to determine
accurately the heat of combustion of foods for humans and animals. The
apparatus is recommended for dietetic laboratories and all hospitals where
respiration apparatus are available. As a substitute for the expensive bomb
calorimeter, which is so difficult to manage, the apparatus promises to

determine the heat of combustion with an accuracy greater than can possibly

be obtained by any means of sampling ordinary mixed foods and feces.

(7) Human metabolism with enemata of alcohol , dextrose, and levulose. Thorne M. Carpenter,

Carnegie Inst. Wash. Pub. No. 369, 197 pp. (1925).

The metabolic effects of enemata of ethyl alcohol, dextrose, and levulose

were determined in experiments with four healthy medical students. Alcohol

was administered in 5, 7.5, and 10 per cent and the sugars in 5, 6, and 10

per cent concentrations. The absorption was estimated by removing the

unabsorbed material by means of cleansing enemata and analyzing these by
suitable chemical methods. Collections of urine were made previous to and
following rectal injection. These were analyzed for alcohol, nitrogen, and
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chlorides. The gaseous exchange was determined periodically preceding and
following the administration of enemata, by means of the gasometer method
and by the use of the clinical respiration chamber of Benedict and Tompkins.
As control for comparison, a solution of 0.6 per cent sodium chloride was
employed. Alcohol was rapidly and completely absorbed in quantities from
220 c. c. of 5 per cent to 810 c. c. of 7.5 per cent concentration, when the period

of retention was over 2 x
/i hours. It was almost invariably found in urines

collected after rectal injection of alcohol, although the maximum quantity

was only 1.9 per cent of that injected. The volume of urine was usually

increased over that in the period preceding injection, but this did not result

in an increased elimination of nitrogen. Alcohol produced a marked rise in

the pulse-rate and usually a depression in the respiratory quotient, especially

with the larger quantities, indicating its utilization. A theoretical calculation

shows that the maximum amount utilized was 4.4 grams per hour, when 37.5

grams of alcohol were given in 500 c. c. Levulose and dextrose were not so

rapidly absorbed as alcohol. The maximum absorption of dextrose was 90
per cent, when 30 grams in 500 c. c. were retained 67^ hours. Levulose was
absorbed slightly faster than dextrose. In the majority of the experiments
with dextrose the respiratory quotients were raised, thus indicating an in-

creased utilization of carbohydrate. The maximum increase in carbohydrate
metabolism as a result of the rectal injection was 4 grams per hour. The
rectal injection of levulose did not, in general, produce any significant rise in

the respiratory quotient, which is in direct contrast to the results when it is

ingested by mouth. In the latter case, levulose causes a greater and prompter
rise in the respiratory quotient than does an equal amount of dextrose. The
results of this investigation indicate that the speed and character of the

metabolism is different when material is injected rectally than when it is

ingested by mouth. It is suggested, as a hypothesis, that the substances are

absorbed into the portal circulation through the venous supply of the large

intestine, and are metabolized throughout the body without the aid of the
activity of the alimentary tract and accessory organs, in a manner somewhat
similar to the utilization of material during muscular work.

(8) The metabolic effect of enemata of alcohol, dextrose, and levulose in humans. Thorne M.
Carpenter. Proc. Nat. Acad. ScL, vol. 12, pp. 415-419 (1926).

A brief presentation of material published in detail in Publication No. 369.

SUMMARY OF THE YEAR'S WORK

The outstanding features of the year were as follows: (1) The establish-

ment of a research in cooperation with Dr. Oscar Riddle, of the Department of

Genetics, to study the metabolism of special races of pigeons characterized by
great differences in the endocrine organs. (2) The construction of apparatus

and the training of assistants in connection with the proposed survey of the

basal metabolism of various races, chiefly the Orientals. (3) A study of the

rate of absorption in the human body of small amounts of sugars, as influenced

by the concentration of the solution and by muscular work. (4) The
measurement of the insensible perspiration or the loss in weight of persons

when sitting quietly. A close relationship between the insensible perspiration

and the total heat-production has been found not only with normal persons

but with diabetics and those suffering from goiter. (5) Measurements of the

skin temperatures of a large number of persons at various points on the body.

These have shown the effects of varying degrees of clothing, of exposure,

of changes in environmental temperature, of severe muscular work, and of
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the sun-bath treatment for tuberculosis. The use of skin-temperature meas-
urements in studying cases of impaired circulation has been demonstrated.

(6) Determination of the metabolism during the effort of walking up and down
stairs. The effort of walking upstairs was found to be essentially four times

that of walking down. (7) Photographic records of the temperature of the

expired air throughout the entire respiratory cycle, especially with a subject

having an unusually slow rate of 3 respirations per minute. (8) Studies with

large ruminants, the feeding of which plays such a great role in economic

problems of nutrition. Metabolism measurements to determine the effects

of maintenance and submaintenance rations and of fasting have shown the

differences in the heat-production due to differences in the amount and char-

acter of the food. (9) The extremely perplexing problem of separating the

urine and feces of cows has been successfully solved.
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D. T. MacDotjgal, Director

The operations of this Department have included activities at the labor-

atories at Tucson, Arizona, and at Carmel, California, the continuance of field

observations and experiments in transplantation effects, and surface erosion

over an extended area in Arizona and Sonora, reconnaissances of the ever-

changing delta of the Colorado River, vegetative studies of the Santa Lucia

Mountains in the coastal region of California and the maintenance of a

dendrographic station in Rocky Creek Canyon of the same range for the study

of the growth of the redwood under varying conditions and different exposures.

The Desert Laboratory has been placed under the direct charge of Assistant

Director Dr. Forrest Shreve, and Assistant Director Dr. H. A. Spoehr has

been assigned to the Coastal Laboratory at Carmel, where the principal re-

searches in photosynthesis are now carried on. Dr. Spoehr has been given

leave of absence to carry out an extended survey under the direction of a com-
mittee of the National Academy of Sciences upon the fundamental researches

in America and Europe which may underlie the development of agriculture

and forestry.

The members of the staff have participated in a great number of confer-

ences and delivered special lectures by invitation at various universities and
scientific conventions. In addition to their researches, the department has

had some very profitable arrangements with workers from other institutions

who have carried out special investigations at the laboratories. Account
of their accomplishment will be found in the paragraphs that follow.

Professor Vladimir Ulehla, of the University of Brno, Czechoslovakia,

worked in the laboratories during the calendar year of 1925 upon hydration,

suction tension of cells and permeability, on a grant from the International

Education Board. In the latter part of 1926, Professor Vladimir Moravek,
of the same institution, in compliance with the terms of a grant from the

Carnegie Institution of Washington, made some extended studies of diffusion

in colloids and permeability, especially with the colloidal cell. Dr. Beverly

L. Clarke, primarily on a grant from the Institution and later as a Fellow of the

National Research Council, has extended and refined methods of measurement
of the hydration changes in volume of gels which are of interest in the action

of protoplasm. Professor F. E. Lloyd, of McGill University, Canada, ex-

tended his studies on plasmolysis and suction. Mr. M. Fraps, of the Uni-
versity of Chicago, has been given some facilities for the measurement of the

effects of thyroidine and thyroid extracts upon protoplasm. Professor James
B. Overton, of the University of Wisconsin, on a grant from the Institution,

has collaborated with the Director in the study of the action of long-lived cells

and on the hydrostatic system of plants, and Professor B. E. Livingston,

with assistants, spent the summer season at the Desert Laboratory in continu-

ance of his investigations on methods of the measurement of evaporation, the

coefficient of wilting and soil moisture begun 20 years ago at this place.

1 Situated at Tucson, Arizona, and Carmel, California.
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GROWTH

The Age of Endurance of Living Cells, by D. T. MacDougal

Studies on the hydrostatics of plants, carried on in this laboratory for

several years, have shown the importance of determining the length of time
during which cells may continue to grow and to carry on the major functions
of a protoplasmic unit. Artificial cells constructed chiefly to measure the
passage of colloidal layers, similar to those of the living cell, by ions "run
down" within 72 hours.

Definite information of the age limit of cells in plants is scanty. It may
be assumed, however, that the statement that the rays or vertical plates of

parenchymatous cells, which run from the pith or medulla of stems of higher

plants toward the surface and are continuously elongated radially while

dying away in the oldest part, include cells several years old is correct. It

is highly probable that the rays of the great sequoias of California may furnish

examples of ray cells which live many years, while the tree may attain an
age of over thirty centuries. When it was found that the medullary cells of

the trunk of the giant cactus have a life nearly as long as the life of these great

trees and hence reach an age of a century or more, some detailed experi-

mental tests of their action and properties were carried out.

The medulla as a whole in a mature tree is an irregular cylinder of thin-

walled, parenchymatous cells, some of which have been converted into tra-

cheids and vessels, which elongate each year by an extension of a few centi-

meters following the growing-point. The parenchymatous cells reach an
average diameter of about 250 microns during the first year or initial period of

growth. Taking the area, as seen in cross-section, at 513 at the end of the first

year, the cells now show some enlargement during thewarm and moist growing-
season (about 150 days in length) each year for as long as 150 or in extreme

cases, 200 years. It is notable that actual enlargement as denoted by the

area of the cells in cross-section during the first 50 years was no more than as

from 513 to 579, while in the following period, which might be a half century

or more, the increase was as from 579 to 1,061. The grand period of growth

of each cell thus presents some unusual features, among which may be noted

the abrupt cessation of growth at the end of the period mentioned. It is also

notable that these cells retain their meristematic character during their entire

existence, and some may be converted to wood cells after having attained

great age.

Changes in Anatomy, Corn-position and Permeability of Cells that Live Long,

by D. T. MacDougal

The medulla of a tree-cactus (Carnegiea) is a cylindrical mass of tissue as

much as 12 meters in length and 5 to 12 cm. in thickness, the cells at the base

being nearly as old as the tree, while those at the apex are very young. It is

possible, therefore, to have large masses of cells from the same individual with

which comparisons of many kinds may be made and the successive stages in

the growth, developmental changes, and reactions of the cells determined.

The long course of life of these medullary cells is attended by an increase

in glucose in the sap, a decrease of mucilages or pentosans in the sap and in the

plasmatic gel, coupled with a thickening of the cell-wall suggestive of direct

conversion of deposition of these carbohydrates.
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Even more notable is the difference in swelling or hydration reactions of

young and century-old cells. Sections of young cells immersed in a series of

graded concentrations of acid and alkali show increased permeability and les-

sened swelling by a departure either way from neutrality, the depression

being least pronounced on the alkaline side. At extremes of concentration,

action is reversed.

The changes in volume in old cells are markedly different from those of

young cells. The lessened extensibility of the heavily thickened walls now
limits expansion and lessens permeability, and the protoplasts in which pro-

teins now predominate show two isoelectric regions in which permeability is

least and swelling greatest. These effects were obtained in solutions at

pH 3 to 3.5 and at pH 10 to 12. These maxima are not widely different from

those found in active cortex of Carnegiea, the sap of which is buffered at

about pH 4. The sap of the cortex is maintained near the region of possible

maximum turgidity, while that of the medulla is widely away from it. It is

notable that these results show but little connection between proportionate

H-ion concentration of the sap, in the effect produced on distention of swelling,

and that of the immersing solution.

Other interesting inferences that might be drawn are: that proteins asso-

ciated with cellulose in the wall in the early stages disappear or pass into the

plasma, while the
.
lipins or phosphatides so richly present in the young

protoplast are combined with calcium or absorbed into the wall.

On the basis of fact and these appended assumptions, the wall of the young
cell, high in liquefiable pentosans and glycoproteins, would be highly perme-

able and the protoplast much less so.

At the end of a century the protoplasts, shrunken by loss of pentosans and
lipins, would be highly proteinaceous with more glucose and crystals and
would be more permeable. The walls, on the other hand, would be thickened

by deposition, while the changed composition would render them less per-

meable.

Changes in volume in various solutions as measured by the auxograph would
be a resultant of the water deficit of the material when tested, the suction

power of the colloids in wall and plasma, their permeability, and the exten-

sibility of the walls.

It is notable that the H-ion concentration of the sap does not vary widely

during the life of the cell, that it is within the range of a solution of mucilages

or pectins, and that it is much less than that of the surrounding cortex.

THE HYDROSTATICS OF TREES

The Hydrostatic Systems of Trees, by D. T. MacDougal

A general conception of the hydrostatic system of trees has been formu-
lated upon the basis of the hydration reactions of living cells as measured by
the auxograph for several years, changes in volume of the trunks of trees as

recorded by the dendrograph and upon extensive measurements of tensions in

bore-holes driven into trunks and at the exposed surface of excised roots and
stems. An approximation of the whole matter has been given in Publication

No. 373 (The Hydration System of Trees), but the continuation of the work
makes possible some additions to the conception. It has also been possible to

define important differences between the hydrostatics of the coniferous stem,

as illustrated by the pine and redwood, and the stems of such trees as the oak,
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walnut, and willow. Further differentiations among these dicotyledonous

types have also been recognized. So important are these differences that

while the forces operative in raising sap may be recognized as mostly identical

in trees, yet the mechanism varies widely in the several types of stems ex-

amined. The progress of these studies furnishes continued confirmation of the

conclusions of Dixon as to the presence of a cohesive column of water in tree-

trunks terminating in the ultramicroscopic menisci in the walls of the tran-

spiring cells in the leaves and extending to the roots and even into the soil.

Repetition of the experiments by which poisons and dyes are carried upward
in the trunk has furnished the most positive evidence that living cells in the

wood may have no positive share in conduction. Indeed, carefully con-

trolled tests followed by adequate anatomical examinations show that con-

duction takes place chiefly in vessels not in contact with living cells in the

willow, as described by Professor Overton in separate paragraphs in this

report. No direct effects can be ascribed to such contact in the walnut.

The cambium layer, the newly formed wood-cells and older vessels filled

with water constitute a continuous shell in the outer part of the trunk,

through which gases may pass only by solution in and diffusion through the

sap. Although morphologists speak of the connection of the intercellular

spaces of the cortex with those of the medullary rays leading to the interior

of the stem, the continued existence of pressures, other than atmospheric, in

the gases of the tree-trunk show that such connections, if present, are not

of such total capacity as to be of physiological importance.

Gas in the wood, internal to the outer water-filled shell, is therefore con-

fined. Its changing pressures, due chiefly to temperature, exert an important

influence on the suction or pressures recorded by manometers attached to

stumps or bores. The gas mesh or gas body in the central part of the trunk

of a pine occupies the tracheids which communicate with each other through

the perforations in the membranes of the pits, as described by I. W. Bailey.

The existence of these openings, which are 3 to 5/i in diameter, has been

confirmed by sucking through them liquids holding fine particles of carbon in

suspension.

A bore in a willow or walnut tree cuts across vessels 7 cm. long in one and as

much as 20 cm. in the other, in which gases move freely. Actual mechanical

openings from vessel to vessel are yet to be demonstrated, but the separating

walls are known to be pierced by plasmatic strands in many species, and the

disintegration of the protoplasm upon the maturity of the vessels would leave

these minute microscopic openings unoccupied and as possible passages of

liquids or gases at a rate which in any case would be slow and under great

resistance, as the openings presented are not a hundredth of the area of a

perforation in a pit-membrane. Any degree of gummosis of the walls would
close them. The existence of the conditions described, the clogging of per-

forations by resinous material, and the formation of tyloses in vessels would

tend to isolate the system or group of vessels or tracheids in communication

with any bore and thus make possible tensions of widely different degree in

regions of the trunk, not more than a few centimeters apart. Bores which

penetrate the sap-conducting layers, and those which connect with the gas-

filled wood, would necessarily show differing tensions, while the readings of a

manometer attached to the stump of a root or stem would be a resultant

of the conditions existing in both sap-filled and gas-filled layers.
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The path of the upwardly moving sap stream lies chiefly in the annually

formed layers which are connected with the leaves. Conduction takes place

in the three or more external layers of the pine trunk in accordance with this idea.

Sap likewise passes up chiefly through the autumnal wood of the walnut in

the three outermost layers. In the willow, on the other hand, conduction is

found in the autumnal wood of layers formed 10 to 12 years previously.

Whether this would be so in still older wood has not been tested, nor is it

definitely known whether or not the conducting elements, the leaves, make
direct connection with such old woody layers.

Some Methods for Determining the Tissues Concerned and the Path of Transfer

of Solutes in Plants, by J. B. Overton

The place of entrance, the mechanism and the path of transfer of water
and solutes have long attracted much attention and yet exact experimental

evidence as to the actual path of transfer of the essential elements absorbed

by the roots is not at hand.

It is known that living protoplasm possesses the capacity of absorbing

and reducing the salts of tellurium and of selenium, the deposits of tellurium

being black, those of selenium reddish. The success of the method depends
upon the type, concentration, toxicity, etc., of the salt used. It was found
by experiment, as is also pointed out by Satina and Blakeslee, 1 that the tellur-

ites are less toxic than the selenites and the black precipitate is more con-

spicuous than the red. For experiments carried on at the Desert Laboratory,

anhydrous sodium tellurite of the highest purity, prepared by Dr. V. W.
Meloche, under the direction of Professor Victor Lehner, of the University of

Wisconsin, was used. This salt is completely soluble in water. Strengths

ranging from 0.00007 to 0.00017 M. were used. None of these solutions

proved to be toxic to sunflower or to Malva borealis plants. Seeds of the

sunflower were planted in pots of soil and the solutions poured on the soil,

while wild Malva plants were potted and then watered with the solutions.

No evident toxic effects were observed in either case. After the sunflower

plants had attained a suitable height they were removed from the soil and
examined microscopically for the distribution of the precipitate. After

allowing the Malva plants to grow a sufficient length of time they were like-

wise treated. Although this line of experimentation is still in progress and
definite data are not yet at hand, the preliminary experiments seem to indi-

cate that this salt follows the course of the transpiration stream in the xylem
from the roots to the leaves and that lateral diffusion occurs from the vessels

into certain other tissues. Much further work, however, needs to be done to

establish definitely the course of movement, but the method appears to have

merit.

Stem Anatomy and Sap Conduction, by J. B. Overton

Numerous investigators have shown that dyes or other solutions travel in

the transpiration stream through the elements of the xylem. When cut

branches are placed in such solutions the liquid will ascend to some distance.

This action can be hastened by the use of suction pumps. The course of the

liquid used can be easily traced by cutting the stem across at various levels.

1 Sophia Satina and A. F. Blakeslee. Studies on chemical differences between (— ) and (+)
sexes in mucors. Proc. Nat. Acad. Sci. 11, 528-534 (1925).
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Numerous tests with dyes on the Monterey pine1 have shown that conduction
is strictly confined to certain layers of wood, taking place in the second, third,

and sometimes in the fourth layers from the outside in trees more than 2 years

old, which are the layers connected with the leaves. Similar experiments with
dyes and other liquids have been performed to determine the path of conduc-
tion in such trees as the walnut (Juglans major and J. californica) and willow

(Salix lasiolepis), in such shrubs as Jatropha, and in sunflower plants. All

experiments show that conduction of dyes like acid fuchsin is very strictly in

the xylem and none in the phloem . These experiments also show that dif-

ferences in age, amount, and position of the wood affect its conducting ca-

pacity. The experiments are in harmony with those of Strasburger2 and of

Ewart3 in showing that such dyes rise in cut stems most rapidly and to the

greatest heights in tracheae with unblocked lamina. Vessels containing

tyloses, gum, or blocked with gas-bubbles conduct feebly if at all.

In many trees the conductivity of some of the wood is lost by the develop-

ment of heartwood, the water passing upward only through the outer or

younger layers, as is the case in the pine and oak. However, in the willow

practically all of the annual rings retain their capacity to conduct water and
solutes, although not all layers possess this capacity to the same extent. As
Strasburger points out, the individual elements of the xylem possess unequal

conducting capacities, in some cases the spring and summer wood not being

concerned to the same extent. Experiments on willow trees substantiate

this contention, such dyes as acid fuchsin passing upward mainly in the young-

est vessels of a particular annual ring near the terminal parenchyma, conduc-

tion usually being very strict in this respect. In these species, tyloses in the

tracheae develop very early and are present in all layers of wood, even in that

of the current year's growth. It appears from experiments with dyes that

blocking of the vessels of the willow occurs extensively in all layers of wood
except in those vessels of the summer wood, in which region conductivity in

all layers is retained for years. However, a few vessels in the interior of each

annual ring may retain their capacity to conduct, probably owing to the ab-

sence of tyloses. Frequently the later-formed vessels of the summer wood do
not abut upon the medullary rays. As there is no wood parenchyma other

than the terminal parenchyma, these vessels are not in contact with paren-

chymatous cells formed by the cambium; therefore, no tyloses can be formed

in such vessels and they remain permanently unblocked. The large vessels

of the spring wood and early summer wood, on the other hand, almost always

lie adjacent to medullary rays. Occasionally, however, one of these large

vessels does not lie next a medullary ray. Therefore, a large vessel here

and there in the spring wood does not become blocked by tyloses and retains

its conducting capacity. These anatomical facts account for the continuous

ring of coloration in the late summer wood of the willow when a stem is stepped

into acid fuchsin and for the occasional splotch of color in the spring or early

summer wood when the stem is cut across.

In an 11-year-old willow tree the oldest or first year's wood, in the center

of the stem, conducts acid fuchsin only in the vessels lying in the neighbor-

1 D. T. MacDougal. Reversible variations in volume, pressure, and sap movement in trees.

Carnegie Inst. Wash. Pub. No. 365 (1925).
2 Ed. Strasburger. Ueber den Bau und Verrichtungen der Leitungsbahnen in den Pflanzen.

Hist. Beitr. Heft. 3, p. 609, Jena (1891).
3 A. J. Ewart. On the ascent of water in trees. Phil. Trans. Roy. Soc. London, vol. 199-B,

341-392 (1908).
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hood of the terminal parenchyma, where conduction is marked and profuse

and where the dye passes to the greatest height. In adjacent rings conduction

is also confined to the neighborhood of the terminal parenchyma, while in the

younger rings, or those farther toward the periphery of the stem, although

conduction occurs profusely in the neighborhood of the terminal parenchyma,

it also takes place here and there in vessels in other portions of a ring. Con-

duction in the very youngest wood is very limited.

In the walnut, conduction is largely in the late summer wood, except that

cross-sections of stems stepped in acid fuchsin show a splotched coloration of

the conducting zone instead of a continuous ring of color, as in the willow.

Hence the dyed ring is not so sharply defined as in the willow. In a 3-year-

old stem the dye travels in all layers of the annual rings, but least in the

youngest, i. e., this year's wood. In the oldest wood of such a stem there is

a tendency for the conduction to be confined to the summer wood, while in the

younger rings it is more scattered. In older stems, 7 to 8 years old, a heart-

wood is formed consisting of about four annual rings, in which the power of

conduction is entirely lost. In the remaining annual rings conduction occurs

in all layers, but in such rings there is considerable conduction in all layers of

wood, so that in cross-section the stem presents a ringed appearance of

the dye, but not nearly so well defined as in the willow. In nearly all rings a

splotched appearance of the dye is evident. Unlike the willow, all vessels of

the walnut are in contact with living parenchymatous cells, and hence the

possibility for the formation of tyloses in all vessels. Except for certain

isolated instances, all vessels of the spring wood become blocked by tyloses

toward the end of the growing-season, after which conduction takes place

only through the summer wood. This accounts for the ringed appearance of

the stem in cross-section. In the summer wood of the walnut, on the other

hand, many vessels do not become blocked by tyloses at the end of the grow-

ing-season. Such vessels of the summer wood may remain functional for

three to four years. The fact that some of the vessels of the summer wood
remain unblocked accounts for the scattered distribution of the conducting

elements and the consequent splotched staining of the wood in cross-sections

of stems stepped in acid fuchsin.

The contention of some investigators that the function of the living cells

accompanying the conducting tracts is to keep the lumina in a proper state of

conductivity seems not to be supported by these experiments. The reverse

seems to be true, because the presence of living cells in contact with the vessels

accounts for the formation of tyloses and a consequent blocking of the lumina.

In a series of elaborate experiments, Strasburger1 lulled long portions of

stems with poisons of various kinds and showed the inadequacy of living cells

of the stem in sap-flow as earlier held by Godlewski, Westermaier, and Janse

and more recently by Ewart, 2 Ursprung3 and others, who have refused to

accept Strasburger's results. It has, however, been shown4 that when 5 to

10 cm. of the stem of Cyperus are killed with certain poisons, including picric

acid, sufficient water may ascend to supply the needs of transpiration for a

comparatively long period and to allow the development of new branches.

1 Ed. Strasburger. Loc. cit.

2 A. J. Ewart. Loc. cit.

3 Ursprung. Die Beteiligung lebender Zellen am Saftstcigen. Jahrb. wiss. Bot. 42, 503-544
(1906), and several other following papers.

4
J. B. Overton. Studies on the relation of the living cells to transpiration and sap-flow. Bot.

Gaz., 51, 28-63, 102-120 (1911).
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When such a poison as picric acid is used on willow and walnut trees by
stepping a tree into a saturated solution, the same general distribution pre-

vails as when acid fuchsin is used, except that picric acid diffuses and larger

portions are stained by the poison, thus killing all of the living cells of the

medullary rays and of the wood parenchyma for a considerable distance around
the conducting vessels. The experiments of Strasburger were repeated by
sawing off a willow tree 11 cm. in diameter and about 8 meters high and lower-

ing the trunk into a concentrated aqueous solution of picric acid, allowing it

to stand in the solution for four days. Then a portion was sawed off from the

base and examined microscopically to determine the distribution of the

poison, after which the tree was stepped into acid fuchsin. In four days the

tree absorbed 4 liters of the picric-acid solution and about the same amount of

the dye, which rose to a distance of 4 meters. In all the annual rings the dis-

tribution of the poison was nearly the same as has been described for acid

fuchsin, except that lateral diffusion in the medullary-ray cells and paren-

chyma was greater, being very diffuse in the youngest four rings.

The distribution of the acid fuchsin after treatment with the poison is

exactly that described for the unpoisoned wood, except that there is more
lateral diffusion in the poisoned medullary rays and wood parenchyma. A
walnut tree 10 cm. in diameter and 6 meters high was treated in the same man-
ner. Both picric acid and acid fuchsin were drawn upward in the tree for a

distance of 4 to 5 meters. As in the case of the willow, the course of conduc-

tion was not altered, except that both the poison and the dye showed a certain

amount of lateral diffusion in both the medullary-ray cells and in the wood par-

enchyma. These experiments lead to the conclusion that neither the living

medullary rays nor the living wood parenchyma cells play a part in conduction

in these trees.

Intercommunication of Pits and Vessels, by J. B. Overton

In the Monterey pine, studies have shown that the length of the ordinary

tracheids range from 628 to 4,150 microns. 1 In certain other conifers Bailey2

finds that the membrane of the bordered pits are perforated. Bailey demon-
strated the presence of these pits by the use of India ink and showed that gas

could be forced through the perforations. By the use of Chinese ink finely

ground in a mortar in distilled water and centrifuged at 3,800 revolutions per

minute in order to remove all but the smallest particles, it has been possible

to demonstrate that such particles can be forced by means of a suction pump
to travel up a freshly cut pine stem for a distance of 20 to 30mm. ormany times

the length of a tracheid. The same is true when a severed top is stepped

into a suspension of the centrifuged ink. This leads to the conclusion that the

particles actually pass through the perforations in the membrane from one

tracheid to another. That this is a fact can be verified by microscopical exam-

ination. It appears evident that solutes and gases could diffuse through

such perforations in the continuous water columns.

1 D. T. MacDougal. Reversible variations in volume, pressure, and movement of sap in trees.

(Anatomical description of xylem of Pinus radiata, by L. H. Daugherty), Carnegie Inst. Wash.
Pub. No. 365 (1925).

2
I. W. Bailey. The structure of the bordered pits of conifers and its bearing on the tension

hypothesis of the ascent of sap in plants. Bot. Gaz., 62, 133-142 (1916).



LABORATORY FOR PLANT PHYSIOLOGY 159

The above experiments were varied and repeated, using instead of Chinese

ink a suspension of finely ground graphite, obtained from "aquadag," a com-
mercial preparation of graphite used for lubrication. In the condition found

on the market this lubricant contains ammonia, which was allowed to evap-

orate, leaving a hard mass of graphite, from which a suspension was made and
centrifuged. When graphite is suspended in water, graphitic acid may be

formed, which, in the presence of ammonia, may form a salt, or the free

ammonia may be adsorbed by the graphite. Either of these combinations

may yield free ammonia under the conditions of the experiment. Ammonia,
if present, might account for a certain blackening of the cell walls. No
appreciable amounts of free ammonia, however, were found in the suspension

by the ordinary qualitative tests. The efficacy of either Chinese ink or of

graphite depends upon observing the actual presence of the particles in the

tracheids and not upon a discoloration of the cell walls or pits.

Experiments thus far on the walnut or willow do not demonstrate the

passage of even the finest particles of carbon beyond the length of a vessel.

Derivatives of the cambium cut off toward its inner face mature into xylem.

The protoplasts of these embryonic cells are probably connected through the

walls by cytoplasmic processes, the plasmodesmen, lying in minute passages

in the wall. Certain vertical rows of these embryonic cells mature into

vessels. During this maturation the walls of each cell, excepting those walls

separating members in the vertical file one from another, become secondarily

thickened. When two vertical files of cells lie parallel and adjacent to each

other, the secondary thickening of the wall is not uniform, but there are small

circular or elliptical areas where there is no secondary wall formation, leaving

thin spots or pits. Similarly, when the end cell of a file is in contact with

the end cell of another file, there is a pitting of the common wall. Thus only

the original primary wall (the closing membrane) separates adjoining cells

at places where pits are formed. The secondary thickening probably oblit-

erates the plasmodesmen, except in the region of the pits, where there is no
secondary thickening. There then follows disintegration of the end walls in

each cell comprising the vertical series developing into a vessel, after which the

protoplasts within the vessel disappear. Since the plasmodesmen lie in

minute passages in the wall, it may well be that one vessel is connected with

another through its end and side walls by means of such passages. The water

of the transpiration stream may be continuous through passages of this kind

in the unthickened parts of common walls.

According to the tension hypothesis, as formulated by Dixon, the structural

characteristics of the wood of trees should be such that water partially or

completely fills the elements through which the transpiration stream moves.

In such trees as the walnut and willow the vessels of the xylem permit a more
rapid movement of water and solutes than would be possible if there were

many intervening partitions. Some cross and side walls, however, must be

traversed in the upward movement, but the possible presence of the passages

left by the plasmodesmen, smaller than the perforations in the pit membranes
of conifers, will reduce the resistance in the upward movement of water and
permit a continuity of the cohesive water columns.
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GASES AND SUGARS IN TREE-TRUNKS

The Distribution of Gas in Trunks of Trees as Determined by Anatomical

Features, by J. B. Overton

As has been recently pointed out by MacDougal, 1 gases taken from the

central portions of the oak (Quercus agrifolia)
,
pine (Pinus radiata) , and walnut

(Juglans major) in the autumn are in proportions widely different from the

surrounding atmosphere. This proportion varies at other seasons. In the

walnut (Juglans major and J. californica) and the willow (Salix lasiolepis) the

number and arrangement of living cells in the different shells of wood are

very different in the two genera, so that it may be expected that the gas rela-

tions in them would be different. In these plants, as previously mentioned,

each year's wood is more or less separated from that of other years by a layer

of terminal parenchyma, through which gaseous diffusion can take place but
slowly, if at all. The diffuse living parenchyma in the walnut involves still

more living cells. Respiration of living cells, whether aerobic or anaerobic,

results in the production of carbon dioxide, which escapes into the intercellular

spaces and into the vessels and becomes dissolved in the water which they con-

tain. The amount of dissolved gas depends among other things upon the

tension, pressure, and temperature of the water in the vessels. As these

factors vary, the amount of free carbon dioxide will also vary. It is evident,

therefore, that the gas pressures within the plant depend upon the number
and activity of living cells in producing carbon dioxide, upon the pressure

and tension of the water in the vessels, and upon the temperatures of the

water.

Since the time of Sachs, who early advanced the suggestion that the changes

in temperature, resulting in changes in sap pressure, might be operative in sap

flow, various investigators, such as Boehm and Hartig, have adhered to such a

theory. Babcock 2 suggests that the evolution of carbon dioxide during

respiration is one of the chief factors affecting-sap flow in growing plants.

Experimental results, however, on oak, pine, willow, and walnut trees lend no
support to any form of gas-pressure theory of sap-flow.

Composition of Gases in Tree-trunks, by D. T. MacDougal

The importance of the body of gas held as meshwork in the tracheids of the

older wood of a pine trunk and occupying certain portions of the wood of

dicotyledonous trees in the hydrostatic system has been described in Publica-

tion No. 373 of the Institution (The Hydrostatic System of Trees). As soon

as this was recognized, some determinations of the composition of the included

gases were made. This was not done until late in the season of 1925, when all

wood was in an autumnal condition. Samples were extracted from radial

bores by means of a mercury column set to give suctions of 0.6 to 0.8 atm.

Extraction at this time of the year was comparatively slow, maintenance of

suction for 60 to 90 hours being necessary to obtain samples of 200 ml.

1 D. T. MacDougal. The hydrostatic system of trees. Carnegie Inst. Wash. Pub. No. 373, 1926.
2 S. M. Babcock. Metabolic water: Its production and r&le in vital phenomena. Univ. Wis.

Agr. Exper. Sta. Research Bull. No. 22 (1912).
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Analyses made mid-October, 1925, gave the following results

:

161

co2 o2

Nitrogen and
possibly other

gases

p. ct.

4.24
4.21
3.85
3.80

p. ct.

15.43
15.41
19.99

1 19.90

p. ct.

80.33
80.38
76.16
76.30

3.76 18.21 78.40

1 Erroneously given as 15.90 in Pub. 373.

In mid-June 1926 a sample was taken from the stump of a root of pine No.
XII, which had been attached to a manometer since the previous summer.
A sample of 200 ml. was extracted in 5 hours, which showed a CO2 content of

6.2 and 6.1 per cent and of oxygen 15.7 and 15.3 per cent.

A sample was now taken by attachment to a shortened stub of a branch to

which a manometer had been attached for nearly a year. Extraction was very

slow, 14 days being required to obtain a sample of 200 ml. Analyses showed
12.5 and 12.6 per cent CO2, which is the highest recorded, and 9.15 and 9.20

per cent of O, for this pine. It is to be noted that this sample was taken

shortly after the period of maximum growth activity of the tree.

Another sample was taken in 5 hours from a radial bore in the basal part of

the trunk of Pine No. 6 of the dendrographic series on July 1, 1926, which
showed a carbon-dioxide content of 9.9 per cent and oxygen 10.6 per cent.

Another sample taken in one day from a radial bore in the basal part of pine

No. XII on July 22 showed a carbon-dioxide content of 10.27 per cent, no
determination of the oxygen being made.
Samples of gas extracted from radial bores in the trunk of Juglans major

within 24 hours on October 19, 1925, showed 12.13 and 12.20 per cent carbon

dioxide and 8.4 and 8.43 per cent of oxygen. It is notable that a sample

taken June 24, 1926, by extraction for two days yielded almost exactly the

same proportions, the carbon dioxide making up 12.4 and 12.5 per cent and
oxygen 8.8 and 9 per cent of the sample. Another sample was taken a month
later (July 25 to 30, 1926), in which the carbon-dioxide content in two deter-

minations was 12.07 and 13.3 per cent.

Samples from Quercus agrifolia taken October 6, 1925, in 17 hours showed
3.04 and 3.08 per cent carbon dioxide and 17.49 and 17.84 per cent oxygen. A
second sample extracted in 22 hours showed 3.40 and 3.43 per cent carbon
dioxide and 14.80 and 14.84 per cent oxygen. A sample taken from a similar

tree in 5 hours on June 29, 1926, showed 9.4 per cent carbon dioxide and 11.4

per cent oxygen. This, like the sample of the walnut, was at the time of

rapid growth.

A sample taken from a radial bore in the trunk of the willow (Salix lasio-

lepis) June 21, 1926, showed 13.2 per cent carbon dioxide and 8 per cent

oxygen.

These analyses show that the carbon-dioxide content of the gases included

in the trunk of the Monterey pine is least in the resting season and at a time
when the trunk displays the least variation in volume. At this time the
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carbon-dioxide content may be less than 4 per cent. In mid-June the gases

in a root may include as much as 6 per cent of carbon dioxide. Late in the

month this gas constituted 12.5 per cent of the total extracted from the

trunk through the base of a branch. During July the carbon-dioxide content

was about 10 per cent. It is to be seen that the carbon-dioxide content of the

trunk may be three times as great near the end of the growing-season as in

the resting-period.

The constitution of the included gases of the walnut does not vary greatly

throughout the year, showing a variation between 12.30 and 13.30 per cent.

The carbon-dioxide content of the oak varies from about 3 per cent in Octo-

ber to over 9 per cent in June.

The carbon-dioxide content of the willow is as high as that of the walnut,

being 13.2 per cent in June and 8.4 per cent in a sample taken early in August.

The correlation of these data with respiration processes and with the

maturation of the wood remains to be accomplished.

SUCTION AND EXUDATION

Exudation and "Root Pressures," by J. B. Overton

Some of the results of studies on the pressures and movement of sap in

trees have already been published. 1
)

2 Experiments have shown that in conif-

erous stems, such as those of the Monterey pine, in which manometers have
been attached to bore-holes tapping two or three most recently formed layers

of wood, much higher pressures can be demonstrated than previously recorded.

Absorption pressures are exhibited when manometers are connected with a

trunk or to a large root of this species, but may be followed shortly by exuda-
tion pressures amounting to 4 to 4.5 atmospheres. In this species suction is

manifest when manometers are attached to the stumps so as to connect with

the vessels and empty wood cells containing gases at less than atmospheric

pressures. By the irrigation of small trees in place or of potted plants in the

greenhouse these absorption pressures, or suction, may be somewhat dimin-

ished, but exudation pressures of such plants or of large roots of this species

are apparently not directly connected with the activity of the endodermal
mechanism or with the transpiration stream.

The fact that decapitated plants, especially herbaceous ones, may show
exudation pressures when sufficiently saturated with water, has led many to

attribute the phenomenon to a pressure brought about by the activity of the

roots resulting in so-called "root pressure." The presence of such a pressure

has attracted much attention. Confusion, however, arises by ascribing all

exudation pressures to the osmotic action of the root. By some "root

pressure" is held to be referable, in part at least, to the endodermal mechan-
ism which controls and maintains the pressure.3

)

4 It is possible that pressures

registered by manometers attached to stumps of certain plants may be due

to the action of the root mechanism. However, the fact that in manometers,

1 D. T. MacDougal. Reversible variations in volume, pressure, and movements of sap in trees.

Carnegie Inst. Wash. Pub. No. 365 (1925).
2 D. T. MacDougal. The hydrostatic system of trees. Ibid, Pub. No. 373 (1926).
3 J. H. Priestley. The mechanism of root-pressure. New Phyt., 19, 189-200 (1920). Further

observations upon the mechanism of root-pressure, ibid, 21, 41-47 (1922).
4 J. B. Overton. The mechanism of root pressure and its relation to sap-flow. Am. Jour.

Bot., 8, 396 (1921).
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attached to rather large roots of the Monterey pine, of the walnut (Juglans

major) and of the willow (Salix lasiolepis), variations in pressure are coinci-

dent with changes in temperature of the soil and of the atmosphere leads one

to the conclusion that such variations in the roots of trees are due, in part at

least, to expansion and contraction of the enclosed gas-body. A small oak
(Quercus agrifolia), whose trunk was 13 cm. in length and 1 cm. in diameter,

which was decapitated 8 cm. above the root system and to the stump of which

was attached a manometer, the plant being profusely irrigated, showed slight

exudation pressures for a few days and then very marked suction pressures,

the variations in pressure being coincident with changes in temperature,

although the inclosed gas-body was small. That the suction pressures were

not due to the death of the cells of the stump is evidenced by the production

of new branches from the stump in a few weeks after the experiment was
terminated. A small Monterey pine treated in a similar manner showed only

suction. No experimental evidence has been as yet forthcoming to show that

in these genera of trees any osmotic action of the root is sufficient to force

water up a stem. In small herbaceous plants, such as the sunflower, Encelia

farinosa and Malva borealis, in which exudations are manifest when manome-
ters are attached to decapitated plants, the pressures may perhaps be attrib-

uted to the action of the endodermal mechanism and the force may be suffi-

cient to supply the stem with water in the absence of transpiration.

Attempts have been made to coordinate manometric pressures in trees

with the tissues concerned and to relate the observed physiological facts with

histological structures. The cohesive water-columns in such trees as the wal-

nut (Juglans major, J. californica, and J. arizonica) and the willow (Salix

lasiolepis) occupy the second, third, fourth, and sometimes the older layers

of wood. The pressures developed in manometers vary greatly, depending
upon whether or not the bore-holes are driven tangentially or radially, or

whether the instrument is attached directly to the stump of a severed branch.

When bore-holes are driven radially, connecting with the gas-filled wood of the

interior or connecting mainly with the transpiration stream of these genera,

differential results appear. Gases in the interior are generally at pressures

less than those of the atmosphere, and manometers connected radially will

register suction. The daily temperature expansion of gases will operate to

lessen this suction. As has been pointed out by MacDougal1 the gas-body
in the autumnal condition may be at pressures higher than that of the atmos-
phere and in this condition the resulting positive pressure would increase with
a rise in temperature. When, however, bore-holes are driven tangentially,

penetrating the recently formed layers of wood and with the transpiration

stream, the tension set up by the leaves will cause suction in the connect-

ing manometers. This suction, contrary to that in radial bore-holes, will

increase with the daily rise in temperature and concurrently with the increase

in temperature and tension in the conducting tracts.

The differences above referred to are also conditioned by the action of

living cells in the neighborhood of the wound, as well as upon changes in the

hydrostatic system caused by transpiration and expansion or contraction of

the inclosed gas-body. Variations also depend upon specific anatomical
differences in the plants studied. In such trees as the walnut and willow
the various shells of wood are more or less separated by a layer of living

1 D. T. MacDougal. Hydrostatic system of trees. Loc. cit.
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cells, the parenchymatous sheath or terminal parenchyma, on the face of

the summer wood. In the walnut the wood parenchyma is not confined to

the outer part of the recurring zones of growth, but is also more or less scattered

throughout the annual rings, some of the living cells lying among and some in

contact with the vessels. In the willow the cells of the wood parenchyma
are grouped on the outer face of the annual ring. In both cases the medullary-

ray cells live for several years. In both species the wood is diffusely porous,

the vessels being fairly uniformly distributed throughout the annual rings.

The length of the conducting elements of the xylem is also different in the

two genera. In the walnut, as has been determined by the use of the oxy-

ferric chloride method and by other means, the tracheae are about 21 cm.

long, while in the willow they are only 7 cm. long. As the willow grows

where there is an abundance of water and the walnut in a drier locality, it may
be that environmental factor which determines the length of the vessels. (Sun-

flower plants grown in the dry conditions of Tucson have very much longer

vessels than the same species grown in the moist climate of Carmel.) It is

evident that the number and character of living cells affecting pressures shown
by manometers will vary with the genera and species. These facts may in

part account for differences in pressures registered by manometers attached

simultaneously to different parts of these trees.

By means of defoliation, the tension on the water-columns may be dimin-

ished or entirely removed. A small walnut bush with several branches from the

same root system, to which manometers were attached to both root and
topped branches, showed a constant suction even when profusely irrigated.

By removing the leaves first from one branch and then from others the suc-

tion was in the course of a few days markedly reduced, the root finally showing

a positive pressure for a time. Both the root and the defoliated branch even-

tually showed suction, probably on account of the tension set up by the loss

of water through the lenticels. In this case the number of wounded cells was
small and the volume of the inclosed gas-body was also small. The results of

defoliation on certain trees have already been published by MacDougal 1 and
have shown that no extensive exudation pressures are possible in defoliated

Monterey pines. Such pressures as are exhibited by this species can be

attributed to secretion and hydration of resin. Defoliation of sunflower

plants greatly reduces the negative pressure and may even result in a positive

pressure when the plants have an abundant water-supply. At Tucson such a

shrub as Jatropha, which has a marked water-deficit during its leafless

period, never shows an exudation pressure in manometers, even if profusely

irrigated, although the negative pressure may be reduced by irrigation. In

some instances, portions of branches of this species brought into the labora-

tory show exudation pressures when attached to manometers. This may be

due to the hydration of the abundant latex which the plant contains. In the

wild Arizona grape growing in the garden of the laboratory at Carmel, only

suction is shown when in leaf, but, when grown in the greenhouse with abun-

dant water-supply and few leaves, exudation pressures are manifest. It

seems apparent that suction pressures brought about by transpiration can in

some, but not all, cases be changed to positive pressures by defoliation or

that the negative pressures can at least be reduced. It is, therefore, evident

that factors other than the tension of the cohesive water-columns brought

1 D. T. MacDougal. Reversible variations, etc. Loc. cit.
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about by transpiration and expansion of the inclosed gas-body are operative

in causing negative pressures.

Exudation or Positive Pressure and "Negative Pressure" or Suction in Tree-

trunks, by D. T. MacDougal

The older wood of the pine trees studied in a year's work on this subject

seems to contain gases at a pressure less than atmospheric at all times. A bore

driven radially and filled with water will therefore be the scene of the en-

trance of the liquid into the tracheids in response to this lessened pressure

and by capillarity. The withdrawal of liquid from the bore will, of course, be

registered as suction by an attached manometer. When the temperature of

the gas is raised the suction is lessened. At no time, however, does this

suction fall to and change to positive pressure.

Exudation pressure by the pines may be shown only when a bore is driven

tangentially or in such manner as to tap the layers rich in resin and with the

lining or secreting cells of the resin canals in a living condition. The contents

of the resin canals, which have a length of many millimeters, are under some
pressure and escape into the bore. Some of the resinous material seems to be

miscible or hydratable by a water solution and the secreting cells are hydrated
initially, with a final deflation, with the result that a pressure is set up in the

bore which may register as high as 4.5 atmospheres, as shown in some tests

made from 1924 to 1926.

Exudation pressures in dicotyledonous trees with vessels have been found

at the terminal ends of roots in the walnut and in radial and tangential bores

in the trunk. The origination of such pressures and their daily variation is so

nearly coincidental with the temperature expansion of the air in the vessels

that it is difficult to distinguish or identify the actual participation of living

cells. In fact, such changes in volume of gases in wood adequately explain

nearly all such variations. The possible activity of living cells in forcing

water into the vessels may be sought most profitably in herbaceous types,

especially in the species which show marked "bleeding."

The most prominent feature of sap tension in trunks which may not be

explained by changes in gas-pressure is the partial or almost complete filling

up of the wood with water at the end of the season or when the tree is in

an autumnal condition. This fact has not been verified, but nothing has

been found contradictory to it as described by reliable investigators. Such
increase in the water-content is attended by the origination of positive

pressures in bores driven radially as well as tangentially in the trunk and in

stumps of roots. It is true that an increased liberation of carbon dioxide from
maturing wood would tend to increase the internal pressure at this season, but it

would not account for the increase of water, which would appear to be forced

into the trunk from below. The living parenchyma of the walnut, both in the

trunk and in the roots, offer possible sources of the implied action, with the impli-

cation that whatever this action may be it is continuous throughout the season.

It is remarkable that such positive pressure may be found in bores driven

in the outer layers of the willow (Salix lasolepis) during the midsummer
season of slackened growth, at a time when only suction is found in radial

bores and at the ends of stumps of branches and roots. Dendrographic

records show that accelerated growth takes place later with the formation of

a second recognizable layer during the year.



166 CARNEGIE INSTITUTION OF WASHINGTON

SUCTION TENSION, DIFFUSION, AND SWELLING

Further Studies in Suction Tension, 1 by Vladimir Ulehla

Suction Tension in Carnegiea gigantea

The dynamic character of suction tension was described in the annual
report for 1925, page 150. It was shown that under the experimental con-

ditions the suction tension in the medullse of Carnegiea and Opuntia changes
in an opposite manner as the time elapses. Thus, if the tissues are immersed
in watery sucrose solutions, the suction tension of Carnegiea gradually

decreases, while that of Opuntia increases.

Further investigations have proved that similar differences exist between
tissues of a species. Thus, in the case of Carnegiea, green cortex, white cor-

tex, and medulla have been taken from the same level of a mature plant.

Uniform samples of all the three tissues were allowed to shrink or distend,

in sets of sucrose solutions of graded concentration. The changes in

diameter, which are proportional to changes in volume, were recorded con-

tinuously by the auxographic method. From the records the values for the
" neutral concentrations"2 were interpolated by the means of a graphic method
described briefly in the previous report and were expressed in atmospheres, as

in the following table:

Suction tension in atmospheres at close of increasing time

Object

intervals

15 30 1 2 4 6 12 18
min. min. hour hours hours hours hours hours

Carnegiea

:

Green cortex 24.74 21.55 20.13 18.41 16.68 15.94 15.00 14.21
White cortex 23.72 20.72 19.05 19.10 21.83 25.04 32.69 33.74
Medulla 25.19 23.30 21.19 17.69 14.45 13.87 12.36 11.63

Postelsia palmaeformis . . 29.85 29.55 29.25 28.93 28.68 28.56 28.22 28.00

The specificity of each tissue tested is obvious. The suction tension of

green cortex and medulla decreases permanently as time elapses, while that

of the white cortex after an initial decrease suddenly inverts to a considerable

increase again. As there is scarcely any doubt that a similar specificity of

behavior exists also in the intact plant, the movement of water in radial direc-

tion, the probability of which was suggested in the previous report, becomes

still more evident.

Suction Tension in Postelsia palmaeformis 3

If the internal layers are taken and transferred into normal sea-water they

begin to distend instantly. Though rather insignificant, the maximum
1 For several reasons the term "tension" instead of "force" is preferable.
2 Under "neutral concentration" the sucrose solution is understood, in which at a given

moment the tissue has its initial volume. Tissue and liquid suck equal at this moment. Hence
the suction tension of the tissue equals the osmotic value of the solution and can be expressed in

atmospheres according to Morse and Berkeley's measurements.
3 The experiments with this kelp, which was collected on the shores of Carmel, were suggested

by Professor F. E. Lloyd, of McGill University. As far as they have been carried on in a joint

research they will be published in joint papers.
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amounts to about 1.5 per cent of the initial thickness and is readily detected

by the auxograph. It is always present, whether collected at low tide or at

high tide. Thus, the internal tissue always maintains a positive suction

against sea-water, which means that, though the plant is immersed most of

the time, the internal tissue is under a condition of permanent water deficit.

If the tissue be immersed in a set of sucrose solutions, the height of the suc-

tion tension can be stated by the method as described in the preceding para-

graph. The values obtained in one of the experiments are quoted in the last

line of the above table. If the values for the suction tension are plotted

against the time at the close of which they occur, and if the curve is extrapo-

lated to the time zero, the true suction tension of the released but not im-

mersed tissue is obtained. In spite of the uncertainty of such extrapolation,

it is evident that the true suction tension amounts to more than 30 atmos-

pheres, while the osmotic value of the sea-water under given circumstances

has been calculated to be only about 25 atmospheres. The significance of

such a water deficit will be discussed below.

Suction Tension in Mesophttes

On returning to Brno, experiments have been started 1 and are still carried

on, bearing on the question whether the dynamic character of the suction

tension represents only a special property of the desert succulents or if it is

of general consequence. As far as the results can be summarized at the pres-

ent time, it can be stated that the suction tension in the pith of Aster sp.,

Crambe maritima, Sinapis alba, Helianthus tuberosus, Aegopodium poda-

graria, generally varies with the time of immersion in sucrose solutions, the

variations being regular and specific in each case, while both the initial height

and the later variations are low or slow, respectively, if compared to desert

succulents. The statement made in the case of desert succulents, saying

that "the suction tension does not express an equilibrium but a rate," thus

becomes a more universal application.

The Significance of the Water Deficit in Living Cells, by Vladimir Olehla

The Water Deficit Is Continuous

Living pith was taken from different plants and immersed in water under
auxographs.2

Initial distention was observed in all cases, indicating that

a continuous positive suction tension, or, what is the same, a continuous water
deficit is present even in cases where the plant has been collected after several

days of constant rain or taken out of the water. Arrangements to maintain

the water deficit have been seen in what has been called generally "tissue

tensions" and which have been looked upon mostly as an arrangement for the

mere mechanical stiffening. This does not cover the whole question. As will

be shown below, there is no doubt that tissues under negative, elastic tension

or under a lower positive suction tension play exactly the role within the

plant that the cell-wall plays within the cell, namely, that of a barrier pre-

venting the living tissues from becoming saturated.

1 By the courtesy of Dr. MacDougal a model of his auxograph was allowed to be taken, which
has served as a pattern for the construction of a new set of 12 auxographs.

2 Following tissues were examined: Pith of Opuntia phaeacantha, Carnegiea gioantea, Sinapis
alba, Solidago virga aurea, Crambe tataria, Rheum undulata, Nymphaea sp., Amaryllis sp., internal

layers of the stele of Poslelsia palmaeformis.
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Saturation Means Death

If the imbibition in distilled or in tap-water is recorded, one would possibly

expect to obtain, at least during the first 24 hours, a simple curve, similar

to a swelling curve. 1 But as a matter of fact, in all cases examined the curve
indicating imbibition with the lapse of time differs essentially from a simple

asymptotic course by the presence of a pronounced optimum. In the onset

a steep ascent indicates a rapid intake of water, but this stops at the close of

1 to 3 hours, with the exception of succulents, where it is delayed and reverses

into a quick shrinkage, meaning the outflow of water just absorbed.

Parallel microscopical work furnished the evidence of the turning-point

between the distention and shrinkage, respectively, as being the boundary
between reversible changes and more or less irreparable injuries. In the cases

where a simple microscopical observation failed to secure conclusive evidence

of destructive processes, as soon as the turning-point has been passed, the

damage could be detected in any case by measuring the plasmolytical velocity

with NaCl, the penetration velocity of diluted HC1, and the staining velocity

with aniline blue.

External factors, such as the frequency with which the water is renewed
or the pH of the latter, though modifying the process, do not change it essen-

tially.

Enforced Suction Tension Prevents Death

This becomes obvious if the tissue is immersed in sucrose solutions instead

of water. The turning-point disappears with increasing concentration. In

agreement with this, various tissues could be kept alive up to 30 days if im-

mersed in a "critical concentration" of sucrose.2

To what extent salts are able to depress the turning-point is postponed for

further investigation. That the sea-water does not bring about a critical

condition was seen in the case of Postelsia.

Mechanical features are also important. If complete cross-sections of

stems and roots are immersed in water they distend but little or not at all.

Microscopical control fails, then, to detect any damage for many hours or

days even.

Conclusions

A certain degree of water deficit appears to be a fundamental condition of

life in all cases studied.

This should be taken into consideration in efforts for establishing cultures

of plant tissues and in microscopical work with living plant-cells. It seems to

be advisable to abandon water as culture or observation medium and to

replace it with a weak solution of sucrose. And if plant tissues are used for

studies for "permeability," they, of course, should not be submitted to an

immersion in water previous to that in the experimental liquid, as is done

frequently.3

1 See method of Stiles and Jorgensen. W. Stiles, Permeability, pp. 143-152 (1924).

2 This is the low concentration in which the turning-point disappears. Being highly hypo-

tonical to the tissue, it equals one-third to one-fourth of the isotonic solution and it causes a con-

siderable distention, the onset of which it is true remains behind that of water, but later on, as

the curve approaches the simple asymptotic course, the optimum in water is reached or even

surmounted.
3 Compare H. Fitting. Untersuchungen ueber die Aufnahme von Salzen in die lebende Zelle.

Sep. reprint from Jahrb. wiss. Bot., 56, pp. 1-64 (1915). "Es empfiehlt sich also fur besonders

genaue Versuche die Schnitte zuvor mindestens 4-6 Stunden in Wasser zu legen," 1. c, p. 13.
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As to reasons for death from saturation, there can be only speculation at

present. A working hypothesis has been put forward, chiefly for use in further

investigation, to the effect that the speed of oxygen-supply, and consequently

the respiratory activity of the cell, depends closely upon the amount of the

water deficit. This has been suggested by the discovery of MacDougal as

to the composition of gases in the interior of the plant. 1 Changes in perme-

ability, in viscosity, and similar properties are, in this hypothesis, looked upon
as being mere accessory phenomena of such fundamental life processes as are

hydration and respiration. The variations of the former can, of course, be

used very well as indicators of changes in the latter, but they can give no
basis for explanation of the alterations of any important physiological process.

Anomalous Osmosis in Living Cells, by Vladimir Ulehla

On the basis of facts bearing on the dynamic character, the specificity, and
the never-failing presence of suction tension, circulating interchange of water

between living cells can be understood. But in the case of submersed plants

it would seem that a dynamic equilibrium would ensue. 2 In a joint research

with Professor Lloyd, the arrangement in Postelsia by which the equilibrium

is prevented was found.

As mentioned in the preceding paragraph, the released tissue distends but

slightly in sea-water, while it distends about ten times as much in distilled

water, the latter process reversing soon into shrinkage, so that a sharp critical

point results. Now, if the tissue is immersed in a set of mixtures of sea-water

and distilled water, a simple relation between the amount of distention up to

the turning-point and the concentration of sea-water can be expected, as far as

the process being, according to the current opinion, an osmotic one should

follow the Van't Hoff rule. But instead in solutions of 1 part sea-water and
8 distilled water anomalous deviations occur, beginning with some similar

to those obtained by Loeb with collodion membranes3 and to the graphical

presentation of which Bartell refers as to "N-shape curves." 4

The same was found when the samples were immersed in a set of NaCl or

Na2S(>4 solutions of decreasing concentrations. Our findings differ from those

of Loeb and Bartell in one point. It was found that two and sometimes even

more optima of anomalous delay of water intake occur in the concentration

gradient, so that our curves can be better nominated as "M-shape curves."

Also, in cases where the tissue samples were immersed in isotonic glucose

solutions mixed with varied amount of hydrochloric acid, a considerable dis-

tention of the tissue, negative osmosis, was noted in the onset, the maximal
values of which fluctuated again repeatedly along the straight-line decrease

of the concentration of the acids.

In these facts it has been proved for the first time that anomalous osmosis

occurs in a living plant-cell.

If a substance which influences the suction tension of the cells in diffusing

through a tissue, then the possibility is present that fluctuations in the height

1 D. T. MacDougal. The Hydrostatic System of Trees. 125 pages. Washington (1926).

Cfr. 1. c, page 123.
2 Unless such active arrangements are present as discovered in the case of the Utricularia

bladder. A. T. Czaja, Physikalisch-chemische Eigenschaften der Membran der Utriculariablase.

Pflttgers Archiv, 206, pp. 654-613 (1924).
3 J. Loeb. A series of papers in Jour. Gen. Phys. 1-3 (1913-21).
* F. E. Bartell and D. C. Carpenter. The anomalous osmose of solutions with collodion

membranes. I—III, Journ. Physiol. Chemistry, 27 (1923).
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of the suction tension are induced by a mere straight-line diffusion, and that

even the direction of the flow of water can be reversed repeatedly, though the

plant still remains submersed.

Similar studies have been extended to the roots of mesophytes. If these

are successful in detecting the anomalous osmosis in some of the transporting

layers, then the missing link in the picture of the hydrostatic system of the

plant, drawn recently by MacDougal, might be found. 1

Relation of Distention of Cells to Acidity of Solutions, by Vladimir Ulehla

The pH of the Cell Surfaces as Related to Distention in Water

As mentioned already, the maximum of the distention in water up to the

critical point was found to be influenced by the pH of the latter. Two maxima
of action were found in most cases studied2 between which a point of minimum
action is located. The latter is moved to the acid side to pH about 6.

That this point deserves to be looked upon as the point of "physiological

neutrality" 3 has been proved in experiments in which varied numbers of

tissue sections were immersed in sets of constant volumes of water adjusted to

different pH. Parallel samples were placed under auxographs. As soon as

the approach of the critical point was indicated the sections were removed
from the liquids and the pH of the latter was tested. It was found that a

simple relation exists between the number of the sections and between the pH
of the liquid respectively, which takes the adsorption isotherm into account.

In all cases the same pH is reached or asymptotically attained, namely,

that of the "physiological neutrality." But as soon as the turning-point

has been passed and the control tissue begins to shrink this is no longer true,

as the pH decreases or increases again, as the case may be.

Nor does the regulating tendency of the tissue become apparent imme-
diately the initial pH passes the limit beyond which the tissue suffers injury.

From which it must be concluded that as long as the tissue is not damaged the

acid present in the vacuole in Opuntia, Rheum, etc., does not escape, nor does

it influence either the surface pH of the cells or the buffering ability of the

latter.

The Influence of Electrolytes on the Swelling of Agar, by Beverly K. Clarke4

The problems of swelling center around the answers to two questions:

why do bodies like agar and gelatin swell at all ; and in what manner do dis-

solved substances affect the swelling? The preliminary results reported in

this note bear upon the second question, which is obviously one of fundamental

importance in any consideration of the colloidal action of protoplasm.

The purpose of these experiments is to attempt to correlate some of the

known physical or chemical properties of the alkali metals or of solutions of

their salts, with their effect on the swelling of agar. Although but three of

1 D. T. MacDougal. The Hydrostatic System of Trees. 125 pages, Washington (1926). "Be-
tween the arrival of water .... in the living cells .... and the passage of the solution into

dead conduits of the roots .... is some form of exudative or secretive action, not yet perfectly

understood and not to be passed lightly." 1. c, pp. 2, 3.

2 The same plants as enumerated in note 5, p. 167, were studied, with the exception of Car-

negiea and Postelsia.
3 This term is applied according to F. Hercik. On the growing reaction produced by the change

of hydrogen-ion concentration in germinating roots of Pharbitis hispida Choisy. Pub. de la Faculty

des Sciences de L'Universite Masaryk Brno, No. 49, pp. 1-20 (1925).
4 National Research Fellow in Chemistry.
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the alkali metals have at the present writing been examined, the results now
available enable us to draw some tentative conclusions of interest.

The alkali group was chosen because of the quantity of accurate data

available regarding the properties of these metals, and because of the high

solubility of their salts. The specific effect of the anion is eliminated by using

chlorides throughout.

An agar plate large enough for all the experiments was prepared according

to the technique previously published from this laboratory. From this were

cut squares exactly 1 cm. on a side. The thickness of each square was meas-

ured with a gage capable of measuring to one ten-thousandth of a centimeter

(the thicknesses varied between 0.001 and 0.002 cm.). Swelling was measured
on the auxograph. By employing every possible refinement of measurement,

the error in the absolute percentage swelling has been reduced in these experi-

ments to 1 per cent.

The solutions were prepared by progressive half-and-half dilution of a

saturated solution of the salt. Since 16 auxographs were available, the 15

solutions (the sixteenth was used as a water control) so obtained gave concen-

tration series ranging from 4 or 5 normal down to 0.0001 normal.

The figure on page 172 shows the curves for ammonium, sodium, and
potassium chlorides, obtained by plotting the percentage swelling against the

Briggsian logarithm of the concentration. It will be immediately observed

that in the concentration range between about 10
_1 N and 10

-2-5 N the curves

are comparatively smooth and regular, and, further, that in this range the

swelling is approximately proportional to the logarithm of the concen-

tration. If, however, we pass to solutions either more concentrated or more
dilute, we meet what appears to be erratic behavior on the part of the curves.

It seems that these irregularities may have two possible explanations.

First, although these oscillations are entirely without the limits of error of

the measurements, there is the ever-present possibility of accidental contam-

ination from dust particles, etc. It may also be that in high and low concen-

tration swelling is much more sensitive to small changes in concentration than

in the middle range. The second and more interesting possibility is that

these abrupt dips and bends in the curves may actually belong there, caused

by some factor as yet undiscovered. The writer hopes to settle this matter

in further experiments.

These results confirm in a striking manner a point that has been hinted at

by many writers but thoroughly impressed upon colloid chemists by none,

namely, that the Hofmeister or lyotropic series is not a constant thing like

the atomic-number series, but depends upon concentration. Referring again

to the figure, in the middle range, around 0.01 normal, the three metals fall,

in their effect on swelling, clearly into the series Na >K > NH 4 . In higher or

lower concentrations, however, the curves cross each other and change their

relative position, so that a new "lyotropic series" is produced by using a

different concentration.

A careful study was made of the hydrogen-ion concentration changes in the

potassium chloride series. The table on page 173 shows the results.

These measurements were made with the quinhydrone electrode. With
one exception the pH rose in every case. The explanation probably lies in
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the fact that during swelling the solutions containing the agar squares were

open to the air of the equable-temperature room where the experiments were

conducted. Due to the chemical reaction taking place between the agar

(which is an ionizable calcium salt) and the potassium chloride, calcium
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chloride is produced in solution. Because of the low solubility of calcium

carbonate, C02 is taken in from the air until the equilibrium is attained.

Calcium carbonate hydrolyzes alkaline, causing a change in the pH toward

the alkaline side. There is no apparent connection between the fluctuations

in pH change and the irregularities in the swelling curves.
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pH changes in KCl solutions caused by agar swelling

173

Cone. KCl
(normal)

Initial pH pH of solution

after swelling

3.6360 5.92 6.60
1.1818 5.62 7.21

.9090 5.66 6.56

.4545 5.79 6.35

.2273 5.78 6.12

.1136 6.18 5.90

.0568 5.93 6.24

.0284 5.66 6.13

.01421 5.78 6.06

.0071 5.32 6.14

.0035 5.05 6.92

.0018 5.37 5.76

.0009 5.72 6.12

.00045 5.24 6.10

.00023 5.64 5.87

.00000 5.21 6.07

Diffusion with Chemical Transformation. A Contribution on the Chemical

Analysis of Biological and Periodically Varied Reactions,

by Vladimir Moravek

The adsorption of material by the cell, the transformation of nutrients, and
the excretion of waste material are regulated by diffusion and adsorption.

There are two kinds of diffusion in gels, one an unobstructed progress and the

other diffusion with chemical transformation. In the first instance, there will

be no adsorption in the gel; if the spaces in the structure of the gel are larger

than the molecules or ions of the diffusing material, then the rapidity of diffu-

sion is affected only by the size of the spaces of the gel.

When adsorption takes place, the passage of the material is accompanied

by a change of the physical qualities of the gel. This condition occurs

with the entrance of acids, alkalis, and the adsorption of many ions in the cells

and tissues. We may conclude from the work of recent years that the beha-

vior of every kind of cell is specific. The most complicated reactions are

those which, illustrated by a curve, show two (N-curves) or several maxima
(periodical curves). As a basis for investigation of universally accepted

laws of the above-mentioned cells of gel, we can make use of the experiments

on collodion membranes, agar-agar, and gelatine.

In this work I measured the diffusion progress of 5 per cent gelatine (Pfan-

stiehl culture media) in which potassium bichromate was dissolved. Gel

in a test-tube of 8 mm. diameter was covered with a layer of a solution of lead

nitrate. The experiments were carried on in a dark room at a constant

temperature of 14.5° C. The depth of the lead chromate precipitation was
measured after 51 hours. The concentration of Pb(N0 3 ) 2 varied in the series

of experiments from 0.005 to 0.5 N.
The permeation of the precipitate reaction is mainly determined by the

mechanical structure of the gel. In agar gel the diffusion progress grows

with the increasing concentration of the layer of Pb(N0 3)2 solution in a sharp

lineal slope. The difference between the amount of diffusion in 1.5 and 3

per cent agar is very small. In gelatine of 0.085 N. K2Cr 207 (curve B) with

the increasing concentration of Pb(N0 3 ) 2 of 0.002 N. to 0.03 N., the depth of
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the permeating PbCr0 4 grows rapidly at first, slowly toward the end. Between
0.03-0.04 N. Pb(N0 3 ) 2 a new rise begins which reaches its maximum at 0.035

N. Pb(N03) 2 .

In its further course the curve falls abruptly to 0.06 N. Pb(N0 3) 2 and be-

tween this concentration and 0.08 N. it reaches zero. An equilibrium between
both salts takes place, the contact surface is free of all precipitate (imperme-
able except in the presence of intermediate membrane). With increasing

concentration of Pb(N03) 2 to 0.1 N. a steep rise of the diffusion again begins,

whose maximum lies higher than at 0.035 Pb(N0 3) 2 . From 0.01 and 0.02

N. Pb(N0 3) 2 the increase of the diffusion ring is very little.

The curve of 3 per cent gelatine is higher at all points; that of 10 per cent

gelatine is lower. There is a difference in the case of the 5 per cent gelatine

in this respect, that in the lower and also the higher concentration the zero-

point (where no precipitate results) is shifted to lower concentration of

Pb(N0 3 ) 2 . The minimum, which results in this case, is narrow and the curve

makes a sharp rise to the next higher and lower concentration of Pb(N0 3)».

In addition to the gelatine, I also employed two other brands of gelatin in

the investigations. The shape of the curve was very similar, but both were
lower than that of the first gelatine. The precipitate ring of PbCrO was close

(similar to that in the case of agar), and therefore the diffusion from the watery
solution was rendered difficult.

With the addition of 1 or 2 per cent agar to 5 per cent gelatine, the two new
curves are almost identical in their first part with the gelatine curve, with the

only difference that they run lower. At the place where the curve of the pure

gelatine begins to run parallel to the base (0.02 to 0.03 N. Pb(N03)2), the

curves, following the addition of agar, undergo a depression.

Even more enlightening is the series of experiments using a mixture of 3

per cent gelatine with 2 per cent agar. In the lower concentrations up to 0.02

N. Pb (N03 )2 the progress of the diffusion is the same as in 3 per cent gelatine.

At 0.03 N. Pb (N0 3 ) 2 in the mixture the diffusion is depressed, and from this

concentration point up to 0.08 N. Pb (N0 3 ) 2 the curve is parallel to the base.

At higher concentrations it is parallel, but lower than the pure 3 per cent

gelatine curve. The diffusion in the gel layer may be retarded still further by
introducing 0.5 per cent lecithin and 0.5 per cent cholesterol into the mixture

of 3 per cent gelatine with 2 per cent agar. A lower minimum results at 0.035

N. and a new one at 0.06 N. Pb (N0 3 ) 2 . From this it must be concluded that

the diffusion in lecithin attains a smaller value than in agar.

This series of experiments proves that in the combination of two cases,

of which one follows the adsorption curve l and the other goes off in a direct

slope and gives as a final result an alternately rising and falling curve.

If, in 5 per cent gelatine, we change the concentration of both salts (see

figure) we must regard the points at which both salts are isosmotic, as the

basis of our conclusions. A minimum of diffusion takes place at these points

or in the immediate neighborhood in the direction of smaller concentrations of

Pb(N0 3) 2 . The displacement of the zero-point can be explained by a partial

1 By adsorption curve is meant a parabolic curve which can be determined by the formula

a = a.c-< in which in this case a is the diffusion progress, c concentration of Pb(NOs)2 and

1
n

- are constants.
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union of the K2Cr207 with the gelatine. At an increased osmotic strength of

the diffusing material in relation to the solution in gel, the former permeates,

with increasing concentration, according to the exponential equation (curves

F, E, D from 0.04 N., C from 0.06 N., B from 0.08 N. Pb(N0 3) 2 higher). If

the permeating salt is hypotonic, in comparison with the salt in the gel to

which it shows a chemical affinity (on the graph the left end of the curves of

the isosmotic points), the diffusion also progresses at low concentrations of the

diffusing material in a manner analogous to the progress of the adsorption,
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but after reaching the maxmium it falls to the isosmotic point (curve D from
0.005 N. to 0.04 N. Pb(N0 3 ) 2). In its further course before reaching the

maximum a deformation takes place (curve C at 0.02 N. Pb(N0 3 ) 2), which
deepens until a well-defined M-curve results (curve A, 0.02-0.04 N. Pb (N0 3 ) 2).

Diffusion, which brings about a chemical transformation in gel, depends in

its progress on the structure of the gel and the concentration of the reacting

ions.

PHOTOSYNTHESIS

Preparation of I-Glyeerie Aldehyde, by H. A. Spoehr and W. G. Young

The investigations of the effect of disodium phosphate on hexose sugars

(see Year Book for 1925) showed that the inorganic salt produces a dissocia-

tion of the hexose molecule. The fact that acetone is formed when a glucose-

phosphate mixture is treated with aluminum amalgam indicates that the

hexose molecule is dissociated into compounds containing 3 carbon atoms.

Evidence of a similar dissociation of the hexose molecule in living organisms

has been obtained by several investigators. The simplest conception of such a
dissociation of a hexose sugar is the formation of two molecules of glyceric

aldehyde through the splitting of the hexose 3-4 endiol. Glyceric aldehyde is

isomeric with dihydroxyacetone, and presumably the two compounds are

mutually interconvertible. The acetone formed by the reduction of the glu-
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cose-phosphate mixture, according to this conception, arises from the reduc-

tion of dihydroxyacetone.

It has become evident that for the further elucidation of the reactions

brought about by the action of disodium phosphate on hexose sugars (both in

vitro and in the living organism), it is essential to study more closely the

properties of glyceric aldehyde and of dihydroxyacetone. It will be necessary

to determine under what conditions these two substances are interconvertible,

whether they attain a condition of equilibrium in aqueous solution, and the

nature of the products obtained through the action of oxidizing and reducing

agents under different conditions.

In order to carry out these investigations, about 500 grams of glyceric

aldehyde have been prepared. Glyceric aldehyde is a very reactive substance

and can be obtained only through a series of very laborious chemical reac-

tions. The yields are very low and the success of the entire process depends
upon the very careful attention to the details of manipulation. The general

method used by Wohl, 1 Witzemann,2 and Haas3 was followed, but several

important modifications have been found to simplify and enhance the value

of the method for general use. The synthesis was made through the following

steps

:

+HC1 . OC 2H 6 KOH OC 2H 6

H H H +C2H5OH H H H / H H H /
ri=,HC =C-C = >HC-C-C >HC =C-C

-H 2 CI H \ \x OC 2H6 -HC1 x OC 2H 6

,
OC 2H6™ ^ H H H / H 2S04 H H H

KMn0 4 III/ III
HC-C-C >HC-C-C=0

> / I \ /
OH OH \ -C 2H 6OH OH OHX OC 2H 6

Preparation of B-Chlorpropionic Aldehyde Di-ethyl Acetal from Acrolein—
It was found most convenient to use acrolein furnished by "Poulenc Freres,

Paris." The acrolein was added dropwise into twice its weight of a cold

solution of absolute alcohol saturated with hydrogen chloride at 0° C. With-

out separating the two layers formed in the reaction, they were neutralized

with sodium bicarbonate. The salt produced was removed by filtration and
washed with absolute alcohol. The alcoholic solution of the acetal was washed
with water to remove the alcohol. The crude acetal was dried over anhy-

drous sodium sulphate and rectified by fractional distillation at 20 mm.
pressure.

The Conversion of B-Chlorpropionic Aldehyde Di-ethyl Acetal into Acrolein

Di-ethyl Acetal—The best results were obtained when 125 grams of acetal

were poured slowly with vigorous stirring into a heavy galvanized iron bomb
containing 320 grams of dry pulverized potassium hydroxide. A three-

bulb distilling head attached to a small Liebig condenser was then con-

1 "Wohl, Ber. 31, 1797, 2394 (1898). Wohl and Neuberg. Ber. 33, 3095 (1900).
1 J. A. C. S. Witzemann, 36, 1766, 1908 (1914).
3 Haas. Unpublished thesis from Ohio State University; J. A. C. S. Evans and Haas, 48,

2703 (1926).
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nected with the bomb and was heated rapidly to 300° C. The acrolein di-

ethyl acetal distilled between 110° and 130° C. if no hydrolysis of the B-chlor

derivative was occurring, otherwise the temperature remained below 80° C.

Due to the hygroscopic nature of KOH, this step required rapid manipu-
lation. The formation of acrolein di-ethyl acetal took place very readily

when the potassium hydroxide used was very dry. The presence of a small

amount of water caused the hydrolysis of B-chlorpropionic aldehyde di-ethyl

acetal to B-chlorpropionic aldehyde. Eight times the theoretical quantity of

KOH was used to reduce the activity of the water produced by the neutral-

ization and thus prevent hydrolysis. The crude product was dried with

anhydrous potassium carbonate and redistilled.

Glyceric Aldehyde Di-ethyl Acetal Was Prepared from Acrolein Di-ethyl

Acetal by the Following Procedure—A solution of potassium permanganate was
added to a flask containing 50 grams of acrolein di-ethyl acetal in 500 c. c.

of water, at the rate of 20 c. c. every minute. The temperature of the mix-

ture was controlled at 5° to 6° C. by agitation in an ice-bath. The main-

tenance of this temperature is extremely important for the success of this

step. The manganese dioxide gel which formed was collected in a Biichner

funnel and washed with warm water. The glyceric aldehyde di-ethyl acetal

was salted out of the nitrate with potassium carbonate, some of which had
been used to dry the ether extract from the previous run. By this device the

best previous yield was surpassed about 9 per cent. The potassium carbonate

used in salting out the solution was recovered by evaporation after the ether

extraction which followed the salting-out process. The ether extract of the

acetal was dried with anyhdrous potassium carbonate. After removing the

ether the crude glyceric aldehyde di-ethyl acetal was distilled in vacuo.

Glyceric Aldehyde from Glyceric Aldehyde Di-ethyl Acetal—The aldehyde

was produced by hydrolyzing the acetal with 0.1 N. sulphuric acid for 10

days. The acid was neutralized slowly with barium hydroxide and allowed

to stand 2 hours. The solution was treated with "Norit" and filtered.

The water was removed from the filtrate by distillation at 20 mm. pressure

at a temperature below 30° C. The sugar often crystallized before all of

the water had been removed. If this did not occur the sirup was taken

up in absolute alcohol. It was impossible to prevent crystallization from
alcohol solutions.

The methods of the investigators mentioned were tried and very poor

yields were obtained, due to the extremely damp weather conditions of the

Coastal Laboratory. With the modifications noted above, their yields were

equaled and in some cases excelled.

Absorption of Carbon Dioxide by Leaf Material, by II. A. Spoehr and
William Newton

The investigation of the capacity of dried and powdered leaf material to

absorb carbon dioxide was extended to other species of plants. The leaf

material investigated included sunflower, nettle, spinach, hydrangea, turnip,

alfalfa, rhubarb, grass, and Ramilina reticulata. We were able to secure posi-

tive evidence of carbon dioxide absorption only with sunflower and nettle

leaf material.
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Further studies were conducted to determine the nature of the substance

in sunflower (Helianthus annuus) leaf material, which absorbs carbon dioxide.

Freshly picked green leaves were plasm olyzed by immersing in ether and were
then dried in a stream of dry air of about 45° C. This material was powdered
and extracted with water saturated with ether. This treatment greatly

reduced the absorptive capacity of powdered leaf material. The water extract

of sunflower and nettle leaf powder, on the addition of alcohol, formed a

precipitate which absorbed larger amounts of C0 2 than the original leaf

material, about 25 mg. C0 2 per gram of dry powdered precipitate. By
dissolving these precipitates and reprecipitating with alcohol several fractions

were obtained. The total nitrogen and amino nitrogen in these fractions

were determined by the Kjehdahl and Van Slyke methods. The results

showed that there was no relation between the total nitrogen or the amino
nitrogen and the capacity of the precipitates to absorb C0 2 . Furthermore,

with many of the products obtained from the leaf powder, the total nitrogen

or the amino nitrogen was not sufficient to account for the absorption upon the

basis of the Siegfried carbamino reaction. By dialysis additional proof was
obtained that the ingredient of the leaf powder which absorbed C02 was not

protein in nature. The precipitate obtained by the addition of alcohol to

the water extract of the leaves was dialyzed against distilled water through

an animal membrane. A product was precipitated by adding alcohol to the

distilled water. This product had a higher absorption capacity for C0 2

than the original precipitate. Since the ingredient which absorbed C0 2

passes through an animal membrane, the absorption can not be ascribed to

protein.

By employing the apparatus which Van Slyke1 designed for determining

the C0 2 in blood, it was possible to demonstrate that the larger part of the

absorption of C0 2 by dried leaf material and the alcoholic precipitates ob-

tained therefrom could be ascribed to bicarbonate formation. By the use of

this apparatus the amount of carbon dioxide liberated from a solution of the

alcoholic precipitates, or from suspensions of finely powdered leaf material

in a Torricellian vacuum before and after the addition of sulphuric acid, could

be demonstrated. It is a noteworthy fact that the two species of leaves

which Willstatter and Stoll studied for the absorption of carbon dioxide were

sunflower and nettle. With these species of leaves we also observed highest

absorption. Moreover, with the exception of these two leaf materials, others,

including spinach, hydrangea, turnip, lettuce, alfalfa, rhubarb, grass, and

Ramilina reticulata, showed no absorption of C02 by the leaf material and

only slight absorption of the alcoholic precipitates in some cases, but in most

cases none at all. Also, with the exception of sunflower and nettle, after

saturation of the leaf material with carbon dioxide, the evolution of this gas

was little greater than could be accounted for by the solubility of the gas in

the water present. Hence, if there is an absorption factor for this leaf ma-

terial, it is too small to be detected by this method.

The sunflower and nettle material is noteworthy because both the dried

leaf material and the alcoholic precipitates absorb more C0 2 than can be

accounted for by the solubility of this gas in the water added to the dried or

precipitated material. When the dried and powdered leaves, to which a

1 Van Slyke and Stadie, Jour. Bio. Chem., 49, 1 (1921). Van Slyke and Cullen, ibid., 30, 289

(1917).
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quantity of water equivalent to that originally present in the fresh leaves,

were exposed to an atmosphere free of CO2 for several hours and then acidified,

considerable C0 2 was liberated. When similar material was saturated with

carbon dioxide and then acidified the amount of gas which was liberated was
approximately double the quantity evolved in the case just described. These

facts would indicate that the absorption of C0 2 is due to a carbonate: bicar-

bonate reaction. The values for the material that was saturated with C0 2

were obtained by acidifying the suspension after removing the C0 2 which

came off under a Torrecellian vacuum. The alcohol precipitate behaved in a

similar manner. For instance, a precipitate obtained from sunflower after

being in an atmosphere free from carbon dioxide for four hours evolved 8.6

mg. C0 2 on acidification, and after having been saturated with C0 2 , the

amount of this gas evolved on acidification was 17.3 mg. Similarly, when the

precipitate was dialyzed and again precipitated, after being in a carbon

dioxide-free atmosphere, evolved 28.6 mg. on acidification, and after satura-

tion with carbon dioxide, evolved 56.6 mg. In the accompanying table are

given some of the results obtained with different leaf material.

CO2 evolved on acidification with sulphuric acid

1 g. Material
Original

condition

After being in

CO2—free atmos-
phere for 4 hours

After saturation

with CO2

Sunflower
Nettle

13.9mg
6.2
0.2
0.1
0.5
0.4
0.02
0.1

13.7mg
5.9
0.0
0.1
0.3
0.2

0.1

24.4

27.7mg
12.7
0.7
0.2
0.5
0.3
0.06
0.6
0.2

49.5

Alfalfa

Grass

The examination of the table will show that sunflower and nettle leaves

occupy a peculiar position in regard to their capacity to absorb carbon dioxide.

Moreover, a comparison of the values obtained for the evolution of C02 on
acidification, after the preparation had been in a carbon-dioxide-free atmos-
phere and after saturation with carbon dioxide, shows that the former is very

close to one-half the latter. This is what would be expected if the absorption

was due to inorganic carbonates. The same relation holds for the alcoholic

precipitates obtained from water-ether extracts of the dry leaves. When the

latter are dialyzed and the dialysate is again precipitated with alcohol, the

absorbing capacity and the ash-content of the latter are considerably higher

than the original precipitate, although the carbonate : bicarbonate ratio still

maintains. There is, however, no direct relation between the absorption

capacity and the amount of ash in the leaves and alcoholic precipitates. It

is, of course, possible that all leaves have an absorption capacity for carbon

dioxide, but from these results it would appear that with many this is very

small. Certainly it is not justifiable to draw conclusions from the behavior

of the sunflower and nettle as to the behavior of all plants.

Whether, finally, this absorption capacity for carbon dioxide has any
direct relation to the photosynthetic process will require special experiments.
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It is suggestive, at least, that both the sunflower and nettle are known as

possessing a high photosynthetic activity.

PHYTOGEOGRAPHY
Ecology of the Santa Lucia Mountains, by Forrest Shreve

Portions of the last six summers have been devoted to a study of the dis-

tribution of vegetation in the northern part of the Santa Lucia Mountains
and to conducting instrumentation in selected localities. A general survey of

the vegetation has been made north of Point Sur and a more detailed study in

the vicinity of Rocky Creek. The vegetation of a typical coastal area of 4
square miles has been mapped in detail, in a locality where some striking

relations are manifested between soil types and plant covering. Instrumenta-

tion has included air and soil temperature, rainfall, soil moisture, and evapo-
ration. The observations of soil moisture and evaporation have been con-

ducted at five elevations from sea-level to 5,000 feet.

During the summer of 1926 some additional exploration was carried on
in the drainage of the Little Sur River, but no additional instrumentation was
conducted. The results of this investigation are now being prepared for

publication.

Caliche in Relation to Desert Vegetation, by Forrest Shreve

The upland desert soils in southern Arizona are frequently underlaid by
successive layers of calcareous hardpan, or caliche. Field-work on the local

distribution of vegetation has revealed the importance of the presence or

absence of caliche in determining the composition of desert vegetation.

Investigations of the influence of caliche on the movements of soil-water indi-

cate that the penetration or rise of water in loam soils is very materially

retarded by layers of caliche from 1 to 2 cm. thick. It is only by reason of

the discontinuous extension of the caliche layers that water is able to pene-

trate the soil. The moisture present in bodies of soil overlaid by one or more
layers of caliche is retained much more effectively than in soils of the

same depth and texture which are without caliche. By chance the roots

of shrubs are able to penetrate the caliche through cracks or around the

edges of the layers. The character of the root distribution of a particular

species determines its success in reaching the lower layers of conserved water.

The superficial root systems of the cacti rarely penetrate the uppermost layers.

The deeply rooted trees, such as Prosopis, are infrequent and small on soils

with several layers of caliche. Covillea, with its roots richly distributed in

every direction, is the most successful plant in penetrating soils filled with

caliche, and is the commonest plant on such soils in the Tucson region.

The areas without caliche are the ones in which trees and shrubs reach their

greatest abundance and size, as is true of the upper bajadas of the Santa

Catalina, Tortolita, Sierrita, and Rincon mountains and of certain valleys in

northern Sonora, where the mineralogical character of the surrounding moun-
tains is such that there has not been a heavy accumulation of carbonates

in the soil, and consequently a restricted formation of caliche.

In order to test the theory that caliche is formed by subsurface evapora-

tion, an experiment has been devised which will be continued for several years.
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A cubic meter of alkaline soil is contained in a cement box. The surface is

exposed to the open air and the bottom is supplied with water continuously

by large porous-clay irrigators, thereby affording favorable conditions for the

formation of caliche, if indeed its formation is due to the deposition of salts

at the subsurface level of evaporation of soil moisture. Observations and

measurements on growth, healing, and surface changes in caliche in situ are

being made, on which results can be secured only after 10 or 15 years.

Investigations in Soil Temperature, by Forrest Shreve

The collection of records of soil temperature has been continued, with refer-

ence to both the larger geographical differences and the local differences in

this neglected environmental condition.

A valuable contribution to the progress of the work has been made by the

chief of the Office of Dry Land Agriculture, of the United States Department
of Agriculture, who made available the records of the dry-land stations in the

Great Plains region. From this large and valuable body of data, selected

records have been transcribed from six of the stations having the most com-
plete series of readings. These records give parallel series of data for different

depths and different soil types over periods of 5 to 10 years. The rainfall

and evaporation readings which accompany these records give a basis for

determining the influence of these conditions on the temperature of the soil,

which has been found to be less in the Great Plains than in the desert region.

The comparison of simultaneous readings for Amarillo, Texas, Hays, Kansas,

and Edgely, North Dakota, makes it possible to determine the influence of

latitude on the temperature of soils of the same general type under approxi-

mately the same conditions of soil moisture. The readings from the dry-land

stations are being elaborated and will be published in conjunction with soil-

temperature data and investigations from Tucson, Carmel, and other stations

where valued cooperation has been secured.

Role of Soil Conditions in Determining Desert Vegetation, by Forrest Shreve

Previous work has indicated that the physical texture of desert soils is of

primary importance in determining the general character of the vegetation

over large areas, and that the chemical character of the soils plays an import-

ant secondary role. In connection with the work on the Avra Valley, near

Tucson, which has been previously reported, maps have been made showing
the distribution of vegetation and the distribution of soil types on the basis

of physical texture. Further work has been conducted recently with a view

to determining how far the chemical characteristics of the soils might explain

some of the cases in which the usual correlation between vegetation and soil

texture fails to hold good. The amount of total soluble salts was determined

for the entire series of soils collected for mechanical analysis, and also for a
number of additional samples taken in localities where striking differences in

vegetation occur within a small area. In so far as concerns the upland soils,

the results have given an apparent explanation of vegetational differences

which are not accompanied by differences in soil texture. For example, soil

solutions from a small area of Covillea growing in the midst of an extensive open
grassland area showed readings of 172 to 201 parts per million of soluble

salts, as compared with 61 parts per million for the surrounding grassland.
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All readings for areas in which Covillea is dominant range from 163 to 1,250

parts per million, the latter reading being from a soil rich in calcium sulphate.

Areas characterized by Parkinsonia, Olneya, and Prosopis, and without caliche,

show values from 71 to 198 parts per million. The sandy outwash of the

Sierrita bajadas, the flood-plain of the Santa Cruz River, and the playa of

Avra Valley give values of 43 to 94 parts per million, except in such areas as

are characterized by Atriplex, Suaeda, and other halophytic plants, for which
the values run as high as 820 parts per million for the soil solution.

Laboratory work with Covillea has been begun, to determine its rate of

growth and other responses to different concentrations of the calcium and
magnesium salts commonly abundant in the soils of the Tucson region. In

spite of the ability of this plant to withstand soil solutions of high concentra-

tion, its rate of growth is progressively greater as the soils in which it is grown
contain less and less of the souble salts. The specialization which has made
this one of the most widespread and successful plants of the American deserts,

whatever its physiological character may prove to be, is not of such a nature

as to prevent the plant from growing faster and attaining greater size and
reproductiveness under conditions much more favorable than those of its

natural habitats.

Vegetation and Other Features affecting the Flow of Water in the Colorado River

Delta, by Godfrey Sykes

The part of the flow of the Colorado River not used for irrigation in the

Imperial Valley and on other delta lands has recently become so reduced that

it does not cut and clear the channels discharging into the Gulf of California.

The area of dense vegetation into which it was diverted in 1923 still forms an
effective barrier to the free egress of silt and other river-borne material toward

the estuary.

The Colorado River has maintained a mean monthly discharge on to the

head of its delta during the first six months of 1926 which has been closely in

accord with the average mean for the corresponding season for the past 25

years. This indicates that no great changes, either in the development of new
channels or the abandonment of old ones, are likely to have taken place in the

delta during that time, and such has been found to be the case.

The period has nevertheless been one of extreme interest in that the

abnormal conditions noted as existing upon the lower river a year ago are still

in existence and it has as yet been unable to scour a definite channel for itself

into tidewater.

An expedition was made by boat during the winter of 1925-26 into the heart

of this submerged region in an effort to pass through the dense mass of vege-

tation, accumulated drift, and newly deposited mud, to discover a navigable

channel into the Pescadero, which is at the present time receiving most of the

Colorado water and passing it on to the estuary. The attempt to get through

was unsuccessful, but much information was gathered concerning the deposi-

tion of silt, its effect on the vegetation, and the general hazard of such an

active delta tongue to the lower regions to the westward.

The danger became so imminent during the early spring months that it was
decided to extend the existing line of protective levees of the Imperial Irriga-

tion District some miles farther down into the almost impenetrable region of



LABORATORY FOR PLANT PHYSIOLOGY 183

overflow, in an attempt to turn the flank of the forthcoming annual flood water.

In spite of strenuous efforts to maintain it, this extended line of defence was
broken by the rising water early in June, and an opportunity was afforded

through the courtesy of the engineering staff of the Imperial Irrigation Dis-

trict for a further visit of observation and inspection at the time of the crest

of the summer flood.

The river was at that time discharging about 72,000 second-feet past the

Yuma gaging station, and of this quantity the Imperial Canal was absorbing

some 6,000 second-feet, leaving a residue of approximately 66,000 second-feet

to reach the damaged levee and submerged region below.

The flooded condition of the country and the great difficulty of forcing

a boat through the obstructive screen made any further investigation from

above almost impossible, so an expedition was somewhat hurriedly organized

for the purpose of reaching the estuary from below, in an effort to discover

whether any appreciable amount of silt was yet being carried to the sea.

It was determined to travel down through Sonora and approach the mouth
of the river from that side.

The international boundary-line was crossed at the little Mexican hamlet
of San Luis and a course in a south-southeasterly direction was taken across

the great Sonoran mesa, which it was expected would bring the expedition

to its objective.

The sea was reached almost abreast of Gore Island and an examination of

the great tidal flats and of the water in various fresh-filled creeks and sloughs

failed to show any accumulation of recent drift or of other matter which might
conceivably have come from the river.

The filtering screen of vegetation around the head of the Pescadero Basin

may therefore be looked upon as virtually intact and the trapping of all but
the finest of suspended matter remains complete. The accumulation of the

implied deposit of silt in the middle region of this great delta may be followed

by some changes of very great importance to a large agricultural area.

Rain-recording Instruments for Isolated Arid Regions, by Godfrey Sykes

The type of seasonal rain-gage which has been in use for many years at the

Desert Laboratory has been modified in form and made more substantial

in construction during the past year, and many more have been placed in the

field. In its present form this instrument consists of a truncated conicalvessel,

made of heavy-gage sheet copper, with a net measuring capacity of about 240
cubic inches. The measuring bowl, which is 3 inches in diameter, with a
vertical lip of 1 inch, is attached to the top in such a manner as to be easily

removable whenever it becomes necessary to clean the reservoir. A small

spout, capped with a loose lead thimble, adds to convenience in measuring.
These instruments are first charged with a pint or more of light lubricating

oil in order to prevent evaporation of the accumulated rain-water, and then
secured in the selected situations either by partially burying or by surrounding
the base with a circle of stones.

Fourteen are now in operation in widely separated localities in south-

western Arizona, northwestern Sonora, and in the immediate vicinity of the
Laboratory, and more will be placed as the study of desert meteorology is

extended.
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Readings are made preferably at least twice a year, in the intervals between

the two well-defined seasons of rainfall, and in this way a skeleton outline is

obtained of general conditions over large areas in which any previous estima-

tion of annual precipitation has been the merest conjecture.

In order to check the results so obtained and bring them in line with the

records from standard gages, measured quantities of water are now being

exposed for the full season in glass graduates under a protective layer of oil,

to estimate possible wastage.
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GENERAL SUMMARY
Progress has been made in the study of the relationships between dis-

turbances in the Earth's magnetic and electric condition and manifestations

of solar activity. Renewed interest has been aroused in this important

subject by an action, at the Brussels meeting last July, of the Committee
appointed by the International Research Council for the Study of Solar and
Terrestrial Relationships. It was recommended "that solar observatories

should make additional observations on the Sun, as nearly continuous as pos-

sible, at or about the times when magnetic storms are in progress, or when they

may be expected in accordance with the 27-day recurrence tendency. This

would necessitate the organization of a service for the supply of information

to solar observatories as to magnetic storms, prospective or in progress."

The Director of the Department of Terrestrial Magnetism was requested to

formulate a scheme for this international cooperative service, preparatory

to which special studies have been made and required instruments have been
constructed, both by the Department of Terrestrial Magnetism and the

Mount Wilson Observatory, for preliminary tests at the latter observatory.

While, on the average, there is a very high correlation from year to year

during the 11-year solar cycle between sunspottedness and the Earth's mag-
netic disturbances, the correlation does not seem to be indicative of immediate
cause and corresponding effect, but rather that sunspots, solar prominences,

etc., and magnetic storms are all effects of one, as yet undiscovered, cause

which may simultaneously affect the condition of the entire Sun. The present

measures of solar activity evidently require supplementing, especially as

regards the precise time and character of solar eruptions, and this it is proposed

to do at the solar laboratory of the Mount Wilson Observatory. A visual

and recording type of magnetic variometer will be installed by the Depart-

ment at the Mount Wilson Observatory for concomitant records of magnetic

disturbances.

However, there is another type of disturbance shown by fluctuations in

the Earth's magnetism, earth-currents, atmospheric electricity, and polar

lights, revealing a double periodicity in the course of the year, which has not

yet been satisfactorily explained by changing sunspottedness or changing

efficiency of a given sunspot area during the year. We are dealing here with

effects resulting from the annual motion of the Earth around the Sun.

It may turn out that because of the fact that the Earth acts like a great

magnet and behaves like a great electroscope, we have brought to us daily on
the strips of paper wound around the recording drums of magnetographs and
of electrographs, photographic evidences of solar and cosmical changes which

other means fail to reveal to us in their entirety. And judging from reports

received during the present period of marked increased solar activity, radio-

reception measurements may effectively supplement the magnetic and the

electric data.

1 Address: Thirty-Sixth Street and Broad Branch Road, Washington, D. C.
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The reductions of the splendid accumulation of magnetic, electric, and
auroral data in the Arctic on the Maud Expeditions of 1918 to 1925 have been
nearly completed by Dr. Sverdrup and they afford most valuable and funda-

mental contributions to our fields of work in terrestrial magnetism and elec-

tricity and oceanography. The results confirm satisfactorily and independ-

ently the universal-time feature of the diurnal variation of the atmospheric
potential-gradient first announced on the basis of the observations made
aboard the Carnegie.

The year has been marked to an unusual degree by cooperation of the

Department with other organizations in all branches of the work. For
example, in the experimental test showing the existence of the Kennelly-

Heaviside layer the Department had the benefit of extensive cooperation

from the Naval Research Laboratory, Radio Corporation of America,

Westinghouse Electric and Manufacturing Company, Bureau of Standards,

and other organizations. Cooperation in field work, through the testing and
standardization of magnetometer-inductors of C. I. W. design, constructed

for various governments, has been effected with Argentina, Mexico, Portugal,

Egypt and Sweden.

An outstanding event of the year was the publication by the Institution

in January of Volume V of the "Researches of the Department of Terrestrial

Magnetism," giving in detail the magnetic and electric results obtained at

sea on the Carnegie during 1915 to 1921 and including special reports discuss-

ing particularly sunspot and annual variations of atmospheric electricity,

as deduced from the seven years' observations on the Carnegie, and broad
questions in atmospheric electricity.

Satisfactory advance has been made in the work of the Department in

atmospheric electricity, especially as regards observational work, instrumental

development, and interpretative studies of acquired data. A very encour-

aging feature is the ever-increasing number of persons and organizations

becoming interested in some phase of atmospheric-electric work. This

interest is expressed in the study of available data and in provision for the

registration of one or more of the atmospheric-electric elements.

The existence of an appreciably ionized, and therefore electrically con-

ducting, layer in the upper atmosphere was demonstrated experimentally

by observing directly the echo of radio waves by means of photographic

oscillograms of currents produced at the receiving station from direct and
reflected waves. The height of the layer averages about 100 miles. It is

characterized by rapid variations in its effectiveness as a reflector. It is this

that is probably responsible for a large share of radio fading. The con-

ductivity which must be supposed to exist to explain the observed phenomena
also may suffice for the explanation of some of the Earth's magnetic varia-

tions.

The cooperative investigation between the Geophysical Laboratory and
the Department of Terrestrial Magnetism was almost completed at the end

of June 1926. The experiments on nickel, meteoric and other kinds of iron,

and magnetite indicate a slight decrease in the critical temperature of magneti-

zation with increase of pressure. Accordingly the argument can not be suc-

cessfully combated that at a depth of 10 or 12 miles below the Earth's surface

the temperature of magnetizable materials is such as to exclude the possi-

bility that any portion of the Earth's magnetism can arise from materials
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at that depth. Instead of the accompanying increase of pressure as the Earth
is penetrated, causing an elevation of the critical temperature at which mag-
netization is annulled, the increased pressure would seemingly, according to

the experiments just cited, cause a lowering of the critical temperature.

Comprehensive studies have been made of the secular variation of the

Earth's magnetism in various regions of the globe in order to reduce as ac-

curately as possible the accumulated magnetic data to a common epoch. And
in this connection data for polar regions have been collected and charted.

The steps have thus been taken for the completion of the analysis of the Earth's

magnetic field, begun four years ago. In view of the various questions which
are bound to arise from this analysis, the study of certain problems in atomic
and theoretical physics has been undertaken, as described on pages 189 to 191.

A preliminary discussion of the earth-current observations made in 1924

at our magnetic observatory at Watheroo, in Western Australia, confirm, in

general, the deductions derived by the Department from previous analyses

of such observations in the Northern Hemisphere. The very intimate rela-

tionship between the rapidity of fluctuations of the Earth's magnetism and
generated earth-currents, which may at times cause interruptions in tele-

graphic transmission, is most strikingly exhibited. The results obtained also

show the great importance of observations of the electric conductivity of

the region where earth-current observations are being made. As will be seen

from page 194, the Department has made extensive observations of this char-

acter at Washington and vicinity and at the Watheroo Observatory. No
little interest has been shown in the results of these observations by mining
engineers and geologists, who are beginning to apply geophysical methods
to the locating of subterranean deposits of economic value.

Substantial progress has been made in the preparation of the manuscripts

for Volumes VI and VII of "Researches of the Department of Terrestria

Magnetism," which it is hoped may be submitted for publication towards the

end of 1926. These volumes will contain the results of the observational work
at the Watheroo Magnetic Observatory, beginning with 1919, and the results

of the magnetic observations in various regions, inclusive of the Arctic, since

1921. As usual, the volumes will include special reports embodying the

results of analyses of the accumulated data and interpretative studies.

INVESTIGATIONAL AND EXPERIMENTAL WORK

TERRESTRIAL MAGNETISM AND ELECTRICITY AND COSMICAL RELATIONS

The chief subjects of investigation relating to solar activity and the Earth's

magnetic and electric activity during the report year were: (a) Measures of

solar activity with respect to their use in geophysical investigations; (b)

measures of the Earth's magnetic activity; (c) critical studies of measures of

solar activity and the Earth's magnetic and electric activity; (d) concomitant

solar and magnetic observations; (e) compilation of 78 principal magnetic

disturbances at Cheltenham and correlation coefficients for sunspot numbers;

and (/) investigation of possible 27-day period in earth-currents. These

researches have been carried on by Messrs. Bauer, Peters, Duvall, and Ennis.

New magnetic data utilized have been supplied chiefly by the United States

Coast and Geodetic Survey and desired solar data have been received, from

time to time, from Professor Wolfer of the Zurich Observatory and from
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Professors Hale and Adams of the Mount Wilson Observatory. (See "Ab-
stracts of publications and investigations," pp. 214 to 216, and 229.)

In connection with the above-mentioned investigations data have been
supplied and cooperation has been extended to those interested in the corre-

lations between radio reception, solar activity, and the Earth's magnetic
and electric activity. Among these may be mentioned Mr. G. W. Pickard,

consulting engineer, Dr. L. W. Austin, of the Bureau of Standards, and Dr.

R. W. Cummings, in charge of the Radio Engineering Department of the Gen-
eral Electric Company.

Magnetic charts for polar regions—Mr. Peters continued the compilation and
reduction of magnetic data in the polar regions for use in the Director's com-
plete analysis of the Earth's magnetic field. Some time was given to investi-

gating the best method of drawing the isogonics and lines of equal annual

change, especially in the large areas for which there are practically no data.

The data obtained on the Maud Arctic-Drift Expedition, 1922-1925, recently

compiled by Dr. Sverdrup, have made a valuable addition to the chart.

Contribution of Research Associates—Dr. A. E. Kennelly, professor of elec-

trical engineering at the Massachusetts Institute of Technology and at Har-
vard University, and Dr. S. J. M. Allen, professor of experimental physics

at the University of Cincinnati, were reappointed by the Institution as re-

search associates for cooperative work in terrestrial electricity with the De-
partment of Terrestrial Magnetism. Dr. Kennelly's attention was devoted

chiefly to consideration of the researches on the conducting layer and in

terrestrial electricity. While abroad in 1926-1927 he will take up with

interested parties various questions relating to problems of the Department,

and particularly as regards cooperation in the further investigation of the

Kennelly-Heaviside layer and its relation with aurora.

Dr. Allen visited the Laboratory on November 7. He submitted for pub-

lication a paper by C. H. Dwight on A Search for Possible Effects of the At-

mospheric-Electric Discharge on the Potential Gradient, which was published

in the September 1925 number of the "Journal Terrestrial Magnetism and
Atmospheric Electricity." Dr. Allen is arranging to study the definite charge

(excess of + or — ) of the atmosphere in different places, air being drawn
through a Faraday pail to stop the ions and any excess positive or negative

charge being indicated by an electrometer.

The Department has been fortunate also in having as research associate

from November 5 to December 4, 1925, and from March to August 1926,

Dr. H. U. Sverdrup, professor-elect of the Section of Meteorology of the

Geophysical Institute of Bergen, Norway, who has been engaged at Wash-
ington in completing the reductions and investigations of the vast store of

magnetic, electric, and auroral observations made under his direction on the

Maud Expeditions of 1918-1925 in cooperation with the Department. In

addition to these reductions, more fully referred to on page 208, he has taken

part in many conferences relating to other activities of the Department, in

all of which he has given most valuable assistance.
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MAGNETISM AND ATOMIC PHYSICS

The lines of investigation and experiment followed by G. Breit, G. R. Wait,

and J. W. Green during the year, and by M. A. Tuve from June 15 to August 31,

1925, included •} (a) Atomic physics, (6) the Kennelly-Heaviside layer, (c) the

high-frequency permeability of iron, (d) investigation of dust-content of the

atmosphere and relations with atmospheric-electric and meteorological ele-

ments, and (e) effect of pressure on the critical temperature of magnetization.

(a) ATOMIC FHYSICS

The work on atomic physics done by Dr. Breit was more or less guided

by his course of lectures given at the Johns Hopkins University. The
specific problems which proved fruitful were as follows (for abstracts, see pp.

217 to 219):

(1) The Compton effect—This effect is the change of wave-length which

X-rays experience on scattering. It is at present the strongest support of the

quantum theory of radiation, because it shows that the energy of a quantum
can be diminished at the expense of the energy which the scattering electron

acquires. The wave-length change has been explained quite satisfactorily

by Compton and Debye. However, the distribution of intensity in various

directions had not been treated in a consistent manner. This phase of the

problem was taken up and a treatment was evolved which simultaneously

explains the wave-length change from a new point of view and also gives an
intensity distribution which is in agreement with experiment. This treat-

ment was developed before the advent of the new theory of matrices and
follows the general outline of Bohr's theory. However, a recent and inde-

pendent calculation of Dirac gave the same result by means of matrices.

(2) Polarization of resonance radiation—The calculations made previously

have been continued and generalized. It has been shown that on ordinary

types of theory one can not expect the dependence of polarization on a

magnetic field which has been found by Ellett. Some recent experiments

of von Keussler actually give the theoretically expected relationship. It

seems at present that Ellett has been misled by photographic effects.

(3) The origin of spectral terms—According to a theory evolved by Pauli,

Heisenberg, Goudsmit, and Hund, the occurrence of spectral terms through-

out the periodic table can be explained by supposing every electron is associ-

ated with two magnetic moments. One of these may be pictured as the

moment of the electron, due to its spin around its axis, and the other as due
to the revolution of the electron as a whole in its orbit. According to the

above authors the multiplet nature and the character of terms are conse-

quences of orientations of the various magnetic moments with respect to

each other. Their theory has not given any reasons, however, which would
lead one to expect a definite part of a multiplet of chemical element to come
from certain parts of the spectrum just preceding it, though some empirical

relations had been noted. This question has been taken up, and it has been
shown that the empirically-found coordinations are consequences of the

dynamics of interaction of magnetic elements.

(4) The orientation of molecules in a magnetic field—According to quantum
theory, magnetic molecules when subjected to the action of a magnetic field

must assume definite orientations in it. However, the tendency of having

1 From subreports by G. Breit, mathematical physicist, G. R. Wait, associate physicist, and
J. W. Green, magnetician.
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such orientations may be offset by collisons with neighboring molecules.

Glaser has apparently observed a consequence of this by studying the depend-
ence of the magnetic susceptibility on pressure. It has been found feasible to

draw further conclusions from his data, especially in regard to the probability

that at a certain time the molecule should have its correct orientation.

(5) The spinning electron—Some time ago Compton made the hypothesis

that an electron might be spinning around its axis. This idea has been
revived recently by Uhlenbeck and Goudsmit, as well as Urey and Bichowski.

The electro-magnetic mass of this electron was studied, and it was found
that its theoretically expected size is not prohibitively large and that with the

new view one can see more reason for the stability of an electron.

(6) An experiment on the nature of quanta has been carried on. Its

purpose is to see to what extent a quantum has a length in space. The
method is to interrupt a beam of light by a proper electro-optical device, to

analyze the spectrum of the transmitted light, and to see whether spectral

lines corresponding to light quanta, which would be expected to be long, are

weakened. So far, the indications are strongly against the view that quanta
have a definite length.

(7) Cooperative work—Cooperative work was carried on with the following

members of staff of the Bureau of Standards : A. E. Ruark and F. G. Brick-

wedde in connection with frequency changes in atoms; L. H. Curtiss in con-

nection with registry of a and (3 particles for the purpose of studying intensity

relations in the Compton effect and individual scattering processes.

(6) THE KENNELLY-HEAVISIDE LAYER

This layer of the upper atmosphere is supposedly responsible for the

diurnal variation of magnetic elements, as well as for many of the phe-

nomena of radio. A test of its existence and an approximate measurement
of its height were made by Breit and Tuve in continuation of the experiments

reported upon in the last annual report. The method consisted of obtaining

oscillographic records of echoes of radio waves. On the same film the

primary pulse arriving directly over ground was also recorded. The retarda-

tion between the two was measured. In this way it was found that the layer

actually exists, that its effect on radio waves may vary rapidly, producing

fading simply in virtue of the existence or non-existence of reflections, and
that the height of the layer varies apparently with the seasons. Calcula-

tions on the interpretation of the results and on the reflecting and refracting

properties of a magnetically-active medium, such as the upper atmosphere

appears to be, have been made. The extensive cooperation of the United States

Naval Research Laboratory contributed very largely to the successful prog-

ress of this investigation. (For abstract, see p. 219.)

(c) THE HIGH-FREQUENCY PERMEABILITY OF IRON

This investigation initiated last year by Dr. Wait was continued and prac-

tically completed. It has been claimed by Wwedensky and Theodortschik

that there are resonance effects in the permeability of iron, i. e., that at certain

frequencies the permeability of iron is abnormally great, suffering what ap-

peared to them a depression in the immediate neighborhood of the critical

point. Such a fact, if true, would be of great significance. Thorough tests

here failed to confirm it, and sources of experimental error were found which

may have misled the investigators mentioned. Some of these errors are of
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a kind which is not easily suspected. Apparently they are due to resonance

with harmonics of relatively short leads in electron tube circuits.

The apparatus developed in connection with this investigation is of a type

suited particularly to the investigation of magnetic susceptibilities of the rare

earths at low temperatures. Accordingly, a program was arranged, in coop-

eration with the Bureau of Standards, by which F. G. Brickwedde of the

Bureau and G. R. Wait made the necessary preparations for using the

apparatus at the Bureau, where the required low-temperature facilities are

available.

(d) INVESTIGATION OF DUST-CONTENT OF THE ATMOSPHERE AND RELATIONS
WITH ATMOSPHERIC-ELECTRIC AND METEOROLOGICAL ELEMENTS

Dr. Wait has investigated the data resulting from 73 sets of dust-content

observations and visibility measurements made during February to May
1924 at the Watheroo Magnetic Observatory, with special reference to the

relations (a) between number of dust particles per cubic centimeter, relative

humidity and visibility, (b) potential gradient and dust count, (c) air-earth

current and dust count, and (d) conductivities of the atmosphere and dust

count, including the question of movement of dust in the atmosphere. The
data are rather limited, but the investigation was undertaken in order to

determine the relative merits of the various instruments used for dust-count

measurements and to form the basis for the determination of dust-count work
to be undertaken at the observatories. (For abstract of this preliminary

investigation, see p. 234.)

(e) EFFECT OF PRESSURE ON THE CRITICAL TEMPERATURE OF MAGNETIZATION

This work, initiated in November 1924 (see p. 177 of last year's report),

has been continued at the Geophysical Laboratory by Mr. J. W. Green in

cooperation with Dr. L. H. Adams of that Laboratory. Improvements in

the apparatus and methods gave more reliable and consistent data. The
results of the experiments with* nickel, magnetite and various specimens of

iron, though varying somewhat quantitatively, were all of the same general

character, and may be summarized as follows: (1) Although the effect is com-
paratively very small, the critical temperature of magnetization is not in-

creased by increase of pressure; within the range of pressure used, the effect

of an increase of pressure is to decrease the critical temperature. (2) This

decrease is not a straight-line effect, indications being that the average change

in critical temperature is not over 1?2 centigrade for each 100 atmospheres

pressure over the range of the first 1,000 atmospheres of increase and very

much less, possibly approaching zero, over the second 1,000 atmospheres.

Work is being continued on meteoric iron, nickel, steel and hematite. (For

abstract, see p. 225.)

EXPERIMENTAL WORK IN TERRESTRIAL ELECTRICITY i

The experimental work of Messrs. Mauchly, Gish and Wait in the Section

of Experimental Work in Terrestrial Electricity during the year was con-

cerned largely with instrument and method developments and with study and
interpretation of observations and of data received. The following reviews

1 From the report of the chief of section, S. J. Mauchly. See also account of Dr. Wait's

investigation (d), p. 234.
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briefly the activities of the section (more detailed accounts of publications and
investigations under way will be found with "Abstracts of publications and
investigations" at the end of this report):

(1) Development of atmospheric-electric instruments—As stated in the

report for 1925 (p. 178), the recording bifilar electrometers now in use for

registering the electric potential-gradient of the air at the Watheroo and
Huancayo observatories of the Department were intended as preliminary

installations only, pending the development of suitable recording electro-

meters of the quadrant type. Study and experimentation along this line by
Dr. Mauchly has resulted in a modified form of the well-known Dolezalek

electrometer, which is better suited for the photographic recording of the

potential gradient than the quadrant electrometer commonly in use for this

purpose.

The preparation of ionium collectors for use in potential-gradient registra-

tion at the observatories of the Department and by several cooperating

organizations and expeditions has afforded Dr. Mauchly opportunity for

much study and experimental work designed to meet the requirements of

different kinds of work, as well as the widely differing climatic conditions

prevailing in various parts of the world. Each collector is occasionally tested

to insure against radioactive contamination of the site and inadequate col-

lector activity.

In order to meet the insulation requirements of a Wulf type of electrometer

loaned by the Department to the Apia Observatory, a new type of insulating

support for the so-called "inner case" was designed and constructed by Dr.

Wait and Mr. Huff.

Messrs. Gish and Wait prepared the ionium trays for the new radioactive

resistance-cells for the conductivity apparatus at the Watheroo Observatory.

Dr. Wait made extended tests of these cells and prepared a memorandum
with particular reference to the adjustment procedure for obtaining linearity

of scale-value. He also designed a special micrometer-gage to facilitate

the adjustment of these resistances.

Dr. Wait spent some time in the study of dust-count apparatus prepara-

tory to settling definitely on a program at our observatories for the investi-

gation of the relation of dust to atmospheric-electric elements. A statement

of his study of certain data obtained at the Watheroo Observatory is

given on page 234. In this connection, conferences were held with Messrs.

Silsbee and Whitman of the Bureau of Standards regarding the study of

electrical conditions in clouds of dust. It is of interest to note that F. J.

Whipple, Superintendent of the Kew Observatory, expects to take up work on

the relation of Aitken nuclei to atmospheric electricity. Dr. Wait also

made a critical examination of potential-gradient data at Helwan to de-

termine, if possible, the cause of the apparent anomaly in diurnal variations

there as compared with that at other stations.

(2) Work in connection with observatory maintenance and operation—The
current reports on and the results of the atmospheric-electric work at the

Watheroo and Huancayo observatories and for the cooperative atmospheric-

electric work at the Apia Observatory were kept under close supervision in

order that any lack of proper function might be noted and corrective measures

suggested in various memoranda when needed. Numerous changes and
improvements in the equipment and methods employed at these observatories
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were proposed during the past year by the observatory staffs and by members
of the staff at Washington. These have received careful consideration in

order that the continuity of the work might be subject to a minimum of inter-

ruption and that the quality of the results should be conserved and, wherever

possible, improved.

(3) Reduction and study of atmospheric-electric observations—In connection

with the maintenance of observatory control, a number of rather extensive

preliminary reductions were made of atmospheric-electric data obtained from

our observatories. While such work constitutes an important part of the

proper control of the recording equipment of an observatory, it has been

thought desirable to defer publication of the results for a new observatory

until the results of several years' observations are available for comparison

and study. The work just referred to will, however, in large measure, be

included in the final publication of the results of the observatory atmospheric-

electric registrations.

The classification, scaling, and reduction of the electrograms for atmos-

pheric potential-gradient and negative conductivity of the air obtained in

the observatory at Washington have been kept current by Miss Frances L.

Christison, in consultation with the chief of the section. For the abstract of

the results for 1925, see page 207.

(4) Cooperative work in atmospheric electricity—Cooperation between the

Department and other organizations interested in the problems of atmos-

pheric electricity has again been a feature of the year's work. Such coopera-

tion has been especially noteworthy in the case of the Apia Observatory

(see p. 206).

As indicated in the last annual report (p. 178), the Department has actively

cooperated with the central office of the Weather Bureau of the Philippines

in its attempts to formulate and carry out plans for atmospheric-electric work
at and near Manila. The apparatus required for potential-gradient observa-

tions was ordered, assembled, and tested by the Department, at the request

of the central office, and various memoranda were prepared and supplied

regarding the instruments and methods for making potential-gradient obser-

vations. Observations from Manila will constitute valuable additions to

atmospheric-electric data, and it is hoped that the observational program
there will soon be under way.
H. F. Skey, of the Christchurch Observatory (New Zealand), was supplied

with ionium collectors for the continuous registration of the potential gradient

of the air which he hopes to undertake.

On request of Dr. A. N. Goldsmith, the Radio Corporation of America has

been supplied with the results of atmospheric-electric observations for use in

connection with their radio studies. Memoranda, reports, and publications

regarding atmospheric-electric instruments, methods, and results were sup-

plied, on request, to the Wistar Institute of Anatomy and Biology and to

Professor M. F. Angell of the University of Idaho. The Wistar Institute

plans to make continuous records of the potential gradient of the air for cor-

relation with various biological studies, while Professor Angell intends to use

similar records in connection with a study of the origin of forest fires in which
he is cooperating with investigators of the United States Forest Service.

In response to a request from Dr. H. K. E. Kriiger, leader of the proposed
German Arctic Expedition, memoranda were prepared regarding the pro-



194 CARNEGIE INSTITUTION OP WASHINGTON

gram of atmospheric-electric observations to be undertaken by the expedi-

tion. Other organizations to which detailed information regarding atmos-
pheric-electric problems and methods was supplied upon request were the

Kodak Park Works of the Eastman Kodak Company, Adolf Frese Cor-
poration of Los Angeles, Underwriters Laboratories of Chicago, General
Petroleum Corporation of Los Angeles, and Professor C. C. Culver of the

Department of Physics of Carleton College.

(5) Earth-current work 1—That part of the investigation of earth-currents

which has received most attention during the year comprises a survey at the

Watheroo Magnetic Observatory which was designed to give the distribution

both laterally and with depth of the resistivity of earth in the region where
the earth-current potentials are being recorded. The preliminary field work
(see p. 179, report for 1925) in the vicinity of Washington, preparatory to this

survey, was concluded in August 1925 (see p. 224). This work was performed
in the present year chiefly by W. J. Rooney, temporarily assisted by J. W.
Strohman. G. W. Vinal, of the U. S. Bureau of Standards, cooperated by
making laboratory measurements of water samples, which served as a check

on a portion of this work. Detailed tentative plans were then completed for

the survey at Watheroo, and Mr. Rooney left Washington in September
to begin the work at Watheroo on November 6, 1925. Although conditions

there entailed unusual technical difficulties, as well as physical hardships,

this survey was completed, essentially as planned, early in July 1926 (see

p. 225, which summarizes the results obtained to May 15, 1926). Reports

by Mr. Rooney of the progress in this survey received considerable attention

from Mr. Gish, especially as regards methods of surmounting certain of the

difficulties encountered. In this connection, an improved double commuta-
tor designed by Messrs. Gish and Huff was constructed in our shop and thor-

oughly tested before sending it to Watheroo. A method was also developed

for using a condenser in one of the circuits so as to increase the precision of

measurement when the contact-difference of potential between the electrodes

is large. Further details of these improvements are given on page 224.

Since the value of the outstanding series of earth-potential measurements

which are continuously recorded at the Ebro Observatory, Tortosa, Spain,

would be considerably enhanced by a resistivity survey in that region, it

seemed desirable that the Department should propose to cooperate with the

Ebro Observatory in such a project. Such a proposal was cordially received

by the Reverend Luis Rodes, director. Plans were then prepared for a survey

similar to that at Watheroo and arrangements made for Mr. Rooney, after

completing the survey at Watheroo, to take the instruments and equipment

to Spain. He and Mr. Gish, who will join him there, will carry out the survey

during the months of September and October 1926.

Conferences bearing on features of this work were had as follows: With

Dr. David White, Mr. Laurence LaForge, and Miss Anna I. Jonas, of the

United States Geological Survey, regarding the interpretation of certain

features of the preliminary resistivity data; with Dr. A. L. Day, director of

the Geophysical Laboratory, regarding the possibility of making resistivity

surveys in the volcanic regions to obtain knowledge of the resistivity of the

deeper structure of the Earth.

1 From report by O. H. Gish, associate physicist.
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Some of the results obtained in the preliminary resistivity measurements

in the vicinity of Washington have been of considerable interest to persons

engaged in the location of minerals, and especially oil. As a result, many of

them have come to the Department to get first-hand information regarding

the method and results.

Plans for the installation of a system for measuring earth-current potentials

at the Huancayo Magnetic Observatory, the selection and testing of the equip-

ment, and the preparation of instructions for its operation have been com-
pleted. A brief description of this system is given on page 224.

FIELD WORK AND REDUCTIONS
DEVELOPMENTS AND IMPROVEMENTS IN MAGNETIC INSTRUMENTS FOR FIELD

AND OBSERVATORY USE

Much attention was given to improved methods for accurate time-marking

of all continuous records made at our observatories. This is a matter of

fundamental importance in investigations of data concerned with propagation

of magnetic storms and their correlations with extra-terrestrial disturbances.

As a result of the joint studies of Messrs. Fleming, Parkinson, Huff, and Gold-

smith, and of experimental work by the last three in Washington and at the

Cheltenham Magnetic Observatory, satisfactory methods have been devel-

oped. The arrangements determined upon through operation of electric

clocks, controlled by daily radio time-signals, are such that hourly markings
will be automatically registered at the same time for all records. Thus the

labor of scaling and reducing records will be reduced fully 30 to 40 per

cent. The clocks and appurtenances are now being prepared by Mr. Huff
for installation at the Watheroo and Huancayo observatories, as well as at

Washington.

Good progress has been made in the preparation of coils and of an experi-

mental electric magnetometer for electrically determining the component and
total intensities of the Earth's magnetic field. It is also hoped that these

experiments may develop means for use of an electrical method for con-

tinuous registrations at observatories (entirely eliminating temperature effects

so difficult in magnetic variometers) and on board ship.

Mr. Fleming has prepared suggestions in accordance with requests received

from Messrs. Adams and Nicholson, of the Mount Wilson Observatory, for the

application of a horizontal-intensity variometer as a visual and recording

instrument for simultaneous observations of solar and magnetic conditions.

A variometer was prepared for this use by Messrs. Fleming, Wallis, and Gold-

smith, and is to be forwarded to the Mount Wilson Observatory for installa-

tion in August 1926.

In view of the prospective value of instruments using the principle of the

compass-variometer in geophysical methods for the determination of under-

ground ore and oil deposits, application for letters patent was made by the

Institution. Numerous inquiries regarding the practical application of the

compass-variometer and magnetic methods in economic geology were received

from many consulting geologists and mining engineers, to whom data and
information regarding the sensitivity of magnetic instruments of the compass-

variometer and inductor type in rapid surveys in locally disturbed areas

were given.
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COOPERATIVE WORK

Extensive and increasing cooperation with various governmental offices

and organizations in furthering both magnetic and electric surveys has
continued.

The Department has cooperated with Professor W. Uljanin, of the Magnetic
and Meteorological Observatory of Kazan, in the realization of the construc-

tion of his new design of electric magnetometer to determine all three mag-
netic elements. There has been supplied him, upon his request, a suitable

double-center base, as used in our universal magnetometers, for the assem-
bling of his instrument.

The Coast and Geodetic Survey and the Department have cooperated in

the study of improvements in vertical-intensity variometers, and arrange-

ments have been made to attack the problem along two lines, one being fol-

lowed by the Survey and the other by the Department.

OCEAN WORK*

VESSEL MAINTENANCE

The Carnegie was out of commission throughout the year. From Jan-

uary 16 to April 22, the vessel lay at the Coast Artillery wharf while awaiting

repairs to the Washington-Colonial Beach Steamboat Company dock.

The necessary steps were taken to keep her in as good condition as possible.

The vessel came through the winter in fairly good condition in spite of

the loss, during the windstorms of October and November, of the canvas

housing, which had deteriorated through long use.

FUTURE OCEAN WORK

Plans were considered for a possible oceanographic program to be carried

out on the future cruises of the Carnegie. Informal conferences regarding

the various subjects proposed were held with leading authorities in each

field, as, for example: Dr. Austin H. Clark, Dr. W. R. Schmitt, Dr. T.

Wayland Vaughan, Mr. J. V. Greene, Dr. Albert Mann, Dr. H. B.

Bigelow, Dr. C. F. Brooks, and others. On May 1 the question was
discussed at an oceanographic conference in the Administration Build-

ing of the Institution, in which the following took part: Dr. J. C. Merriam,

Dr. Louis A. Bauer, Dr. T. Wayland Vaughan, Dr. C. F. Brooks, Dr. Albert

Mann, Mr. G. W. Littlehales, Dr. Austin H. Clark, Mr. J. A. Fleming,

and Captain J. P. Ault. We have been fortunate also in the interest, advice,

and promise of cooperation of such oceanographic authorities as Dr. Fridtjof

Nansen of Norway, Professor B. Helland-Hansen of the Geophysical In-

stitute of Bergen, Norway, and Dr. H. U. Sverdrup of the Maud Expedition

(temporarily with the Department as research associate).

As a result of these various discussions and conferences, the following

tentative program of proposed oceanographic work was outlined for future

cruises of the Carnegie in addition to the magnetic and electric program de-

tailed in last year's report:

(1) Water samples, with corresponding temperatures down to 2,000 meters,

every 200 miles, with provision for occasionally obtaining the data down to the

bottom; continuous record of surface temperatures; record of ocean depths

1 From the report of the chief of section, J. P. Ault.
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every two to four hours by means of the latest and best type sonic depth-

finder; bottom samples in connection with water samples; determination of

hydrogen-ion, phosphate, nitrate, and oxygen content.

(2) Shallow-water dredging for diatoms and other plankton or biological

specimens; collection of surface plankton, once each day, quantitative, either

by strainer or centrifuge.

(3) Continuous record of wet and dry bulb temperatures at deck level,

checked by four-hourly eye-observations with sling or aspiration psychro-

meter, and supplemented, if practicable, by early-morning and mid-afternoon

observations of temperature and humidity lapse-rates from sea surface to

masthead, with occasional hourly series to establish the diurnal course of

lapse-rates in different parts of the world; sun and sky radiation measurements
by day and night; carbon dioxide and dust-counts of the air; rainfall, in stabil-

ized gage.

It is proposed that the first cruise, covering all the oceans and occupying

about three years' time, should include work in terrestrial magnetism, at-

mospheric electricity, marine earth-currents, and the tentative program in

oceanographic and meteorological work as outlined above. During this

cruise it is hoped that the work in oceanography will have developed to such

a point that it will be possible to devote the following three-year period

entirely to general oceanography, with special attention to particular problems

in selected or restricted areas. Subsequent cruises might alternate between
the magnetic, electric, and oceanographic program and the full oceanographic

program during the useful life of the vessel.

To obtain first-hand information in regard to methods and instruments

used in oceanographic work, the chief of the section joined the United States

Coast Guard vessel Tampa at Halifax, June 22, and participated in the work
of the ice patrol cruise over the Grand Banks of Newfoundland, returning to

Boston on the Tampa on July 4. The cruise was of value in emphasizing the

desirability and practicability of doing similar work on the future cruises

of the Carnegie.

SPECIAL WORK AND DISCUSSION OF DATA

Upon the request of Professor G. Melander, of the Meteorological Institute

of Finland, and of Captain Gustav Reinius, of the Hydrographic Office of

Sweden, the Department cooperated with the ocean magnetic-survey work,

proposed during the spring of 1926 in the Baltic Sea by Finland and Sweden,

by loaning a sea dip-circle. This instrument was assembled and tested before

being forwarded to Copenhagen, early in March, by a special messenger of

the Finnish legation.

The investigation and discussion of the magnetic secular-variation was
continued by Captain Ault through comparisons of results obtained in the

Atlantic and Southern oceans by the Gauss and by the Carnegie.

LAND MAGNETIC SURVEY

»

MAGNETIC VARIATIONS

Increasing attention of the Section of Land Magnetic Survey has been de-

voted to securing data for the study of magnetic secular-variation and diurnal

variation. With relatively few exceptions, the field stations occupied have

1 From report of the chief of section, H. W. Fisk.
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been at repeat localities selected with reference to their importance in deter-

mining the important features of the secular change of the magnetic ele-

ments. The completion of the campaign in South America at the end of

June provides data for discussing the recent changes on that continent in a
relatively complete manner. Western Africa, including western Morocco,
the Guinea Coast, and the regions of the Senegal and Niger rivers, was also

covered. During the expeditions to both of these continents the observers

supplemented the work at the regular stations by establishing auxiliary

stations in order to safeguard the continuity of the series in the event of

changes in the environment which might introduce artificial disturbances.

In general, also, observations were repeated on successive days in order to

secure a better average value for the locality. It is believed that these

additional observations will result in securing more reliable differences between
values obtained on these and succeeding occupations of the same points. At
stations designated as "Class I" the observers secured observations of two of

the magnetic elements on one day and of the third element on a second day at

intervals of 20 minutes throughout the daylight hours, giving a good general

idea of the characteristics of the daily variations at the locality. In this way
information has been gathered for South America, Mexico, Central America,

and Western Africa. Discussion has been had of the variations in inclination

as they are distributed over South America (see page 221).

REDUCTION OF FIELD OBSERVATIONS

Manuscript for the volume of Researches of the Department of Terrestrial

Magnetism, covering land results during 1921-1925, has been prepared for

publication, including tables of results reduced to the provisional Inter-

national Magnetic Standards of the Department, the descriptions of the

stations occupied, and the narrative reports of the observers.

SURVEY CONTROL AT WASHINGTON

Magnetometer-inductor 27 used in field work in South America was re-

turned to the office at the end of that campaign and will be compared with
standard instruments in July 1926. Field comparisons were made with the

standards at Vassouras, Brazil, in December 1925, and with those at Pilar,

Argentina, in January 1926, after which observations were also made at the

observatory at La Quiaca, Argentina. No opportunity has been afforded

of comparing magnetometer-inductor 26 in use in western Africa. Magnet-
ometer 8 and dip circle 205, returned from the Arctic Expedition of the Maud,
were compared with the standard instruments in November by Dr. H. U.
Sverdrup. Magnetometer 17 was standardized in July 1925. In order to

facilitate the reduction of the observations made by other organizations,

to the provisional International Magnetic Standards, constants have been
determined for the four magnetometer-inductors manufactured after the

Department's design by the Precise Instrument Company of Brooklyn. Two
of these were made for the Argentine Meteorological Office, and one each for

the San Fernando Observatory of Spain and for the National Observatory

of Mexico. Arrangements have also been made to undertake similar deter-

minations for magnetometer-inductors of this design being made for the Min-
istry of Public Works of Egypt and for the Hydrographic Office of Sweden.
The maintenance of standards has been further facilitated by the develop-
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ment of shortened processes of deriving the deflection constants for magnet-

ometers, by which field observations may be readily utilized in their control.

By avoiding the otherwise tedious computations, it has been made possible

by the method developed to investigate any apparent changes in these con-

stants as they occur. An abstract of the paper discussing this method is

given on pages 220 to 221.

COOPERATIVE WORK

During the past year opportunities have arisen for assisting other organ-

izations interested in magnetic surveys and allied investigations. At the

request of the United States Hydrographic Office, adaptations and improve-

ments in instrumental equipment, with loans of accessories, were made
for the survey expedition to the Colombian coast of the U. S. S. Niagara.

Detailed instruction was given to Lieutenant Jennings Courts in the use of

the instruments and the computations of results. While at Panama, and

upon the request of the governor of the Canal Zone, Mr. Lindsay demon-
strated the use of the magnetometer-inductor to the chief of the Section of

Surveys, who plans to make use of magnetic instruments in the survey of the

Canal Zone cooperatively with that of Panama by the government of that

country.

FIELD OPERATIONS

Two field parties have operated continuously throughout the year, the work
of which is briefly summarized in the following abstracts from their reports

:

Africa—Observer J. E. Sanders jr. has spent the year in western Africa,

going from Morocco to the Canaries, thence to Sierra Leone. The visit to

the Cape Verde Islands was found to be impracticable, but he was able to make
two extended inland expeditions, one from Dakar to the upper Senegal by rail

and return by river, and the second from Conakry to the head-waters of the
Niger, thence down that river to Cotonou, Dahomey.
Mr. Sanders arrived at Tangier, Morocco, July 6, 1925, and reoccupied

stations at Tangier, Larache, Rabat, Mogador, and Casablanca. A "Class I"
station was made at Marakech, July 20-25. After reoccupying the stations

at Santa Cruz, Teneriffe, and Las Palmas, Gran Canaria, the latter being a
"Class I" station, and establishing a new one at Santa Cruz, La Palma, he
sailed direct for Freetown, Sierra Leone. Work here was greatly retarded
by the unfavorable weather, September being the month of maximum rainfall

in this region. After reoccupying Freetown and two stations, Bo and May-
amba on the inland railway, he returned northward to Conakry, but continual

rains here also compelled the postponement of observations until later. In
an endeavor to secure more satisfactory conditions for work, Mr. Sanders
went to Dakar, French West Africa, to undertake an inland expedition to the
upper Senegal to reoccupy the C. I. W. stations of W. H. Sligh in 1912 and
of H. E. Sawyer in 1913. Here he found the rainy season about at an end
and conditions favorable for the proposed inland expedition. The visit to
Dakar at this time was fortunate also in that it afforded an opportunity for

securing the cooperation of the governor-general of West Africa, which was
most cordially given, as was that of other colonial officials and of the American
consul located there. He left Dakar by rail October 13 for Kayes, where the
railway meets the Senegal River, in company with Mr. Constant Southworth,
an American economist studying the economic conditions of West Africa.

After establishing a station at Tamba Counda, about midway between Dakar
and Kayes, they arrived at the latter place, October 19. The return to St.
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Louis, at the mouth of the river, was attended with considerable hardship,
as the last steamer of the season had already gone, and it was necessary to
take passage in a native sailboat and to beat against head winds most of the
way. Reoccupations of C. I. W. stations were made on this journey at
Matam, Podor, and St. Louis, where the party arrived December 1.

Mr. Sanders then returned to Conakry to arrange for the somewhat longer
inland trip down the Niger. The first part of the journey was made by rail,

taking the weekly train, December 29, for Kankan, where he arrived January
4, after an intermediate stop for observations at Mamou. The water in the
upper Niger at this point was insufficient for passage of river steamers, and
the journey from Kouroussa to Bamako, where the railway from Dakar meets
the Niger River, a distance of about 400 kilometers, was made by automobile
through the courtesy of the American Mission at Kankan. Acting on the
advice of local transportation officials, Mr. Sanders purchased a chaland, a
native form of river-boat, for making the entire trip down the Niger River.
The difficulty of securing such a boat and transporting it around the rapids
between Bamako and Koulikoro, and finally putting it in condition for the
journey, caused a considerable delay, so that not until February 7 was the
voyage down river begun. By a fortunate circumstance he was able to
associate with him Professor Leland Hall, of Harvard University, who desired

to make the Niger River trip, so the party was made up of the two white men,
a cookboy, and 14 punters.

The trip to Timbuktu required three weeks, during which observations
were made at Segou, Mopti, and Niafunk6, all reoccupations of C. I. W.
stations. A "Class I" station was made at Timbuktu, where the party
enjoyed the cordial hospitality and assistance of the government officials,

occupying rooms in the governor's palace during the ten days of their stay.

Below Timbuktu reoccupations were made at Burem, Ansongo, Niamey, and
Gaya. Below the latter place the river enters Nigeria, so the chaland was sold

to the French officials and the journey to Cotonou continued by autobus and
rail, reoccupations being made at Paraku and Save en route. After making
repeat observations at Cotonou, April 26-30, Mr. Sanders went to Lagos,

Nigeria, to make preparations for additional work along the Guinea Coast
between that point and Cape Palmas, Liberia, and thus complete the resur-

vey of this portion of Africa. Weather conditions and illness hindered his

progress, but by June 30 he had occupied stations at Lagos, in Nigeria, and
at Accra, Kumasi, and Sekondi, along the Gold Coast.

Professor L. Palazzo, Director of the Central Meteorological Office of Italy,

who was made a small grant towards the expenses of his eclipse expedition,

had a magnetograph in operation for seven days, including the day of the

total solar eclipse, January 14, 1926, at a station near Point Sherwood on
the coast of Jubaland. Following the eclipse Professor Palazzo obtained

magnetic observations during two months at 17 stations in Jubaland and
Benedir on the rivers Juba and Uebi Scebeli on the coast of the Indian

Ocean and in the hinterland of the continent as far as southern Abyssinia.

Five of the stations were repeat stations, and the results emphasize the large

secular variation in inclination in this region.

Asia—In July, 1925, the Maud, the survey vessel of Captain Amundsen's
Arctic Expedition, was freed from the ice of their winter quarters off the north

coast of Siberia and proceeded to Nome, Alaska, arriving August 22.

North America—Observer John Lindsay arrived at Balboa, Panama, from

Guayaquil, Ecuador, March 25, 1926, and sailed the following day for San
Jos6, Guatemala, on his way to join the party of the Middle American Arche-

ological Research at Copan under the direction of Dr. Morley. As it was im-

portant that the party reach Copan before April 9, he was advised by cable
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to leave the steamship at La Union, Salvador, and proceed as far as Santa
Ana by rail and then make the remainder of the journey by auto. This

entailed very considerable difficulties, as previous passport visas had not been
provided, and as the fiesta season at Easter made it impossible to secure the

additional funds required by the change of plans. Furthermore, according

to the customs of the country, all work was suspended during the fiesta, trains

were discontinued, and roads were closed. Mr. Lindsay managed to get

aboard the last train from La Union to San Salvador, and prevailed upon a

driver to take him the remaining distance by auto. He arrived at Guatemala
City on the evening of April 2. Solar observations were made at Zacapa
April 6, and complete solar and magnetic observations at the same place on
April 17, for control of longitude observations made at the ruins at Copan
during the interim. The special work at Copan under the direction of Dr.

Morley was with reference to the orientation of pillars presumed to have
significance as points of astronomical observation by the ancient Maya
people.

At the conclusion of the work at Copan, the magnetic station of 1907 at

Zacapa was reoccupied, after which " Class I" observations at the repeat

station at Guatemala City were made, April 23-30. At the request of Presi-

dent Merriam, Mr. Lindsay was made a delegate to the Bolivarian Congress

at Panama City, June 18-25. He accordingly left Guatemala City May 3

for San Jose, where the repeat station was reoccupied. Passage was taken on
a motorship for Punta Arenas, where it was due May 14, but owing to adverse
weather the arrival was delayed until May 20, opportunity during a delay in

port at Acajutla, Salvador, permitting an approximate reoccupation of the

station of 1909. A "Class I" station was made at the repeat locality at

San Jose, Costa Rica, May 22-26, and passage immediately taken from Port
Limon for Colon, where he arrived May 28.

In the interval before the convening of the Bolivarian Congress, a reoccu-

pation was made of the repeat station at Washington Hotel, Colon, and of

a point as near as practicable to the station at Sweetwater Inlet. On June
7-10 several sets of diurnal-variation observations were made at the station

at Old Panama, and at the conclusion of the work of the Congress a station at

Corozal was established as an auxiliary secular-variation station because
of the existence of local disturbances at the station at Old Panama. During
the work at these stations the most cordial assistance was rendered by the
officials of Panama and the Canal Zone. Mr. Malsbury, chief of the Section
of Surveys, was especially interested in the work and embraced the oppor-
tunity with Mr. Lindsay's assistance to become acquainted with methods and
instruments used in the magnetic surveys of the Department.
As a delegate to the Congress, Mr. Lindsay was made presiding official of

one of the five sections, and presented an address by President Merriam in

both English and Spanish entitled Panama and the problem of human migra-
tion. Mr. Lindsay sailed from Colon for New York on July 1 and reported
at the office July 12.

South America—Observer John Lindsay reached Buenos Aires, after com-
pleting a series of reoccupations in the southern parts of Chile and Argentina,
on June 24, 1925. After a conference with the Director of the Meteorological
Office at that place, he made an expedition up the Paraguay River as far

as Cuyaba, Brazil, across overland to Goyaz, and return to Buenos Aires by
way of Rio de Janeiro. Original plans for taking up work in South Africa

at this time were abandoned, and Mr. Lindsay recrossed the Andes to Are-
quipa for some special work on diurnal variation, then proceeded northward
to Ecuador and Panama in order to cooperate with the Middle American
Archeological Research in Honduras in April.
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Leaving Buenos Aires, June 28, Mr. Lindsay reoccupied the stations of

1913 at Monte Caseros and Corrientes, Argentina, and Ascuncion and Con-
ception, Paraguay, the latter being a "Class I" station. After establishing

a new station at San Salvador, Paraguay, he arrived at Corumba, Brazil,

August 5. The journey by launch and canoe to Cuyaba was completed
August 19, after considerable hardship. Here a "Class I" station was occu-
pied on the site of the station of the Brazilian Commission of 1904. In
company with Mr. Francis Gow-Smith, an American explorer, a pack-train
was organized for an expedition for the overland journey to Goyaz. This
expedition left Cuyaba September 5 and arrived at Goyaz on October 12,

occupying four new stations en route and reoccupying Mr. D. W. Berky's
station of 1915 at Registro. "Class I" observations were made at Goyaz on
the site of Mr. Berky's station, and reoccupations were also made, en route to

Rio de Janeiro, at his stations at Bella Vista and Catalao, as well as an
approximate reoccupation of the Brazilian Commission station at Uberaba.
After comparisons with the standard instruments at the Vassouras Observa-
tory, near Rio de Janeiro, November 9-16, Mr. Lindsay reoccupied the station

of 1923 at Santos and that of 1913 at Rio Grande, and made "Class I" obser-

vations near the site of the Brazilian Commission station at Porto Alegre.

After making "Class I" observations at the repeat station at Colon,Uruguay,
near Montevideo, Mr. Lindsay returned to Buenos Aires.

The desirability of extending the study of the unusual character of the
diurnal variation of inclination in the western part of South America made it

opportune for Mr. Lindsay to return through northern Argentina and Peru
to Central America, where he was to join Dr. Morley in April. He therefore

went first to Mendoza, where he made complete "Class I" observations on
the Argentina side of the Andes, opposite Valparaiso, Chile, where similar

observations had been made at about the same time in the previous year, and
then to Pilar, where a comparison of instruments was made with those of the
observatory. "Class I" observations were then made at La Quiaca, Argen-
tina, and at Juliaca, Peru, the latter to supplement those at the same station

in December 1924. On February 12-22, diurnal-variation observations of

inclination were made at the principal and auxiliary stations at Arequipa
for the purpose of securing additional information regarding the unusual
daily range in that element found by previous observations. The necessity

of being in Guatemala City early in April allowed time only for repeat obser-

vations at stations in Ecuador, Guayaquil, and Quito, the latter of which was
made a "Class I" station March 7-13.

Islands Atlantic Ocean—On August 1, Observer J. E. Sanders jr. left

Casa Blanca, Morocco, for the Canary Islands, arriving at Santa Cruz, La
Palma, August 3, where a new station was established. He later reoccupied

the repeat stations at Santa Cruz, Teneriffe, and Las Palmas, Gran Canaria,

the latter being a "Class I" station.

Observations were made at the C. I. W. repeat station at Willemstad,

Curacao, by Lieutenant J. Courts of the U. S. S. Niagara, June 18, 1926, and
the results communicated to the Department of Terrestrial Magnetism.
A part of the equipment for the magnetic work of the Niagara had been loaned

the Navy for this expedition, which will later work along the coast of Co-
lombia.

Arctic regions—Captain Roald Amundsen's vessel, the Maud, stayed

during the winter 1924-1925 in north latitude 70° 43! 2, east longitude
162° 25', five miles off Four-Pillar Island of the Bear Island Group. Absolute

magnetic observations were taken regularly from October 1924 to May 1925

and continuous registrations of the magnetic declination and the atmospheric-

electric potential-gradient secured for a period of six months. On July 13,
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1925, the ice broke at the winter quarters. After slow progress along the
Siberian coast, Nome, Alaska, was reached on August 22 and, finally, Seattle

on October 5, 1925. From Seattle, Dr. H. U. Sverdrup, in charge of the scien-

tific work of the expedition, brought the magnetic instruments to Washington,
where he reported at the Department in November.

OBSERVATORY WORK

»

The work of the magnetic and electric observatories during the year

July 1, 1925, to June 30, 1926, may be briefly summarized as follows:

Wotheroo Magnetic Observatory, Western Australia—The magnetograph
was continuously operated and the necessary routine observations for the
control of the magnetograms were carried out regularly during the report
year. Complete tabulations of mean hourly scalings were prepared and
forwarded to the office for final reduction. Statements of magnetic character

of days were made and descriptions and scalings of magnetic storms and earth-

quakes furnished. The mean values of the weekly determinations of the
magnetic elements for the calendar year 1925 were: Declination, 4° 20 '1

west; horizontal intensity, 0.24720 c. g. s. unit; and inclination, 64° 07(6
south. (See p. 208 for preliminary values deduced from magnetograms.)
The potential-gradient apparatus worked continuously and satisfactorily.

The monthly observations for the determination of the reduction-factor

have given results that are in good agreement and indicate that the factor

is 1.06 within 1 per cent. Careful attention was given to every detail in these

observations to avoid any systematic source of error such as presence of leak

and non-exact height of field collector; exact simultaneity of reading the fibers

at the two stations is important. The electrometer calibration-curves gave
good agreement, showing a small but decided temperature effect. In mid-
winter, with an average temperature of 12?5 C, 5.5 mm. deflection is pro-

duced by 100 volts, and in midsummer, when an average temperature of

27?5 C. has slightly tightened the fibers, it requires 104 volts to produce the

same deflection. Complete tables were prepared giving the hourly values of

the potential gradient, the average value for the year 1925 being 85 volts per
meter. The value from November to March averages about 90 volts, while

that from May to September is lower, averaging about 75 volts, which is

in general agreement with what has been observed at various stations in the
northern hemisphere and also at Cape Evans in the Antarctic. The diurnal

variation of the potential gradient shows that the minimum occurs at about
8 h

, 120th east meridian time, throughout the year. There is a secondary
minimum occurring at about 19 h which is more pronounced from May to

August. A marked similarity exists between the diurnal curves at Watheroo
and those for the northern hemisphere in this regard. This agreement might
be expected when it is remembered that the 24-hour wave of the diurnal vari-

ation in potential gradient is a universal-time phenomenon.
The atmospheric-electric apparatus for recording the conductivity was in

operation during the year. Scale-values have remained practically constant

and were 1.4 and 1.3 X 10
-5

E. S. U. for the positive and negative conduc-
tivity apparatuses, respectively. The mean value of X+ for 1925 was 2.1 X
10~4 E. S. U., and for X_, 1.8 X 10~4 E. S. U. A table was prepared showing
the effect of the relative humidity on the conductivity. Average values for

the conductivity were taken from 3 h to 6 h
, when the humidity averages 95

per cent, and from 12 h to 15 h
, when the humidity averages approximately

50 per cent. From this table the conclusion may be drawn that the ratio of

the positive to the negative conductivity decreases with decrease in relative

1 From the reports of the Assistant Director and of the observers-in-oharge.
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humidity. It may be concluded also that the total conductivity increases

with increase in the relative humidity. Hewlett1 concluded that over the
oceans the opposite effect has been observed, namely, that large values of

conductivity correspond to small values of relative humidity. An examina-
tion of the diurnal-variation curves shows that during the summer the maxi-
mum occurs daily at about 6 h and that during winter it occurs nearly three
hours later.

The earth-current apparatus recorded, as before, the potential differences

between electrodes 2 miles apart at right angles. Beginning with 1926,
the traces have been reduced at the observatory, and confirmation has been
obtained that the north-south component has maxima at about 2h and 12h

and minima at 7 h and 17 h , and the east-west component is of the same general

type as recorded for 1924. The records scaled have been much disturbed
by "storms"; in some months it was difficult to select even ten good days.
This may account for the masking of the progression of the maximum and
minimum as observed on the north-south component in 1924. In view of the
small order of the observed earth-current on the 2-mile west-east line, ar-

rangements were made to extend that line to approximately 6% miles east of

the central station. The Commonwealth of Western Australia generously
made a grant of additional land for this extension. As a result of the pre-

liminary reduction of the earth-resistivity survey, considerable attention

was given to possible improvements by modifications in placing of the elec-

trodes; the present electrodes are being continued undisturbed pending fur-

ther discussion and decision as to a proper method of obtaining data to control

any possible difference because of electrode change.

The buildings were kept in repair and three rooms were completed in the
auxiliary quarters for the accommodation of extra observers. The new
veranda around the residence has proved an excellent addition and has added
greatly to the comfort of the observers, as has also the Frigidaire refrigeration

equipment. Various new devices and inventions were perfected to improve
operation of the atmospheric-electric and earth-current equipment.
The usual daily meteorological and wind-direction and velocity observations

were made and the results supplied to the office and to the Australian Common-
wealth Weather Bureau. Observations of radio signal-intensity were con-

tinued.

H. F. Johnston continued as observer-in-charge, being ably assisted in the

scientific work by observers 0. W. Torreson to June 1 and J. E. I. Cairns
throughout the year, and in the mechanical work by E. A. Watts. F. W.
Wood was engaged as aid from January 1 and was promoted to assistant

observer in June. W. J. Rooney arrived at the Observatory November 6,

1925, to make an earth-resistivity survey of the site for the interpretation of

the earth-current data being obtained (see p. 194) ; his survey was completed
in July 1926. Mr. Torreson, having completed 2 years' service at the

Observatory, was relieved on June 1 and was en route to Washington at the

close of the report year.

Mr. Johnston was appointed a member of a special committee in connection

with the meetings of the Australasian Association for the Advancement of

Science charged with the preparation of scientific programs for the August
1926 meeting. He prepared a note on The Origin, History, and Work of the

Wotheroo Magnetic Observatory, to be included in a "Handbook of Science

in Western Australia" which is to be presented to visiting members of the

Australasian Association for the Advancement of Science. Mr. Cairns pub-
lished the following papers in Western Wireless, a Perth publication : The Roof
of Radio and Height of the Heaviside Layer (see p. 219).

1 Terr. Mag., vol. 19, 127-170 (1914).
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From August 15 to 24 Professor A. D. Ross, of the University of Western
Australia, visited the Observatory and inspected its work. The members of

the staff were greatly benefited by his suggestions and advice. His official

report comments particularly upon the excellent condition of the Observa-
tory, upon the manner in which the reductions are kept current, and upon the

fine spirit and application of the staff.

Huancayo Magnetic Observatory, Peru—The magnetograph recorded con-

tinuously throughout the report year ending June 30, 1926, and the various

control observations were made regularly. The conductivity apparatus con-
tinued to record practically uninterruptedly throughout the year. Because
of a defective motor the negative conductivity apparatus did not function

from May 23 to June 19. The atmospheric-electric potential-gradient

apparatus recorded continuously with but slight interruption. The stan-

dardization observations were made twice a month, but, during the rainy

season, they could not always be completed. The usual meteorological

observations were made and continuous records were maintained of barometric
pressure, air temperature, relative humidity, and wind direction and velocity.

Because of some defects in the signal-intensity equipment, now being corrected

at Washington, no satisfactory radio data were obtained at the Observatory
for the discussion of possible correlations of radio-transmission phenomena
with those of terrestrial magnetism and electricity. The heavy demand on
the time of the staff for the installation of the earth-current systems inter-

fered with the maintenance of scalings and reductions of the values from
magnetograms and electrograms ; despite this, the work was completed through
December 1925 and is now rapidly being made current.

Meteorological data were supplied to Clark University of Worcester, Massa-
chusetts, for an article in the magazine Economic Geography, and to the Cerro
de Pasco Copper Corporation for use in an investigation of the connection
between rainfall and a certain cattle disease. The Observatory continued to

supply weekly meteorological information to El Heraldo, a Huancayo daily
newspaper. The Department of Mines of the Ministry of Public Works of

Peru has been supplied upon request with compilations of magnetic results

obtained at the Observatory.
The mean values, reduced to International Magnetic Standards, resulting

from the weekly determinations of magnetic elements for the year 1925 were

:

Declination 7° 59(1 east; horizontal intensity, 0.29750 c. g. s. unit; and in-

clination, 1° 01 '5 north.

The preliminary mean values for the atmospheric-electric elements during
the calendar year 1925 (January to December) were: Potential gradient, 45
volts per meter, using 1.0 as the value of reduction-factor pending further
discussion of the observed values; conductivity, 4.2 and 4.6 E. S. U. X 10

-4
for

X+ and X_, respectively, the latter values depending upon the preliminary
smoothed graphs of observed calibrations as made at the Observatory.
Mr. W. C. Parkinson prepared a note summarizing the meteorological

data obtained at the Huancayo Magnetic Observatory during the years 1922
to 1924. The mean annual temperature for the three years was 12?4 C,
the average daily range being 14?5 C. The lowest temperature, -4°1 C,
occurred in July and the highest temperature, 27?4 C, occurred in November.
The average rainfall was 32 inches per year.
The major construction work during the year was the installation of two

systems of lines for the study of earth-currents. As a result of the preliminary
report by Mr. Parkinson and of the experience at the Watheroo Observatory,
it was decided to install two sets of overhead earth-current lines, the north-
south and east-west units of which were to have been each 4 kilometers long.
Due to natural obstacles, the earth-current lines were made shorter than orig-
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inally intended (see p. 224). Much assistance was rendered by the Peruvian
authorities in safeguarding the property of the Observatory. In order to

provide storage space for the earth-current equipment, a large storehouse was
built, adobe and tile being used in its construction. A new cabinet was con-
structed for filing correspondence and memoranda, and new drying frames
and cabinet were made for handling magnetograms and electrograms. A new
office desk was built also.

Mr. Wilfred C. Parkinson continued as observer-in-charge until July 17,

1925, being relieved by Observer R. T. Booth. Mr. Booth continued as

observer-in-charge to April 1, 1926, when, having completed his two-years'

assignment there, he was succeeded by Mr. R. H. Goddard. Mr. A. H. Kampe
rendered valuable assistance to the work of the Observatory throughout the

year, and Senor M. T. Quintana continued as aid. Mr. Parkinson was again
assigned to the Observatory in 1926 as consulting magnetician for special

duty in connection with the installation of the earth-current equipment, and
arrived at Lima, Peru, June 22, 1926. He carried with him for use at the

Observatory a new, temperature-compensated, vertical-intensity variometer.

He also took with him a new earth-current recorder for use in connection with
the new equipment being installed at the Observatory for the study of earth

currents. The staff of workmen varied in number according to construction

work in hand.
The Peruvian Government has, in many ways, shown continued interest

in the work of the Institution in Peru, and grateful acknowledgment of its

assistance is hereby made. Special thanks are due the local authorities for

their cooperation in the purchase of the eight plots of ground needed for earth-

current electrodes and in safeguarding the equipment after it had been in-

stalled. Thanks are also due to the embassy of the United States in Lima
for its material help.

The Minister of War of Peru informed the Observatory that the observer-

in-charge has been selected as a member of the Peruvian Committee for the
International Union of Geodesy and Geophysics and the International

Research Council.

The interest in the Observatory has been maintained and increased during
the year, as evidenced by the increased numbers of visitors who have inspected

the Observatory and its equipment. Mention may be made of the visit to

the Observatory during February and March 1926 of Mr. 0. Dahl, a member
of the Maud Arctic-Drift Expedition, who rendered valuable service in over-

hauling the Observatory's radio equipment. The installation of a special

switchboard and of the new Delco plant greatly facilitated the operation of the

atmospheric-electric apparatus. A new Kennedy radio receiving set was
forwarded to the Observatory to replace the Navy-type equipment, which
frequently was put out of commission by lightning.

Apia Observatory, Western Samoa—The cooperation of the Department in

the atmospheric-electric program at the Apia Observatory, both in supplying
of apparatus and in financial assistance, was continued throughout the year
with the New Zealand Government, through the Department of External
Affairs and its Honorary Board of Advice and with the British Admiralty.
Mr. Andrew Thomson continued as director, with Mr. C. J. Westland as

assistant director, throughout the year. Dr. Russell Pemberton continued
as physicist until March 1926, when he returned to the United States. On
May 6, Mr. R. C. Hayes, for six years assistant to Dr. Adams at the Hector
Astronomical Observatory, Wellington, New Zealand, joined the Apia Ob-
servatory staff in place of Dr. Pemberton. Mr. Thomson visited New Zea-
land and Australia during the period December 19, 1925, to February 18,

1926, to inspect the meteorological, seismological, and magnetic work being
done in these two countries.
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An excellent series of potential-gradient records was obtained at the land

station throughout the report year ending June 30, 1926. The atmospheric-
electric potential-gradient records obtained at the lagoon house were fairly

complete during the year, except for October and November 1925, when the

instrument was used for the experimental work in the cathedral tower on
variation of potential gradient with height, and for January and February,
when the electrometer was not sufficiently sensitive. Some difficulty was
experienced during November with shifts in the base-marks of the Benndorf
recorder at the land station; apparently these were caused by humidity
changes in the silk-fiber suspension. A new calibrating electrometer of special

design and construction, made by the Department to overcome the breaking
down of insulation because of the extremely humid conditions at Apia, was
installed in the lagoon house in March and greatly facilitated the work at

that station. The amber insulators at the land station were replaced by
the sulphur supports designed by the Department, as the amber had become
loose. The experience during the year has fully justified, under the unusually
moist condition prevailing at Apia, the use of sulphur as insulator wherever
possible. The redetermination of the reduction-factor for evaluating the

potential gradient from the records at the land station was made during June
and gave a value slightly greater than 1.00, which is in excellent agreement
with previous determinations of 1.00 and 1.07. The preliminary mean value
of the atmospheric potential-gradient at the land station obtained during the
calendar year 1925 from 139 days of "0" character was 117 volts per meter.
Marigrams showing variations of the tides at the lagoon house were obtained
throughout the year; those for the year beginning June 1, 1924, were analyzed
by the Tidal Division of the United States Coast and Geodetic Survey.
These results will be useful in the final reductions of the potential-gradient

records obtained at the lagoon house.

The test of the effect of height of collector on potential-gradient records
by mounting an auxiliary collector in the tower of the Roman Catholic
cathedral at a height of 35 meters had to be discontinued in October, on
account of rainy weather, before conclusive results had been obtained.
The extensive meteorological program was maintained. Conditions were

exceptionally good on several occasions for upper-air observations with
pilot balloons. On two occasions balloons were watched until they reached the
height of 26 and 27 kilometers, respectively. In May, ten pilot balloons

were released, and all were observed to a height greater than 9 kilometers
with a maximum height of 27 kilometers. The success attending this work
is gratifying, particularly as the International Meteorological Committee
had designated May especially for such work.
Mr. Thomson is reducing the barograph data to investigate the question of

atmospheric tides at Apia to follow up the preliminary study of Professor
Chapman of the 1913 data. He prepared a paper on Comparisons of At-
mospheric-Electric Potentials at Sea with that under Closely Similar Insular
Conditions, using data obtained by the Carnegie and at the lagoon-house
station at Apia (see p. 232).

Washington, United States—The experimental atmospheric-electric obser-

vatory on the deck of the Laboratory at Washington was continued under the
immediate direction of Dr. Mauchly. Daily photographic records of the
potential and of the negative conductivity of the atmosphere were 95 and 85
per cent complete, respectively. As in past years, there was considerable
disturbance caused by building operations in the immediate neighborhood
of the Laboratory. The redeterminations during the year of the reduction-
factor for the atmospheric potential-gradient records were in excellent agree-
ment, although giving a value somewhat less than that previously used. The
provisional mean value of the atmospheric potential-gradient determined from
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149 daily records of "0" character for the calendar year 1925 was 158 volts

per meter, this being based on the reduction-factor 1.1.

The investigations and control of magnetic standards in the Standardizing
Magnetic Observatory at Washington were continued. Besides comparisons
of instruments before and after field work, reduction and compilations for

results of comparisons at the Vassouras (Brazil), Pilar (Argentina), and La
Quiaca (Argentina) observatories were made.

REDUCTION OF OBSERVATORY RECORDS

Preparation of the manuscript containing the final reductions of the

magnetic records obtained at the Watheroo Observatory was continued in

charge of Dr. Edmonds, with the assistance of Messrs. Wallis and Goldsmith.

Special compilations of Watheroo data for the year 1920, requested by Dr.

A. Crichton Mitchell as reporter for the subject "Magnetic and electric

characterization of days" of the International Section of Terrestrial Mag-
netism and Electricity, were prepared by Messrs. Fleming, Parkinson, and
Goldsmith. The preliminary mean annual values of the magnetic elements

as deduced from the magnetograms for all days at the Watheroo Magnetic
Observatory for the calendar year 1925 are as follows: Declination, 4° 17 '7

west; horizontal intensity, 0.24719 c. g. s. unit; vertical intensity, —0.50976
c. g. s. unit; and inclination, 64° 07 '8 south.

Final reductions of the magnetic records from the Huancayo Observatory

were begun by Messrs. Parkinson and Goldsmith.

The tabulations of magnetic character-numbers of days for the magneto-
grams obtained at the Watheroo and Huancayo observatories were prepared

and forwarded regularly to Dr. Van Dijk for publication by the Commission for

Terrestrial Magnetism and Atmospheric Electricity of the International

Meteorological Committee.

MAGNETIC, ATMOSPHERIC-ELECTRIC, AND POLAR-LIGHT DATA FROM THE
MAUD EXPEDITION

Dr. H. U. Sverdrup, research associate of the Institution from November
to December 1925 and from March 1 to August 31, 1926, has prepared for

publication the absolute magnetic observations of the Maud Expedition,

1922-1925, and has discussed the diurnal variation of the declination at the

two stations, Cape Chelyuskin (latitude 77° 32 '6 north, longitude 105° 40'

east of Greenwich) and Four-Pillar Island (latitude 70° 43 ' 2 north, longitude

162° 25' east of Greenwich) from which registrations covering periods of 10

months and 6 months, respectively, were available. Dr. Sverdrup also pre-

pared for publication and discussed the observations and registrations of the

potential gradient, made on the North Siberian Shelf during the drift of the

Maud, 1922-1924, and at the winter quarters off Four-Pillar Island, 1924-

1925. These observations confirm the universal-time feature of the diurnal

variation of the atmospheric potential-gradient, which was discovered when
the atmospheric-electric observations of the Carnegie, 1915-1921, were ana-

lyzed. The notes regarding the occurrence of polar lights made on board

the Maud during 1922-1925 have been summarized and discussed by Dr.

Sverdrup. A brief statement regarding the above reductions is given on

page 231.
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INSTRUMENT WORK AND BUILDINGS

»

Classification of work—The distribution of time of the shop force, based

on a total of almost 10,000 man-hours, was about as follows: Experimental

work, one-fourth; new instruments, one-sixth; improvements and repairs

to field and observatory instruments, one-sixth; balance of time on repairs

and improvements to buildings, on stock parts for observatory, shop, and field

use, on drawings and designs of apparatus, and on miscellaneous and special

work.

New work—New work during the year included: Special oil-immersion

commutator and special selector-switch for milliammeter for use in earth-

resistivity survey; 2 wave-meters for laboratory use; a high-voltage portable

battery consisting of 5 truck units of 300 volts each, and the necessary switch-

boards and control apparatus for charging and discharging. A number of

auxiliary units for investigational work, including special condensers, coils,

and oscillators, were made, as also magnetograph glass scales 39 to 46, 12

potential-gradient sulphur insulators, and proportionate time-marking device

for electrograms. New work in construction on June 30 included 10 special

clock movements for rotating recording drums once in 25 hours and new
standard atmospheric potential-gradient recorders 6, 7, 8, and 9.

Experimental work—The experimental work included further apparatus

for the Heaviside layer, resonance-properties of iron, and gamma-ray investi-

gations. Work was also done on the dust-count apparatus and considerable

time spent on the development of apparatus for time-marks for magneto-

graphs and electrographs.

Improvements and repairs—Repairs were made as required to the laboratory,

field, and Carnegie instruments. Improvements included changes in a Dalton
adding machine to adapt it to special work; additions to 3 conductivity appa-

ratuses; changes in an electrometer for the central office of the Philippine

Weather Bureau; special amber insulators for an electrometer for the Apia
Observatory; installation of a ventilating duct and fan in the dark room, and
of sheet-metal-working machines in room 105. Considerable headway was
made on the reprint closets in the attic.

Miscellaneous—A gas, water, and electric system was installed on the

lecture-platform and new service-switches and meter-loops for direct current

and alternating current were provided at the Administration Building of the

Institution. Considerable time was devoted to the preparation and installa-

tion of the annual exhibit. Shipments of equipment and supplies were made
to the Huancayo and Watheroo observatories. The main storage battery

was overhauled and put in good order, and the auxiliary storage batteries

were given their usual attention.

MISCELLANEOUS ACTIVITIES

National and international unions and commissions—Dr. Bauer, as Secre-

tary and Director of the Central Bureau of the Section of Terrestrial Mag-
netism and Electricity of the International Geodetic and Geophysical Union,
prepared, with the aid of Messrs. Harradon and Scott, the Bulletin (No. 5)

of Transactions for the Madrid meeting in 1924. The staff collaborated in

the preparation of preliminary reports and suggestions for special reporters

of the International Union, particularly on lines of study that should be fol-

1 From the report of the shop foreman, C. Huff.
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lowed in the investigation of the aurora and on standard nomenclature for

use in atmospheric-electric and earth-current work. Dr. Bauer was appointed

by the International Section of Terrestrial Magnetism and Electricity as

reporter to the Prague 1927 meeting for the subject "International compari-

sons of magnetic instruments." He was also requested by the Committee
of the International Research Council for the Study of Solar and Terrestrial

Relationships to formulate a scheme for proposed international cooperative

investigations of the relationships between magnetic disturbances and solar

phenomena (see pp. 185 and 214) . Mr. Parkinson, while en route to Washington
from the Huancayo Magnetic Observatory, attended the August 1925 meeting

at Southampton of the British Association for the Advancement of Science

as a representative of the Department.
Messrs. Bauer, Mauchly, and Breit continued as members of the American

section of the International Union of Scientific Radiotelegraphy, taking active

part particularly in the work of its committees on Atmospheric-Electric

Disturbances, Variation of Radio Wave Direction, and Radio Wave Trans-

mission.

Information was supplied on special topics by various members of the

Department to the National Research Council. Dr. Bauer continued to

serve as a member of the Division of Foreign Relations of the Council. Mr.
Fleming was appointed a member of the special committee of the American
Geophysical Union to advise with the special committee of the Division of

Physical Sciences of the Council in the preparation by the latter committee

of special bulletins on geophysical methods, instruments, and results.

Members of the staff took active part in the work of the American Geo-
physical Union. Messrs. Bauer, Peters, and Fleming, respectively, continued

as chairman of the Section of Terrestrial Magnetism and Electricity, as vice-

chairman of the Section of Oceanography, and as General Secretary of the

Union ; the last-named also continued as secretary of the Section of Terrestrial

Magnetism and Electricity. Those of the staff present in Washington par-

ticipated in the annual meetings of the Union held April 29 and 30, particu-

larly in the symposium and discussion by the Section of Terrestrial Mag-
netism and Electricity on the improvement of magnetic and electrical instru-

ments for observatory use. Abstracts of communications submitted by
Messrs. Ault, Bauer, Fleming, and Gish will be found under the section

"Abstracts of publications and investigations." Mr. Fleming edited and
prepared for publication the Transactions of the Seventh Annual Meeting

of the Union and of its Sections. Captain Ault was appointed chairman of the

Committee on Meetings for the eighth annual meeting of the Union in 1927.

Dr. Mauchly, with the assistance of Mr. Peters, has continued as editor of

the Journal of the Washington Academy of Sciences during the report year.

Staff conferences, colloquiums—Frequent meetings of the investigatory

staff were continued throughout the year for discussing developments relative

to the Department's activities, to current work and progress in geophysics,

and to questions concerned with the meetings and agenda of national and inter-

national geophysical bodies. The monthly bulletin regarding personnel,

observatory work, field operations, and other items of interest has continued

to be a helpful stimulus.

The evening colloquium on atomic physics was continued, the weekly

meetings being held in part at the Bureau of Standards and in part in the
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library at the Laboratory. The colloquium has been fortunate in securing

distinguished visitors, such as Professor Joffe of Leningrad and Professor

Hertzfeld of Baltimore. The younger group at Johns Hopkins contributed

greatly to the discussions.

Lectures—A course of lectures on atomic physics was given during October

1925 to April 1926 at the Johns Hopkins University by Dr. Breit. Special

emphasis was laid on the Compton effect, empirical facts in spectroscopy,

and the adiabatic hypotheses. Dr. Breit spoke November 4 on the Heaviside

layer before the staff meeting of the U. S. Weather Bureau.

Dr. Sverdrup delivered a number of lectures on various phases of the scien-

tific program followed on the Maud Arctic-Drift Expeditions of 1918-1925.

Chief among these was that delivered December 1, as one of the Institution's

winter series, on "Scientific work of the Maud Expedition, 1922-1925."

On May 20 he addressed the Arts Club of Washington, his subject being,

"Among natives of northern Siberia and in the drifting ice." On November
18 he gave an account of the meteorological work on the Maud before the

staff meeting of the U. S. Weather Bureau.

The following lectures were given by Captain Ault: "Surveying the oceans

on the Carnegie," Kiwanis Club of Morganton, North Carolina, August 11;
" Methods of sea and air navigation," a radio talk from station WCAP, Wash-
ington, October 23; "Past and future work of the Carnegie" staff conference

of the U. S. Coast and Geodetic Survey, March 5; "Work and cruises of the

Carnegie," Men's Club of Wesley M. E. Church, Washington, March 9, and
Damascus Brotherhood, Damascus, Maryland, May 12; "The work of the

Carnegie Institution of Washington and of the Department of Terrestrial

Magnetism," a talk presented to the officers of the U. S. Coast Guard cutter

Tampa, at sea, June 29.

Mr. Rooney on October 30 gave a lecture in Adelaide, Australia, on the

proposed earth-resistivity survey work at the Watheroo Magnetic Observa-

tory, with an account of reasons for such work and the development of appa-

ratus for it.

The address of the retiring President of the Philosophical Society of Wash-
ington, by Mr. Fleming, on January 9, 1926, was on "The Magnetic and
Electric Survey of the Earth; Its Physical and Cosmical Bearings and De-
velopment."

Exhibits—The Department took part in the annual exhibit of December
1925, at the Administration Building of the Institution. The Department's
exhibit included two main features illustrating current work: (1) Transpar-

encies showing correlations between solar activity and the Earth's magnetic
and electric activities, with a model of the Earth to define and to show visually

potential gradient of the air; (2) transparencies of photographs giving radio

evidence of the existence of the Kennelly-Heaviside layer, together with actual

apparatus used and, through the cooperation of the U. S. Naval Research
Laboratory and of the Bureau of Standards in sending special signals, visually

demonstrating the radio echo from the layer. The magnetograph, electro-

graph, and dip-circle exhibits were continued and maintained at the building

of the National Academy of Sciences and of the National Research Council.

Messrs. Fleming and Ault served as members of the special Committee on
Exhibits of the Institution. Captain Ault was appointed chairman of the

committee for 1926.
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Library work—The number of new accessions during the report year was
723, making the total number of accessioned publications 14,513. The revised

scheme of classification (see p. 167 of annual report for 1923) has been applied

to all books and pamphlets in the library, as well as to many thousand cards

representing magazine articles of particular interest in connection with the

investigational work of the Department. The introduction of the new system
has rendered more readily accessible the wealth of scientific information in the

library and this has been evidenced by the steadily increasing use of the library

as a tool of research by the members of the Department. As in previous years,

all articles of special interest to the Department appearing in current scien-

tific journals have been carded and classified.

The librarian, H. D. Harradon, continued preparation of lists of publica-

tions dealing with terrestrial and cosmical physics and electricity which were

printed in the Journal of Terrestrial Magnetism and Atmospheric Electricity

(see p. 226). He attended to editing manuscripts, writing abstracts, and the

preparation of notes and translations. The foreign manuscripts for Bulletin

No. 5 of the Section of Terrestrial Magnetism and Electricity of the Inter-

national Geodetic and Geophysical Union were edited and prepared for

publication, and proof was. read.

Publications and papers before learned societies—Many publications by
members of the staff have appeared during the year. Chief among these is

Volume V of the Researches of the Department, issued by the Institution in

January 1926 under the title Ocean Magnetic and Electric Observations 1915-

1921, and Special Reports. The annual report of the Director of the Depart-

ment for the year ending June 30, 1925, was prepared by Messrs. Bauer and

Fleming. The various articles and investigations under way, and abstracts

of papers before learned societies, are briefly summarized in the following

pages.

ABSTRACTS OF PUBLICATIONS AND INVESTIGATIONS

Methods of sea and air navigation. J. P. Ault. Sci. Mon., vol. 22, 60-63 (January 1926).

This was the subject of a radio talk broadcast on October 23, 1925, under

the auspices of the National Research Council and Science Service from
station WCAP of the Bell Telephone Company, Washington, D. C. A brief

historical sketch of navigation instruments and methods was given, and new
devices, both for sea and for air navigation, were described.

Problems in terrestrial magnetism and atmospheric electricity pertaining to the Aleutian

Islands. 1 J. P. Ault.

The present magnetic data for the Aleutian Islands and vicinity depend

upon the land expedition of Lieutenant G. C. Jones, of the Coast and Geodetic

Survey, in 1925 and upon one ocean voyage of the Carnegie in 1915-1916,

supplemented by earlier observations at a few scattered stations. Secular-

change information is based upon insufficient data and may be modified,

owing to the influence of pronounced local disturbances. These regions

should be investigated in detail as to the amount and extent of the dis-

turbance, not only from theoretical considerations, but to improve the con-

ditions of navigation both at sea and in the air. The importance of the Aleu-

1 Presented at the annual meeting of the Section of Volcanology of the American Geophysical

Union, Washington, April 29, 1926.
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tian Islands to future air travel was emphasized during the round-the-world
flight of the planes of the Army Air Service. The importance of a knowledge
of atmospheric electricity is enhanced by its close association with terrestrial

magnetism and with the problem of radio transmission. An atmospheric-
electric observatory could be located on some island in the center of the

group which would yield results of unique value and importance, owing to

the absence of smoke and dust disturbances, and would supplement
greatly the results of the Apia Observatory in Western Samoa, the only exist-

ing atmospheric-electric observatory in the Pacific Ocean.

Surveying the oceans with the nonmagnetic yacht Carnegie. J. P. Ault.

This illustrated lecture, giving a general and somewhat popularized account
of the work of the Department of Terrestrial Magnetism and of the Carnegie,

was given on the following occasions: Kiwanis Club of Morganton, North
Carolina, August 11, 1925; Wesley Methodist Episcopal Church, Washington,
D. C, March 9, 1926; and the Damascus Brotherhood, Damascus, Maryland,
May 12, 1926.

Ocean magnetic and electric observations, 1915-1921, and special reports. J. P. Ault,

S. J. Mauchly, W. J. Peters, Louis A. Bauer, and J. A. Fleming. Researches
Dept. Terr. Mag., Carnegie Inst. Pub. No. 175 (Vol. V), vii+430 pp. with 15
pis. and 31 figs. (January 1926).

Magnetic results obtained aboard the Carnegie, 1915-1921. J. P. Ault. Reprint: Carnegie
Inst. Pub. No. 175 (Vol. V), 3-193 (January 1926).

Navigation of aircraft by astronomical methods. J. P. Ault. Reprint: Carnegie Inst.

Pub. No. 175 (Vol. V), 315-337 (January 1926).

Atmospheric-electric results obtained aboard the Carnegie, 1915-1921. J. P. Ault and S. J.

Mauchly. Reprint: Carnegie Inst. Pub. No. 175 (Vol. V), 195-286 (January
1926).

Abstracts of the results given in this volume and in the above reprints

will be found on pages 201 and 202 of the annual report for 1925.

Report on magnetic and electric observations by the Carnegie Institution of Washington
in connection with the total solar eclipse of January 24, 1925. J. P. Ault,

S. J. Mauchly, and R. H. Goddard. Terr. Mag., vol. 30, 125-146 (Septem-
ber 1925).

An abstract of the matter contained in this paper is given on page 202 of

the annual report for 1925.

The work of the Department of Terrestrial Magnetism of the Carnegie Institution of Wash-
ington. Louis A. Bauer. Trans. Second Pan-Pacific Science Congress,

1923, 495-502, 2 charts (1926).

This account of the work of the Department of Terrestrial Magnetism of

the Carnegie Institution of Washington was prepared for presentation before

the Second Pan-Pacific Science Congress held during August 13 to September
3, 1923, at Melbourne and Sydney, Australia. Following a general state-

ment of the purposes of the Department, a detailed account of its activities

with special reference to the Pacific and bordering countries is given under
the following headings: (1) Terrestrial magnetism, including observations

aboard the Galilee and Carnegie during 1905 to 1921 in islands of the Pacific

and in Australia; (2) atmospheric electricity; (3) geographical contributions;

(4) miscellaneous observations, including atmospheric refraction at sea,

meteorological observations, and oceanographic observations; and (5)

magnetic observatory work.
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Solar activity and atmospheric electricity. Louis A. Bauer. Nature, vol. 116, 45-46
(July llj 1925).

Report of Secretary and Director of Central Bureau (of the Section of Terrestrial Mag-
netism and Electricity of the International Geodetic and Geophysical Union),
1922-1924. Louis A. Bauer. Bull. 5, Sect. Terr. Mag. and Electr., Internat.

Geod. Geophys. Union, 5-12 (November 1925).

Report of chairman of committee on magnetic surveys and international comparisons of

instruments. Louis A. Bauer. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 51-53 (November 1925).

This report shows the progress made by the committee, and particularly

that made in accordance with resolutions passed at the meeting of the Union
in Rome in 1922. Various recommendations looking towards further suc-

cessful realization of international comparisons of instruments and standards
are given.

Sunspot and annual variations of atmospheric electricity with special reference to the

Carnegie observations, 1915-1921. Louis A. Bauer. Reprint: Carnegie
Inst. Pub. No. 175 (Vol. V), 361-386 (1926).

An abstract of the matter contained in this paper is given on pages 205 and
206 of the annual report for 1925.

Are sunspots the direct cause of the Earth's magnetic storms?1 Louis A. Bauer. Jour.

Wash. Acad. Sci., Vol. 16, 282 (May 19, 1926).

The remarkable and rapid increase in the number and size of sunspots
during recent months and the severe magnetic storm of January 26, which
was accompanied by brilliant displays of polar lights and notable interrup-

tions in telegraphic transmission, has called renewed attention to the precise

relationship between eruptive solar phenomena and disturbances in the Earth's
magnetic condition.

In August 1923 occurred the minimum average frequency of sunspots

expressed by the relative number 0.5; sunspots of small area occurred chiefly

on two days (20th and 21st) of that month. The average relative frequency
of sunspots in December 1923 was 2.8, in December 1924, 16.5, but in De-
cember 1925 it had risen to 100. It would not be surprising if the maximum
relative frequency of sunspots occurred during this year (1926)—only three

years after the year of minimum frequency. In general, the interval between
the years of minimum and maximum sunspot frequency is about five years

and the interval, termed the solar cycle, between successive years of mini-

mum, or of maximum, sunspot activity is about 113^2 years. It has occurred

before that the interval between minimum and maximum sunspottedness

was as short as three years; for example, 1766-1769, 1775-1778, 1784-1787,

and 1867-1870. (For chief conclusions, see pp. 215 to 216.)

Concerning proposal of concomitant solar and magnetic observations.8 Louis A. Bauer.

Pop. Astron., vol. 34, 183 (March 1926).

Renewed interest has been awakened recently in the precise relationship

between disturbances on the Sun as revealed by sunspots and prominences,

for example, and disturbances in the Earth's magnetic and electric condition

as disclosed conspicuously by magnetic storms and polar-light displays.

Thus, at the Brussels meeting last July of the committee appointed by the

International Research Council for the study of solar and terrestrial relation-

ships the following resolution was passed

:

"The committee recommends that solar observatories should make addi-

tional observations on the Sun, as nearly continuous as possible, at or about
the times when magnetic storms are in progress, or when they may be
expected in accordance with the 27-day recurrence tendency. This would

1 Presented before the Philosophical Society of Washington, February 20, 1926.
2 Presented before the American Astronomical Society at Rochester, January 2, 1926.
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necessitate the organization of a service for the supply of information to solar

observatories as to magnetic storms, prospective or in progress. The com-
mittee recommends that Dr. L. A. Bauer, the secretary of the Section of Ter-

restrial Magnetism and Electricity of the International Union for Geodesy and
Geophysics, be asked to formulate a scheme for this service."

At the recent Cambridge meeting of the Commission on Solar Physics of

the International Astronomical Union this resolution was discussed and
favorable action was taken as to the participation of those interested in solar

research.

The arrangements in progress for this joint investigation by astronomers

and geophysicists were described.

What are the causes of the Earth's magnetic storms?1 Louis A. Bauer.

During the past half year there has been such a notable increase in sunspot
activity as to indicate that the period of maximum may occur this year or,

if not, the following year. Since the period of minimum sunspottedness
occurred in 1923, it is probable that the present interval between minimum
and maximum may be about three or four years, instead of the average length

of five years.

We have also had during recent months marked disturbances of the Earth's

magnetism, accompanied by brilliant displays of polar lights, interruptions

in telegraphic transmission caused by the exceptionally intense electric

currents induced in the Earth's crust, and likewise there has been increased

interference with radio reception.

Though in general there is a close correlation between manifestations of

solar activity and disturbances of the Earth's magnetism, the precise relation-

ship remains to be discovered.

Activity of the Sun and of atmospheric electricity on land and sea, 1916-1920. Louis A.
Bauer. Terr. Mag., vol. 31, 31 (March 1926).

A graphical representation showing strikingly parallel trend of yearly
values of (a) sunspot numbers, (6) atmospheric potential-gradient at observa-
tories in western Europe, and (c) atmospheric potential-gradient from
Carnegie observations on all oceans.

Memorandum regarding measures of solar activity. Louis A. Bauer. Commission Solar
and Terrestrial Relationships, Internat. Research Council, First Report,
23-25 (1926).

A discussion of various proposed measures for solar activity based on the
fundamental principle that it is of first importance in investigations con-
cerning the correlations between solar activity and geophysical phenomena to
have an adequate physical interpretation of the solar measures.
The present solar measures, besides not distinguishing at present between

electrically or magnetically active and inactive sunspot areas, do not give us
a clue as to the preponderance in the sign of the electrically charged particles

which reach the upper regions of our atmosphere during solar outbursts. It

is, therefore, of the utmost importance that students of solar physics likewise

take full account of such measures of solar changes as are afforded us by ob-
served effects in geophysical phenomena.

Status of subjects of research by International Section of Terrestrial Magnetism and
Electricity.2 Louis A. Bauer.

A statement giving subjects of investigation and names of reporters, de-
tailing progress made by the special commission of the International Research

1 Presented before the American Philosophical Society at Philadelphia, April 23, 1926.
2 Presented at the annual meeting of the Section of Terrestrial Magnetism and Electricity of

the American Geophysical Union, Washington, April 29, 1926.



216 CARNEGIE INSTITUTION OF WASHINGTON

Council for the study of solar and terrestrial relationships, listing adhering
countries, and concerning finances.

Studies concerning the relation between the activity of the Sun and of the Earth's mag-
netism. Nos. I and II. Louis A. Bauer and C. R. Duvall. Terr. Mag.,
vol. 30, 191-213 (December 1925), and vol. 31, 37-47 (March 1926).

The variability with sunspot activity of the quantities a and b in the
formula Q = a-+-bS, of the Wolf type, is investigated; Q is the quantity meas-
uring the activity of the Earth's magnetism and S the measure of solar

activity. Using annual values of Q and S, it is found that a varies directly

and b inversely with sunspot activity.

At first the Wolf-Wolfer sunspot numbers, Sn , are used as measures of solar

activity, but later other solar measures, sunspot areas, faculae, umbrae,
flocculi, prominences, and solar-constant values are utilized. While the cor-

relation coefficient, r, for a year-to-year comparison between various kinds of

solar and of magnetic measures reaches values as high as 0.94, the compari-
son from month to month, or from day to day, may yield a correlation coeffi-

cient considerably below 0.5, even after every care is taken to eliminate annual
periodicities in the solar and magnetic measures.

None of the present measures of solar activity explains satisfactorily the
various phenomena of the Earth's magnetic activity on the assumption that
there is a direct causal connection between sunspots and the Earth's magnetic
disturbances.

Among the other conclusions reached are the following:

(a) The energy required to produce a sunspot appears to be of a different

character and magnitude from that required to derange the Earth's mag-
netism, to cause polar-light displays, and to interrupt telegraphic transmission

on overhead and underground lines.

(6) Neither the number, area, nor position of spots on the Sun's visible

disk may be taken at present as a safe index for the prediction of the occur-

rence of magnetic storms, or of the production of the electric currents in the

Earth's crust which are responsible for interruptions in telegraphy. There
are at times notable magnetic storms on the Earth when there is no visible

disturbance on the disk of the Sun presented to the Earth.

(c) While, on the average, there is a very high correlation between solar

activity and the Earth's magnetic activity from year to year during a solar

cycle, the correlation does not seem to be one of cause and corresponding

effect, but rather one indicative of the fact that solar disturbances and mag-
netic disturbances are effects of one, as yet undiscovered, cause which may
simultaneously affect the condition of the entire Sun.

(d) Not sufficient attention has as yet been given to the adequate explan-

ation of the well-established terrestrial or annual periodicity in disturb-

ances of the Earth's magnetism, earth-currents, atmospheric electricity,

and polar lights.

World magnetic survey. Louis A. Bauer and J. A. Fleming. Bull. 5, Sect. Terr. Mag.
and Electr., Internat. Geod. Geophys. Union, 96-100 (November 1925).

On magnetic standards and comparisons of the Department of Terrestrial Magnetism.

Louis A. Bauer and J. A. Fleming. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 118-121 (November 1925).

Observatory work of the Carnegie Institution of Washington in terrestrial magnetism and

electricity. Louis A. Bauer and J. A. Fleming. Bull. 5, Sect. Terr. Mag. and

Electr., Internat. Geod. Geophys. Union, 142-145 (November 1925).
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The compass-variometer. Louis A. Bauer, William J. Peters, and J. A. Fleming. Reprint:

Carnegie Inst. Pub. No. 175 (Vol. V), 171-220 (1926).

Abstracts of these four papers are given on pages 208 and 209 of the annual
report for 1925.

Principal magnetic storms recorded at the Huancayo Magnetic Observatory, July to

December 1925. R. T. Booth. Terr. Mag., vol. 30, 218 (December 1925).

Glaser's experiments and the orientation of molecules in a magnetic field. G. Breit. Jour.

Wash. Acad. Sci., vol. 15, 429-434 (November 10, 1925).

It has been shown by Glaser that the diamagnetic susceptibility of Hz ,

Nz, COz is proportional to the pressure for sufficiently high pressures, but that

at a certain pressure (in the particular experiments about 0.1 atmosphere)
another non-linear law is followed. At sufficiently low pressures the sus-

ceptibility is again proportional to the pressure. The transition region is

presumably due to the finite time required for quantization. Various sta-

tistical laws for the probability of a molecule becoming quantized within a

definite interval of time after a collision are investigated, and it is shown that

some of the apparently simplest laws are inconsistent with experiment, while

others are quite satisfactory.

Depolarizing influence of alternating magnetic fields on resonance radiation. G. Breit.

Jour. Optical Soc. Amer., vol. 11, 465-471 (November 1925).

The depolarizing influence of an alternating magnetic field on the resonance

radiation of mercury is at times considerably smaller than the influence of an
equal field applied at low frequency. The calculations in this paper refer to

a classical isotropic oscillator, the behavior of which has been discussed before

by the writer (see p. 210 of annual report for 1925).

A correspondence principle in the Compton effect.1 G. Breit. Phys. Rev., vol. 27, 362-

372 (April 1926); abstract, Phys. Rev., vol. 27, 242 (February 1926).

It is well known that the frequency emitted by a hydrogen atom as it falls

from one of its quantized states to another may be expressed as a mean value
of the frequency of motion of the electron (or overtone thereof) when averaged
in the proper manner over orbits intermediate between the initial and final

states. In the present paper it is proved that, similarly, the Compton shift is

a properly taken mean of the classical Doppler shift. The quantum frequency
actually scattered is thus a properly taken average of the frequency which
would be scattered on the classical theory as the electron is accelerated from
its state of rest to its final recoil condition.

In like manner, the amount of light scattered in various directions may be
determined if it is assumed that the intensity in the quantum theory equals a
proper average of the intensities scattered according to the classical theory.

A comparison is made with observed data on the scattering of 7-rays.

The characteristic feature of the present paper is that the corresponding

classical electron is assumed to have the same direction of motion as the scattered

quantum, whereas an actual classical electron would from symmetry recoil

straight forward in the direction of the incident beam, as in Compton's and
Woo's theories of intensities. This new point of view eliminates the diffi-

culty of a constant correction-factor which has been encountered by Compton
and Woo in their explanation of intensity relations.

Polarization of radiation scattered by an electronic system in a magnetic field. G. Breit.

Jour. Optical Soc. Amer., vol. 12, 195-205 (March 1926).

The polarization of radiation scattered by an electronic system in a mag-
netic field is worked out on the classical theory. It is shown that it is im-

1 Presented for the author by J. H. Van Vleck at the Kansas City, Missouri, meeting of the
American Physical Society, December 1925.
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probable that the experimental facts can be accounted for on a classical

analogy. Instead, a quantum hypothesis is made which appears to account
for the phenomena more satisfactorily.

Diffraction by a grating. G. Breit. Phys. Rev., vol. 27, 508 (April 1926).

It is known that Frauenhofer interference phenomena may be explained by
means of Duane's hypothesis of the transfer of momenta in quanta. Ac-
cording to this explanation, only momenta of amount nh/a may be transferred
laterally to a plane grating if a is the grating space. For low intensities of

incident radiation the amount of light diffracted into a given order is pro-
portional to the intensity of the incident light. This suggests that the action
of a grating is similar to that which would exist if we had simple collisions

between light quanta and the grating. However, a consideration of black
body equilibrium shows that this is not the case and that the grating is similar

in its action to an atom. It seems almost obvious that the actions of a reso-

nator and of a grating are very similar because a conducting rod of a given
length forms a transition step between the two.

Properties of waves refracted by the conducting layer.1 G. Breit.

This is a mathematical treatment of the subject explaining the general
nature of the reflection from the conducting layer and bringing out particularly

the complexity of the nature of the reflected wave. From the discussion it

appears quite reasonable to look for an explanation of the irregularity in

apparent bearings, as determined by means of the radio compass, in the re-

flected or refracted wave; this is in accord with the observations of Professor

Bidwell, which show that on the average there is a correlation between fading

and variations in apparent bearings.

The electromagnetic mass and momentum of a spinning electron. G. Breit. Proc.

Nat. Acad. Sci., vol. 12, 451-461 (July 1926).

It is shown that if the whole mass of an electron is electromagnetic its

radius must be of the order of 10-12 cm. Its angular momentum if conceived
of as the angular momentum of the field is less than /i/47r by a factor of about
20. The electron has a degree of stability due to the action of magnetic
forces. The peripheral speed exceeds the velocity of light by a factor of

about 20 at its maximum. A tentative quantitative treatment of the ener-

gies involved in the Zeeman effect and in "relativity" doublets is given.

The discussion shows that the condition for stability and for the peripheral

velocity to be of the order of c implies a connection between the value of

Planck's constant h and the constants e, c, m. Approximately, therefore,

electric charge is quantized.

The model as given is distinctly imperfect, but the agreement in order of

magnitude seems to indicate that the spinning electron has a deeper signifi-

cance than its spectroscopic utility.

An application of Pauli's method of coordination to atoms having four magnetic parts.

G. Breit.

It is shown that the origin of spectral terms of an arc spectrum obtained

by adding a highly excited electron to a certain term of the spark may be

understood in terms of an application of the principle of mechanical trans-

formability made by Pauli. According to this application, it is sufficient to

know (a) the strong and weak field magnetic quantum numbers of a level,

1 Presented at the meeting of the International Union of Scientific Radiotelegraphy, Washing-

ton, April 30, 1926.
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(6) which of the two vectors r or k is the faster in a magnetic field, and (c)

whether the term is inverted or not, in order to tell the value of j belonging to

that level. The derivation of Pauli's results is based on sufficiently general

principles to enable one to apply it to the Pauli-Hund method of tracing

spectral terms. The possible groupings of the ja's or the js's are discussed,

and it is shown that Pauli's principle is valid here also. The results are shown
not to be in contradiction with the spinning electron.

Frequency changes of light and quantum theory. G. Breit, A. E. Ruark, and F. G.
Brickwedde.

According to the classical wave theory of light, a monochromatic train of

waves ceases to be monochromatic if it is interrupted—say by a mechanical
shutter. In the above an attempt has been made to explain this result of

classical theory from the point of view of quanta. Two points of view are

presented. In both the important assumption is that the mechanism which
interrupts the wave may contribute to the energy of the quantum passing
through it.

In the first explanation (section 1) the interrupting mechanism is pictured

as first absorbing and then re-emitting the quantum. On applying proper
selection rules the correct frequencies are obtained.

In the second explanation the interrupting apparatus and the emitting

atom were considered as one big atom (section 3).

The theory is applied to Righi's experiments on light beats (section 2).

It is shown, particularly by discussing a common misconception of the case of

natural light, that the theory is applicable only if phases can be considered

as preserved in scattering.

A radio method of estimating the height of the conducting layer. G. Breit and M. A. Tuve.
Nature, vol. 116, 357 (September 5, 1925).

Radio evidence of the Kennelly-Heaviside layer.1 G. Breit and M. A. Tuve. Jour. Wash.
Acad. Sci., vol. 16, 98 (February 19, 1926).

A test of the existence of the conducting layer. G. Breit and M. A. Tuve. Phys. Rev.,

vol. 28, 554-575 (Sept. 1926).

These papers report further upon the method previously described (see

pp. 176 and 220 of the annual report for 1925) for a test of the existence of

ionization in the upper atmosphere which has been developed, and a definite

proof of the existence of echoes from the upper regions has been obtained.

The echoes are present for 70-meter waves with an 8-mile base near Wash-
ington, D. C. The effective height of the layer is between 50 and 130 miles.

At times multiple reflections are present.

Radio fading is shown to be not only an effect of interference between the

ground and the reflected waves, but also to a large extent an effect of the

presence or absence of reflected waves.

A seasonal variation in the effective height between summer and fall seems
to exist. A smaller diurnal effect is also suspected. The height seems greater

in the fall than in the summer and greater in the afternoon than in the morn-
ing.

The height of the Heaviside layer. J. E. I. Cairns. Western Wireless, vol. 3 (September

30 and November 11, 1925).

A brief account for Australian readers of the method and results of Breit

and Tuve on test of existence of ionized layer in the upper atmosphere.

1 Presented before the Philosophical Society of Washington, November 28, 1925.
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Note on a device to facilitate compilation of data in investigational work. C. C. Ennis.
Terr. Mag., vol. 31, 9-10 (March 1926).

This paper describes a device providing an automatic method of selecting

from a list of consecutive values any values occurring at specified intervals

before or after a selected date. It consists essentially of a groove-and-slot
arrangement with appropriate scales on either side, in which the data, suit-

ably listed on an adding-machine slip, may be shifted. An example of its

application is given and reference made to the readiness with which it may be
adapted to uses other than those specified.

On the derivation and interrelations of magnetometer deflection-constants with appli-

cations. H. W. Fisk.

It has been assumed for purposes of discussion that the generally adopted
formula

tfrn-^Cl+Pr^+Q?-4
) (C sin u)~l

gives true values for all deflection-distances when the so-called distribution-

coefficients, P and Q, are known. The magnets of the Carnegie Institution

of Washington magnetometers are so proportioned that Q is theoretically

equal to zero. Since the theoretical conditions are rarely satisfied, it is

necessary to derive values of both P and Q from observations at three dis-

tances. But both P and Q are so sensitive to small inaccuracies of observa-
tion that they vary within broad limits, though in general in a compensating
way, so that a single coefficient P' may be found, which is more stable than the
two coefficients and, therefore, better suited for studying possible changes in

the distribution-factor. P' may be found in either one of two ways. It may
be so computed that when used with deflections at three distances the same
mean value of HmT1 would result as when P and Q derived from the same
observations are used; or it may be found by first computing the values of

P' from the three possible pairs of the three deflection-distances and taking a
suitably weighted mean. The latter, called P'w , has been found to be much
more constant than the former, called Pm ', though it has the disadvantage of

yielding values of HmT1 requiring a correction which is a function of Q.
For theoretical purposes, it is of interest to carry out the computations

for the distribution-coefficients, for which purpose a simplification of the

computation is sought. Such a simplification has been found in an extension

of the "Differential Method" by Fisk and Duvall (Terr. Mag., vol. 30,

1-10, March 1925). For each group of Carnegie Institution of Washington
magnetometers, standard conditions are adopted consisting of average value
of distribution-coefficient P and induction-factor //. (assuming Q = 0) and the
deflection-distances expressed in even centimeters. From these, standard

values of the sine-ratios, as defined in article above cited, are computed.
The deflection-distances, ra and rb , and induction-factor, n, as measured for

any individual instrument, will vary from the standard conditions by small

differences, so that the basic sine-ratios, designated (Sba), for each of the two
types of instrument used in the Department of Terrestrial Magnetism may be
easily found by use of the differential formula:

log Sba= log (Sba)+BAra+CArb+DAfi

By comparing the mean sine-ratios of any series of observations with a
given instrument with the basic sine-ratio as above derived and applying the

formulas derived by Fisk and Duvall (as above cited), the values of P'w or

of P and Q as desired may be found by a very brief computation.
Attention is given to finding simple relations between the distribution-

coefficients when derived on different assumptions. P'w and P'm as above
defined are obtained from observations at two distances. If Q is not negli-
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gible, these two values will differ, and the difference for a given pair of dis-

tances is given by the relation P'w— P'm = 'ZQ{r<?+r-?)~l
. Obviously when

Q is not negligible, both P'w and P'm will vary with the distances from which
they are computed. Omitting the terms in higher powers, the relations of

these coefficients to P and Q are given with close approximation by the

following:

P'v, =P+Q (r{-*+r%-*)+PQrri r2
-*

P'm =P+Q <Vr4+r2

-
4
) (rr+ra-2)-1

Where three distances are employed, no single value of P'w can be found to

bring the respective values of HmT1 into agreement unless Q is negligible.

The value of P'm which will give the mean value of Hm~x for three distances

equal to the true value or that by P and Q will be, with close approximation:

P'm =P+Q (rf4+r2

-4+r3

-4
) (r^+r^+rs-2)-1

These relations are evaluated for the instruments in use and provide a
simple means of studying the question of the constancy of the distribution-

coefficients.

Some preliminary results of diurnal-variation observations at field stations in South
America. H. W. Fisk.

The purpose of this paper is to report some interesting results of the plan

recently inaugurated by the Department of Terrestrial Magnetism of making
observations for diurnal variation at field stations. Such observations are

necessarily confined to daylight hours and, because of the limitation of the

observer's strength, do not extend beyond 12 hours for any series. Only the
inclination results are here discussed.

Especial interest in this subject was aroused by a study of the results

obtained at Arequipa in 1917. At that time observations on six different

days showed a curve rising each day to a maximum near midday and having
a range of more than 15' from 12h to 16.h5. Observations in 1924 and 1925
at the same station gave a similar curve, though the range was a little less,

from 10' to 14'. Similar observations at Mollendo on the coast below and
at Juliaca on the plateau above Arequipa were made to see whether the alti-

tude of the station was the cause of the unusual range. At neither station

was so great a range observed on the days selected, though at Antofagasta on
the coast farther south, and at La Quiaca on the plateau also farther south,
comparable ranges were found. At stations near the Atlantic the ranges
were generally less than near the Pacific. Because the observations were at

different seasons and only on single days at a station, it can not be concluded
that there is a variation with altitude or with longitude.

In order to make these observations available for reducing field results

to a common mean time of day, the author has developed a modification of the
Fourier analysis which serves that practical purpose. This method assumes
that the diurnal change is mainly a daytime phenomenon, and accordingly
it is assumed that the cycle is complete in a period of 16 hours, from 4h to 20h .

Examination of pivot-defect of needle No. 5 of dip circle No. 205. H. W. Fisk and H. U.
Sverdrup.

The behavior of this needle, used during the Maud Arctic Expedition, is

studied in detail as an example of those errors in determination of dip by means
of dip needles discussed by H. W. Fisk in the paper " Dip-needle errors arising

from minute pivot-defects" (Res. Dep. Terr. Mag., Vol. IV, 359-371). The
variations of inclination were secured by controlling the horizontal component
by means of two large Helmholtz-Gaugain coils mounted upon one of the piers
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in the Standardizing Magnetic Observatory, through which a measured electric

current was passed. The resulting curve of correction for successive values
of inclination was in complete agreement with the conclusions in the paper
referred to above, and is of interest on account of the success in developing it

by laboratory methods instead of the more difficult and uncertain process of

estimating it through compilations and discussions of the field results.

Results of comparisons, Rio de Janeiro Observatory at Vassouras, Brazil, 1913-1923.

J. A. Fleming. Bull. 5, Sect. Terr. Mag. and Electr., Internat. Geod.
Geophys. Union, 104-106 (November 1925).

This paper summarizes the chief results of comparisons of the magnetic
standards of the Vassouras Observatory with the provisional International
Magnetic Standards of the Carnegie Institution of Washington obtained in

1913, 1915, 1919, and 1923.

On portable electric magnetometers. J. A. Fleming. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 122 (November 1925).

A brief memorandum is given as regards introduction of portable electric

magnetometers and their advantages and disadvantages for field and observa-
tory use as compared with the most recent types of magnetometers using the
magnetic method. Such instruments, properly designed, appear desirable

for international comparisons of magnetic standards at base observatories.

Latest data concerning magnetic observatories, 1924. J. A. Fleming. Bull, 5, Sect. Terr.

Mag. and Electr., Internat. Geod. Geophys. Union, 146-148 (November
1925).

Latest annual values of the magnetic elements at observatories. J. A. Fleming. Terr.

Mag., vol. 31, 27-31 (March 1926).

These papers give compilations of the most recent values of the magnetic
elements at the various magnetic observatories of the Earth, together with
information regarding their distribution, geographical location, publications,

and observers-in-charge.

The magnetic and electric survey of the Earth: Its physical and cosmical bearings and
development. 1 J. A. Fleming. Jour. Wash. Acad. Sci., vol. 16, 109-132

(March 4, 1926).

The word "survey" is here used in a broad sense to include not only isolated

land and sea observations to determine the geographic distribution and
long-period variations, but also continuous work at fixed observatories to fol-

low the time variations and coordinated effort in the physical laboratory, in

the astronomical and astrophysical observatory, and in the instrument shop.

A brief historical summary of the magnetic and electric survey of the Earth is

followed by a general statement of the phenomena of terrestrial magnetism,
atmospheric electricity, and earth-currents, and of the elements observed

and the instruments used. A more detailed account and statement relating

to the work done during 1904 to 1925 by the Carnegie Institution of Washing-
ton is given, together with three charts showing (1) magnetic-survey work on
land and sea, (2) regional distribution of magnetic secular-variation data,

and (3) electric-survey work on land and sea and at observatories of the

Institution.

Advances resulting in the past few years from the discussion of the survey

data are given. Chief among these are mentioned (1) analysis of the Earth's

magnetic field for 1922, (2) results of secular-variation studies, (3) discovery

and confirmation of "universal-time" component in the diurnal variation of

1 Address of the retiring President of the Philosophical Society of Washington, January 9, 1926.
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the atmospheric potential-gradient, (4) solar and terrestrial correlations in

terrestrial magnetism and electricity, (5) annual variation of the atmospheric

potential-gradient and its solar relationship, and (6) methods of measuring the

Earth's magnetic and electric activities.

The future needs and lines of development for the magnetic and electric

survey include (1) continued accumulation of data on land and sea, less

intensive than heretofore as regards distribution stations but more so as

regards observatories, and (2) concurrent theoretical discussions, experiments,

and investigations in the physical laboratory and in the astronomical observa-

tory. Some directions along which these two needs are being developed are

given, as well as an account of progress already made and under way in cooper-

ative attack on the investigation of interrelations of the magnetic and electric

survey with other branches of physical, geophysical, and cosmical work
including: In oceanography and navigation, the study of local magnetic
disturbances along coast lines, on islands, and at sea as related to depths,

bottom formations, and earth-currents; in geology, geodesy, and seismology,

relations to magnetic and electric susceptibilities and character of materials

in the crust of the Earth, to gravity anomalies, and to isostacy; in engineering

and physics, relations to radio and telegraphic transmission, applications of

magnetic and electric methods to mineral surveys and determinations, funda-
mental problems of magnetism, electricity, and radiation; in meteorology
and astronomy, relations to meteorological conditions, including upper-air

conditions, dust-content, and absorption and scattering of Sun's radiation, to

solar activity especially for measures other than visual, to penetrating radia-

tion, to planetary motions, and to magnetic and electric conditions of heavenly
bodies.

Improvements in magnetographs and variometers for observatory and field use.1 J. A.
Fleming.

An outstanding need in the generally used type of magnetograph is the
improvement of time-control to obtain times of sudden changes in the Earth's
magnetic condition at various observatories with the precision required for

investigating whether such disturbances are simultaneous or progressive.

Improved methods for this are described.

The results of earlier and recent investigations of possible correlations

between the magnetic and electric activities of the Earth and of solar activity

indicate the desirability of having at solar observatories some simple recording
device for one or more of the magnetic elements, so arranged that the magnetic
state of the Earth may be noted visually and at any time to determine whether
any natural magnetic disturbance exists, thus permitting an intensive program
of solar observations during such times. Some suggestions for the applica-

tion of the Eschenhagen variometer for such installation are given.
The study of daily variations and of natural local magnetic anomalies at

field stations call for special improved instruments. For these purposes the
compass-variometer and special type of earth inductor (an electrical method)
have been developed. The possible application of these instruments in the
determination by magnetic methods of geological conditions and of mineral
deposits are discussed. The magnetic methods promise well in supplementing
gravimetric, electric, seismic, and acoustic methods.

Earth-current storm observations on telegraph lines. O. H. Gish. Bull. 5, Sect. Terr.

Mag. and Electr., Internat. Geod. Geophys. Union, 155-156 (November
1925).

This paper is abstracted on page 213 of the annual report for 1925.

1 Presented at the annual meeting of the Section of Terrestrial Magnetism and Electricity of

the American Geophysical Union, Washington, April 29, 1926.
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Improved equipment for measuring earth-current potentials and earth-resistivity. 1

O. H. Gish.

The evaluation of earth-currents by methods thus far used require two
classes of measurements: (1) measurement of earth-potentials and (2) meas-
urement of earth-resistivity. The potential-measurement system2 in use
at the Watheroo Magnetic Observatory for measuring earth-potentials is

briefly described ; it is shown how this yields certain counter checks, and some
advantages of the compensation (or potentiometer) method here used are

pointed out. The method3 in use for the earth-resistivity survey at the
Watheroo Magnetic Observatory is also described. It is shown by tests

described that with this method surface measurements alone will give a
knowledge of the distribution of resistivity, not only laterally but also with
depth.

A description is given of the new commutator designed to better meet the
requirements set by the extreme conditions encountered in the survey at

Watheroo. This instrument, made with greater mechanical precision than
the commutator in the original equipment, is rugged, portable, and may be
readily adjusted. Designed to transmit 5 amperes at 1,000 volts, it performed
satisfactorily in the severest tests made, where 2 amperes at 1,000 volts were
transmitted.

The use of a 20-microfarad condenser in one of the potential lines was
found to appreciably increase the precision with which the resistivity could be
measured when the difference in the contact-potentials of the electrodes is

great.

The earth-current measuring system at the Huancayo Magnetic Observatory. O. H. Gish.

In so far as the arrangement of electrodes is concerned, the installation

at the Huancayo Magnetic Observatory consists of two independent systems
which differ only in the general location and slightly in the distance between
pairs of electrodes. One is situated on the same plain as the observatory,

the other on a plain adjoining the former on the west. The boundary between
the two plains is a rather abrupt drop of 200 feet. The electrodes of each
system are located at the vertices of an imaginary quadrilateral, the diagonals

of which lie in due north-south and due east-west directions respectively.

Potential differences are measured between the electrodes lying on a common
diagonal. The east-west diagonals of the two systems lie on the same straight

line, so that the potential difference between the east point of the east system
and the west point of the other may be measured. The north-south diagonals

of each system are each 4 kilometers (about 2.5 miles) long. The east-west
diagonal of the east system is also 4 kilometers long, but that of the west
system is somewhat less than 3.5 kilometers, and the distance between the east

point of the east system and the west point of the west system is somewhat
under 8 kilometers. As has been found from experience at Watheroo, two or

more independent systems of electrodes provide highly desirable counter-

checks, and in the present case these may also give indications of the effect due
to differences in topography and geological structure between the regions

surrounding the two systems. Overhead (aerial) conductors are used
throughout this installation and a recording potentiometer similar to that4

used at the Watheroo Magnetic Observatory is employed.

1 Presented at the annual meeting of the Section of Terrestrial Magnetism and Electricity of

the American Geophysical Union, Washington, April 29, 1926.
2 Terr. Mag., vol. 28, 89-108 (September 1923).
3 Terr. Mag., vol. 30, 161-188 (December 1925).
* See Terr. Mag., vol. 28, 89-108 (September 1923).
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Some results of the earth-resistivity survey at the Watheroo Magnetic Observatory.

O. H. Gish.

A summary of the more outstanding characteristics of the earth-resistivity

in the region of the Watheroo Magnetic Observatory is based on reports from
Mr. Rooney which abstract the work done at Watheroo up to May 15, 1926,

and thus cover the dry season. There is evidence of an increase in the resis-

tivity near the surface as the dry season progresses. The most striking feature

of the observations is the great extremes in resistivity. For a depth of 2.5

meters the average value frequently reaches the order of several megohms
per centimeter cube, while that for depths of 20 meters or upwards, depending
upon location, is usually of the order of a few hundred ohms per centimeter

cube. In certain parts of this region a type of surface soil, locally known as

"hard soil," was found to have a resistivity of only a few hundred ohms per

centimeter cube. From series of measurements extending from these places

into adjoining regions it appears that this type of soil underlies the more
common sandy surface material and that the profile of this subsurface struc-

ture can apparently be determined by these measurements. It thus appears
that the greater conducting portion of the earth in this region is of exception-

ally low resistivity, which may, at least in part, account for the low values of

potential recorded at Watheroo.

Measurements of resistivity of large masses of undisturbed earth. O. H. Gish and W. J
Rooney. Terr. Mag., vol. 30, 161-188 (December 1925).

The method and equipment for measuring the resistivity of large masses of

undisturbed earth, primarily in connection with earth-current potential

measurements at the Carnegie Institution of Washington magnetic observa-
tories at Watheroo (Western Australia) and at Huancayo (Peru), are described.

Measurements made at four sites in the vicinity of Washington, D. C, during
the development of the method, are reported. Method and procedure are

described in Part I. Four contacts to earth are provided at equal intervals

along a straight line at the surface. A measured current is sent through the
earth between the extreme points and the resulting difference of potential

between the intermediate points is observed. These data, together with the
length of interval between electrodes or contact points, yield the average
resistivity of a body of earth whose linear dimensions are of the same order as
that of the electrode interval. Part II summarizes the results of series of

measurements with electrode intervals ranging from 5 feet (1.5 meters) to

1,800 feet (549 meters). These give some knowledge of the variation of re-

sistivity with depth and determine approximately the depths of ground-water
and of changes in the geological substructure.

Principal magnetic storms recorded at the Huancayo Magnetic Observatory, January 1

to March 31, 1926. R. H. Goddard. Terr. Mag., vol. 31, 76-77 (June 1926).

Effect of pressure on the critical temperature of magnetization. L. H. Adams x and J. W.
Green.

This investigation was begun in November 1924 in cooperation with the
Geophysical Laboratory of the Institution. Various improvements of
apparatus and methods have been made to overcome instrumental troubles
consequent to the character of the tests. One efficient and satisfactory im-
provement was obtained by amplifying the small current from the secondary
of the experimental unit made up in the form of a small induction coil sug-
gested by Adams. A 6-volt alternating current is sent through the primary
of the small induction coil and the induced current from the secondary then
passed through an ordinary three-stage radio amplifier, thence through a

1 Of the Geophysical Laboratory.
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single rectifying tube from which the direct current passes to a direct-reading

milliammeter, the scale of which is used simply as an indicator, dropping to
zero as the critical temperature is reached. Reliable and consistent results

were obtained with the amplifier.

The results obtained with nickel, with various specimens of iron, and with
magnetite were all of the same general character, though varying somewhat
quantitatively. They may be summarized briefly as follows:

(1) The critical temperature of magnetization is not increased by increase

of pressure. This is probably the most important fact revealed by the investi-

gation, since the possibility of the interior of the Earth being magnetic, even
though highly heated, rested upon the possibility of an increase in the critical

temperature with the internal pressure of the body of the Earth. Rather, the
effect of an increase in pressure, over the range (50 to 3,000 atmospheres) of

pressures obtainable with the laboratory equipment used, is to decrease the
critical temperature.

(2) The effect is comparatively very small.

(3) The decrease in critical temperature with increase of pressure is not
a straight-line curve, the results indicating that the average change in critical

temperature is not over 1?2 C. for each 100 atmospheres pressure over the

range of the first 1,000 atmospheres of increase, and very much less, possibly

approaching zero, over the second 1,000 atmospheres.

(4) Unexplained irregularities in the plotted curves may be due to the

difficulty of obtaining accurate temperature-measurements under the vio-

lently disturbed thermal conditions produced by heating carbonic-acid gas

several hundred degrees centigrade while confined in a water-cooled bomb and
under pressure sufficient to maintain it at something like liquid density.

List of recent publications. H. D. Harradon. Terr. Mag., vol. 30, 150-160 (September

1925) and 221-223 (December 1925); vol. 31, 48-53 (March 1926) and 96

(June 1926).

A bibliography of current literature relating to (A) terrestrial and cosmical

magnetism, (B) terrestrial and cosmical electricity, and (C) miscellaneous

subjects allied to (A) and (B).

Comments on the Madrid Agenda. H. F. Johnston. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 171 (November 1925).

These comments relate to (1) desirability of an instrument for directly meas-
uring vertical intensity at observatories and (2) curve measurements at

observatories.

Records of principal magnetic storms and of earthquakes at the Watheroo Magnetic
Observatory, January to September 1925. H. F. Johnston. Terr. Mag.,
vol. 30, 216-218 (December 1925).

Principal magnetic storms and earthquakes at the Watheroo Magnetic Observatory,

October to December 1925. H. F. Johnston. Terr. Mag., vol. 31, 22 (March
1926).

Principal magnetic storms and earthquakes, January 1926, at the Watheroo Magnetic

Observatory, with notes regarding aurora and cable and radio disturbances.

H. F. Johnston. Terr. Mag., vol. 31, 23-25 (March 1926).

Principal magnetic storms recorded at the Watheroo Magnetic Observatory for the quarter

January 1 to March 31, 1926. H. F. Johnston. Terr. Mag., vol. 31, 74-75

(June 1926).

These four articles list and describe briefly the principal magnetic storms

recorded at the Watheroo Magnetic Observatory during January 1925 to

March 1926. Particular attention is paid the unusually severe disturbances

on January 26-29 and February 23-25, 1926, and accompanying auroral and
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cable and radio disturbances. An unusually protracted earthquake dis-

turbance on the magnetogram of January 25 is noted.

The origin, history, and work of the Watheroo Magnetic Observatory. H. F. Johnston.

Handbook of Science in Western Australia 132-135 (1926).

This gives an account of the organization of the Watheroo Magnetic Ob-
servatory and its work, prepared for inclusion in the Handbook of Science in

Western Australia, to be distributed at the August 1926 meeting of the Aus-
tralasian Association for the Advancement of Science. The needs for the

work in terrestrial magnetism and electricity are briefly summarized, and the

fields of cooperative endeavor with other observatories in Australasia are

indicated. The instruments and methods used and unique features of the

earth-current equipment are described.

Note on control of atmospheric potential-gradient observations at observatories. S. J.

Mauchly. Bull. 5, Sect. Terr. Mag. and Electr., Internat. Geod. Geophys.
Union, 150-151 (November 1925).

The electricity of the air. S. J. Mauchly. Sci. Mon., vol. 21, 641-645 (December 1925).

Studies in atmospheric electricity based on observations made on the Carnegie, 1915-1921.

S. J. Mauchly. Reprint: Carnegie Inst. Pub. No. 175 (Vol. V), 385-424

(January 1926).

Abstracts of the matter contained in these three communications are given
on pages 216 and 217-218 of the annual report for 1925.

Control of ionium collectors used in potential-gradient registrations at the observatories of

the Department of Terrestrial Magnetism. S. J. Mauchly.

The observatory type of ionium collector used by the Department of

Terrestrial Magnetism for charging electrometers to register the potential

gradient of the air consists of a brass disk to one side of which ionium is

applied by embedding it in a suitable lacquer or enamel.
For long-continued registrations every care must be taken to prevent

contamination of the site by radioactive materials. It is therefore essential

to provide against the possibility of loss of ionium from the collectors. With
this end in view the general procedure adopted at the laboratory for the

preparation of collectors is as follows: Two coats of lacquer are applied to

the metal collector disks, the first being a rather heavy coat which contains the

ionium and keeps it securely attached to the disk, while the second is a
relatively light coat which contains no ionium, but serves as an added pro-
tection against loss of ionium by abrasion and weathering. After each
application of lacquer the disks are baked at a suitable temperature to

harden the lacquer. The activity of each collector is determined after

baking the first coat of lacquer and again after baking the final coat.

Since the lacquer covering is necessarily thin, collectors prepared by the

above method will unavoidably increase in activity after being exposed
for a long time to the elements. To prevent the radioactive contamination
of the observatory sites, each of the observatories of the Department is

supplied with at least two recording collectors. One of these is never used
for recording but is reserved for use only as a comparison standard. At
intervals of about three months the activity of the recording collector is

compared with that of the standard by comparing their rates of leak in a
suitable ionization chamber. In general, a collector is not used for recording

after its activity has increased by 20 or 25 per cent. Tests show that this

corresponds to the removal of about half of the last coat of lacquer, and thus
that an increase of 20 or 25 per cent in collector activity causes no contam-
ination of the site. At this stage a collector is either replaced by a new
one or is given a thin coating of lacquer and again baked out as before.
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A modified Dolezalek quadrant electrometer for the photographic registration of the

potential gradient of the air. S. J. Mauchly.

For securing continuous records of the potential gradient of the air it is

customary to use some form of quadrant electrometer of which the deflections

are recorded either photographically or mechanically. Here the voltage to

be recorded is applied to the needle and the quadrants are connected to the
poles of a suitable battery whose mid-point is connected to the earthed case

of the electrometer. An ordinary Dolezalek quadrant-electrometer, sup-
plied with a magnetic damping-attachment, may be readily modified for

potential-gradient registration by changes as follows: (a) replacement of

the ebonite insulator of the torsion-head by an insulator less subject to vari-

ation with relative humidity, for example amber or sulphur-coated ebonite;

(b) use of medium phosphor-bronze or tungsten suspension to replace the finer

suspension generally used; (c) provision, because of the great variations of

potential gradient during the day and year, for recording a range at least

three or four times as great as the mean value.

The first two changes can be made readily. Since, for these electrometers,

the range over which deflections are proportional to needle-voltages is gener-

ally not in excess of 150 to 200 volts, the last-named change is most important,
especially as at many stations the range to be recorded frequently reaches 600
volts and more. Increasing the height of the quadrant-sectors of course will

increase the range considerably (for example, changing the inside height of the

quadrants of one instrument from 5 mm. to 10 mm. practically doubled the

range for which the scale-value remained constant). Because of the very
small clearance (about 1 mm.) of the copper damping-vane in its earthed
protecting tube, increasing potentials on the needle soon cause the vane to

approach the wall of the tube, destroy the linear relation between deflection

and needle-voltage and, at sufficiently high voltage, even discharge the needle

to earth. This difficulty was overcome (1) by increasing the diameter of the
protecting tube and (2) by using a heavier copper vane. Thus, by combining
the two means for increasing the range, it is possible to secure complete records

of potentials up to 1,000 volts of either sign. For the best adjustment of a

given electrometer it is well to make up several damping-vanes of the same
length and width but of varying thickness. Decreasing the width of the vane
is also effective for increasing the range, but the length of the vane should be
increased if this is done in order to conserve damping.

Comments on the Madrid agenda. W. C. Parkinson. Bull. 5, Sect. Terr. Mag. and Electr.,

Internat. Geod. Geophys. Union, 170-171 (November 1925).

These comments relate particularly to (1) program for national and inter-

national comparisons of magnetic standards, (2) investigation of the type of

magnetic storm called "sudden commencement," (3) scheme for electrical

characterization of days, and (4) meteorological data required at observa-
tories carrying on program of atmospheric-electric registrations and obser-

vations.

Principal magnetic storms recorded at the Huancayo Magnetic Observatory, January to

June 1925. W. C. Parkinson. Terr. Mag., vol. 30, 148-149 (September 1925)

.

On certain improvements in magnetograph registrations and scale-value determinations. 1

W. C. Parkinson, J. B. Goldsmith, and C. Huff.

The whole problem of simultaneity (or non-simultaneity) of the commence-
ments and features of magnetic storms hinges upon the degree of accuracy of

time-scaling of the magnetograms. After describing the time-control methods

1 Partially communicated by W. C. Parkinson to the Section of Terrestrial Magnetism and
Electricity of the American Geophysical Union, Washington, April 29, 1926.



DEPARTMENT OF TERRESTRIAL MAGNETISM 229

now generally used and the causes of possible time-inaccuracies in their inter-

pretation, an account is given of experiments made by the authors and of

apparatus being developed to obtain : (a) Precise and automatic record on the
photographic sheets of times once each hour at a given second; (6) adjust-
ment for "overlap" (or parallax) of recorded curves; (c) electrical methods of

automatically recording scale-values regularly, say six times daily, thus fur-

nishing also a means to determine and correct for any lack of adjustment for

overlap and its possible variation with ordinate
;
(d) suggested improvements

of optical system to intensify the recording beam of light, with the elimination
of stray light so that more rapid photographic paper may be used; and (e)

mechanical improvement in drum-driving arrangements to effect greater
uniformity of rotation. The experimental results and computation from
records made at the auxiliary observatory of the Cheltenham Magnetic Ob-
servatory of the United States Coast and Geodetic Survey and the Observa-
tory's magnetograms indicate a precision of time measurement from records
with the usual time-scales of 20 millimeters to the hour, well within the ap-
parent needs.

The Hudson Bay Expedition, 1914. William J. Peters. Reprint: Carnegie Inst. Wash.
Pub. No. 175 (Vol. V), 289-313 (January 1926).

This report is abstracted on pages 219 and 220 of the annual report for 1925.

Phases of oceanographic work originating at the City of Washington and in the Southern
States, 1925-1926. 1 William J. Peters.

The activities of the region specified include those of several government
bureaus or organizations, the Dry Tortugas Laboratory, and the Department
of Terrestrial Magnetism of the Carnegie Institution of Washington. The
fields of operations of many of these organizations lie beyond the limits of

the region, but the origin of many of their activities is in Washington and most
of their results are also published in this city.

The work done and intercooperation effected during the year by the Coast
Guard, Bureau of Lighthouses, Coast and Geodetic Survey, and Carnegie
Institution of Washington in its Dry Tortugas Laboratory and in its Depart-
ment of Terrestrial Magnetism are briefly summarized.

Swinging ship for the precise determination of deviations in magnetically disturbed regions.

William J. Peters.

In the ordinary method of swinging ship the vessel is held on the selected
headings successively, and on the swing with the other helm the order is

reversed. When the region is magnetically disturbed and highest precision

is sought, the various considerations of current, wind, weather, water, and
non-uniformity of speed make it impossible to eliminate the effects of local

disturbances which may be different on the various headings. A method is

presented by which the course during a swing describes a rosette, to give results

that are practically free from changes in a uniform distribution of local dis-

turbance even under conditions somewhat adverse. Practical details to
accomplish such swinging are given.

The 27-day interval in earth-currents following statistical methods by Chree. 2 William J.

Peters. Jour. Wash. Acad. Sci., vol. 16, 373 (July 19, 1926).

The 27-day recurrency in earth-currents. William J. Peters and C. C. Ennis. Terr. Mag.,
vol. 31, 57-70 (June 1926).

Dr. Chree and others have shown by statistical investigations the recur-

rence of average high and average low values on the twenty-seventh day after

1 Presented at the annual meeting of the Section of Oceanography of the American Geophysical
Union, Washington, April 29, 1926.

a Presented before the Philosophical Society of Washington, May 1, 1926.
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days of selected maximum and minimum in long unbroken records of magnetic
measures, such as the international character numbers, and the daily ranges in

magnetic elements.

These two papers describe the process as applied to the earth-current

observations published in the bulletins of Ebro Observatory in Spain between
1910 and 1924, inclusive, and the exhibition of the results.

The conclusions are summarized as follows:

(a) All the highest values and all the lowest values of the daily range in

earth-currents are not followed 27 days later by high and low values, respec-

tively, although this frequently happens, but the investigation has shown that

the high and low values that follow fall on and around the 27th day in such a
way that the mean value for a number of years on the 27th day after the
highest values is a high value and the mean value on the 27th day after the
lowest values is a low value.

(&) The recurrency on the 54th day and the symmetry about the 27th day
are in harmony in snowing that the interval of 27 days has been determined
within an uncertainty of one-half day for the positive pulse, but such accord

is not found for the negative pulse.

(c) If the recurrency of 27 days approximately be associated with the

rotational period of the Sun, the increasing amplitudes of the preliminary
pulses and the waning amplitudes of the subsequent pulses might be ascribed

to an increasing activity followed by a decreasing activity of points or portions

of the Sun which each successive revolution of approximately 27 days brings

to a position favorable for causing high or low values of the daily ranges.

(d) The mutually independent character of the positive and negative
pulses with respect to time, if confirmed by future observations, might be
ascribed to solar activity above normal and below normal, respectively, so

distributed over the Sun's surface with respect to time of occurrence and
place (solar longitude) that there are no fixed differences in the times of occur-

rences nor any fixed differences in the solar longitudes of the places or points

of activity, respectively, above and below normal.

The north-polar cover of cold air. H. U. Sverdrup. Monthly Weath. Rev., vol. 53,

471-475 (November 1925).

Meteorological records from kite-ascents performed during the drift of the

Maud from 1922 to 1924 showed in winter a temperature inversion always
at a short distance from the ice over the part of the Arctic Sea traversed by
the vessel. This inversion separates a thin layer of cold air from the compara-
tively warmer, air above. The thickness of the cold layer was 132 meters
for an average wind velocity of 5 meters per second, and the temperature was
8° centigrade lower than at an altitude of 1,000 meters. Wind observations

by pilot balloons show that the velocity and the direction of the wind changes
rapidly within the inversion-layer, indicating that the upper and warmer air

slides over the colder air without mixing with it. Since these conditions

were found independently of the direction of the wind and because of the uni-

formity of the Arctic Sea meteorologically, it is concluded that the whole
Arctic Sea in winter is covered by a thin layer of cold air.

Two oceanographic current-recorders designed and used on the Maud Expedition. H. U.
Sverdrup and O. Dahl. Jour. Optical Soc. Amer., vol. 12, 537-545 (May
1926).

Both instruments record the currents in the sea by means of a single electric

circuit containing a recording milliammeter. A series of resistances is

arranged in such a way that the strength of the electrical current and thus the

deflection of the recording milliammeter will depend upon the direction of
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the current in the sea, while the velocity of the latter is recorded by a pro-

peller which opens the electric circuit after a certain number of revolutions.

The frame of one of the recorders had a bifilar suspension and the direction of

the current in the sea was recorded relatively to the orientation of the frame;

the second was suspended by a single wire and the direction recorded by a

compass needle. The first type was operated successfully during the major

part of 14 months, when the Maud was drifting with the ice.

Meteorology on the Maud Expedition, 1922-1925.1 H. U. Sverdrup. Bull. Amer. Met.

Soc, vol. 7, 66-68 (May 1926).

During the drift of the Maud, 1922-1924, and at winter quarters, 1924-

1925, continuous records of barometric pressure, temperature and humidity

of the air, velocity and direction of the wind, and duration of sunshine were

made. The control instruments were read six times daily and the cloudiness

was observed every second hour. Special investigations were made of the

humidity of the air at low temperatures, the formation of frost, the total radia-

tion from the Sun and sky by day, the nocturnal radiation, the temperature

of the snow-surface, and the exchange of heat between atmosphere and sea

through the ice. Important conclusions are drawn from the upper-air data

obtained by pilot balloons and kites.

Scientific work of the Maud Expedition, 1922-1925.2 H. U. Sverdrup. Sci. Mon., vol.

22, 400-410 (May 1926).

During the drift of the Maud, 1922-1924, the route was determined by
frequent astronomical observations. Absolute magnetic observations were
taken at 305 stations, and at the winter quarters of 1924 to 1925 the magnetic
declination was recorded continuously for six months. Numerous observa-

tions and registrations of the atmospheric-electric potential-gradient confirmed

the universal-time feature of the diurnal variation of the gradient which was
found during the cruises of the Carnegie, 1915-1921.

A great number of meteorological observations and registrations were
obtained and their value increased by upper-air observations with pilot

balloons and kites. The wind aloft indicates that the height of the troposphere

in the region traversed by the Maud is 8.5 kilometers. The results from the
kite-ascents show the Arctic Sea to be covered in winter by a thin layer of

cold air. The temperature of this layer can not sink materially below— 45°

centigrade because at that temperature the surface receives as much heat
conducted through the ice from the underlying sea as it loses by radiation to

space.

Oceanographical observations were taken every week. Much time was
devoted to the study of the tidal phenomena. New cotidal lines were drawn
over the north Siberian shelf, and from the course of these lines it was con-
cluded that no extensive land-masses exist between Alaska and the north
pole. Good agreement was found between the observed tidal phenomena,
particularly the tidal currents, and the results of a theoretical investigation

taking the influence of the rotation of the Earth and the eddy-viscosity into

account.

Magnetic and electric results of the Maud Expedition, 1918-1925. H. U. Sverdrup.

This report, prepared for a future volume of Researches of the Department
of Terrestrial Magnetism, gives the detailed results and some discussions of

the magnetic and atmospheric-electric observations obtained on the Maud
Expedition in cooperation with the Carnegie Institution of Washington.

1 Presented before the American Meteorological Society at its Washington meeting, April 30,

1926.
2 Lecture delivered at the Carnegie Institution of Washington, December 1, 1925.
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The report is accompanied by isomagnetic charts of the north Siberian
shelf (as determined from the data obtained) showing extensive local dis-
turbances over the shallow waters of the shelf at great distances from the
nearest coast. The isogonic chart shows large differences in declination on
values given by the latest charts of the United States Hydrographic Office and
of the British Admiralty. The mean diurnal range of the declination at Cape
Chelyuskin is very large, namely, 1° 37' for the year 1918 to 1919. Magnetic
storms during which the absolute range exceeds 10° are frequent, the greatest
range observed being 18?5. At Four-Pillar Island the mean diurnal range is,

however, very small, being approximately only 9 '5 for the year 1924-1925.
The Arctic character of the station is, however, evident by the frequency of
large absolute ranges, which on one occasion reached 5?5.
The atmospheric-electric observations were confined to the potential

gradient. The diurnal variation was found very regular and was, when
referred to Greenwich time, in perfect agreement with the variation which was
observed over the oceans during the cruises of the Carnegie, 1915-1921.
The observations of the aurora borealis were taken more or less regularly

every hour during the dark season. A discussion of the relation between the
aurora and magnetic and electric disturbances is under way.

Duration of sunshine during the drift of the Maud, 1922-1924, and at winter quarters,

1924-1925. H. U. Sverdrup.

This report describes the exposure and management of the Campbell-Stokes
sunshine recorder loaned by the British Air Ministry through the Department
of Terrestrial Magnetism. The results are given in daily totals of sunshine
expressed in hours.

Among natives of northern Siberia and nfthe drifting ice.1 H. U. Sverdrup.

An account was given of the two groups of Chuckchee natives in northern
Siberia obtained while living with them during eight months in 1919 to 1920
and while traveling for two and one-half months in the winter of 1921 along
the coast. The daily life aboard the Maud during the three years' drift and
in winter quarters of 1924 to 1925 was described and a general account given
of the fascinating display of Nature's giant forces in the Arctic regions.

Prehminary comparison of atmospheric-electric potential at sea with that under closely

similar insular conditions. A. Thomson.

Especial interest attaches to the results of records for the electrical potential

of the atmosphere measured at the Apia Observatory because of its unique
location on a small island in giving information concerning the great water-

covered areas of the globe. To approximate more closely oceanic conditions,

the Department of Terrestrial Magnetism of the Carnegie Institution of

Washington erected in 1923 above the water of the lagoon a special obser-

vation house about 500 meters from the shore. To reduce possible tidal

effects, there was erected under the collector a platform of 7.7 square meters
which has proved effective in overcoming alterations brought about by the

varying height of water surface, so that comparisons of the potentials on a

single day with those at the land station give no evidence of the effect of tide.

A preliminary study was, therefore, made pending the accumulation of a
larger amount of data at both the observatory land station and at the lagoon-

house station. In this preliminary study only days free from negative elec-

tricity and for which complete records were available, both at the lagoon house
and at the station in the observatory grounds, were considered for the period

February to September 1925. The lagoon house, although only 590 meters

1 Presented before the Arts Club of Washington, May 20, 1926.
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from the land station, shows an occurrence of negative electricity only 0.8

as frequent. This result was unexpected, because not only rainstorms coming
from the northwest sweep over the lagoon house first, but also lightning and
thunder are more commonly observed out to sea than inland; it is possible

that sometimes the negative field from the cumulus clouds, almost invariably

to be seen near the peaks of the range of the hills about 6 kilometers inland,

does not extend as far as the lagoon house.

All the diurnal-variation observations of the potential gradient taken
within the tropics in the Pacific Ocean on the Carnegie have been plotted

according to zonal time and compared with the Samoan results. Apart from
any grouping according to universal time, there is a fundamental difference

in each individual day's observation between those at sea and those taken
in similar surroundings at the lagoon house, thus indicating apparently some
subtle influence introduced by the presence of land even of a very small area.

Note regarding the real and the apparent atmospheric potential-gradient. G. R. Wait.
Bull. 5, Sect. Terr. Mag. and Electr., Internat. Geod. Geophys. Union, 151-
152 (November 1925).

At some observatories, when atmospheric potential-gradient is observed,
the surface of the soil at certain times of the year may become so dry that it

is a very poor conductor. While it is unlikely that during such time the
apparent potential gradient resulting from observations of potential gradient
taken by means of a collector attached to a stretched wire is appreciably
different from the true potential gradient, it is suggested worth while to test

the point experimentally. One such test made at Watheroo gave results for

reduction-factor not appreciably different from those made at other times. A
program for further experimental tests is suggested.

Magnetic permeability of iron in high-frequency alternating fields.1 G. R. Wait.

Wwedensky and Theodortschik2 found the magnetic permeability of iron

in alternating fields to be abnormally large in certain frequency bands. The
wave-lengths corresponding to these bands are approximately 88 and 100
meters. The general appearance of the phenomena suggested the existence

of elementary magnets capable of resonating at these frequencies.

Two methods, the heterodyne and the resonance, were employed in the
present investigation. The first makes use of only a very small amount of

iron as a sample and employs beats between two oscillating circuits and an
audio-frequency amplifier. The wave-length range between 60 and 1,700
meters was covered by this method. The second method, depending upon
determining the change in inductance of a resonating coil due to the introduc-

tion of a sample requires more iron as a sample and is not capable of detecting
such small changes in the permeability as the first. The range covered by the
second method was 60 to 150 meters. By using two different methods, a
check is provided against instrumental errors. Several precautions, not ob-
served by other investigators, were also taken. Various forms of iron, such
as filings, wires, and powder, were used.

Very complicated eddy-current effects exist in both the leads and sample;
these, together with a number of correction-factors for each of the oscillating

coils, make the absolute interpretation of results difficult. While results

were at first obtained with both methods which indicated apparent changes
in permeability, these were later found to be due to instrumental causes.

1 Presented for the author by L. E. Dodd at the Oakland meeting of the American Physical
Society, June 17, 1926.

2 Ann. Physik, vol. 68, 463-480 (1922); Physik. Zs., vol. 24, 216-217 (1923).



234 CARNEGIE INSTITUTION OP WASHINGTON

Since no critical variation of permeability with wave-length was found in the
present investigation, it may be concluded that, if resonators in the form of

elementary magnets exist in the iron used, they fail to respond appreciably to
the oscillating magnetic fields under the conditions of the present experiment.

Regarding Helwan's potential-gradient results of 1906-1908. G. R. Wait.

The potential-gradient results as obtained at the Helwan Observatory in

March 1906 to February 1908, reported upon by H. E. Hurst, 1 show an annual
variation with a minimum during November, December, and January instead
of during May, June, and July, as is usually the case. This paper reports

upon an examination of the data, as far as available, to account for these

apparently abnormal results. The conclusions are

:

(a) The mean monthly reduction-factors given indicate a slight seasonal

change in the value of the factor, but of insufficient amount to explain the
observed effect.

(6) Faulty insulation is eliminated as a possible explanation of the observed
effect.

(c) It was observed that west winds were accompanied by higher positive

potential-gradients at Helwan than winds from other quarters. This,

together with the fact that west winds were much more frequent during
June and July than during December and January, may be a possible explana-
tion of the observed effect. In general, accumulated data seem to show that

sandstorms tend to lower a positive potential-gradient as recorded by a
collector near the Earth's surface. Accordingly, the sand particles are,

perhaps, predominantly negatively charged, since they would be more numer-
ous above than below the collector. Finer particles of dust seem to increase

a positive potential-gradient. It would thus seem that they are either

charged both positively and negatively of similar amounts and are effective

only by increasing the resistance between the collector and earth, or that they
have a predominantly positive charge. Upon this basis one might explain

the increased potential gradient at Helwan due to a west wind. Since the
observatory stands upon a bluff overlooking the sandy plain to the west, the

size of the particles reaching the observatory during only a moderate wind
would be small.

(d) Using such information as is available for calculations, some evidence

is obtained to show that the presence of dust may have been the cause of

the observed abnormal results at Helwan.

Results of simultaneous observations upon certain atmospheric-electric elements and
meteorological elements made at the Watheroo Magnetic Observatory in

1924. G. R. Wait.

Simultaneous observations were made of the following elements during a
portion of 1924 at the Watheroo Magnetic Observatory: The number of dust
particles per cubic centimeter determined by means of an Aitken dust-counter,

the limit of visibility in a horizontal plane in one direction, the relative

humidity, the positive and negative conductivities, and the potential gradient

of the atmosphere.
The relationship between the number of dust particles, limit of visibility,

and relative humidity was found to be very well represented by the equation
V(D-\-AR) =K, where V is the limit of visibility in miles, D is the number of

dust particles per cubic centimeter, R is the relative humidity in per cent, and
A and K are constants. Using vapor tension instead of relative humidity
fails to give as good an agreement.

1 Hurst, H. E. A discussion of the observations on atmospheric electricity at Helwan Obser-

vatory from March 1906 to February 1908. Ministry of Finance, Egypt, Survey Department
Paper No. 10, Cairo, 1909.
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The potential gradient increases linearly with the number of dust particles

per cubic centimeter, the value corresponding to no dust in the atmosphere
being about 61 volts per meter, while that corresponding to 10,000 dust
particles per cubic centimeter was about 141 volts per meter. The mean
number of dust particles per cubic centimeter as measured during the morning
observations for the last week in February 1924 was over 21,000. One can
see, accordingly, that the potential gradient was greatly affected during such
times.

The air-earth current decreases as the dust count increases, and the con-

ductivities of the atmosphere decrease with increasing dust count.

The potential gradient increases with increase in relative humidity, while

the two conductivities decrease.

Making certain reasonable assumptions and calculating by means of

various formulas developed by Townsend and by Stoke's law (as modified by
Cunningham), it is found that negatively charged particles smaller than
6 to 8X10-6 cm. radius are forced away from the Earth, while those of a
certain size are held in suspension between the gravitational force of the Earth
and the electrical repulsion between the charge on the Earth and that on the

particle. Other things being the same, presumably those of this size should be
the most numerous. They are smaller than can be normally detected when an
Owens counter is used, so that one must resort to the Aitken counter to include

them.





TORTUGAS LABORATORY 1

In accordance with authorization by the Trustees of the Institution, inves-

tigations were conducted at the Tortugas Laboratory during the summer of

1926. Upon invitation, Dr. Wm. H. Longley, of Goucher College, served

as administrative officer during the season; and Mr. John W. Mills, chief

engineer, remained in charge of all equipment and aided in collecting material

for study and in securing necessary supplies.

The following investigators studied at the Laboratory during the season,

and important advance was accomplished in a number of researches carried

on from previous years. Such studies have related particularly to problems

concerning specific adaptation to natural environment and concerning the

nature of specific difference.

Paul Bartsch. U. S. National Museum. Breeding experiments with cerions. August 10

to August 21.

L. R. Blinks. Rockefeller Institute. Electrical conductivity in Valonia. July 28 to

August 21.

Paul S. Conger. Carnegie Institution. Diatom studies. May 30 to June 27.

W. H. Longley. Goucher College. Habits and coloration of fishes. May 31 to August 21.

H. M. Miller jr. Washington University. Behavior of trematode larvae. May 31 to

July 11.

C. R. Shoemaker. U. S. National Museum. Amphipod studies. July 13 to August 21.

C. V. Taylor. Leland Stanford University. Organization of echinoderm egg, and a
measurable potential difference between the cell interior and outside medium. July

15 to August 21.

W. R. Taylor. University of Pennsylvania. Marine algae and their distribution. May
31 to June 27.

D. H. Tennent. Bryn Mawr College. Organization of the echinoderm egg. June 15 to

August 8.

J. M. Valentine. Yale University. Regeneration in Linckia. May 31 to August 21.

Douglas Whitaker. Leland Stanford University. Organization of echinoderm egg, and a
measurable potential difference between the cell interior and outside medium. June
15 to August 8.

Breeding Experiments with Cerions, by Paul Bartsch.

Dr. Bartsch spent August 10 to August 21 at the Tortugas and from
August 21 to August 24 examining the Cerion colonies planted on keys

between the Tortugas and Miami. An examination of the small island

colonies yields the following results:

Island 1—25 Cerion incanum and 25 of a new species of Cerion with spiral

sculpture were planted here 2 years ago. Last year, 22 of the incanum were
found dead; this year no additional specimens of this species were noted. Of
the Cerion new species 18 were dead last year and 1 dead and 2 living were found
this year, which accounts for 21 out of 25 of these specimens. The missing

individuals may be buried in the sand, dead or alive, or they may have been
carried away by some agency as the little Sparrow Hawk, which occasionally

indulges in that pastime. In this island were also found a number of quite

young shells—too young to determine their relationship at this time. We
therefore refrained from seriously disturbing the sand for fear of exposing

these small creatures to unfavorable stresses.

1 Situated at Tortugas, Florida.
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Island 2—In this were planted, 2 years ago, 25 Cerion incanum and 25
Cerion chrysalis. Last year 11 of the Cerion incanum were found dead and
this year 4 dead and 1 living, accounting for 16 of the planted specimens.

Of the Cerion chrysalis, 12 were found dead last year; to this were added 4
this year and 2 living individuals, which accounts for 18 of the 25 planted.

Here, too, small young were in evidence.

Island 8—On this island were planted, 2 years ago, 25 Cerion incanum and
25 Cerion mummia. Last year 16 dead of Cerion incanum and this year 2

dead and 5 living were recovered. Of Cerion mummia 17 were found dead
last year and 1 this year and 1 living. All but 2 of the Cerion incanum are

therefore accounted for in this island. Here, too, some young were present,

and the interesting observation was made of finding a specimen of Cerion

incanum mating with a Cerion mummia.
Island 4—Here were planted, 2 years ago, 25 Cerion incanum and 25

Cerion tridentatum. Of these, 13 Cerion incanum were found dead last year

and 3 this year and 2 living. Of the Cerion tridentatum, 10 were found dead
last year and 3 this year, and 10 were living. No young were observed.

In the eight small islands, all the adults seem to have died, but small young
are present in some, which makes it wise to leave them undisturbed for another

year as these may prove to be the desired hybrids. However, an additional

marked specimen of Cerion incanum and Cerion viaregis were added on each

island.

Last year some of the old wooden cages were cut down to mere 4-inch

base boards which were partly buried and fastened securely to the ground.

To the free edge of each, which projects some 3 inches above the ground, a

narrow strip of monel wire was tacked, bending inward to prevent the escape

of the mollusks.

In each of these cages a specimen of Cerion incanum and Cerion viaregis was
placed. Examining these inclosures this year, most of the shells were found

dead and many were crushed, the damage probably having been done by
rats. Each of these 75 cages was re-stocked with a marked specimen of

Cerion incanum and Cerion viaregis.

The two original colonies of Cerions, namely, Cerion viaregis and Cerion

casablancae are simply swarming in their respective places and gradually

spreading over adjacent territory.

The colony of Cerion uva from Curacoa is gradually passing out, but we
were surprised to find that the colony of Cerion crassilabre, which was in bad
shape a year ago, was not at all on the verge of extinction, but yielded suffi-

cient material to give complete measurements of all the characters of enough
specimens to complete the hundred series of both the first and second genera-

tions of Florida-grown individuals. This again shows that it is not safe to

estimate the strength of a colony merely from the appearance of material

above the surface of the sand, for Cerions under certain conditions have a way
of disappearing beneath the surface and thus eliminating themselvesfrom view.

The huge colony of Cerions, brought from the Island of San Salvador and

planted on the east side of the laboratory, does not appear to have found

the habitat a suitable one, for there is an endless number of dead strewn

about the ground, but not a single living specimen was seen.

The colonies planted on the rampart of Fort Jefferson two years ago are

holding their own.
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On our way north, September 21, a stop was made at Boca Grande Key
where it was found that the part of the key bearing our plantings was again

burnt over, and the same fate has overtaken the colonies planted on Man Key,

Boy Key, Woman Key and Girl Key.

On September 22 a visit to our two plantings in the grounds of the U. S.

Bureau of Fisheries Station at Key West showed both colonies doing fairly

well.

On September 22 the Anton Dohrn was left at Newfound Harbor Key, and
a visit made to the keys containing Cerion colonies between Key West and
Miami. The hybrid colony on Newfound Harbor Key was doing splendidly.

The last hurricane had not seriously damaged it. Some additional variant

specimens were taken to Washington for dissection. This colony, as well as

our experiences on other islands, shows plainly the desirability of placing

colonies not on unoccupied keys but, if possible, to select ground for them near

some house where the people will take an interest in the experiment and see

that the ground is protected against fire.

Bahia Honda where our colony of Cerion casablancae was placed in 1912

was next visited. The hurricane some years later had cut up the ground,

where the original colony was planted, to such an extent that it was felt that

it had been wiped out. Examination after the hurricane gave no indication

of its survival, but this year's visit showed that it not only had survived, but

was flourishing and spreading.

An examination of Duck Key, where a colony of Cerion viaregis had been
planted in 1912, showed that the tall, dense grass and cactus, which had
usurped the places of planting, still prevailed to such an extent that no
specimens were visible.

On September 23 Indian Key was visited and it was found that the colony of

Cerion casablancae, which on our last visit seemed to be on the verge of ex-

tinction, was flourishing and doing well. There were enough specimens to

warrant our taking a series to Washington for measurement.
Our colony of Cerion viaregis in 1912, planted on the adjacent Tea Table

Key, failed to show a single specimen.

On September 25 a stop was made at Sands Key and the Ragged Keys
where plantings were made in 1912, but dredgings, fillings-in, human activity

in general and hurricanes have so overwhelmed the place that not a trace of

any of these colonies was apparent. With the rapid spread of habitation in

this neglected region of Florida it will be possible to secure the sympathy of

interested people to make further plantings among these keys and to have them
secure from harm.

During the trip northward from Key West to Miami, stops were made at a

number of places not before visited and collections of the native Cerion

incanum were obtained.

At the Tortugas Dr. Bartsch exposed 2,400 feet of moving-picture film

among the coral reefs undersea, securing a series of pictures showing faunal

associations of marine organisms in situ.

As in former years, Dr. Bartsch kept account of the birds observed at the

Tortugas from day to day, as well as on the other keys visited.
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Researches on Valonia, by L. R. Blinks

The primary object of this first visit to the Tortugas laboratory was to

compare the large coenocytes of the alga Valonia ventricosa commonly found
on the Florida reefs with those identified under the same name in Bermuda,
by Howe and by Collins and Hervey. It is there washed ashore by certain

winds only, making collection uncertain, and it was hoped that the abundant
and reliable supply of the cells at Tortugas would facilitate more thorough
research.

From the standpoint of permeability these cells show important differences

from the better-known Valonia macrophysa, having a strikingly different sap

constitution, which causes them to float in sea-water instead of sinking. 1 It

was found, however, that the Tortugas V. ventricosa cells sink immediately
in sea-water, and that the sap is quite the same as that of V. macrophysa
(collected in the moat of Fort Jefferson). Calcium, magnesium, and sulphate

ions were not detected, and the electrical conductivity of the sap shows it

to be chiefly KC1, not NaCl, solution. Studies of the electrical resistance

of the intact cells showed no perceptible difference in the behavior of the two
species, and it is possible that the Bermuda Valonia ventricosa is another

species, perhaps another genus, Halicystis. That this may also be present

at or near Tortugas was indicated by the washing ashore of three small cells

in a large Sargassum drift on August 5. These cells have continued to float

in sea-water for three weeks and closely resemble the Bermuda form. Ex-
amination of rocks brought up by a diver from moderate depths failed to

disclose any of these growing in place, although many small cells of Valonia

ventricosa were found that superficially resembled them but did not float.

It is hoped that further search under water may find a supply of "Hali-

cystis" at Tortugas and render this interesting form available for more ex-

tended comparison with the two species of Valonia, which are so abundant.

The previous (unpublished) work of the writer on the electrical conductivity

under various conditions was continued with both species, the choice between

them being chiefly on the basis of size and shape, cylindrical cells being de-

sirable for certain experiments, spherical ones for others. The actual results

at Tortugas confirm the importance of polarization, back E. M. F., and cur-

rent of injury in relation to the current density used in the bridge (both direct

and alternating), and indicate important lines of research to follow up in this

regard.

Diatom Investigations at Tortugas during June 1926, by Paul S. Conger

The stations visited for diatom collections in the vicinity of Tortugas,

Florida, in June 1925 were revisited in 1926 during the same season of the

year. When the diatom studies are completed, they should give valuable

information as to seasonal distribution of the diatoms in this area. A few

additional stations were visited this year, making a total of about 70. The
more important were visited twice during the stay at Tortugas and approx-

imately 120 diatom collections were made. These stations include practically

all the points in the vicinity of Tortugas where the sea conditions are

variant and where, consequently, the diatom flora may likewise be different.

1 See Osterhout and Dorcas, Contrasts in the Cell Sap of Valonias and the Problem of Flotation,

Journal General Physiology, vol. 7, p. 633, 1925.
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A study of the material collected last year brought out the importance of this,

and the difference of the flora in closely adjacent areas under slightly dif-

ferent conditions, or the dominance of different diatom species, was quite

remarkable. Two trips were made on the Anton Dohrn, 20 miles to the

southwest of Loggerhead Key, and material was collected at several stations

along each of these routes, obtaining deep-sea material down to a depth of

80 or more fathoms.

The bottom material which is obtained for diatom study in this region is

largely, or almost entirely, calcareous sand, broken shell, foraminifera, etc.,

and must be handled by a special treatment to separate out the diatoms. Last

year the material was sent home in bulk, but during the winter a satisfactory

treatment was developed for separating out the diatoms, and this summer it

was possible to treat all of the collections, partially preparing them for study,

and to send the material home in small vials in a much lighter and con-

centrated form, greatly facilitating the work in the field as well as in the

laboratory. By this method of washing the diatoms out of the calcareous

sand, highly concentrated samples are obtained, even more satisfactory for

study than samples from bottoms of quartz sand. The lack of attention paid

formerly to diatoms in calcareous waters, or reports of their absence in many
such areas, probably have been due to defective methods of collecting and to

the fact that in calcareous waters the diatoms are usually dwarfs, from one-

third to one-fifth their normal size.

The diatom floras of Tortugas, the East Coast of Florida and the Florida

West Coast appear to be entirely different, as well as quite different from the

Atlantic Seaboard in general; and it will be interesting in the future to give

this matter more study, as comparatively few gatherings have been available

from the Florida coasts for such a comparison. The Tortugas diatom flora is

a truly tropical one and probably similar to that of the West Indies region.

Collectors should be urged to send in more material from these regions.

Diatoms were found in abundance in fish stomach contents of last year's

collections, and more material of this nature was obtained this year. Net
hawls were made of Schizopods and young fish for this purpose.

The plankton forms seemed to be less abundant this year than last, and the

Radiolaria associated with the diatoms were much less frequent.

Observations on Tortugas Fishes, by W. H. Longley

Valued assistance in presenting the results of study of Tortugas fishes has
been rendered during the summer by J. M. Valentine, who has illustrated

some of the more interesting findings by drawings of selected species in their

natural colors.

Besides much detail enriching the record of many species, the season of

1926 has yielded the usual incidental additions to the local fish fauna, tenta-

tively listed as follows: Centropomus undecimalis, Chaetodon sedentarius,

Gobius sp., Enneanectes jordani, two species of Malacoctenus, Hypleuro-
chilus geminatus, Labrisonus sp., Salariichthys textilis, Coralliozetus cardonae

and Bregmaceros atlanticus.

Four species of two genera (Abudefduf and Pomacentrus) of Pomacentridae
have been found breeding during the summer. All have eggs with strongly

adhesive polar filaments by which they are attached, usually to dead coral

surfaces. Pomacentrus analis is the most adaptable in choice of a nesting site.
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Its eggs are found not only in such places as the others choose, but in the dead
shells of Strombus and Pinna, and even under sheets of rusting metal or in

empty rusting tins. The eggs laid at one time are several days in hatching,

and oviposition at intervals of a day or more may occur several times in suc-

cession. During the time required for all to hatch, rigorous guard is main-
tained over them, exclusively by the males it seems. After intervals of rest

of some days the same male Abudefduf has been noted guarding its second or

third set of charges.

An interesting sexual difference has been found in a series of Blenniinae

and Salariinae, which has apparently received little attention hitherto, the

sole notice of which I am aware being the passing mention in the original

description of Blennius thysanius1 Jordan and Seale. In Blennius favosus

and cristatus, Hypleurochilus geminatus and Alticus atlanticus the male has

fleshy pads upon the tips or even upon the entire length of both anal spines.

Complementary structures, especially well developed in the female Alticus

atlanticus, suggest that something in the nature of amplexus may occur in

that species, if not in the larger group.

An observation made here several years ago upon the eye of the batfish

Halieutichthys aculeatus indicated that its pupil dilates or contracts according

to the intensity of the light to which the fish is exposed. It seemed a thing

most unusual among fishes. Fierasfer, however, among teleosts has certainly

an iris that effects such pupillary changes. Its pupils dilate to conspicuous

size as it lies in the cloaca of the holothurians it lives with, and contract to

scarcely more than pin-points within a few seconds after it is exposed. Among
sharks a comparable thing seems common. The pupils of three species exam-
ined are mere vertical slits by day, but are much larger and full round by night.

A few highly significant observations upon the distribution of the pattern

upon the fins of fishes raises the question whether it may not be possible after

further study to analyze and interpret them as a beginning has been made in

the analysis and interpretation of the patterns upon their eyes.

Observations of particular interest have been made upon the obliterative

coloration spread upon certain residual opaque organs of the transparent or

semi-transparent fishes, Coralliozetus cardonae and Rhinogobius glaucofraenum.

Coralliozetus has the head normally pigmented. The trunk musculature is

almost perfectly transparent. Upon the external surface of the peritoneum

the brown and yellow of the head extends in a relatively elaborate pattern

with countershading such as normally appears upon external surfaces.

Rhinogobius is scarcely less unusual in its coloration. It has a spotted iris

whose pattern is extended outward by markings upon the conjunctiva, and
these again posteriorly by stripes that lie upon the outer surface of the

meninges. The principal two stripes unite posteriorly, run for a time with

the spinal column, and then rise and continue at a level midway between it

and the base of the dorsal fin. With other deep-seated pigment patches

these lines constitute an internal pattern largely in the median plane of the

body and visible from right or left through translucent tissue. This pattern

tends to assimilate the fish with its surroundings. Its details vary in shade

with the shade of environment, as do those of the normal superficial colora-

tion.

|Bull. U. S. Bur. of Fisheries, vol. xxvi, p. 47 (1906).

E
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Behavior Studies on Tortugas Larval Trematodes, with Notes on the Morphology

of Two Additional Species, by Harry M. Miller jr.

In a preliminary survey of the larval trematodes of Dry Tortugas made in

the summer of 1925 (Year Book No. 24) it was found that Cerithium litteratum

Born was infested with four species and that the percentage of infestation was
relatively high. It was noted that a study of the invertebrates and verte-

brates of the Porites association offered a promising line of attack on a trema-

tode life history. Furthermore, the cercariae which infest this mollusk are

all active swimmers, in contrast to most of the other larvse found, and exhibit

certain tropisms which it is proposed to study by observation and by experi-

ment, partly in an attempt to determine the role of each in the life history of

the species.

Accordingly, in the six weeks from June 1 to July 10, 1926, attention was
confined almost exclusively to the study of the larval trematode parasites of

Cerithium litteratum. It is evident that since last year a great change has

taken place in the number of this mollusk occurring on Bird Key Reef. Dur-
ing the same interval in 1925 only 75 individuals were found in searches of

the Porites beds at different times; during the present season a total of 3,797

individuals was secured in collections made every few days, and with few

exceptions, none of which was infested, all snails were from an area approx-

imately 50 yards in diameter to the west of the center of the reef. Several

hundred snails of every third or fourth collection were isolated in shell vials

containing sea-water for 24 hours or more ; no cercariae emerged from more
than 1,700 individuals so isolated. Dr. Paul Bartsch, Curator of the Division

of Mollusks, U. S. National Museum, has kindly identified specimens of C.

litteratum, as he did representative shells of the numerous species included in

last year's report.

The 4 cercariae found in C. litteratum in 1925 were again present; in addi-

tion 2 new species were found, a binoculate distome temporarily designated

Cercaria P, and a trioculate monostome, Cercaria Q. Percentages of occur-

rence of the 6 cercariae are given in the table. Additional points of mor-

Table showing infestation of Cerithium litteratum Born.

1925 1926

No. of

times found
Percentage of

infested mollusks
No. of

times found
Percentage of

infested mollusks

4
2

6

1

5.3
2.6
8.0
1.3

19

46
66
10

9
1

0.5
1.2
1.7

0.3
0.2
0.03

Cercaria E

1925
1926

75 Cerithium litteratum examined 17.3 per cent infested

3 , 797 Cerithium litteratum examined 4 . per cent infested

phology were determined in the cases of the first 4 species, especially with

respect to the excretory system in cercaria and parthenita. Brief character-

izations of species P and Q are included.
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Almost the entire time this year was spent in the experimental investiga-

tion of certain tropisms exhibited by cercariae D, E, F, G and P and in a study

of their behavior. Cercaria Q was found only once. A short summary of

results obtained for each species follows; no attempt is made to describe all

of the apparatus or methods used. The swimming behavior of each of the

5 species to be discussed is so characteristic that an inspection with the unaided

eye of the active cercariae is sufficient to determine which species is present.

Cercaria D
Locomotion in a small glass aquarium is rapidly upward in a wavering path;

after a sudden stop the cercaria, almost motionless, sinks through the water,

as do many species. This species only occasionally swims downward. The
body and tail are held in a characteristic fashion while sinking; the posterior

third or fourth of the body is sharply bent forward on the ventral surface and
the tail turned so as to point and to protrude posteriorly, usually from one

side rather than from a median position. When a sinking larva suddenly

begins to swim it may pursue a variable horizontal course, which is finally

abruptly changed to an upward dash, although larvae starting from a quies-

cent position on the bottom almost invariably swim upward. Immediately
following emergence from the host tissue they swim vigorously very near the

surface, but soon sink for short distances and swim upward as described.

The length of the sinking period gradually increases until most of the larvae

come to rest on the bottom, making long dashes up to the surface; they may
suddenly stop once, or several times, on the way to the top. Then the length

of the upward swim also decreases gradually, until they rise only short dis-

tances in spasmodic dashes; occasionally, however, an individual swims to

the top. The rate of locomotion is slightly over 2 mm. per second, and that

of sinking is approximately 0.3 mm. per second.

Whether the initial gathering at the surface of the water and the later

vertical swimming to and toward the surface are negative responses to gravity

has not yet been determined. From a preliminary study it can be asserted

that this trematode responds by a sudden dash upward to changes in light

intensity, both to decrease and to increase. The response to a decrease of

intensity occurs sooner than to an increase; the concerted response to the

former comes 9 seconds (average) after the dark screen is interposed between
light source and aquarium, while the larvae become active 2.4 seconds

(average) after it is removed. In one case they responded, though weakly, to

an increased intensity of light more than 30 hours after being removed from

their snail host. Other studies, of a preliminary sort, on the precise nature

of the responses were carried out. There is evidence of a diurnal rhythm of ac-

tivity. Some larvae survive more than 48 hours under laboratory conditions.

Cercaria E
This larva is readily distinguished from Cercaria D by its larger size and

more violent locomotion. Upon emergence it swims rapidly to the surface,

and there continues its almost incessant rapid locomotion, with sudden and
frequent change of direction. During the first hours the mature larvae remain

close to the surface, a few at times dipping down even to the bottom, but

returning. There are always a few which remain near the bottom and never

swim up to the group. After a period of 3^ to 4 hours some individuals,

and the group as a whole more gradually, sink slowly while swimming, until
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at the end of about 5 hours usually all are lashing vigorously on the bottom.

When not in active locomotion the body and tail are held in a characteristic

manner. The thin flat body is sharply bent upon itself at about one-third

of its length from the posterior end so that the posterior outline is deeply

concave; the tapering anterior end is bluntly rounded and points in the

same direction as the slender tail, the tip of which is frequently bent or curled.

Only after becoming geopositive do the larvae as a group usually exhibit

what may be a photonegative reaction; at this time they are less active than

when swimming near the surface. More than 40 aquaria, utilizing cercariae

from 18 snails, were set up, and in more than half the larvae apparently reacted

negatively to the light stimulus; in several instances they were observed to

progress very slowly away from a light source. In 4 instances, in an experi-

ment with cercariae pooled from 2 hosts, the larvae were definitely grouped on
the side toward the light. But in 3 dark-room experiments with a 15 c. p.

lamp above petri dishes, 7 in all, all larvae were found motionless after 8 hours

in the half of each dish which was covered with an opaque black screen. In no
instance was there a reversal of phototropism.

Experimental evidence was sought to show that Cercaria E is truly geo-

negative during the initial period of swimming at the surface. That it was
not at this level because of an 2 gradient was shown in a number of ways.

Other experiments were carried out to determine whether the larvae were
responding to a CO2 gradient, or to differences in density. As trematode
larvae do not feed during their short free-living existence there are no resulting

changes in specific gravity such as Eyden (1923) found to affect the vertical

distribution of Daphnia pulex. That Cercaria E was reacting negatively to

gravity was shown conclusively when the speed of locomotion was measured.

A single cercaria was placed in a glass tube (62 cm. long, 1 cm. bore) full of

sea-water, the tube inverted, and the time required to swim upward noted,

together with the number of rests and duration of each; the tube was again

inverted as soon as the cercaria reached the top. This was done for 24 con-

secutive trials, with an average speed of almost 0.8 cm. per second. Six

non-stop swims were made, the fastest at the rate of 0.9+ cm. per second.

During the swimming at the surface the larvae would under natural condi-

tions be subjected to the effects of dilution of sea-water by torrential squalls.

It was found that they are extremely resistant to great dilutions of sea-water

by fresh, and to the dropping on the surface of the aquarium of considerable

quantities of fresh water. But this species is much shorter lived under labor-

atory conditions than are cercariae D, F, G and P.

Cercaeia F

When fully mature this larva swims actively; the body is bent back on the

proximal region of the tail as in C. purpuracauda (Miller, 1925) and the tail

vibrates in the shape of an 00; with the proximal and distal portions of the

tail projecting oppositely at the center, Cercaria F is positively phototropic.

In a deep glass container on the table in front of a north window the larvae

swim at or near the surface on the side toward the window. This is a photo-

positive response rather than a negative reaction to gravity, for in the dark

room they are constantly geopositive, in active locomotion at the bottom.

In the dark room a weak electric light brings them rapidly to the surface,

even 9 hours after removal from the snail; but they again sink to the bottom,

while swimming, after the light is turned off. A preliminary study of the
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effects of colored light on the behavior of this species, made in 1925 with light

transmitted through unanalyzed colored glass, led to the attempt to determine,

by means of Wratten monochromatic filters, the region of the spectrum most
stimulating to them. Experiments were also carried out to determine the

threshold of stimulation. Neither study was wholly successful, chiefly due

to the paucity of mature free-swimming larvae. The speed of locomotion in

response to north window light averaged 0.35 cm. per second. In the labor-

atory these larvae may survive, though with greatly diminished vigor, more
than 33 hours after leaving the host tissue. The excretory system pattern

in the redia was found to consist of 2 flame cells emptying into each anterior

collecting tubule and 2 into each posterior one.

Cercaria G

This species exhibits the "tumbling over" type of locomotion character-

istic of a number of xiphidiocercariae studied in this regard and not yet de-

scribed in detail. When freshly emerged the larvae are active, and stop only

momentarily when swimming through the water, when the body and tail

stretch to full length; only occasionally they stop on the bottom for an in-

stant. Not infrequently an individual will swim in a generally straight path

up through 25 mm. of water, touch the surface and immediately swim down-
ward, to rebound from the bottom and again pursue a straight course to the

surface. Cercariae at the surface sometimes swim along it, dipping downward
in a series of short arcs. Later, when sinking through the water for longer

periods of time, the almost motionless body is usually slightly curved, or even

much bent on the ventral surface; or both body and tail may be held very

straight, and the body may go through the motions of crawling downward as

it sinks. Cercaria G may survive more than 36 hours in the laboratory.

Cercaria P

The positive phototropism of this larva and its method of locomotion easily

distinguish it from the others. When freshly emerged the cercariae dash

upward from on or near the bottom and then sink downward. Locomotion
begins and ends most abruptly, and the rate is the most rapid observed by the

author for any trematode. The course is erratic, and abrupt changes in direc-

tion frequently occur. The rapid dash seldom lasts more than 1 second and
usually less than 0.6 second, while the period of quiescent sinking averages

9 seconds. At the end of a dash the contracted body, concave on the ventral

side, rapidly comes to a horizontal position, with the tail vertical above it and
in the form of a sigmoid cuWe. In this position it sinks and may go to the

bottom, where it remains possibly for 10 seconds with tail vertical and the

dorsal body surface touching the substratum. The body comes to rest in

any position with respect to the direction of light.

Intermittent shadows thrown on the larvae grouped at the window side of

a dish greatly stimulate them and cause them to congregate in a compact
active mass toward the light. When a steady and an interrupted light of the

same intensities fall on opposite ends of a 75 mm. aquarium the larvae, starting

from the middle, progress toward the steady light. It was found that Cer-

caria P will probably not respond to a horizontal beam of light of less than

1.5 m.c. Dropping water or blowing gently on the surface of an aquarium
25 mm. deep stimulates the larvae to a concerted swimming, as does also the

agitation of water in a large dish above the experimental aquarium, in the
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path of a vertical beam of light. There is some evidence suggesting a diurnal

rhythm of activity.

Binoculate, fin-tailed cercaria with rudimentary ventral sucker, resembling

in certain respects C. quadripterygia found by Ssinitzin (1911) in the Black

Sea. Two conspicuous pigmented eye spots composed of coarse granules;

some scattered pigment on immature larva. Most of body occupied by 14

large penetration gland cells, not staining deeply with intravitam neutral red

or toluidine blue; ducts in two bundles on either side; 4 dorsal and 3 dorso-

lateral. Large excretory vesicle conspicuous in posterior part of body.

Cuticula of body very thin. Tail with a wide convoluted fin fold extending

along greater part of length dorsally, and continued around on distal third of

ventral side. Colorless, elongate, active redia; birth pore not observed.

Excretory system pattern of 2 flame cells emptying into anterior and 2 into

posterior collecting tubule of either half of redia.

Cercaria Q
Trioculate monostome larva developing in very elongate, highly motile

rediae which shake out easily from infested gonad of Cerithium litteratum.

Body of cercaria about 370^ long and 210/* wide, but capable of great extension

;

filled, posterior to eye spots, with cystogenous material. Median eye spot

smaller than lateral ones. Cuticula of body and tail very thin; posterior

locomotor pockets present. Heavy tail about 400m long, generally yellowish

in color; small orange-yellow pigment cells present in core of anterior half.

Cercaria encysts in watch-glass; cyst 240m in diameter, with thick, very

tough wall which could not be cut with micro-dissection needle. Redia
with one or two wide bands of pigment, orange or yellow; former due to ovoid

granular masses in cavity of redia, latter to bright yellow masses found only

within large gut cavity.

Investigation of the Amphipoda, by Clarence R. Shoemaker

The period from July 13 to August 20, was spent at the Tortugas Labora-

tory, investigating the Amphipoda of the Keys. Previous study of the

Amphipoda sent to the Museum by investigators at the laboratory who had
obtained such material incidentally to their respective researches, made it

desirable, before publishing the results of these studies, to visit the region and
make as careful an investigation of the amphipod fauna as circumstances

would permit.

The shallower waters of Loggerhead Key, Bush Key, Long Key and Garden
Key, and the water in the moat at Fort Jefferson were rather exhaustively

examined and many specimens procured. The stomachs of a few small

bottom-dwelling fishes were examined, all of which contained the remains of

amphipods and other small crustaceans.

It was found that the amphipods in the localities examined were confined

to the shelter of the marine algae growing upon old shells and old coral rocks,

to the holes and crevices in such rocks, and to the algae growing upon the walls

and bottom of the moat at Fort Jefferson.

Color notes were made from many of the fresh specimens as these data had
been entirely lacking in collections heretofore sent to the National Museum.

This collection, together with those obtained by other investigators, should

form a very complete representation of the amphipod fauna of the Keys.
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A Measurable Potential Difference between the Cell Interior and Outside

Medium, by C. V. Taylor and D. M. Whitaker

It has been supposed, partly because of the selective behavior of proto-

plasm toward various ions, that there exists within the living cell a potential

which may not be in equilibrium with its surrounding medium.
We have succeeded in demonstrating such a potential in two marine cells

—

the large-celled alga, Valonia ventricosa, and the ovum of the spatangoid

sea urchin, Clypeaster rosaceus—and in measuring fairly approximately its

magnitude.

Both Valonia and Clypeaster abound on reefs near Garden Key. The
former were brought into the laboratory where they were kept usually for

some days, after which the viable, thoroughly healthy specimens were selected

for the experiments.

The ova of Clypeaster were chosen because of their vigor and large size.

They were carefully removed from the female and washed well in fresh sea-

water previous to experimentation.

The equipment employed in this work, generously provided by Stanford

University, included both platinum and non-polarisable microelectrodes

(Taylor, 1925) which were operated in a micro-manipulator; an especially

designed galvanometer having a sensitivity of 3 X 108 megohms; a Wheat-
stone bridge, the range of which was from 0.001 to 10,000,000 ohms; two
10,000 ohm resistance boxes; a combined milliammeter and millivoltmeter,

and a Weston Standard Cell. All electrical apparatus were latest models

of Leeds and Northrup and the Weston Electrical Co.

A choice Valonia, selected for its suitable size, turgor and deep-green color,

was placed in a scrupuously clean watch-glass which was supported on the

stage of the microscope. Into the watch-glass was then added fresh sea-

water just sufficient to leave exposed a small portion of the cell. This ex-

posed surface was wiped dry with filter paper.

Previous to the insertion of one of the two micro-electrodes into the Valonia,

both electrodes were lowered into the sea-water contained in the watch-glass

and allowed to come to equilibrium through a shorting wire, after which the

resistance of the system was determined.

The shorting wire having been removed and with the circuit to the gal-

vanometer open, one of the microelectrodes was carefully inserted about 5 mm.
into the cell sap of Valonia, by means of the micromanipulator. This was ac-

complished without any loss of protoplasm or cell sap, and the wound incurred

quickly healed tight around the microelectrode. At once the key of the

circuit was closed and a reading taken on the galvanometer. Several readings

then followed at intervals of every 5 or 10 minutes. In a few cases the inser-

tion of the microelectrode into the cell was made with the circuit to the

galvanometer closed. The reading then taken was found not to be different

from that noted a minute or so later. The series of readings made on Valonia

generally showed a relatively rapid lowering of the potential difference which

was then followed by a gradual rise to a maximum.
Knowing, by careful calibration, the current value of the readings of our

galvanometer and having measured also previous to each experiment the

resistance of the outside system, the potential difference of the cell as com-

pared with sea-water could, we believe, be fairly accurately calculated.

Although the amount of voltage varied for different cells, we have estimated
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a mean value of the potential difference between the cell sap of Valonia and
sea-water to be about 0.002 volts. The charge of the cell sap of Valonia was
plus with reference to sea-water.

Experiments conducted similarly on the ova of Clypeaster gave an esti-

mated potential difference between it and sea-water of about 0.001 volts.

The charge in the protoplasm of the ovum of Clypeaster was, however,

minus with respect to the sea-water.

Investigation on Organization of Echinoderm Egg, by C. V. Taylor,

D. H. Tennent and D. M. Whitaker

The investigation was a continuation of that on the organization of the egg

of Lytechinus variegatus reported by Taylor and Tennent in the Year Book
for 1924. The results obtained during the course of that work were so

significant that it seemed desirable both to verify and to extend them.

The classical observations of Boveri on the eggs of Paracentrotus (Strongylo-

centrotus) lividus (Zoologische Jahrbiicher, Abt. f. Anat. und Ont., Band
xiv, 1901) are well known. Boveri found that in eggs of Paracentrotus

obtained at Villefranche, scattered pigment became concentrated, during

maturation, in a ring-like zone lying in the vegetative half of the egg and stand-

ing at right angles to the egg axis.

In Boveri's own words, "Die drei im reifen Ei durch den Pigmentring
unterschiedbaren Zonen entsprechen den drei Primitivorganen der Larve;

die vegetative, unpigmentirte Kappe liefert das primare Mesenchym und also

auch das Larvenskelet, die pigmentirte Zone bildet den Darm und seine

Derivative, die unpigmentirte animal Halfte des Eis liefert den Ektoblast

und seine Differenzirungen." Boveri's observations led to the inference that

a similar zone exists in the eggs of other sea urchins although it is not made
visible by the localization of pigment, and that this zone separates the animal
half, containing potential ectoderm, from a vegetative cap of micromere-
forming material.

We began our studies with the fullest belief in the soundness of this infer-

ence. We anticipated nothing more than that we should be able to give

conclusive proof, based on experiment, of the validity of this inference. To
our amazement we found that we were accumulating convincing evidence

that in the egg of Lytechinus there is no localization of micromere-forming
material before fertilization; that although the micromeres may be separated

by the fourth cleavage at the definitive vegetal pole of the egg, the material

thus separated has neither been in position as a polar cap nor has it had any
other localized distribution. All of our evidence is to the effect that the micro-

mere-forming material is a product of development which follows the entrance

of the spermatozoon into the egg.

Dr. Taylor and Mr. Whitaker were both equipped with micro-manipulation
apparatus of Dr. Taylor's design. (Year Book for 1924 and Univ. of Calif.

Pub. Zool, vol. 26, 1925, page 443). The observational work was facilitated

by a device, also of Dr. Taylor's design, which made it possible to keep the

eggs under practically continuous observation. A metal bar 75 cm. long, in

cross-section of the form of a truncate wedge, was fastened to the top of the

table. A compound microscope was clamped to a rigid base which slid

freely on the horizontal bar. A glass shelf of the width of the stage of the

microscope, supported at each end by an adjustable stand, was held so that

it just cleared the stage of the microscope.
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The watch-glasses containing the fragments to be studied were placed

on the glass shelf and the fragments centered under the objective. It was
therefore possible to avoid the loss of time which must accompany observa-

tions of this kind if the watch-glasses have to be picked up and placed on the

stage of the microscope for every observation. As the microscope moved
freely from side to side on the horizontal bar the fragments in from 15 to 20
watch-glasses might be examined repeatedly in a very few minutes.

The eggs were cut with little, in some instances with no compression. The
two fragments, one nucleated and the other non-nucleated, were then trans-

ferred, after being washed three times, to a watch-glass of 1 c.c. capacity.

(These watch-glasses were of the Syracuse watch-glass type, about 2.5 cm.
in diameter and are known as the Bureau of Plant Industry Model.)

The watch-glass was then placed on the glass shelf and the egg fragments

found and sketched. They were then inseminated by dropping one drop of a

very light sperm suspension immediately above their position in the watch-
glass. After noting whether the fertilization membrane was formed the

dishes were covered by an inverted dish of the same type and kept covered

except during observation, in order to prevent evaporation. The rate and
nature of cleavage through the 8-cell stage could be followed readily under a

low magnification (4 AA). After the fragments had entered the 8-cell stage

they were transferred by means of a mouth pipette to a slide and a supported

cover placed over them. The next cleavages were then followed, as they were

occurring, the eggs being rotated when necessary, under a high power (4 D).

By this method of study any uncertainty as to the number and origin of micro-

meres, and of any other cells resulting from the fourth and fifth or immediately

subsequent cleavages was avoided. After the determinations concerning

micromeres, the cleaving fragments, when further information was desired,

were removed from the slides and transferred to watch-glasses of sea-water

for rearing. In our own minds there is full confidence in the observations,

first for the reason that the observations were continuous under adequate

magnification, and second for the reason that examples of the typical cases

were demonstrated by the observer to the other collaborators.

Two methods of orientation of the egg, with the consequent possibility of

any of five planes of section, were used. By the first method, which involved

the use of Chinese ink on the eggs in their jelly and the location of the micro-

pyle and polar bodies, we made sections in one of three planes as desired.

The planes of section were either (1) "vertical," that is, parallel to or along the

polar axis; (2), "horizontal," that is, in or parallel to the equatorial plane

and therefore at right angles to the polar axis; (3), "diagonal," that is, in a

plane passing obliquely through the polar axis. Sections were not made
unless both micropyle and polar bodies were found. Our preliminary obser-

vations having convinced us that the egg might be rotated in its jelly, we felt

that our orientation of the egg was dependable only when the polar bodies

could be found at the base of the micropyle.

By the second method of orientation, described by Mr. M. H. Harnley in

the Journal of Experimental Zoology (vol. 45, 1926, page 319), we obtained

fragments separated from each other along a plane either (4) parallel to a line

from the nucleus to the center of the egg, or (5) along a plane which forms

right angles with this line.



TORTUGAS LABORATORY 251

With each type of section we studied fragments of all possible proportionate

variations in volume. Some eggs were sectioned to give a nucleated and a

non-nucleated fragment of the same size; some to give the smallest possible

nucleated fragment and the largest possible non-nucleated; some to give the

largest possible nucleated fragment and the smallest non-nucleated; and others

to give desirable variations in relative size between these extremes.

If there were a complete localization of the micromere-forming material

at the vegetal pole of the Lytechinus egg, as described by Boveri for that of

Paracentrotus, a horizontal section should give us one fragment (vegetal)

which would form four micromeres and one fragment (animal) which would
form no micromeres.

An exact polar section might be expected to give two fragments which
would form the same number of micromeres on each piece. If each half were
to cleave as a whole egg, 4 micromeres should be present on each. If each

half were to cleave as a half egg, 2 micromeres should be expected to form on
each fragment.

As our investigation progressed it became evident that the number of

micromeres formed bore no relation to the plane of section. Further, the

number of micromeres formed bore no relation either to the n or the 2n
nucleus, or within certain limits, to the relative size of the fragments.

We found that 4 micromeres might be formed on each fragment; that 4
might be formed on one and none on the other; or that none might be formed
on either. We found further that many of the possible associations of 0, 1, 2,

3 and 4 micromeres might occur during the cleavage stages, and that regard-

less of the presence or absence, or of the number of micromeres formed, the

normal development of a blastula with mesenchyme, followed in turn by a

perfect gastrula and pluteus, took place.

A brief consideration of the modal cleavage in the entire egg, and of the

types of cleavage in the fragments, will be sufficient to make clear the sum-
mary of results that follows.

In what is usually regarded as normal cleavage of the egg of Lytechinus,

but which in reality is modal, as we shall show, the first 2 cleavages are meri-

dional, the third is parallel to the equatorial plane and separates 4 animal
blastomeres from 4 vegetative cells, the animal blastomeres ordinarily being

smaller than the vegetative. The fourth cleavage is approximately horizontal

with respect to the egg axis and separates a micromere from each of the

vegetative blastomeres, the 4 micromeres forming a vegetative polar cap. The
fifth cleavage is meridional, divides each of the 4 animal blastomeres equally,

and in point of time is usually slightly later than the fourth, although the

fourth and fifth are sometimes simultaneous. The result of these 5 cleavages

is a 16-cell stage, consisting of 8 mesomeres, 4 macromeres and 4 micromeres.

The cleavage of the egg fragments may be precisely the same as that just

described for the entire egg, the fourth cleavage cutting off 4 micromeres.

Again with one exception, somewhat similar to that reported in 1924, the first

2 planes of cleavage were at right angles to the plane of section, and the micro-

meres appeared at the end of one of the intersections of these 2 planes.

Whenever the identification of the surface of section was possible it was evi-

dent, again with one exception, that the micromeres were formed on the cut

surface. From these results it is evident that except in the animal fragments
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obtained by section in a horizontal plane, whenever it was possible to identify

the cut surface it was also possible to see that there had been a change of

polarity.

When no micromeres were formed on a fragment, the first, second and third

cleavages appeared in the usual planes, but the fourth consisted in the equal

division of the vegetative cells. The tempo of cleavage was as in the entire

egg, the equal division of the vegetative blastomeres being followed im-
mediately by the fifth cleavage, which was an equal division of the animal

blastomeres, giving a 16-cell stage without micromeres.

In instances in which only one micromere was formed it was found that the

fourth cleavage consisted in the unequal division of one of the vegetative

blastomeres and of the equal division of 3 of these blastomeres. If 2 micro-

meres only were formed, 2 of the blastomeres divided unequally and 2 equally.

If 3 micromeres only were formed, 3 of the vegetative cells divided unequally

and one equally. In all of these cases an 8-cell stage was followed by a 12-

cell stage and that by a 16-cell stage.

As evidence on both members of a pair was desired, fragments were dis-

carded unless both members of a pair either formed well-separated fertilization

membranes or began a regular cleavage, despite the fact that the membrane
was not well separated.

285 pairs met the requirements of this qualification. Satisfactory observa-

tions were made on one or both members of 158 of these pairs. Complete

observations on both members were made on 95 pairs; on one member only

on 63. Incomplete observations were due in part to failures in development

and in part to the impossibility of dropping observations on one fragment in

time to begin those on another before these had passed the stage concerning

which information was wanted.

Abbreviations and Explanation of Tabulation

N, Nucleated.

NN, Non-nucleated.

The subscripts 0, 1, 2, 3 and 4 indicate:

0, no micromeres formed; each of the vegetative blastomeres divided equally.

1, 1 micromere formed; 3 of the vegetative blastomeres divided equally.

2, 2 micromeres formed; 2 of the vegetative blastomeres divided equally.

3, 3 micromeres formed; 1 of the vegetative blastomeres divided equally.

4, 4 micromeres formed.

N?, nucleated fragment in which character of cleavage was not determined.

NN?, non-nucleated fragment in which the character of cleavage was not

determined.

Examples: NoNN means that no micromeres were formed on either the

nucleated or the non-nucleated fragment and that each of the vegetative

blastomeres divided equally in the fourth cleavage.

N4NNi means that 4 micromeres were formed on the nucleated fragment

and 1 on the non-nucleated; i. e., one of the vegetative blastomeres formed a

micromere and the other 3 divided equally.

N 3NN?; indicates that 3 micromeres were formed on the nucleated frag-

ment, 3 of the vegetative blastomeres forming micromeres and one dividing

equally, while the facts regarding the development of the non-nucleated

fragment were not determined.

The numbers appearing at the right of each class title indicate the frequency

of that class. The sum of the frequencies is 160, instead of 158, for the
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reason that one of the pairs was obtained by a horizontal cut which was also

a cut at right angles to the line connecting the nucleus with the center of

the egg; while another of the pairs was obtained by a vertical cut which

was also a cut parallel to a line passing from the nucleus to the center of the

egg. Each of these pairs therefore appears in two columns

Summary of Distribution of Micromeres

Class
I

Vertical

II

Horizontal
III

Diagonal
IV

1
1 to Line

V
|
to Line

N NNo
2

1

1

2
2

1

3

2
1

1

2
6
2

1

4

2
2
1

2

1

3
1

2

1

5

1

3

2

1

4

1

1

1

3

1

1

2

2

1

1

1

4
1

4
1

2
1

1

1

4
6

1

1

1

7

1

1

5

2
1

1

2
1

1

1

6

1

1

3

1

1

6

2

8

1

2

N NN?
N NNj
N NN 3

N0NN4
NiNN?
N1NN3
N 2NNo
N2NN?
N2NNi
N2NN2
N2NN3
N2NN4
N3NN0
N 3NN?
N3NN1
N3NN2
N4NN0
N4NN?
N4NN1
N4NN2
N4NN3
N4NN4
N4NN5
N?NN
N?NN2

N?NN 3

N?NN4

Totals 16 39 15 44 46

The unexpected and surprising variability of the egg fragments, with respect

to the number of micromeres, naturally raised the question as to whether

anything in the treatment produced this result. To answer this question a

series of observations was made on single eggs, isolated and observed by the

methods used with the fragments. In 15 cases of successful development, out

of 24 inseminations, 10 formed 4 micromeres; 3 formed 2 micromeres; 1

formed 1 micromere; 1 formed no micromeres. In these few observations

every type except 3 micromeres was seen. When no micromeres were formed

the vegetative blastomeres divided equally; when 1 was formed, 1 vegetative

blastomere divided unequally and 3 equally, and so on.

In order to determine whether it was isolation in a small amount of sea-

water, (1 c.c.) that was responsible for the variability, the same type of obser-

vation was repeated with each egg isolated in 15 c.c. of sea-water. 20 eggs

were inseminated. 5 were discarded because of poor or irregular develop-

ment; 5 which developed well were not determined; 7 formed 4 micromeres and
3 formed 3 each, in the latter case the fourth vegetative blastomere dividing

equally.
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Observations were then made on eggs from mass inseminations made in a
large volume of water. The results were, 1 formed 2 micromeres; 1 formed 3

micromeres; 25 formed 4 micromeres; 1 formed no micromeres.

It is evident therefore that the variation in number, including the lack of

micromeres, observed on fragments is not characteristic of fragments only,

but may occur in mass inseminations made and kept under the best possible

conditions.

Our evidence has shown that there is no localization of micromere-forming
material. The question "Is the egg of Lytechinus isotropic?" naturally

suggests itself. On the one hand we have evidence afforded by the establish-

ment in fragments of a definitive polarity which does not coincide with the

original polarity of the egg. In some fragments which did not round up, but
instead retained a form by which the surface of section was recognizable, not

only could the micromeres be seen to form on this surface, but from it the

mesenchyme was proliferated and the archenteron invaginated.

On the other hand we have evidence given by 9 fragments, 1 smaller and
8 larger than half the egg. These were indifferently nucleated or non-nucle-

ated, all horizontal or diagonal sections, in which the 4 animal blastomeres

formed by the third cleavage were larger than the 4 vegetative blastomeres.

In these cases the micromeres were given off by the 4 smaller cells. In a 12-

cell stage of this kind the 4 macromeres are smaller than the 4 mesomeres.

The indication here is that a certain amount of differentiation into ecto-

derm-forming and endoderm-forming substance has taken place, so that by
cutting off approximately the vegetative third of the egg the large animal

fragment has been left with a proportionately larger amount of ectoderm-

forming than of endoderm-forming material. This inference is supported

by the fact that in diagonal sections in which the animal fragment is the larger

one, the definitive vegetative blastomeres may differ in size strikingly, 2 being

larger than the other 2, or 3 being larger than a fourth.

Other evidence that there is some degree of separation of ectoderm- and
endoderm-forming substance in the Lytechinus egg is shown by fragments

taken from any part of the surface of the egg. Fragments of this kind, either

nucleated or non-nucleated, which when rounded up had a diameter of about

one-fifth that of the entire egg gave blastulae in which no or not more than

5 or 6 mesenchyme cells formed. From some small superficial fragments,

blastulae without mesenchyme, which did not gastrulate, were obtained.

From other small superficial fragments blastulae with mesenchyme, but which

did not undergo gastrulation, developed; while from larger, but still small,

fragments blastulae with mesenchyme, gastrulae and later stages were obtained.

CONCLUSIONS

The manner of development of small fragments of the egg of Lytechinus

variegatus suggests that differentiation of ectoderm-forming substance over

the entire surface of the egg has begun before fertilization by the exclusion

of the endoderm-forming material from the superficial layers of the egg.

The number and relative distribution of micromeres is independent of the

plane of section and, within limits, of the size of the fragment.

The number and distribution of micromeres is not dependent on the n or

2w quantity of nuclear material.

In this egg there is no localization of micromere-forming material.
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There is no evidence that micromere-forming substance has been differ-

entiated before fertilization.

The evidence indicates an epigenetic development of micromere-forming

substance from material from which both ectoderm and endoderm are dif-

ferentiated.

The place of formation of the micromeres and the place of invagination

of the archenteron indicate that the definitive polarity of the egg fragment

is in an axis lying at right angles to the surface of section. Micromeres are

formed and the archenteron invaginates from the newly established vege-

tative pole.

The manner of cleavage in horizontal and diagonal sections which contain

more than the animal half of the egg suggests that there is some localization

of endoderm-mesenchyme-forming substance as a broad zone in the unfer-

tilized mature egg.

Third Report on the Marine Algae of the Dry Tortugas,

by Wm. Randolph Taylor

A study of the marine algae of the Dry Tortugas was begun during June

and July 1924 and continued during June 1925 and June 1926, when the field

work was brought to substantial completion.

The most important task of the past season involved the extension of the

study of the flora distribution to the Long Key-Bush Key district, with the

reefs and flats associated with them, and the preparation of detailed descrip-

tions of all the main island and shore areas. Long Key itself has a compara-

tively poor sublittoral flora, since the immediately off-shore bottom is mostly

of shifting sand. Beyond it on the east occurs a strip of broken corals with

the usual associated flora of Dictyotas, Laurencias, Neomeris, etc., and, out-

side of this, beds of Thalassia alternating with white sand, down to the dis-

trict characterized by Gorgonians at about 3 meters. Around the north of

the island the zone of coral fragments disappears, so that on the west the

Thalassia approaches the shore sand directly and extends to the deep drop

to the channel. Bush Key and its extension as a reef is directly in line with

Bird Key Reef and only separated by the so-called Five-Foot Channel. The
floras are similar, with but minor differences as in the case of Liagora pinnata,

which while abundant on Bush Key was not present on Bird Key Reef. Both
carried in the extreme upper portions a flora of Myxophyceae which could

penetrate the fragments of coral, followed a little lower down by Rivularia-

ceae, especially Dichothrix baueriana. Lower than these appear crusts of

Valonia ocellata and dwarfed Dictyosphaeria favulosa. The tide pools are not

well developed, and the algae are covered with a deposit of calcareous mud.
Laurencia papillosa is here important, and with it encrusting Lithothamnieae

;

these and other larger forms present are often overgrown by Hormothamnion
enteromoroides. From this point the vegetation differed markedly on the

inner and the outer sides. On the outer reef the Laurencias and Dictyotas

dominated, forming firm masses on the rocks. A little further out Sargassum
and especially S. vulgare ovatum forms dense tufts, with beyond it a

Gorgonian belt associated with Zonaria lobata and Padina. The inner side

of the reefs slope off more gradually to the broad shallows which carry beds

of Thalassia, Cymodocea and Halodule, interspersed by bare mud or, especially

near shore, beds of Porites coral. The older and dead portions of these coral



256 CARNEGIE INSTITUTION OF WASHINGTON

beds are particularly interesting, for they are firmly cemented by Litho-

thamnieae and often covered with patches of Petrosiphon adhaerens, while

between the branches of both living and dead corals may be found Valonia
ventricosa. Bird Key forms the southwestern terminus of these flats, with
little that is distinctive about its flora except great beds of Chaetomorpha and
Hormothamnion on the eastern side. Scattered over the flats occur indivi-

duals of Halimeda tridens and Penicillus capitatus, and clumps of Halimeda,
Opuntia and Dictyosphaeria favulosa in considerable abundance, and the

Thalassia bears a very considerable abundance of epiphytes, especially

Melobesia and frequently, in the region of Bird Key, Crouania attenuata.

A trip to Sand, Middle and East Keys, besides giving the data for a proper

evaluation of the flora of these islands, permitted the detection of two species

which had been missing from the writer's collections but which were to have
been expected in this district. The first of these, Dictyota ciliata, had been

found at these islands many years ago in a very imperfect condition; the

other, Cladophora fascicularis, is the largest member of the genus in the area

;

both are exceedingly beautiful types.

For the purpose of completing the descriptions of the flora of Loggerhead
and Garden Keys resurveys were made of the floras and areas around each.

No great changes were in evidence around Loggerhead Key, probably most
notable being the disappearance of a considerable bed of Hypnea and Spyridia

which lay on the western side of Loggerhead Key north of the Laboratory

wharf. At Garden Key several interesting changes appeared. The flourish-

ing colony of Codium pilgeri, which had grown near the south coal wharves
in 1924, had entirely disappeared, and the extensive beds of Ulva lactuca,

which had in 1925 largely replaced the Codium, were also gone. The storms

of the past winter had completed the closure of the moat on both sides of the

gate sluice on the western side of the island, and as a result in the more stag-

nant and warmer water the Chlorophyceae were even more luxuriant than

previously, but the Rhodophyceae had decreased.

Two series of dredge hauls were made with the Anton Dohrn for the purpose

of extending the records of the occurrence of members of the Chlorophyceae

in deep water. It was found that 12 species occurred at a depth of 37 meters,

6 at 55 meters, 7 at 73 meters, and 9 beyond this, of which all but 2 were also

found at lesser depths. Similar data, as yet uncollated, will be made avail-

able from the records for the other groups of algae. The presence of members
of the Chlorophyceae in such abundance at such considerable depths is in

part due to the extreme transparency of the water.

A series of measurements of light penetration was made with the aid of a

white Secchi Disk 20 cm. in diameter. They confirm the common knowledge

that the water in the lagoon is turbid from suspended calcareous mud. On
the outside of the reefs and shoals the water is clearer than within the lagoon,

bub not nearly as clear as that in the deep off-shore waters. The water in the

lagoon permitted the disk to be seen at a depth of 7.5 to 12.7 meters, generally

about 10 meters, depending on the location and the proximity in time to a

storm period. The water here had a maximum depth of a little over 20 to 30

meters. In waters outside the reefs with somewhat similar depth the disk was

visible at 8.2 to 14.1 meters. Measurements outside of the island group in

water of 30 to 100 meters gave transparency readings of 19.0 to 26.6 meters.

Finally, in the Gulf Stream at a distance from the shore of 15 to 20 miles the
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disk could be seen at 25.5 to 36.4 meters. The variation at a single station is

important as showing the range due to agitation of the water, modified to

some extent by prevailing light conditions at the time the observations were

made. For instances of this variation may be cited the two stations where

observations were made most frequently, which showed that just east of

Loggerhead Key shoal the equivalent transparency varied from 9.0 to 11.3

meters while the station at the western end of Garden Key channel varied

from 7.5 to 9.8 meters. The water of the Gulf Stream according to these

observations may be at least three times as clear as that of the lagoon.

With respect to the systematic part of the general study, opportunity was
taken to check over and extend the descriptions of the various species present,

especially those which it is expected to treat as new types, and likewise the

drawings illustrating these descriptions. At the time of the preparation of this

report some 315 species and varieties have been listed from Dry Tortugas, for

most of which keys and descriptions have been prepared with about 530

illustrations. A notable proportion of these plants has not previously been

reported from the United States.

Regeneration in the Starfish, Linckia, by J. M. Valentine

Regeneration of an entire starfish from an autotomized arm has long been

recognized as a striking characteristic of the genus Linckia. It has been

suggested that voluntary discarding of rays provides a natural means of

asexual reproduction, a power which, among Echinoderms, is comparable only

to the fission of Holothurians. No polarity experiments have as yet thrown
any light upon the processes involved in this disto-proximal regeneration, nor

has it even been established that the West Indian form is capable of such

behavior.

During this summer, over 170 specimens were examined at Tortugas.

Though nearly 22 per cent exhibited 1 to 4 arms in process of regeneration

from an autotomy zone close to the disk, no isolated arms were found. An
explanation for this lack of field evidence for asexual reproduction may reside

in the factors: age and season. The specimens were, for the most part,

medium-sized and the season one of sexual inactivity.

The following is a summary of the principal experiments undertaken:

(1) A number of tests revealed the fact that, as in other starfish, the oral

surface of an arm or of the disk would not regenerate, whereas, removal of the

aboral half of an arm, with its hepato-pancreas and mesenteries, or even of the

entire upper surface including the digestive tract, was quickly followed by
healing and repair.

(2) Single arms cut out from the disk so as to include an even fifth of the

latter, occasionally survived the operation and, after about 25 to 30 days,

produced small anlage of the 4 missing limbs. The majority of cases died,

however, their average life being 20 days. By removing the distal third, rays

of this type were made to regenerate from both extremities.

(3) Among isolated rays severed at the region of autotomy close to the disk,

mortality ran still higher. Here the average life was only 14 days. The
oldest specimen (34 days) evinced no trace of a bud. Cutting rays into smaller

fragments was invariably lethal.

(4) A remarkable difference in latency was found to exist between that

of proximo-distal regeneration, resulting from the amputation of arms at any
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level, and that of a more delayed type of regeneration in which the disk was
involved. The latent period of the former approximated 10 days, while the

period characteristic of the latter was from 25 to 30 days. Linckia thus

exemplifies a principle of wide application, namely, that the more involved and
crucial the process, the longer it is retarded at first but the more rapidly it

proceeds when once under way.

(5) That the amount of tissue regenerated proximo-distally varied directly

with the severity of injury was readily demonstrated by several controlled

experiments.

(6) Starfish, whose rays were amputated at various levels, exhibited dif-

ferential growth, those buds arising closest to the disk developing more rapidly

than those more peripherally disposed. A definite gradient was thus established.

(7) The presence of the madreporic plate insured, as a rule, a slight reduc-

tion in the latent period, as well as a decided improvement in the vigor of

disk-bearing pieces.
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Morley, Sylvanus G., Santa Fe, New Mexico, Associate in American Archae-

ology. (For previous reports see Year Books Nos. 13-24.)

Four principal investigations were carried on during 1926 in Middle

American Archaeological Research as follows:

(1) The Chichen Itza Project.

(2) The Uaxactun Project.

(3) The Coba Expeditions.

(4) The Copan Expedition.

THE CHICHEN ITZA PROJECT

With the current field season (ending June 15) the Chichen Itza Project has

completed its third year and is now fully organized. The staff for 1926 was as

follows : Sylvanus G. Morley, in charge ; E. H. Morris, archaeologist in charge of

excavations; Karl Ruppert, assistant archaeologist; G. C. Vaillant, assistant

archaeologist; J. E. S. Thompson, assistant archaeologist; Jean Chariot,

artist; Mrs. E. H. Morris, artist; E. L. Crandall (U. S. Department of

Agriculture), photographer; Juan Sopena, assistant photographer; and

Miss Katrina Jameson, secretary and bookkeeper. Miss Jameson was obliged

to return to the United States in March owing to illness, and her duties for the

last half of the season were discharged by Mr. Ruppert and R. A. Franks jr.

Dr. Morley left Washington on December 15 for Mexico City to confer

with Mr. Jose Reygadas Vertiz, the Director of Archaeology, as to the plans

for the current season. While there he delivered two illustrated lectures in

Spanish under the auspices of Dr. J. M. Puig y Casauranc, Minister of Public

Education; one on the work of the Institution at Chichen Itza during 1925,

and the other upon the Maya and Aztec Hieroglyphic Writing. These lec-

tures were broadcast from the sending station at the Ministry of Public

Education, and were heard in Yucatan.

In addition to the regular members of the staff, the Chichen Itza Project

has received valuable field assistance during the year from outside sources.

In January, Mr. Clarence Hay, Research Associate in Mexican and Central

American Archaeology of the American Museum of Natural History, New
York, visited Chichen Itza for the purpose of studying the facade of the

Temple of the Warriors, to ascertain whether or not it would be feasible for

reproduction in facsimile in the projected Mexican Hall at the American
Museum. He found that the dimensions of its facade are such that it may be

reproduced in full size in the space available for this purpose.

Mr. Hay was accompanied by Arthur Austen of the Fogg Art Museum of

Harvard University, an expert in removing frescoes. Through the courtesy

of Mr. Edward A. Forbes, Director of the Fogg Museum, Mr. Austen spent

ten days at Chichen Itza and tried out several different processes for removing

the paintings on the fallen wall stones from the Temple of the Warriors.

These experiments were only partially successful, owing to the extremely

hard enamel-like quality of the Chichen Itza plaster, which last year proved

impervious even to ether, the solvent of ambroid, and this year to glue and
water. Mr. Austen is of the opinion, however, that further laboratory work
may improve the technique sufficiently to permit its successful application to

the Chichen Itza mural paintings.
259
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Dr. F. I. Proctor visited the ruins in January, making extensive experi-

ments in the use of stereoscopic photography. Highly satisfactory results

were obtained, particularly in the copying of hieroglyphic texts, the full

value of the relief being rendered with life-like accuracy; and it would appear
advisable to continue this work in the future.

Dr. Thomas Gann of British Honduras arrived at Chichen Itza early in

February, and accompanied Mr. Crandall on the Institution's First Expe-
dition to the ruins of Coba (see p. 275). Dr. Gann reports the discovery by
him of a new hieroglyphic stela at a site on Chetumal Bay in southeastern

Yucatan presenting the fifth Initial Series yet to be found in the entire

peninsula. This records the early date 9.8.0.0.0 (approximately 334 A. D.). 1

In February, Joseph Linden Smith, the well-known artist and delineator

of archaeological subjects, was the guest of the Institution at Chichen
Itza for two months. During his visit he painted eleven pictures, showing
details of the sculptural decoration, bas-reliefs, etc., from the Temples of the

Warriors, Jaguars and Initial Series. He also accompanied Dr. Morley on his

trip to Copan in April (see pp. 277 to 282) and painted two full-size pictures of

Stelae H and N there. The first public showing of these canvases was at the

Annual Reception and Exhibition held at the Administration Building on
the evening of December 10.

In March Mr. Ignacio Marquina, architect of the Department of Archae-

ology, came from Mexico City to inspect the excavations and repair work, and
also to consult with Dr. Morley as to where and how the Department might
most advantageously use the $8,000 it is to expend at Chichen Itza annually,

as provided for under Article 27 of the Institution's contract with the Mexican
Government.

Dr. Walter Lehmann, of Berlin, and Dr. H. J. Spinden, of the Peabody
Museum of Archaeology and Ethnology at Harvard University, also visited

Chichen Itza in March. The former made copies of the mural paintings

and bas-reliefs in the Temple of the Jaguars, and the latter a special study of

the hieroglyphic lintels.

Under an arrangement with Dean Edgely of the Harvard School of Archi-

tecture, Dr. Kenneth J. Conant of the University faculty visited Chichen Itza

at the end of May and early in June and made four architectural drawings of

restorations of the Temple of the Warriors, The Caracol, and the Northeast

Colonnade. Perhaps better than any other form of presentation, short of an
actual model, an architectural drawing shows the original appearance of a

building; and Dr. Conant's restorations of the Temple of the Warriors and the

Caracol convey a vivid impression of the former magnificence and dignity of

these structures.

Excavations at Chichen Itza, during the year, were carried on at four differ-

ent stations:

The Temple of the Warriors (Station 4).

The Northwest Colonnade (Station 10).

The Caracol (Station 5).

The Group of the Initial Series at Old Chichen Itza (Station 13).

A special report covering excavation activities at the Temple of the

Warriors and the Northwest Colonnade by E. H. Morris, archaeologist in

charge of excavations, will be found on pages 282-286.

1 See Year Book No. 23, pp. 210, 211.
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a. Sculptured figure on the south pilaster of the earlier

temple buried in the pyramidal foundation of the
Temple of the Warriors.

b. Interior mural painting of the Temple of the Warriors
showing a human sacrifice.

c. Drawing of the same with tentative restorations.

(Illustrations approximately one-ninth original size. Copied from the originals by Ann A. Morris.)
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The Temple of the Warriors

The most notable find of the year at Chichen Itza was the discovery of the

serpent-columns and sculptured door-jambs of an earlier temple, which had
been partially destroyed and partially incorporated in the northwestern

corner of the pyramid supporting the Temple of the Warriors, Station 4

(see p. 283).

A single column of this temple had been exposed last year, 1 but it was not

until the excavation of the northwestern corner of the pyramid was com-
menced at the close of the present season, that these additional facade

elements were found.

The two heads and two tails of the pair of feathered-serpent columns, which

had stood in the entrance of this earlier temple—all four slightly broken

—

were recovered, just where they had been built into the hearting of the later

pyramid; and in this same rubble fill, arranged in the form of a low bin or rec-

tangular enclosure, were found the sculptured blocks which had formed the

two jambs of the same doorway (see plate la).

Three painted and sculptured columns belonging to the row behind the

serpent columns and a section of the southern wall, 8 feet high, were found in

situ, all brilliantly painted.

Never before has such vivid coloring been exposed at Chichen Itza. This

early temple must have had a fresh coat of paint shortly before it was de-

stroyed in ancient times, and the rubble hearting of which these blocks formed
a part has kept them from sunlight and weathering so that their colors, red,

green, black, yellow and blue, seem to be preserved almost at their original

values.

One interesting feature noted was that the eyes of the human figures had
been deliberately gouged out as though they had been made of some more
precious material, which it was desired to save for use elsewhere. This is

partially confirmed by the fact that one of the 92 human figures on the

columns in the Temple of the Warriors still retains its eye made of an incrus-

tation of mother-of-pearl with the pupil of obsidian or hematite, whereas all

the other human figures in this temple had had their eyes gouged out. These
blocks were removed to the church at the hacienda for safekeeping and
placed in a darkened room.

Scarcely less remarkable was the discovery of a magnificently sculptured and
painted dais, 16 feet 6 inches long, 13 feet 2 inches deep, and 2 feet 10 inches

high, built against the back wall of the Northwest Colonnade (Station 10) just

south of the stairway leading to the Temple of the Warriors.

This dais is almost identical with the one found in 1924 against the back
wall of the Northeast Colonnade,2 except that the one found this year is in a

perfect state of preservation, not a single sculptured element being missing.

Without doubt it is one of the most remarkable productions of Maya art yet

brought to light at Chichen Itza.

The cornice or molding shows the same treatment as the corresponding

element in the dais in the Northeast Colonnade: pairs of plumed rattle-

snakes facing each other, from whose mouths issue human figures visible to

the waistline, which in turn face tripod bowls filled with small round cakes of

copal incense.

1 See Year Book No. 24, p. 254.
2 Year Book No. 23, p. 212.
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Jean Chariot, one of the staff artists, made a color copy of the figures in oil,

original size, shortly after the dais was first uncovered and while the pigments
still retained much of their original brilliancy. In describing the paintings, he
says:

" The most striking feature of this platform is the excellent state of preser-

vation of its paintings. The floor of the altar is painted red like the floor of

the temple.
" The cornice presents a group of gods in human shape, holding arrows and

atlatls.
1 They are seen only to the waistline as they emerge from the open

jaws of feathered serpents. They seem to receive the smoke of copal incense
offered in painted ceremonial bowls. The snakes are alternately green, black
and white with yellow bellies. The background is red and the border blue.

The sloping sides of the platform are carved with processions of men, probably
warriors and priests, marching from the back wall toward the front and from
the sides to the center. These figures vary greatly in costume and attributes.

Behind some of them stand rattle-snakes curved in an S shape, while others

have headdresses made of blue feathered masks of the Long-nosed God, and
carry long ceremonial sticks tipped with flowers.

" The figures also have flowers on their heads, and their short dancing skirts,

curved like petals, probably suggest the same motif. The background is

filled with ornamental devices. The dominant colors are blue, red, yellow,

green, black and white. This platform is one of the best-preserved examples
of painting combined with sculpture yet found at Chichen Itza."

In reporting the results of his study of the sculptured columns in the Temple
of the Warriors, Mr. Chariot makes some interesting observations on the tech-

nique of Mayan artists:

" The columns are made of a relatively soft white limestone, each column
being composed of an arbitrary number of square drums, whose height varies

from 20 cm. to 1 meter. These drums are joined by lime mortar, and the
space between is filled with stucco, modeled to connect the sculptured designs

on contiguous stones, some of it still being in place. The carving was done
with a tool little harder than the stone itself, if one may judge by the irregu-

larity of the curved lines and an evident concern to avoid deep carving and
spheric modeling. The drums were put in place before carving, and the design

was then sketched upon the flat surface of the stone and the silhouette of the
figure was brought out by cutting in the background a centimeter or two.
Inside lines were cut by diagonal incisions, and the lightest lines were made by
scratching only. The apparent primitiveness of this technique, however,
must not be charged to any incapacity on the part of the ancient craftsman,

who had skill enough, when he chose to exercise it, to carve in full round the

Atlantean figures of the altar and the beautiful seated figures of the facade.

"This primitive character of the relief would seem to be due to the fact

that the carving on the columns was considered only as a sort of skeleton to

be entirely covered with painting. The suggestion of depth, correct drawing
and the details were to be worked out with paint, so much so that, in the

darker parts of the temple, the sculpture was limited to a few rough lines

scratched on a surface covered with stucco. g^
"The painter, who followed after the sculptor, worked with two kinds of

colors; one opaque and sufficiently solid to be applied directly to the surface

of the stone and sometimes used only as a background for finer colors; the

other, applied al fresco on a preparation of white which showed through the

1 Throwing-sticks.
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transparent color, the same effect being obtained by this treatment of the

columns, as in the case of the wall paintings. The line is elegant, tapering

from broad to narrow by imperceptible nuances. This and the boldness of

the curves shows that the brushes must have been of carefully chosen long

hairs pointed when wet, as a Japanese water-color brush.

"The colors used are the following: an opaque, dull red, near the Indian
red, made from an indigenous wood, which is still used in wall-painting. This
red forms all of the backgrounds, and, since it is one of the most permanent
colors, still retains in practically all places its original brilliancy. There is a
blue, which when opaque is like a kind of dark Prussian blue, and when trans-

parent more nearly a cerulean blue. This color was used for all the borders

around the pictures; it is the dominant note in the ensemble and is especially

associated with sacrificial ceremonies. A green, a yellow and a black com-
plete the palette. These colors were so much varied by mixing, however,
that in practice the number of colors is unlimited.

" The colors were not applied in flat tones, but were irregularly distributed,

the brush strokes suggesting movement and depth. Black or red lines, drawn
freely on colored background, indicate such minute details as the individual

feathers or stones in a mosaic, the thongs and polychrome designs of sandals,

finger-nails, hair and eyebrows. Different layers of color can be distinguished,

one from another; the latest layer being especially characterized by a pre-

ponderance of black and white.

"The sculpture, in addition to painting, was enriched by incrustations of

mother of pearl, obsidian, and very probably of colored beads, the places of

which are now shown only by empty holes in the surface of the stones. In
addition to diversity of interest, polychromy also added clarity, for each object

was traditionally of a certain color, and this together with the outlining

gave definition to and emphasized each object. Feathers were green or

blue; jewels, when turquoise, are blue, but green, when malachite or jade.

Yellow was used to indicate gold or copper. The greatest variety is to be
noted in the colors of the skin, which run from a sort of greyish yellow to black,

through all shades of red. Even bodies of pure blue or striped red and white
can be found. Such differences would be hard to explain ethnologically,

and to understand them one must remember the war-paints and tattoos of

which the early Spanish writers give full descriptions."

Continuing the policy established during the 1924 field season of recon-

struction only within the bounds of virtual certainty, the work of reassembling

the sculptured elements of the Temple of the Warriors was continued during

the 1926 season.

In excavation the greatest care was taken to keep the individual sculptured

stones as near as possible in the relative positions in which they were found,

and this proved of invaluable assistance in placing the stones in their original

places in the friezes, masks and panels.

The enormous task of fitting together and assembling the sculptured ele-

ments of these different bands, masks and panels was performed by several

members of the staff during the last two seasons.

In 1925, Messrs. Morris, Ricketson and Ruppert devoted much of their

time to this difficult work, and this year Messrs. Ruppert and Thompson were
thus very largely engaged. Mr. Ruppert spent practically all his time during

the last half of the season fitting together the masks and serpent-bird panels in

the Temple of the Warriors, and supervising their replacement in the walls

(see plate 2), and Mr. Thompson devoted fully half of his time to the bands on
the northern and southern sides of the pyramid.
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Karl Ruppert, assistant archaeologist, in discussing the details of this work
reports in part as follows:

" The sculptured elements at the Temple of the Warriors which it has been
possible to replace may be divided into two groups: those coming from the
pyramid and those from the temple proper which surmounts the pyramidal
base.

" Excavations during the 1925 season had revealed the pyramid as composed
of four terraces made up of the following elements: (1) a battered wall 5 feet

6 inches high, which rises with a gradient of from 65° to 75° from the hori-

zontal, varying according to the side of the pyramid and the particular ter-

race; (2) above this a vertical cornice 6 inches in height and projecting from
6 to 7 inches; (3) 2 inches back from the upper margin of this cornice is set

an elaborately sculptured band formed of two courses of stone, 2 feet 3 inches

to 2 feet 6 inches in height, which in turn is surmounted by (4) a second
vertical cornice also 6 inches high, the upper margin of which forms the level

of the terrace top.
" In the case of the three lower vertical bands (No. 2 above), portions of the

sculptured elements were found in situ, which gave the clue for the reassem-
blage and replacement of the design. No portion of the fourth vertical band,
however, was found in situ, but such is the scarcity of sculptured stones re-

maining after the three lower bands had been returned to their original

positions, it hardly seems possible that it could have been sculptured like the
corresponding element in the three lower terraces.

" During the 1925 season the third band, with the exception of two stones

which were not found, was replaced on the west side south of the stairway.

As the Northwest Colonnade abuts the pyramid supporting the Temple of

the Warriors on this side, the first and second vertical bands do not appear.

After the replacement of the third band only three sculptured stones remained
which could possibly have belonged to a fourth vertical band. This prac-

tically eliminates the possibility that the fourth vertical band, which was
nowhere found in situ, could have been sculptured.

"The lowest sculptured band on the south side of the pyramid measures
125 feet 4 inches long and 2 feet 6 inches high. Its western end abuts against

the east side of the north and south wall which forms the back of the North-

west Colonnade. The western 75 feet of this band was found in situ, having

been covered by a colonnade south of it, which had been built against it.

The remaining 50 feet 4 inches to the east was fitted together and put back
into place, and is composed of 91 stones.

"The second band on the south side is 117 feet 3 inches long and 2 feet 6

inches high. It is composed of 250 stones, 116 of which were in situ. Of

the remaining 134 fallen stones, it was possible to recover and replace 132.

"The third band is also 117 feet 3 inches long and 2 feet 6 inches wide and
was composed of 254 stones, of which but 5 are still lacking.

" The same relative lengths hold for the bands on the north side of the pyra-

mid. Here, however, only in the case of the lowest band at the west end were

stones found in situ, from which point the band could be extended.
" In the case of the first and second bands on the north side it was necessary

to leave a break of 3 feet 10 inches and 39 feet 8 inches, respectively, in order

to show the remains of the east wall of an earlier pyramid which had been

covered by the later pyramid.

"The design of the sculptured elements is a repetition of alternating pairs

of semi-reclining warriors and pairs of animals, or bird and animal figures.

The figures of the warriors are placed feet to feet, their faces looking away from

each other. In every case they carry long plumed spears, or staffs, which in

the various bands show considerable stylistic differences. The relief is low,
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but very distinct. The warriors wear elaborate costumes which still show
trace of blue, red and green paint. The warriors in the lowest band are more
recumbent than those in the other two bands, and also the staffs are held at a

greater angle. The distal end rises to the height of the warrior's head, while

the other end is quite low. The feather ornaments on the staff swing low

and away from the body. The maxtli, or Mayan breech clout, also curves

sharply away from the body to accommodate itself to the reclining position

of the figure.
" In the first and second bands the plumes on the end of the staff divide, a

single plume curving up and back toward the rear of the warrior's head, the

other three turning downward. The ornaments, or scrolls, at the opposite

end of the staff are long and slender and generally swing away from the figure.

The maxtli is long and swings away from the warrior's body.
" In the third band the warriors are more upright, and the staff is held almost

horizontal. The plumes at the end of the staff turn up in a single group of

three, four or five, and curve toward the back of the warrior's head. A pend-

ant grouping of plumes on the staff, which in the case of the lower bands swings

away from the warrior's body, here always hangs perpendicular.

"The bird figure is that of an eagle. The animal figures are those of the

jaguar, and a still unidentified short-tailed, thick-haired quadruped, called

by the native laborers a bear, which it in no small degree resembles. The
figures are squatting on their haunches and hold in their forepaws an object

which they appear to be offering to the warriors, whom they face. In general,

the animal and bird figures are found in pairs with their backs to each other.

In no case has a pair of like animals or birds been found together. On the

western side of the pyramid in the third and only sculptured band found there,

one instance was noted where a jaguar and eagle face each other. Another
variant was noted in the arrangement in the first band on the southern side,

where two pairs of animal figures appear next each other. There seems to be

no stylistic difference in the animal or bird figures of the different bands.

Speech scrolls, circles and ornaments fill the background.
"The bands have been carefully painted and replastered several times.

The background is red; the warriors have head-dresses of green, red and
blue; and dresses of green, yellow, red and blue. The eagles are red; and the

tigers, yellow, brown and black.

''On the western side of the pyramid, where the southern portion of the band
that extends under the stairway is still in situ, one of the stones was actually

found upside down. This clearly indicates that the stones were sculptured

before being placed in the bands.
" Lying spread out on the ground in the bush a short distance northwest

of the pyramid is an elaborate sculptured band partially fitted together, as

if this may have been the workshop for building operations going on at some
other temple. Here the sculptured stones are laid out in order, seemingly as

if the workmen were fitting them together at this point, preliminary to their

being placed in the walls of some building under construction in the immediate
vicinity.

" The only examples of re-used stones found in the vertical bands were in the

lowest bands on its northern and southern sides, where large roof cornice

stones had been there re-used.
" The sculptured elements in the Temple of the Warriors proper, which were

replaced this season, were all elements of the lower vertical zone of the facade

and are located as described by Mr. Morris in Year Book No. 24, p. 255.

They may be divided into two groups: masks and serpent-bird panels.

"The masks (see plate 2) are grotesque faces, front view, built up of sep-

arately carved blocks, and they fill rectangular spaces. They average 6 feet
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2 inches wide by 3 feet 2 inches high. Each mask is made up of 23 or 24
separate stones, exclusive of the band or fillet across the forehead.

" It seems likely that the masks were arranged in groups of three, one above
the other, as sufficient sculptured elements were found to make possible such a
reconstruction. However, time permitted only the replacement of two masks
in each vertical panel. In all, 13 masks were replaced this season. It is

interesting to note that in the central mask-panels on the northern and south-
ern sides of the temple, the curling nose elements are small and relatively

insignificant as compared with those of the corner masks which are silhouetted

against the sky as if this greater emphasis on the corner masks was intentional.
" Only one example of a re-used stone in these masks was noted. It is the

left eye of the lowest mask in the center of the southern side. This stone is

also carved on the reverse side.

"The masks were elaborately painted in red, green, yellow and blue. The
lowest masks of the northern and southern sides still retain considerable paint.

The mouth was painted red; the lips yellow or green; the ears, green to repre-

sent jade; and the ear-plugs, red. The ornaments above and below the ears

are red, blue or yellow; the eyes red, yellow or green, or combinations of any
two of these three colors. The eyebrows are green or blue. The head band,
which represents three or four ribbons, was painted blue, green, red and yel-

low. The masks show small individual differences and seem to follow a style

developed between 980 and 1200 A. D., i. e. before the Toltec Conquest.
" The other sculptured motif of the lower zone of the Temple of the Warriors

represents the serpent-bird, which is a reciprocal concept of the feathered

serpent (see plate 2). These serpent-bird panels have bird feet and bodies

with great plumes rising to the top of the panel and gracefully sweeping to

the sides, forming a complete arc and falling down the sides to the base of the

panel. Projecting from the center of this balanced design of feathers is a
serpent's head in full relief. The tongue of the serpent is bifurcated and hangs
downward, being produced by two separate stones tenoned into the wall below
the serpent head. The open jaws of the serpent hold a human head.

"The serpent-bird panels average 6 feet 5 inches in height and 6 feet in

width, and begin at a height of 1 foot 7 inches above the lower cornice. They
show but slight variation in their individual treatment.

" The corresponding serpent heads were found for all 6 panels, which were
repaired, and three of the human heads. Casts in white cement of one of the

original human heads were made as substitutes for the three missing ones.

In only one case were the two stones forming the bifurcated tongue found en-

tire. The serpent-bird panels are composed of from 27 to 30 stones, exclusive

of the two stones for the serpent jaws, the human head and the bifurcated

tongue. The stones for the panels on the west (front) side were all found.

This may be due to the fact that the very wide terrace on this side of the pyra-
mid prevented them from falling down the talus and thus being broken or

destroyed.

"An interesting and curious fact in relation to the western mask on the

southern side is that three of the sculptured stones belonging to it were found
some 250 yards northeast of the pyramid, where they had been piled with
other sculptured and plain stones around the rim of a dead cenote.

"The sculptured panels of the northern and southern sides retain the most
paint. The background is red with red and green feathers. The body of the

bird surrounding the head is green with red trimmings. Some traces of red

paint were noted on the serpent jaws. The human heads show numbers of

coats of plaster, each of which has a layer of paint, either red or yellow or a

combination of the two.
"This completes the decoration on the lower zone. The vertical central

element of the medial 3-member cornice was in the form of two serpents.
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Two heads to accompany the bodies of these serpents were found at the cor-

ners of the building, and two tails were found in the debris of the central

portion on both the northern and southern sides.

"The character of the sculptural motif of the upper zone, i. e., above the

3-member cornice, has not yet been worked out. Sculptured elements belong-

ing to this motif were found on all but the western side. Lack of time pre-

vented close examination of this material, so that nothing definite may yet

be said concerning its nature. However, it is quite probable that with careful

study it may yet be possible to assemble these elements in their original

positions."

Notable results have been achieved by Mrs. Ann A. Morris, another of the

staff artists, in reassembling the fragments of the mural paintings in the Temple
of the Warriors. She has succeeded in fitting together most of the pieces,

which came from Area 31/ some 57 in all, thus recovering the greater part of the

original design. A coastal scene is represented here. Canoes, carrying two
warriors each, are being paddled along the shore, upon which stands a village.

The water abounds in fish of several kinds, as well as snails, crabs and lob-

sters. On land a number of people are engaged in various occupations: a

woman is grinding corn or washing, another watches a boiling pot, a man
carries some burden on his back, another is fighting, others are walking between
thatched houses or under trees ; the whole constituting an intimate picture of

life in some ancient coastal village.

Another equally remarkable scene is presented on an assemblage of six

fragments from Area 24 (plate lb). Here the subject is a human sacrifice.

The sacrificial victim lies upon a convex altar, made by a curl in the body of a

feathered serpent, his breast curving upward, and his arms and legs grasped

by two attendant priests. A tall priest stands behind the altar with upraised

knife ready to strike the fatal blow, while behind there rises in graceful curls

the body of the feathered rattle-snake with opened mouth and darting bifur-

cated tongue, in whose honor, it may well be, this sacrifice is about to be

consummated. The sacrifice takes place before a temple, some architectural

details of which—doorway, cornice elements, etc.—may be distinguished;

a strikingly life-like presentation of what must have been an all too common
sight at Chichen Itza during the Toltec Period.

In her report covering the work of restoring the original designs, Mrs.
Morris gives interesting facts concerning the methods she employed. In

speaking of the restoration of the village scene she writes:

"The modus operandi in restoring this design was as follows: Four repre-

sentations were made of the area. First, each stone bearing painted plaster

was reproduced in water color; second, an ink drawing on a scale of 1 to 5
was made of the outlines of the individual stones arranged as a whole ; third,

a restoration of the missing parts was then attempted in another ink drawing;
and fourth, the preceding was painted, in accordance with the colors actually

found in the first reproduction.
"Justification of the restoration thus secured is based upon the following

points. The parts restored are in no case derived entirely from the imagina-
tion ; they are invariably exact representations of other similar elements found
in adjacent areas. For example, the prows of the war-canoes are all restored

on the pattern of one clearly represented in the next area. The trees are com-

1 The walls of the Temple of the Warriors both exterior and interior were divided into areas

during excavation and to facilitate reassemblage and subsequent study all painted or sculptured

fragments were marked with the number of the area in which they were found.
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pleted in symmetrical fashion. A snail emerging from its shell was thus
associated through the finding of another complete representation of such a
figure, while the restored anatomical parts of humans and fishes are direct

copies of others to be found in the same area.

"The arrangement of the individual stones in the composition as a whole
was effected in the following manner : First, painted reproductions were made
on sections of paper of exactly the same sizes as the stones themselves, which
proved of invaluable aid in the final moving and adjustments to place.

" Where the parts to be joined were clearly indicated on two adjacent stones,

no difficulty was encountered, but, where arbitrary placement was necessary
the following characteristics of the composition served as a general guide.

The shore line indicated on a large scale the placing of the stones, since at this

horizontal line the background changes color from red to blue. A second use-

ful working principle was found to be the very constant habit of the ancient
Maya mason of laying his wall up by tiers of even height. With the infinite

variety in the size and shape of the stones encountered, the problem receives

direct aid from this source. A slight increase in scale of the figure drawing
from bottom to top was a third source of aid in the correct assemblage of the
design elements. When all of these points were borne in mind and simul-

taneously adjusted, the correctness of the assemblage ceased very largely to

be a matter of conjecture. Indeed, there were only two stones which were
placed adjacent to unrestored gaps for which absolute proof of their original

positions can not be given."

Regarding her restoration of the sacrificial scene (plate lb and lc) she says:

" The greatest gap in this restoration occurs where the face of the sacrificial

priest should have been. The face which has been inserted in its place is the

replica of the face of another priest from the same area. The correctness of

the association of these six stones is evident from the fragmentary lines on
the different stones which join with each other, the single obscure place being
the decorated top of the temple; but even this is seen to tie in with a fragment
of the same carved element found between the tooth and speech-scroll of the
snake.

" This scene depicts the body of a human victim stretched over a sacrificial

altar. Usually these sacrificial altars are represented as convex blocks of

stone, but in the present case the coil of a great serpent body serves this end,

no doubt symbolically. The feathered serpent itself looms over the whole
group in barbaric magnificence, the patron of the bloody rite about to be
consummated.

" Two priests painted black from head to foot, except for their hands, grip

the ankles and wrists of the victim to be sacrificed. The officiating priest,

also painted black, stands over the prostrate victim with upraised knife. This
knife is identical in color and shape with one to be found in the collection of

Senor Don Rafael de Regil of Merida, Yucatan.
"All three priests are clothed in blue garments. The sacrifice takes place

on a low stone terrace in front of a temple with a sculptured cornice. The
whole group becomes of even greater interest when one reads the descriptions

of identical ceremonies described by the first Spanish invaders of Yucatan.
Doubtless it will be possible to make other similar restorations of other areas

from fragments found in the Temple of the Warriors, and thus, in part at

least, to recover some small remnant of the beautiful and rich designs formerly

painted upon its interior walls.
" In connection with the copying of these mural paintings a correlative study

of the early Spanish and Maya writers is being made, which has already
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given much corroborative data as to ancient Maya dress, weapons and
customs.

" The sculptured and richly painted panels representing two human figures,

which were carved upon the door-jambs of the earlier temple buried in the

northwest corner of the pyramid supporting the Temple of the Warriors,

were copied in color as soon as they were uncovered, since experience has

shown that, after exposure to the air, the pigments begin to fade immediately
and lose their former brilliance. The figure on the south jamb of this earlier

temple is shown in plate la."

The Cakacol,

Through the generosity of Mrs. Frederick Guest of New York it was pos-

sible to continue excavations at the Caracol (Station 5) during the current

season. This structure is one of the only three round buildings known in the

whole Maya area, and has the added interest of having been constructed

primarily as an observatory. 1

The work of repair was carried forward under the immediate direction of

J. E. S. Thompson, assistant archaeologist, who began by removing the loose

stone from the upper terrace and clearing the debris between the stairway and

the front of the building in order that the masons might begin relaying the

fallen parts. Mr. Thompson, in reporting the results accomplished, says

:

" Inside the outer corridor of the tower, excavation was carried round nearly

to the south doorway. In the course of this work, the fact came to light that

there is a step up in each of the four doorways from the outer corridor into

the inner one. Remains of paintings were noted on the inner wall of the outer

corridor, and the plaster floor had been painted a rich Prussian blue.
" Just under the lintel of the south doorway was found an interesting figurine

of a jaguar, or cat, with lolling tongue, made of pottery; although this had been
broken by falling stones, most of the fragments were recovered and assembled.
The figurine is hollow and is about a foot long and 6 inches high.

" Excavations were continued to the north of the west doorway within the

outer corridor as far round as the north doorway, where work was brought to

a close for the season. This leaves the outer corridor about half excavated,

i. e., from the south doorway around past the west doorway to the north
doorway; and the exterior wall the same.
"In addition to the excavations described above, the double stairway lead-

ing to the upper terrace was put in a state of repair. This stairway, although
in much better condition than the stairway of the lower terrace, was, never-

theless, in such poor condition that, left as it was, it would have speedily

disintegrated, detracting greatly from the appearance of the building.

"Flanking it are a few massive blocks, all that remain of what must once
have been an impressive double serpent balustrade. It was hoped the missing
elements of this balustrade might have slipped off and been buried in the

debris on the flanks of the stairway; and it was therefore decided to clean

these areas in an attempt to recover the missing pieces. None was recovered,

however, although many other objects of interest were found. Each side of

the stairway was excavated to the northwest and southwest corners, respec-

tively, of the upper terrace.

"The cut stone platform projecting between the two upper sections of this

stairway was also cleared. Here formerly stood a dated stela and a large

disk-shaped stone with a long tenon, both of which are now in the Historical

and Archaeological Museum at Merida. Buried in the floor of this platform

1 See Year Book No. 24, pp. 265-267.
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stands a small round column, but it is apparent that it was merely part of

the fill, as it is surrounded with the characteristic mixture of stone and
mortar of which every Maya fill is made."

Through the discovery of a sculptured stone presenting a serpent's head
with a band of hieroglyphs attached thereto, the problem of the puzzling

sculptured elements found at the Caracol last year and this, with similar

hieroglyphs on them, was partially solved. It was evident from the arrange-

ment of the plain borders on the block found this season, that they had all

been parts of a serpent with a hieroglyphic body, which had wandered in right-

angle turns across the upper part of the tower. It is hoped that when the

Caracol shall have been completely excavated, and all the parts of this design

recovered, that itmay be possible to rearrange this inscription in its original

order.
The Group of the Initial Series

Data of a somewhat surprising nature seems to have resulted from the

excavations under G. C Vaillant, assistant archaeologist, at the Group of the

Initial Series (Station 13), in Old Chichen Itza, which appears to be almost,

if not entirely, a unit of Toltec origin.

A test trench sunk into the western side of the pyramid supporting the

Temple of the Initial Series revealed an earlier temple, built into or covered

by the later construction. This earlier temple itself would appear to have been
of Toltec origin, judging by its sloping exterior base, practically a diagnostic

feature and, if so, it is to be doubted whether any of the structures of this

group go back earlier than the Toltec Conquest.

Excavations at several points in the general terrace supporting the different

structures of this group indicate clearly enough that the Temple of the Phalli

is its oldest unit. What is not yet certain, however, is whether or not this

oldest building precedes or antedates the Toltec Conquest, although the

remaining structures are pretty surely all of Toltecan origin.

The Atlantean column, another diagnostic characteristic of the Toltec

Period, is found more extensively at this group than at any other in the entire

city, three of the four structures at Chichen Itza, thus far found presenting

this feature, occurring here.

At the beginning of the present year only two structures having the Atlan-

tean column were known—The Temple of the Initial Series at this group and a

small temple just south of the High Priest's Grave (Station 11). During the

course of Mr. Vaillant's excavations at Station 13 a new temple at the south-

eastern edge of the group was found presenting this feature. The two heroic-

sized Atlantean columns, which divided its triple doorway, were composed of

sections like those in the Temple of the Initial Series, which they very closely

resemble in size, style and treatment. The several sections were scattered

about on the ground, some sections being badly shattered. Extremely careful

excavation, coupled with the immediate replacement of the different frag-

ments recovered, made possible the practically complete repair of the shattered

elements and the re-erection of these two handsome examples of the Atlantean

column.

The other example of this feature was found in the Temple of the Little

Heads, also at Station 13. In this case the two Atlantean columns (also

made in sections) were not in the facade, but supported the double arched

ceiling of the single chamber.



ARCHAEOLOGY 271

The long-missing second sections of the two Atlantean columns in the

Temple of the Initial Series, which presented the part of the figures between

the neck and the waistline, were found this season through the vigilance of the

native mayordomo, Juan Olalde, and restored to their original positions.

These sections fit beautifully and very considerably enhance the dignity of the

temple doorway, which without them had appeared squat and ineffectual.

They were found at the base of the pyramid, one on the northern and the other

on the southern side.

Extensive excavations south of the Temple of the Phalli brought to light a

welter of walls, colonnades, courts, etc., most of them apparently of late con-

struction, built without conformance to any well-defined plan of grouping.

Before the final time relationships between these several structures can be

worked out, further investigation and study will be necessary.

The trenches in this complex yielded a great number of potsherds, which

have been classified and studied by Mr. Vaillant, as have all the ceramic

remains, fragmentary as well as entire, recovered during the past three seasons.

In the detailed report of his studies of the ceramics of Chichen Itza Mr.
Vaillant says, in part:

"The method of nomenclature here used is frankly tentative. The two most
characteristic points about a vessel or potsherd are its color and provenience.

Shape, though important, is difficult of precise definition in a fragment. The
titles used below are calculated to describe the most striking point of the ware
without being so bold as to confound a ware of similar hue with one of different

composition. When possible, as in Plumbate Ware, general usage in nomen-
clature has been followed.

"The type of pottery most commonly found is Decorated Slate Ware, which
is built from a coarse, heavily tempered paste that takes a pink to a red shade
under fire. Over a vessel the potter commonly ran a wash, a slaty grey in

color for the most part, but there are shades that vary from a fish-belly white
to a creamy yellow. Sometimes the slip would be applied too thin, and the
red of the base clay would be left pure, or possibly with a grey sweat, greasy
to the touch, upon it. The main forms are ollas with broad shoulders, tapering
to a flat base, having handles, vertical or horizontal, commonly disposed in

pairs. Less often one finds a globular bottle form, usually with a flat base.

Also this ware appears as large bowls or cajetas, with a wide mouth usually a
little smaller than the greatest diameter which occurs at the bottom of the
rim. Their bottoms are flat and they have handles. The decoration of this

ware is simple and labor-saving. The handful of fibers, or of whatever the
brush was made, makes a blot, in ollas near the junction of the shoulders to
the neck, in cajetas at the edge of the lip, and the paint is allowed to run down
the side subject to some rough guidance. Very occasionally in ollas, but
never in cajetas, a design, like a series of C/DCO laid horizontally, is run around the
neck above the vertical stripes. Ollas, naturally, are only decorated on the
outside ; cajetas, on the inside as well. On vessels which have the slip burned
away by too much fire, the decorative paint remains in white streaks.

"The second great ceramic group at Chichen Itza has been called Porous
Grey Ware. The basal paste is grey in color, ill-kneaded, without much
tempering. For utilitarian needs small bottles and ollas were made, often
with no slip, but sometimes having a thin wash of the same material run over
them.
"A much commoner variant of this ware, which well may have been used

for cooking, in distinction to the employment of Decorated Slate Ware for

storage or for eating, was Striated Porous Grey Ware, comprising small ollas
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without a slip, with thin walls shallowly furrowed by raking with some
toothed instrument.

"A third variant found some years ago in the Sacred Cenote by Mr. Edward
H. Thompson, but rarely obtaining elsewhere, has strips of clay filleted on to
small bottles, while finger-pinching their bands gives a ribbon-like effect.

"A fourth variant of this group represents a transition between Porous
Grey Ware and Decorated Slate, the paste being of the former and the slip

and paint of the latter category. It is very rare.

"Found almost without exception in the Cenote are small bowls with round
feet, perforated but not truly hollow, or else with solid teats as supports.
The vessels received no slip, but directly a ball of copal incense was moulded
and set in them, the whole was covered with a blue stucco. A variant of this

practice is painting, in white, blue and black, such a pot after it has been
fired. At times, but most infrequently, the feet may be modeled into the
faces of men or animals. This practice extends to the red-lacquered Porous
Gray Ware (Red Lacquer Ware), but due to the habit of leaving the feet

unshpped in this style it is hard to detect.
'

' A third group, distinct if not numerous, is Polished Red Ware. On a paste,

burning red, good in kneading, tempering and firing, a slip of the same clay is

run and burnished. While the common form is the olla, tripod bowls, some-
what better made, obtain occasionally. One or two examples exist of deep,

fiat-bottom bowls. Somewhat commoner are vases, more or less cylindrical,

set on an annular foot. The usual decoration is a simple horizontal groove
or series of grooves around the neck. Examples exist of complicated graving
in the form of a braid or of gadroons over the body of the pot. Possible

trade pieces are deeply carved fragments representing a combination between
floral patterns and those of abstract design. Half of a bowl exists with a
band of carved flowers around the lip. Another suggestion that this carved
ware may be an importation is that it does not exhibit the regularity of shade
of the common brand.

"Actually the finest ware, with the exception of Plumbate, is Polished

Orange. Here we have a truly excellent paste, kneaded with cunning and
tempered with sophistication. A slip, generally orange but occasionally

burning red, presents a glossy surface. Decoration comprises painting simple
rectilinear patterns in black on the exterior of vases, on bowls, or on flat-

bottom tripod bowls. In several instances, around the exterior of the wall of

the pot, highly conventionalized birds are painted in deft free-hand. The
forms are tear-shaped ollas set on cascabel feet, or bowls with low annular
bases, or dishes with a flat floor and erect concave walls resting on legs like

hollow truncated cones. One sometimes finds incision through a broad black
stripe, or again incision direct into the paste. More rare is a white slip with
incisions in broken-down glyph patterns; indeed such vessels have a very
foreign look.

" The ceramic art is not confined, obviously, to the mere fabrication of pottery
vessels. At several points excavated by the Institution, spindle whorls of

pottery came to light. At Station 13 many of these were graved with designs

of birds with out-stretched wings, and this type also is found elsewhere.

From Station 13 also came pottery pestles, with punched grinding surfaces

and often effigy heads, for use probably with grating bowls. The material

seems to be the same as the basal paste of Decorated Slate Ware. From the

same locality appeared a carved seal for stamping cloth. A tray, or olla

cover, and fragments of another came also from the same station. There occur
tinymodel pots, individually or in connection with a " late " incensario. Worked
sherds, for potters' tools or for gaming, according to shape, are found
in small numbers. From Station 5, the Caracol, we have an example of a
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couchant jaguar, some 7 inches in length. This object is the only known ex-

ample of the figurine at Chichen Itza and it was found in late debris. On the

other hand, the figurine is a very common ceramic type among the Maya,
and the Aztec, Toltec and 'Archaic' peoples of Mexico.

" Chichen Itza ceramics are not Mexican, nor, on the other hand, are they
Mayan, but more Yucatecan from force of composition. In shapes, particu-

larly in the art pottery, clear differences exist between Chichen Itza wares
and those from other Mayan sites. Also two wares occur, the polished

orange and incised white on red which, although they are not Mayan and do
not occur frequently enough to be called Chichen Itzan, need to be anchored.

Further investigation, particularly with reference to single-occupation build-

ings, ought to produce more information on the chronological sequence of

styles. The best procedure, now, is an external attack, based on a regional

segregation of wares."

Four units at the Group of the Initial Series were repaired during the

current year, as follows

:

(1) The gateway of the group with adjoining sections of the low parapet,

which was built around the edge of the general terrace.

(2) The Temple of the Initial Series, and the earlier temple covered by its

substructure.

(3) The Temple of the Little Heads.

(4) The Temple of the Atlantean Columns.

The excavations at this station during 1926 may be said to have established

two general points : First, that this group, practically in its entirety (with the

single possible exception of the Temple of the Phalli, by no means certain)

dates from the Toltec Period, 1191 to 1448 A. D. ; and second, that even within

this short period of time, two-and-a-half centuries, considerable changes,

alterations, additions, extensions, etc., had been made. So extensive indeed

are these changes that building operations here would almost seem to have
been continuous throughout the Toltec Period.

THE UAXACTUN PROJECT

The current year witnessed the extension of archaeological operations to

Guatemala. On November 28, 1925, a contract was signed in Guatemala
City by Senor Lie. Don Rafael Ordonez Solis, the Minister of Public Educa-
tion, representing the Government of Guatemala, and by James H. Roach, an
American citizen resident in Guatemala under special power of attorney, in

behalf of the Institution.

Under the terms of this contract, the Carnegie Institution acquires the right

to carry on exclusive archaeological investigations, including excavation, at

the sites of Uaxactun and Tayasal in the northern central part of the Depart-
ment of Peten, and general exploratory privileges at all other sites in the same
department—the heart of the Old Maya Empire—for a period of 5 years

beginning January 1, 1926, with an option of renewal for an additional period

of 5 years.

This contract, together with the one in force with the Mexican Govern-
ment, brings under the Institution's purview possibly the three most strategic

sites for a comprehensive study of the Maya civilization that can be found.

Uaxactun is the oldest city of the Old Empire now known, based upon the

evidence of the dated monuments (68 to 630 A. D.). Chichen Itza is the

oldest city of the New Empire, and was apparently the second place of any
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importance to be founded in the Peninsula of Yucatan 1 (531 to 1448 A. D.).

Tayasal was the last independent Mayan stronghold, and resisted the Spanish
arms for a century and a half after the Conquest of Yucatan (1448 to 1697
A. D.). It has the further intimate connection with one of the other two
sites, in that it was founded by the Itza after the destruction of Chichen
Itza, thus bringing under the Institution's observation and study 16 continu-

ous centuries of ancient Maya History.

The Uaxactun Project was organized in January under Dr. Morley's

direction, and on January 9, 0. G. Ricketson jr., assistant archaeologist, sailed

for Belize, British Honduras, to take charge of the field work at Uaxactun.
Monroe Amsden joined him in February as field assistant, and a fortnight

later the expedition proceeded by way of the Belize River to Plancha de

Piedra on the eastern frontier of the Department of Peten, and thence overland

by mule to Uaxactun.

Work at this site has been rendered far more practical and economical

through the opening up of the whole region by the P. W. Shufeldt Company,
a corporation engaged in the chicle business, to which the 1926 expedition is

greatly indebted. Not only did this organization handle the transportation of

all food and supplies, at cost, but its agents at El Cayo and Laguna Yaloch
were instructed to extend credit to the expedition and to forward mail by their

couriers. The expedition is also much indebted to C. O. Taylor, of Belize,

for his many kindnesses, and to Robert Masson for his courtesy in expediting

the customs inspection of scientific equipment.

On March 8 all available men were set at work clearing Group E, the site

chosen for preliminary excavation. This group was first reported by Dr.

Morley in 1922.2 In 1924 Mr. Blom stated that the group was of unusual

interest, as it contained lines of sight marking the sunrise points at the

solstices and the equinoxes.3 On March 10, four trenches were started into

Mound II, two from the north and two from the south. This mound is 60
feet square, and is one of three, which rest upon an artificial substructure

210 feet long by 90 feet wide. Mound II was partially excavated, the north

and south ends being uncovered and the many large tree stumps on its top

and sides cut out.

On April 20, the corn-field was burned, and immediately afterward all

twelve laborers were put to work building a permanent bush house, kitchen

and corral. Work was rushed, in order that it should be completed before

the water in La Joventud aguada should be exhausted, as the drying up of this

aguada would necessitate the immediate withdrawal of the expedition. The
buildings were completed May 18, a caretaker was installed, and the expe-

dition left Uaxactun on May 19 for the exterior.

THE FOUR COBA EXPEDITIONS

The most important contribution of the year, indeed of the past 5 years in

the field of Middle American Archaeology, was the discovery, by the Insti-

tution's Third Coba Expedition, on May 24 of the site of Macanxoc, 50 miles

east and slightly south of Chichen Itza. This site lies a mile and a half

1 The second place-name mentioned in the ukahlay katunob or native chronicles in the Books

of Chilan Balam, which it is possible to associate with a definite geographical locality today, is

Chichen Itza. See The Maya Chronicles, by D. G. Brinton, pp. 101, 144 and 158 (1882).
3 See Year Book No. 21, pp. 312-316.
2 See Year Book No. 23, pp. 217-219.
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southeast of the main group of Coba, the existence of which has been known
for 85 years, and is chiefly important because of the presence of 8 sculptured

monuments presenting 8 Initial Series dates, practically trebling the number
of Initial Series previously known in the entire Peninsula of Yucatan, and
promising to throw a flood of light on the early history of the country.

The ruins of Coba were first noted by John Lloyd Stephens in 1841,

although he did not visit the site personally. 1 Teobert Maler, the Austrian

explorer, seems, however, to have been at Coba, since a photograph of the

so-called Castillo there taken by him is in the Museum of History and Archae-

ology at Merida.

Dr. T. Gann and E. L. Crandall, the latter being the staff photographer, of

this First Expedition, visited the site on February 23 and 24, on behalf of the

Institution, discovering 2 sculptured monuments (Stelae 11 and 12), both of

which were so badly weathered, however, as to prevent the decipherment of

their inscriptions.

Dr. A. V. Kidder and J. E. S. Thompson, G. Wiggin and R. A. Franks jr.,

the Second Expedition, were at Coba and Nohotch Mul, an outlying suburb,

March 16 to 18, and discovered 2 other sculptured monuments (Stelae 9 and
10) which also were so badly weathered as to prevent decipherment of their

inscriptions.

Toward the end of May (22 to 28), Messrs. Thompson and Jean Chariot,

the Third Expedition, visited Coba, and on May 24 discovered the ceremonial

center of the entire group, Macanxoc (meaning in Maya appropriately "it

can not be read") with 8 sculptured monuments (Stelae 1 to 8) presenting the

8 Initial Series mentioned above.

During the week of June 4 to 11, Dr. Morley and Mr. Thompson, the Fourth
Expedition, visited the site, and the final decipherments of the several dates

were then made.
Of the 8 monuments at Macanxoc, Stelae 7 and 8 are so badly weathered

that beyond the bare fact that they formerly had had hieroglyphic inscrip-

tions, no decipherment was possible. On the other hand, 2 of the remaining 6,

Stelae 1 and 6, present two Initial Series each, a very unusual, though by no
means unknown, feature in the Corpus Inscriptionum Mayarum, 2 making a

total of 8 Initial Series for the 6 monuments.
The following readings were made, those marked (?) though probably

correct as given, are still subject to slight doubt:

a . . A / 9. 9. 0.0.0 3 Ahau 3 Zotz 354 A. D.
btela o

1 9 9>10.o.o 2 Ahau 13 Pop 364 A. D.
" 4 9. 9.10.0.0 2 Ahau 13 Pop (?) 364 A. D.
" 3 9.10. 0.0.0 1 Ahau 8 Kayab (?) 373 A. D.
" 2 9.10.10.0.0 13 Ahau 18 Kankin 383 A. D.
" 5 9.11.10.0.0 11 Ahau 18 Chen 403 A. D.

9.11. 0.5.9 4 Muluc 17 Kayab 393 A. D.
9.12. 0.0.0 10 Ahau 8 Yaxkin 413 A. D.

If the dedicatory dates (i. e. the contemporaneous dates) of Stelae 6 and 1

are 9.9.10.0.0 and 9.12.0.0.0 respectively, following the usual Mayan practice

1 The first notice of Coba is given by J. L. Stephens in his Incidents of Travel in Yucatan, vol.

11, pp. 340-341. In 1841 he was told of the site by the Cura of Chemax, who had heard of it

from Maya Indians living in the vicinity, but the trails thither were so overgrown and the distance

itself so considerable, that neither Stephens nor his informant ever visited the ruins.
2 For a list of monuments presenting two Initial Series see The Inscriptions at Copan, Pub. No.

219, Carnegie Inst. Wash., p. 401, footnote 1.
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where the latest date on a monument generally indicates the time of its erec-

tion, it will be seen that the monumental sequence at Macanxoc represents a
series of lahuntun or 10-year period markers, a monument having been
erected at the end of each 10-year period, or lahuntun, the city was occupied,

according to a very ancient and practically universal Mayan practice. 1

It will be noted from the above table also, that one lahuntun ending, namely
9.9.10.0.0, was marked by the erection of two different monuments, Stelae 6
and 4, and that another, 9.11.0.0.0, has no corresponding monument at all.

It seems highly probable, however, in view of the fact that there are two
other monuments at Macanxoc, Stelae 7 and 8, the inscriptions of which are

too weathered to read, that one or the other of them originally recorded this

missing lahuntun ending, thus making the sequence complete. Further, since

both these monuments are certainly earlier than Stelae 5 and l,
2 on stylistic

grounds, it is not improbable that the other recorded the lahuntun ending
9.9.0.0.0, the next earliest in the sequence for which no corresponding monu-
ment has been found, making it the earliest monument at this group.

If Stelae 7 and 8 formerly recorded the lahuntun endings 9.9.0.0.0 and
9.11.0.0.0, as there are good grounds for believing, we will have a sequence of 8

monuments marking 7 consecutive 10-year periods, i. e., from 9.9.0.0.0 to

9.12.0.0.0, presumably the length of time during which the city, where they
had been originally erected, was occupied.3

The style of architecture of the buildings and terraces at Macanxoc is so

late, that there can be little doubt that these monuments were originally

designed for some other location, and that they were re-used in late New
Empire times, being erected where they now stand, perhaps as much as a
thousand years after their original use in middle Old Empire times.

The two latest monuments, Stelae 5 and 1, present long series of time-

periods, at least 18 in the case of Stela 5, and 19 in the case of Stela 1, every

term of which has the same coefficient, i. e., the number 13. It would seem as

though originally 20 of these 13 's had been recorded on each of these stelae,

and in the case of Stela 1 the series terminates with katuns, tuns, uinals,

kins, and the normal date 4 Ahau 8 Cumhu, the beginning point of Maya
chronology, the two glyphs recording this latter date being separated by the

corresponding Supplementary Series. The exact nature of these long

numerical series is uncertain, but the repetition of the number 13 and the

record of the normal date 4 Ahau 8 Cumhu suggest that they may have been

priestly calculations dealing with the beginning of the Maya time count.

The real significance of Macanxoc, and its fundamental importance in the

reconstruction of ancient Maya History lies in this group of 8 contemporane-

ous stelae, which date from the early part of the Middle Period of the Old

Empire, the latest date at Macanxoc, 9.12.0.0.0 on Stela 1, antedating the

earliest date at Chichen Itza, 10.2.10.0.0. on the lintel in the Temple of the

Initial Series, by more than 2 centuries, thus pushing back the discovery of

1 Inscriptions at Copan, Appendix vn, pp. 565-580.
2 Stelae 5 and 1 are the two latest monuments at Macanxoc on stylistic grounds, since they are

the only two which were sculptured on all four sides, all the others being sculptured on one face

only.
3 The ukahlay katunob from the Book of Chilan Balam of Mani states that the Province of

Ziyan caan was occupied for 60 years before the Maya settled at Chichen Itza (The Maya
Chronicles, Phila. 1882 by D. G. Brinton, p. 95). Is this total of 60 years for the sojourn at

Ziyan caan merely the long arm of coincidence, or could Macanxoc or some place nearby have
been at one time the principal center of this Province of Ziyan caan?
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Yucatan a century earlier than the date given for that event in the Books of

Chilan Balam.
The Macanxoc discoveries have enormously increased the authenticity and

prestige of the Tuluum and Chetumal Bay Initial Series, 9.6.10.0.0 r and
9.8.0.0.0 2 respectively, as representing contemporaneous dates. It may now
be claimed with some reason that there is a continuous chain of dated sites

running up the eastern coast of Yucatan linking the Old Empire region with

the New Empire : La Honradez 3 (the northeasternmost Peten site now
known), Chetumal Bay, Tuluum, Macanxoc and Chichen Itza, the distances

between any two successive links being not more than 125 miles (Chetumal
Bay to Tuluum) and in most cases much less.

In view of the new evidence afforded by the Macanxoc stelae it now seems
necessary to conclude that as early as the latter part of the Early Period of

the Old Empire, perhaps a century and a half earlier than the date given for

this event in the Books of Chilan Balam, Yucatan had been discovered via

the East Coast route. The lacunae between the dated monuments from
9.6.10.0.0 (Stela 1 at Tuluum) down to the closing date at Macanxoc are

less than 30 years in all cases. In fact the greatest chronological gap now
comes between the closing date at Macanxoc and the earliest date at Chichen
Itza, less than 50 miles apart in point of distance, but presenting a gap of more
than 2 centuries in point of time.

The Macanxoc discoveries give strong color also to the very early tradition

reported by Padre Lizana that the original colonization of Yucatan was from
the east, though greater numbers subsequently entered the peninsula from
the west; and that in later times "Cenial" (the Little Descent) had become
synonymous with "east," and "Nohenial" (the Great Descent) with "west." 4

It seems not improbable that the region south, east and west of Coba may
yield other links in this chain of cities, which will still further shorten both the

geographical and temporal gaps, until a continuous line of dated sites will

have been found extending along the eastern edge of the peninsula intimately

connecting the Old with the New Empire. For this reason the further investi-

gation of the Coba region is strongly recommended.

THE COPAN EXPEDITION

Toward the end of March, Dr. Morley left Chichen Itza for Guatemala by
way of Vera Cruz and the land route down the Pacific Coast. He was
accompanied by Joseph Linden Smith, the artist, and Robert A. Franks jr.,

as assistant. John Lindsay, a field observer of the Department of Terrestrial

Magnetism, joined the party at Guatemala City on April 3, and the following

week all proceeded to the ruins of Copan in western Honduras.

The object of this expedition was to check the accuracy of previous observa-

tions on the Copan astronomical base-line, a line of sight running east and
west across the Copan Valley connecting two of the hieroglyphic monuments,
the so-called "Piedras Pintadas," Stelae 10 and 12.

1 See Year Books No. 15, pp. 338, 339; No. 17, pp. 274, 275; No. 21, pp. 310, 311; and Pub.
No. 335.

2 See p. 260.
3 This site was discovered in 1910 by an expedition from the Peabody Museum of Archaeol-

ogy and Ethnology of Harvard University under Dr. A. M. Tozzer.
4 Historia de Yucatan, Devocinario de Ntra. Sra. de Izamal y conquista espiritual, p. 4. By

Padre B. de Lizana, Vallodolid (1633).
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These two monuments stand on opposite sides of the valley, 4.12 miles

apart in an air-line; the western one, Stela 10, on the crest of a hill 2,779 feet

above sea-level, and the eastern one, Stela 12, well down on the side of an
even higher hill, at an elevation of 2,553 feet above sea-level.

Because of the fact that it had been erected on the crest of a hill, and not on
the side, and also because it is slightly higher than Stela 12, Stela 10 prac-

tically stands clear against the horizon, or very nearly so, as observed from
Stela 12. And since the bearing of the line between these two monuments
is almost east and west, it has long been suspected that some sunset observa-

tion had formerly been made from Stela 12 looking toward Stela 10.

From observations made for the Institution at Stela 12 on March 8, 1916,

by Arthur Carpenter, data were secured which were interpreted by Professor

R. W. Willson, of the Harvard Astronomical Department, as indicating that

the sun set behind Stela 10 as observed from Stela 12, 20.3 days after the

vernal equinox and 20.6 days before the autumnal equinox, i. e. that the sun

set behind Stela 10 as observed from Stela 12 twice a year, once on April 9, on
its apparent march north, and again on September 2, on its apparent return

south. Both these monuments have Initial Series dates inscribed upon them,

and Stela 12, a Period-ending date as well:

Stela 12

9.10.15. 0.0 6 Ahau 13 Mac
9.11. 0. 0.0 12 Ahau 8 Ceh

Stela 10
9.10.19.13.0 3 Ahau 8 Yaxkin

Dr. H. J. Spinden in his work on Mayan 1 dates, wherein he has attempted

to establish a day for day correlation of Maya and Christian chronology,

has reached the following Gregorian equivalents for these three dates.

9.10.15. 0.0 6 Ahau 13 Mac January 11 388 A. D.
9.10.19.13.0 3 Ahau 8 Yaxkin September 6 392 A. D.
9.11. 0. 0.0 12 Ahau 8 Ceh December 15 392 A. D.

He further supposes that the line of sunset originally established by Stelae

10 and 12 fell on September 6 and its reciprocal, April 5, and that later this line

was shifted presumably by moving Stela 10 to the north so as to mark the line

of sunset on April 9 and September 2, the dates indicated by the Carpenter

observations in 1916. He argued that September 6 might have had a cere-

monial importance in connection with the planting of the second crop and
therefore called it the first position of the autumnal station, while September

2 was called the second position of the autumnal station. It was pointed out

that the four day change may have been made to effect a coincidence with the

closing day of Katun 12. The first autumnal date September 6 is recorded on

Stela 10 and on Altar U; the second autumnal date, September 2, is recorded

on Altar U in striking combination with its reciprocal April 9, and is reached

by the famous 6 Caban 10 Mol, which is of more frequent occurrence than

any date at Copan. The association of these dates on Altar U is as follows:

9-15- 8-10-12, 2 Eb Pop, Apr. 9, 480
9-15- 9- 0- 2, 9 Ik 10 Mol, Sept. 6, 480
9-15- 9-10-17, 3 Caban Pop, Apr. 9, 481
9-16-12- 5-17, 6 Caban 10 Mol, Sept, 2, 503

1 The Reduction of Mayan Dates, Papers Peabody Museum Archaeology and Ethnology, Har-
vard University, vol. vi, No. 4, pp. 134-135, by H. J. Spinden.
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To these coincidences was added the fact that the Initial Series of Stela A
declared April 5, the reciprocal of September 6.

It had become a matter of considerable importance therefore to determine

the exact azimuth of the line joining Stela 10 and Stela 12, which with other

data, such as the exact latitude and longitude of Copan, length of the line of

sight, and relative elevations of the two monuments, would determine the

exact dates the sun would set behind Stela 10 as observed from Stela 12.

Through the kindness of the Director of the Department of Terrestrial

Magnetism and of Dr. Fleming, John Lindsay, a field observer of the Depart-

ment, was detailed, with all the necessary instruments, to accompany Dr.

Morley to Copan and to make check observations on this supposed astro-

nomical base-line. The party reached Copan on April 6. The first task was
the clearing of the crest of the hill where Stela 10 had formerly stood, and the

re-erection of that monument as nearly as possible in its original position.

The former position of Stela 12 on the eastern side of the valley was also

prepared for the observations, and a bench mark established where it had
stood for future reference.

Solar observations were made on April 9, 10, 12, 13 and 14, 1926, at Stela 12.

The latitude and longitude at this stela and the azimuth of the line joining

Stelae 10 and 12 were determined by repeated observations. The direction of

the sun's path was also determined on the above dates and enough data

secured to determine the exact position of the sun at sunset, as viewed from

Stela 12, on any day. It appears from the final calculations, that the sun

would set behind the mountain, which lies behind Stela 10 as seen from Stela

12, and exactly on the line extended between these two monuments, on April

12, 1926. 1

The following summary of Mr. Lindsay's observations on the astronomical

base-line at Copan has been prepared by the Department of Terrestrial

Magnetism

:

1. So near as can be determined from the observations and from indepen-
dent calculations depending upon the geographic position of Copan, the sunset
on April 12, 1926, was behind Stela 10 as observed from Stela 12, the local

time of sunset behind the low ridge being 6 h 07m which is in good agreement
with the results obtained from Mr. Lindsay's graphs. At this time of year
and for the approximate latitude of Copan, the sun sets about 1 minute of

time later each day.

2. Assuming the length of line between Mound No. 3 and Mound No. 16
to be 960 feet as taken from the surveyed maps by A. P. Maudslay and G. B.
Gordon, then the air-line distance between Stela 10 and Stela 12 is 21,734 feet

(4.12 miles). Of course, this distance as computed will be affected by the
same percentage of error as the assumed base, namely, 960 feet, may be.

3. The distance between the point at the center of the sun's disk at the
time of setting on April 11 and at the time of setting on April 12, as measured
along the crest of the hill where the western monument stands, is 135 feet.

4. Apparently on April 12, 1926, the sun set almost exactly behind Stela 10
as viewed from Stela 12, that is to say, its center was practically over Stela 10,

when it sank behind the low ridge a mile or so beyond Stela 10.

1 More than 30 years ago Dr. G. B. Gordon, in charge of the Third Expedition of the Pea-
body Museum of Harvard University to Copan, had reached the correct azimuth of the line

extended by Stelae 10 and 12, giving the day April 12 and its reciprocal August 30, the same
pair reached by Mr. Lindsay this year. See Carnegie Institution of Washington Pub. No.
219, pp. 133, 134.
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5. From measurement of vertical angles, Stela 10 is 226 feet higher than
Stela 12. Referring to publication No. 219 of the Carnegie Institution it is

noted that from data given on pages 133 and 141 this difference in elevation
would result as 129 feet, since the elevations above the plaza given are Stela
10, 228 meters, and Stela 12, 188.6 meters, a difference of 39.4 meters or 129.3
feet; the difference in elevation as determined from vertical angles should, of
course, be much more nearly correct.

6. Assuming that the point on the church spire at Copan sighted upon by
Mr. Lindsay in measuring the vertical angle from Stela 12 is about 70 feet
above the plaza, it appears that Stela 12 is 595 feet higher than the plaza;
thus the height above sea-level of Stela 12 may be reckoned as 2,553 feet,

whence from the data given under (5) the elevation of Stela 10 above sea-
level is 2,779 feet.

7. The difference in elevation between Stela 10 and Stela 12 as indicated by
a single aneroid reading by Mr. Lindsay at each point is 292 feet.

8. The distances determined from the triangulation using as a base the
length of line between Mound No. 3 and Mound No. 16 as 960 feet are as
follows: Stela 12 to church in Copan, 6,352 feet; Stela 10 to church in Copan,
15,558 feet.

9. The geographic coordinates as determined from Mr. Lindsay's observa-
tions are as follows:

Point Latitude north
Longitude west of

Greenwich

Stela 10 14° 5i':o

14 50.4
14 50.7

89° 08^1
89 04.5
89 06.4

Stela 12

Church,Copan Village

And the azimuth of the line from Stela 12 to Stela 10 is 98° 51 '0 west of

true south.

10. The values of the magnetic inclination, and declination, were deter-

mined on Mound No. 3 at the Main Structure, the declination being 7° 10'

east and the inclination 42° 26' north.

These results, although they differ by 3 days from those derived from Mr.
Carpenter's observations made just 10 years ago, agree with those made by
Dr. Gordon more than 30 years ago, and should be accepted as correct.

Mr. Lindsay, in addition to being a highly trained observer with an exceptional

field technique, had the advantage of a complete outfit of instruments,

theodolite, chronometers, aneroid barometers, boiling-point apparatus, etc.,

and the data he gathered may be accepted as final.

There is evidence that Stela 10 may have stood 4 feet south of its present

position, though this is not sufficient to throw the sunset along the line

extended by Stelae 10 and 12, as much as a single day earlier, i. e. back to April

11 or forward to August 31. The artificial terrace upon which this monument
was erected is 72 feet long north and south, and 50 feet wide east and west,

but instead of standing at the middle of its long dimension—i. e. the middle of

this terrace as viewed from Stela 12—Stela 10 is 8 feet nearer the northern end

than the southern end, i. e. it is 4 feet north of the middle point.

Calculations made at the Department of Terrestrial Magnetism indicate

that in order for the sun to set on April 9 along a line extended by these two
monuments, as used by Spinden in his correlation, it would be necessary to

shift Stela 10, 405 feet south of its present position, which shift would carry it
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completely off the terrace built to support it and on to the rough ground of the

crest of the hill.

The best explanation of the line extended by these two monuments appears

to the writer to be the following, though definite proof thereof is necessarily

lacking. It is the general custom in western Honduras at the present time to

burn off the fields some time early in April to clear them for planting at the

beginning of the rainy season, a month later. It is certain, that after burning

had once been started, no sunset observation on Stela 10 would have been

possible from Stela 12. Such was the hazy smoke-laden condition of the

atmosphere from April 9 to 14 of the present year at Copan, that even with a

high-powered telescope it was impossible to see Stela 10 from Stela 12 at

sunset, and without any instrument of precision it would have been even more
hopeless. Indeed, the only way it was possible to secure the azimuth of this

line was by erecting behind Stela 10 an enormous pile of fat-pine faggots, 16

feet long and 10 feet high, and setting fire to it at night. This caused such an
illuminated field behind Stela 10 that, even in spite of the heavy pall of smoke
overhanging the valley, it was possible to see the monument outlined against

this illumination and to secure the azimuth of the line.

The writer believes these two monuments were erected in the positions

which they now occupy in order to coincide with the line of sunset on April 12;

and further, that this was the day which the priests at Copan had selected for

the formal firing of the fields, since an earlier burning would have given time

for bush to have grown up again before the advent of the first rains early in

May when planting could be begun; and finally, when in the course of its

progress north, the sun having at last sunk behind the western hills at a point

directly above Stela 10 as observed from Stela 12 (i. e. on April 12), then, but

not until then, were the ancient inhabitants of Copan and its environs per-

mitted to burn their fields against the fast approaching rainy season. In

short, it appears probable that these two monuments were a giant gnomon,
which marked for the inhabitants of the city the position of the sun on the

day which their ritual indicated as that upon which their fields should be fired,

i.e., made ready for the coming planting season ; or, as Spinden has not unhappily

named it, "the beginning of the agricultural year," which for Copan at least,

judging by the observations made this year, would seem to have fallen on
April 12.

Spinden has recently advanced significant arguments tending to show that

April 12 was the emphatic position of Venus in the natural year, reached in

various calculations, and that this date pairs with August 30 which is also

prominently declared. The Initial Series on Stela A at Copan gives

9.14.19.8.0, 12 Ahau 13 Cumhu, April 5, 471. This not only gives the reci-

procal of September 6 but it also coincides with an inferior conjunction of

Venus with the sun. The heliacal rising of the planet occurred four days

later on April 9; and Pop, the Maya New Year day, took place three days

after this on April 12. At the height of the Great Period 9.15.10.0.0

equalled August 30, 481, and fell in a year when Pop was April 9. More-
over at Tikal this date is emphatically associated with April 9 perhaps to

emphasize the shift that is being made. Also 9.19.0.0.0, 9 Ahau 18 Mol,

is only one day less than the reciprocal of April 12, being August 29. Finally

on Stela F at Quirigua the certain dates refer to the revised base line. These
can be arranged as follows.
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9.15.10.0.0 3 Ahau 3 Mol, Aug. 30, 481
19.5.0

9.16. 9.5.0 1 Ahau 8 Mol, Aug. 31, 500

9.16. 4.4.0 1 Ahau 13 Mol, Sept. 6, 495

Here the 19 year cycle of Meton is used to give the same place in the

natural year and the same phase of the moon between the first two numbers
and it may be added that Pop was April 9 in 480 to 483 and April 5 from 496
till 503.

The three readings by Gordon, Carpenter and Lindsey of the azimuth of

the line connecting Stelse 10 and 12 have a considerable divergence, Lindsey's

being 23' greater than Gordon's and 38' less than Carpenter's, as follows:

Gordon North 80° 47' west
Carpenter North 81° 47' west
Lindsey North 81° 09' west.

Then there is the tilting of the line which is neglected in Professor Willson's

interpretation and possibly certain other minor elements.

It is becoming increasingly apparent, and very largely through the Insti-

tution's investigations, that astromical considerations influenced the place-

ment, i. e., the positions, where the Maya monuments were erected; and
that in many cases they were used as giant gnomons for marking specific lines

of sight establishing specific astromical phenomena. So fruitful, indeed, has

this line of investigation proved in the past three years—as for example
Frans Blom's discoveries in regard to the lines of sight extended by Stelae 18,

19, El and 20 at Uaxactun in 1924, 1 and the discoveries of O. G. Ricketson jr.

in the Caracol at Chichen Itza in 1925 2—that it is confidently anticipated

further study in this particular direction will be richly repaid.

Report of E. H. Morris on the Excavation of the Temple of the Warriors and the

Northwest Colonnade (Stations 4 and 10).

During 1926 excavations at the northwest corner of the Court of the Col-
umns, i. e., the Temple of the Warriors, were centered upon the clearing of

the Northwest Colonnade (Station 10). The latter structure is the long-

columned hall which flanks the entire western side or front of the Temple of

the Warriors' pyramid and continues both north and south therefrom. In
1925 this building was transected by a drift three inter-columnar spaces in

width, driven for the purpose of laying bare the foot of the stairway leading to

the portal of the Temple of the Warriors. In 1926 digging was begun at the

right side of this cut and was carried southward until the limits of the build-

ing had been passed and two transverse rows of circular columns, constituting

the north end of the very long edifice which forms the western range of the

Court of the Thousand Columns, had been laid bare.

The north half of the Northwest Colonnade was excavated in two levels.

First, considering the general surface of the mound as a base, the talus,

triangular in cross-section and lying against the pyramid north of the stairway

was removed. This digging yielded the faced stones which once comprised the

third and fourth battered elements of the contiguous portion of the pyramid

;

the carved blocks of the sculptured band which was situated between the

1 Bee Year Book No. 23, pp. 217-219.
1 See Year Book No. 24, pp. 265-267.
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two; and the huge serpent's head originally tenoned in at the top of the north-
ern balustrade of the temple stairway. In this area, just as excavation
reached the undisintegrated hearting of the pyramid, at which point under
ordinary circumstances it would have terminated, it was discovered that,

encased within the rubble of the hearting, there exist the remains of what was
once a magnificent serpent-columned temple, part of which had been torn
down and the remainder buried during the construction of the pyramid
destined to support the later Temple of the Warriors. This underlying
temple will be briefly described on a subsequent page.

By the close of the field season the lower level north of the stairway had
been cleared of debris. There remain only a few cubic yards of vegetable
earth and fallen wall-stones covering the three steps, which lead from the
major terrace to the platform upon which the building stands, to be removed
before the excavation of the Northwest Colonnade will be completed.
As a preliminary to a description of the repair work, it may be stated that

the field staff considers it advisable not to develop the eastern, or rear, face of

the pyramid, leaving that exposure more or less as it was found as a control

section for future investigators, and as an example of conditions previous to

excavation.

The fallen elements of the south face of the great pyramid were replaced to

the limit of positive knowledge of the original treatment; that is, up to and
including the 6-inch vertical cornice surmounting the fourth, or uppermost,
sloping element. The distance thence to the top of the pyramid is just enough
to allow for the completion of the fourth multiple zone in the same style as the
other three ; or definitely expressed, to allow for a 26 to 28-inch vertical band
with an ultimate 6-inch vertical cornice. Certain it seems that the fourth

zone was completed in major pattern like the ones beneath. However, a re-

assemblage of the sculptured stones from the south side permitted the replace-

ment of three sculptured bands, which sections found in place prove to have
been the lower three, and left no residue to represent a fourth. Hence,
obviously, the latter was not sculptured. Moreover, specially shaped corner

stones were found in sufficient number to replace all elements up to and includ-

ing the cornice above the fourth battered element ; but not one at any corner

of the pyramid, to prove the form of the termination of the two upper mem-
bers of the fourth multiple zone. While there can be little doubt that this

zone deviated in pattern from the others, presumably having been finished

with a band of plain faced instead of sculptured stone, the proof of this point

is inferential rather than concrete. Therefore, a restoration was not made.
When the repair of the north face of the pyramid had been practically

three-fourths completed, the discovery of the previously mentioned buried
temple imposed the necessity of deferring the remainder of this work until

another season. Nor could the north half of the western face be replaced

until this earlier structure has been explored to the extent that its condition

and the discoveries to be made within it dictate. Nearly all of the south
half of the western face was repaired during 1925. However, there remained
for treatment the south margin of the temple stairway. As stated in the
report for 1925, 1 this stairway was approached through the three central

portals of the Northwest Colonnade. It led upward through a well, formed
by a modified vault of the colonnade, emerging from the roof thereof at about
two-thirds the height of the pyramid. Beginning at the floor of the lower hall,

the stair is bordered by balustrades, 45 inches in width, each graven in low
relief with the rattles and first body whorls of a feathered serpent. The
portions found in situ extended from the inner foot of the third row of

columns, counting from the west, to the line of the outer face of the fourth

1 See Year Book No. 24, p. 257.
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row, at which point they were interrupted by the vertical faces of the wall
closing the ends of the fourth, or innermost, vault and the inner half of the
third vault, these being the parts of the roof transected by the stair. Among
the surface debris which slid down from above were found blocks bearing the
same low relief carving of the serpent whorls, and far down upon the stair

was a very large serpent's head, its rough tenon indicating that it had been
set into masonry in a horizontal position. Obviously where the stairway
emerged from the roof, the balustrades began again. The rattles being at the
foot, necessarily the head must have been at the top of the balustrade. Pre-
cedent for the placing of the head in this position was provided by the small
serpent's head found in situ in the north ramp overlying the steps, giving
access to the Northwest Colonnade in front of the central third of the great
stairway. This head is set into a vertical collar, the crest of the upper jaw
coming flush with the brink of the terrace.

In order to fix the length of the upper section of balustrade it was neces-

sary to determine the roof level of the Northwest Colonnade. A minimum
height was indicated by that portion of the third sculptured band lying south
of the stair. On the north and south sides of the pyramid, this same band
had been plentifully painted. Not a vestige of paint, however, could be
found upon any stone included in this band where it extended across the west
face of the pyramid. Hence, it was evident that the carving had been hidden
from view before color was applied elsewhere. The blocks forming the edges
of the balustrade were laid out so that the carving conformed in pattern to

the serpent curves in place at the bottom of the stairway. One margin proved
to be continuous and was assumed to be complete. Considering the top of

the third sculptured band of the pyramid to have been the roof level of the
Northwest Colonnade, and giving the collar surrounding the serpent's head
the same relative proportions as the small one found in place, the diagonal
line from the assumed roof plane to the lower edge of the collar, and the sup-
posedly complete row of balustrade margins lacked but one inch of being
the same length. Hence it was assumed that the original alignment had been
determined, and the stones were reset to conform thereto.

The Northwest Colonnade demanded a relatively small amount of repair,

of which practically half was accomplished by the end of the season. Repair
upon the Temple of the Warriors itself was under the immediate supervision

of Karl Ruppert.
Excavations have revealed the Northwest Colonnade to be a structure 148

feet in length and 48 feet in width, essentially conforming to the dominant
pattern of the columned halls so plentifully found at Chichen Itza. Such
variations as it exhibits consist of the presence of, or omission of, certain

features occasioned by its adjustment to contiguous structures. For instance,

the south end wall and the anta which normally should have extended north-

ward therefrom are missing, this because the Northwest Colonnade and the

structure comprising the western range of the Group of the Thousand Col-

umns, although built at different times, were not separated from each other

by a partition wall. The absence of this southern anta makes the Northwest
Colonnade assymetrical, there being 8 intercolumnar spaces north of the

temple stairway and 7 southward thereof. Thus the hall contains, including

the 2 resting upon the stairway, 63 columns. There are 16 columns in each
of the 3 eastern tiers and 15 in the front or western one, the northern anta
having served the function of the terminal member of this row. These
columns are rectangular, 8 feet 9 inches in average height. Those of the

forward row are 25 by 293^2 inches in cross-section and the others 20J^ by
27 inches. The average intercolumnar space is 8 feet 2 inches. All except

the 2 on the stairway are sculptured in the customary fashion; all 4 sides of

each bearing a warrior or priest standing upon a serpent-bird-human panel,
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and surmounted by a sun disk, from the nether side of which issues a crouch-

ing human form. All of the columns, as well as the entire interior of the

building, have been painted in brilliant hues.

A bench 5 feet 6 inches in width and 2 feet in height, with a 6-inch vertical

cornice overjutting 2 inches, is continuous along the back wall except for that

portion blocked by the stairway. Resting upon the bench and leaning

against the rear wall is an inclined element 2 feet in height like the one de-

scribed in the report for 1924, found in the Northeast Colonnade. 1

Enclosing the first 2 columns in the inner row south of the stairway there

is a superlatively fine dais, 16 feet b]4, inches long, 13 feet 2 inches wide and
2 feet 93^ inches high. The battered basal zone is sculptured with a proces-

sion of richly adorned human figures, and upon the 8-inch vertical cornice

are graven the sinuous curves of plumed serpents. All of the sculpture had
been overlaid with pigment, which, when first uncovered, retained almost
its original brilliance. Life-size copies in oil were made very soon after

excavation by Jean Chariot.

This dais was not included in the original plan of the hall as proved by the

fact that the carving upon the columns which it encloses continues to the

floor level of the chamber. Then, as an afterthought, a stairway 8 feet 7

inches wide was built against the front of the dais. It was very poorly con-

structed, but had been plastered with many coats of white. At the time of

its erection a white finish was applied to the floor upon the dais to the front

of the building. In the line of the east and west axis of the dais, 10 feet

forward of it, there was set up at the same time a block of stone of truncated-
pyramidal form, 1 foot 4 inches long, 1 foot 2 inches wide, and 1 foot 3 inches

high. This may well have been an altar in its true sense, i. e., a place of sacri-

fice, the object over which victims were bent and their breasts drawn taut
to offer less resistance to the sacrificial blade.

There is another dais in the north half of the hall, like the former, of

secondary construction, but disappointing in comparison. It is vertically

walled, 11 feet 6 inches north and south, 9 feet 1 inch wide, and 2 feet 6 inches

high, enclosing not the first and second columns from the stairway, but instead

the second and third. The basal zone was unsculptured and painted red.

The 6-inch vertical cornice contains a few sculptured stones, evidently re-

used. These had been plastered over so that the carving was hidden.
The north, south and west facades of the Northwest Colonnade bore

much sculpture. There were the inevitable grotesque masks; heteromorphic
panels, or shields, representing the same figure found on the bases of all the
columns; and certain other panels containing as a central element a human
head with the beak of a bird. There were also tenoned into the frontal fagade
4 human figures carved in the full round, seated Buddha fashion, each wear-
ing a stone mask as a head-dress. One of the 2 recovered complete is, in

the opinion of the writer, the finest piece of sculpture thus far found at Chichen
Itza. A full reassemblage of the sculptured elements could not be completed
during the season of 1926.

A considerable portion of the sculptured material from the south half

of the front wall had been removed long since, but subsequent to the fall of

the building. This stone robbing extended even to a number of the blocks
of the southern members of the front row of columns. Conical pits dug into

the slope of the mound to permit their removal, and afterward filled by the
gradual accumulation of vegetable mold, were plainly visible during the
course of excavation.

The partly dismantled temple buried in the northwest corner of the pyra-
mid of the Temple of the Warriors, once extended a considerable distance

1 See Year Book No. 23, p. 212.
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northward thereof, and possibly may have encroached upon the area now
occupied by the Temple of the Tables. The entire north half was torn away,
and the south half, both of the pyramid and surmounting temple, were encased
within the larger and later pyramid. The floor level of the pre-existent

temple was 17 feet 6 inches below that of the Temple of the Warriors. A
complete cross-section of the eastern face of the pyramid on which it stood
was found during the repair of the north face of the pyramid supporting
the Temple of the Warriors, but as yet this has not been laid bare suffi-

ciently to permit its detailed description. The temple itself was a 2-roomed
sanctuary of the same general type as the Temple of the Tables. There was
a row of 4 rectangular columns in the longitudinal, or north and south, axis

of each chamber, and 2 round serpent columns formed the divisions of

the westward-facing tripartite doorway. Judging from the portions un-
covered, most of the south half of the building, exclusive of the front wall,

exists to the height of the columns. The 3 of the latter uncovered and
some 8 feet of the south wall retain, the former, both their sculpture

and painting, and the latter its painted decoration, in an excellent state

of preservation. These elements were encased in earth to insure their pro-

tection until another field season will permit the thorough excavation and
protective treatment of the buried structure.

The huge serpent's heads and tails from the portal had been rolled back
into the frontal chamber in ancient times and used as elements of the masonry
with which it was filled. Although somewhat broken, they retain their color

in unusual brilliance, thus giving in full detail the color treatment of the
serpent column. The sculptured pilasters from the door were also recovered
from the fill. (See plate la where the figure from the south pilaster is figured.)

The Temple of the Warriors and its included and adjacent structures offer

a rich field for the determination of the chronological order in which they
came into being. For instance, the round-columned hall forming the western
range of the Group of the Thousand Columns once extended northward to,

or almost to, the stairway, leading to the Temple of the Warriors, its floor

level being traceable some 2 feet beneath that of the south half of the North-
west Colonnade. It now seems probable that the east-facing facade laid

bare in the southwest corner of the pyramid in 1925 is the rear exposure of

this building. Again, under the north half of the colonnade, there is a
second floor level less than a foot beneath the one on which the columns stand,

and others may be found at still greater depths. Thus it seems that the site

of the Northwest Colonnade has been built upon at least three times. Count-
ing the buried temple, and lastly the Temple of the Warriors itself, the total

number of construction intervals amount to five, to say nothing of the one
and probably more stages of remodeling in evidence where the North Range
of the Group of the Thousand Columns impinges upon the west end of the

south side of the great pyramid.
The positive chronology of all these different periods of construction and

their significance can not be stated at present. During the season reported

upon, with a large force occupied in excavation and another in repair, there

was not an opportunity for the detailed and careful work necessary for

tracing out the sequence of walls and floor levels. This particular en-

deavor will constitute one of the principal aims of the 1927 field season. One
fact of general significance, however, already seems to be indicated; namely,
that the round column antedated the rectangular one, as evidenced by the

presence of the ruin of a round-columned structure beneath the Northwest
Colonnade, and the existence of the buried temple with circular serpent

columns beneath the Temple of the Warriors, whereas in the latter structure

the homologous elements are rectangular.
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Leuschner, A. O., University of California, Berkeley, California. Investiga-

tion of minor planets 1921^-1925.

Considerable progress has been made during the year in the study of the

perturbations of certain minor planets with motion nearly commensurable
with that of Jupiter. This work has been supported by grants of $600 each

from the Watson Fund of the National Academy of Sciences and from the

Carnegie Institution of Washington, by a grant of $300 from the Committee
on Research Grants of the American Association for the Advancement of

Science, and by a balance of several hundred dollars, now exhausted, in a

former grant from the University Research Board. These contributions

permitted of the continued appointment of Dr. H. Thiele as a research as-

sociate until July 31, 1925.

The details of the theoretical work and the computations were carried out

by Dr. Thiele on the basis of conferences with Professor Leuschner and in

accordance with his plans. Much credit is due to Dr. Thiele for his keen

perception of theoretical difficulties and his suggestions for overcoming them.

His work has been handicapped by the absence of a check computer, so that it

became necessary for him to perform in duplicate practically all of the numer-
ical developments of perturbations and the final comparisons between theory

and observations. This lack of a check computer has naturally retarded the

progress of the work to a considerable extent, particularly as a lack of con-

vergence was encountered in certain cases which required numerous approxi-

mations for a satisfactory determination of the mean mean motion of the

planets under investigation. Nevertheless, the purpose of the investigation

was accomplished; namely, to obtain further data for presentation to the

Committee on Comets and Asteroids of the International Astronomical Union
at its Cambridge, England, meeting in July 1925, for consideration in con-

nection with an international agreement concerning the future procedure to be

adopted in caring for minor planets, particularly those which are subject to

large perturbations. The proposed program aims at the determination of

reliable osculating elements and at the development of general perturbations,

provisionally to the first order, by Jupiter, without further adjustment of the

elements to the observations. Such adjustment is to be undertaken only in

cases for which all appreciable perturbations have been developed.

The object of this proposal is to prevent the continuation of the mutilation

of basic elements by corrections which depend on neglected perturbations

rather than on errors of observation, which are usually negligible for long

periods of observation. Such artificially corrected elements have served well

in securing planets for a few oppositions, but have little permanent value.

In case of later departures of a planet from the predicted motion it is then

practically impossible to ascertain what part of the departure is due to the

erroneous corrections to the basic elements and what part is due to the insuf-

ficiency of the perturbations. On the other hand, if well-determined basic

elements are kept intact it should be possible to determine in what respect the

general perturbations have been imperfect and to develop the necessary

additional terms without discarding the earlier work. Furthermore, a com-

287
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parison of outstanding departures corresponding to the application of the
several methods of developing general perturbations, with basic elements kept
intact for each, will furnish additional means for appraising the relative

accuracy and convergence of these methods, particularly for exceptional

planets. It is to be expected also that, after the causes of the failure of certain

numerical developments have been discovered, suitable remedies will be found.

With these objects in view a number of exceptional cases had been disposed
of successfully in previous years. The general results were reported at various

times to the National Academy of Sciences and are printed in its Proceedings.

During the year 1924-25 work was concentrated on the planets (100) Hekate
and (121) Hermoine, two of the Watson planets, for which our former un-
published developments of first-order perturbations had not yielded a satis-

factory representation of the observations.

In the case of Hekate, mean motion 652", it was found that the elements

used as a basis for the development of the perturbations were not sufficiently

accurate and that by a confusion of symbols in Hansen's method, as given by
Hansen and by Ritter, the computers had obtained an erroneous development
of the function (H). All further developments of the perturbations were
thereby vitiated. Thus, for instance, the inequality with argument g-2g' in

tj5£ was found to be in excess of 14000 " while it should have been approxi-

mately 8000". It was by an examination of this term in particular, in com-
parison with the corresponding terms for (94) Aurora and (133) Cyrene, for

which the mean motions are 630" and 662" respectively that Dr. Thiele

traced the error in (H). The discovery of the causes of the failure to repre-

sent the observations, did not, however, in this case remove all existing com-
plications, in contrast to exceptional cases previously examined. The mean
motion of approximately 652" indicated that it would be necessary to push
the developments by Hansen's method beyond the 13th multiple of Jupiter's

anomaly and that perturbations of the second and possibly higher order with

arguments 5g-llg' and 6g-13g' would materially affect the determination of

the constants and of the mean mean motion. It was therefore necessary to

adhere to a far greater numerical accuracy, even for first-order perturbations,

than is customary. The choice lay between Hansen's method and our tables

for the Hecuba group (mean motion = 600"). The difference of about 50"

from commensurability, which enters into w according to powers of which the

developments for the tables progress, appeared too large for neglecting the

powers of w omitted in the tables. No tables have so far become available

for the group 650", nor does a special theory exist for this group except

Brendel's approximate theory. The best results might therefore be expected

by Hansen's method of first-order perturbations, reserving the determination

of the higher order terms until a later time when the departures between

theory and observation would render such further work necessary. The
developments were based on Stark's accurate elements osculating for 1895,

July 9.0 B. M. T., after these had been tested by Dr. Thiele on several

oppositions. By the determination of the constants of integration the mean
motion changed by 3 "5 seconds from 652"9 to 649"4, unfortunately in the

direction of exact commensurability, which necessitated several tedious

approximations to the integration factors and produced fluctuations of several

minutes of arc in the coefficients of the prominent terms, until a fair equilibrium
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was established. Under these circumstances a satisfactory representation of

the observations was not expected. In fact the residuals in right ascension

ranged from —12° in 1868, the year of discovery, to more than +7° in 1918,

so that it became evident that the investigation had not yielded a satisfactory

mean mean motion. The residuals indicated that the mean mean motion
should be about 651 ''6. At this point a determination of the approximate

mean mean motion was made with the aid of our tables, which include some
higher order perturbations. This gave 652 ".0, a value which is probably a

little too high as may be the empirical value 651 ''6. The latter value seemed,

however, to be sufficiently close to warrant a redetermination of the integrating

factors in the development by Hansen's method and a redetermination of the

constants. This accomplished the desired purpose, yielding residuals ranging

only from — 0'5 in 1868 to —5 '6 in 1918 with a larger residual of —6 17 in

1899. As neither higher order perturbations nor those by Saturn as yet are

included, this result must be considered as exceedingly gratifying and further

developments of additional perturbations should be unnecessary for many
years to come. In this connection it is of interest that Berberich made two
attempts to improve Stark's elements, which in this investigation remain

unchanged by any adjustment to observations. The calculation of the

special perturbations in connection with Stark's elements was discontinued in

1898. In 1911 Berberich collected the deviations since then and applied

empirical corrections to the mean anomaly, eccentricity, and the mean
motion but, after seven years, in 1918 the deviations from the corrected ele-

ments had grown to — 2?6 in right ascension and — 39' in declination, although

he had adopted a nearly correct mean motion of 651 ''6. A new set of em-
pirically corrected elements was published in Kleine Planeton 1919, giving the

mean motion as 649T6 in distinction to our adopted value of 651 ''6. It

should be emphasized, however, that perturbations were entirely neglected by
Berberich for practical reasons and that no claim is made that his elements

have a permanent value.

The publication of our original development of the perturbations of (121)

Hermoine, mean motion 553''3, made more than fifteen years ago, was de-

ferred on account of unexpectedly larger deviations in the following years. It

has now been found that all computations have been correct but that the

work was based on somewhat inaccurate elements. This defect, which is only

partly responsible for the deviations, may readily be remedied by a correction

of the perturbations by a differential method, but is not urgent. The com-
putations have therefore only been extended by Dr. Thiele by making the

perturbations conform to the well-established mean mean motion of 553 ".3,

subsequently correcting the constants on the basis of the so-revised perturba-

tions and comparing theory with observations, for the six well-distributed

oppositions 1876, 1880, 1892, 1906, 1910, 1921. For the first half of the

interval the representation is entirely satisfactory, but from 1906 to 1921 the

residuals in right ascension vary from —15 '5 in 1906 to —20 '7 in 1910

to +20 '2 in 1921. The residuals indicate that no material change in

the elements is necessary, but that the perturbations which vary from 1906 to

1921 from +1° to +3° require improvement, so that the limits of deviation

shall be reduced considerably below the present limits of ±20' This, as

stated above, will be done differentially. The principal correction will arise
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from a change to be introduced in the perihelion position and its effect on
the perturbations. Thus this case has been successfully analyzed and it only

remains to perform the necessary computations to improve the results.

A beginning has been made with the examination of the remaining devia-

tions for the planets which have already yielded satisfactory results by secur-

ing from the Berlin Recheninstitut the special perturbations of Saturn at the

dates of the larger residuals. After these have been applied, any outstanding

residuals must be accounted for by higher order perturbations by Jupiter.

Such an examination has been partly completed by Dr. Thiele for (104)

Klymene, for which from one-third to one-half of the outstanding differences

have been found to be due to Saturn.

It will be seen that the program under way at Berkeley has already cleared

a number of perplexing questions concerning outstanding differences between
theory and observations.

By formal vote the Committee on Comets and Minor Planets of the Inter-

national Astronomical Union has requested Professor Leuschner to take the

necessary steps for securing international cooperation in carrying forward the

work on minor planets along the lines initiated at Berkeley. Details of the

plans now in preparation will be submitted at a later date in connection with a

request for an application for funds to be made to some Research Foundation
for support of the work to be done in the United States, principally at Berkeley.
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Garrison, Fielding H., Army Medical Museum, Washington, D. C. Prepara-

tion and -publication of the Index Medicus. (For previous reports see

Year Books Nos. 2-24.)

The Index Medicus for 1925 covers 1,220 pages, the author-index of the

volume 128 pages. The volume for 1924 and its author-index comprise 958

and 102 pages respectively. The increase in bulk over the volumes for 1923

and 1924 was due to the large amount of material on hand to be printed at the

end of the year, necessitating the issue of a double number of 437 pages (No. 4,

December 31, 1925). Even so, about 20 per cent of the total current litera-

ture indexed in the Surgeon General's Library has been omitted, as being

made up of reports of progress, summaries of the existing state of knowledge

of a given subject, signed editorials, reviews and abstracts of literature, and
articles of trite or ephemeral character, which only repeat what is already

known. Literature of this kind is peculiar to medicine, its sub-divisions and
correlated subjects. Elimination of this material has been made with a
single eye to its probable value any given number of years hence. The real

value of the Index Medicus is, in fact, prospective, with reference to its use-

fulness in years to come, as evidenced by the constant demand for the earlier

volumes (1879-1924) by research workers and librarians. Due to the con-

tinually changing aspects of modern scientific medicine, research workers in

this field tend more and more to look for special literature within the probable

period of its publication, when the author or subjects are known; while the

Index Catalogue of the Surgeon General's Library, in its present form, is now
regarded as, in the main, a historical conspectus of the total literature of

medicine in dictionary order. Beginning 1926, and subsequently, the titles

printed in the Index Medicus for a given year will be omitted from the current

(third) series of the Index Catalogue. Upon completion of this series of the

Catalogue, it is proposed to print the literature of each current year in a single

volume, complete in itself, and alphabetized as to authors and subjects, in

which case the publication of the contents of the Index Medicus in single

annual volumes will be virtually taken over by the Surgeon General's Office.
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Castle, W. E., Harvard University, Cambridge, Massachusetts. Continua-
tion of experimental studies of heredity in small mammals. (For previous
reports see Year Books Nos. 3-24.)

Studies on linkage in rabbits, as outlined in Year Book No. 24, have been
continued during the past year. The additional data thus obtained have
been included, as far as possible, in Publication No. 337. No essential

change has been found necessary in the conclusions provisionally formulated

in last year's Year Book, though the status of Vienna White is still uncertain,

but the evidence is increasing that it is independent of the English-Dutch-

Angora linkage system. A doubtful point concerning this linkage system has

been definitely cleared up. English and Dutch are not allelomorphs, but
closely linked genes. The experimental data from several years' work all

indicated that these two patterns of white spotting were genetic allelo-

morphs, but I have never been able to reconcile such a relationship with the

obvious fact that English is a strongly dominant variation, while Dutch is

recessive. Consequently genetic tests were continued, and finally a cross-

over was obtained after nearly 700 backcross young had been produced in

matings between an Fi (English X Dutch) male and double recessive (Dutch)

females. The cross-over gametes transmit both patterns (English and
Dutch), the combined action of which is to produce a phenotype closely

resembling and in some cases indistinguishable from Vienna White, an alto-

gether different genotype.

Additional new tests for genetic linkage in rabbits have been made possible

by the discovery of a new (tenth) gene, which produces a short mole-like fur

that promises to be of value to the furrier. It is found in a variety of rabbit

known as "castorrex" recently originated in France and kindly brought to

my attention by Dr. Landauer of the Agricultural Experiment Station at

Storrs, Connecticut. Specimens of the variety were generously sent me for

experimental use by Dr. Hans Nachtsheim from the Institut fur Vererbungs-

forschung, Berlin. Preliminary experiments indicate that this gene is inde-

pendent of the B-C linkage system ; whether it is linked with one of the other

known genes or will serve to tag a new chromosome remains for further ex-

periments to show. The character is a simple recessive in inheritance.

During the past two years stocks have been built up of very large and very

small races of rabbits of particular genetic constitution, with a view to making
a crucial test of the multiple factor theory of size inheritance by means of

genetic linkage. This will probably be a major project in our rabbit studies of

the next two years.

Studies of genetic linkage in mice have also been made in this laboratory

during the past year by Dr. W. H. Gates and Dr. C. E. Keeler. No new
linkages have been found, but other interesting relations have come to light.

Dr. Gates has studied crosses of Japanese waltzing mice with house mice.

He finds conclusive evidence that the two belong to distinct wild species,

though they cross readily and produce remarkably vigorous fertile hybrids.

But in the production of gametes in these hybrids there is a tendency for the

genetic characters to emerge in the same combinations as were found in the
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parent varieties. This is independent of ordinary (chromosome) linkage and
constitutes a hitherto undescribed phenomenon indicative of a tendency of the

chromosomes in the hybrid germ-cell to group themselves as in one or the

other of the parent species, a disposition which perhaps may become invariable

in sterile hybrids, in which chromosomes apparently do not conjugate. The
grouping tendency of the chromosomes does not in Dr. Gates's experiments

persist beyond the Fi generation.

Dr. Keeler discovered a new gene in mice which causes congenital blindness,

the layers of the retina which are sensitive to light (rods and cones) being

entirely lacking in "rodless" mice. The character is a simple recessive and is

not linked with other known genes of mice. He will next year continue his

studies of this character in Europe as a Sheldon Fellow of Harvard University.

Dr. H. W. Feldman, as National Research Council Fellow, has continued in

this laboratory his studies of fertility and sterility in the Norway rat, both in

inbred and in crossbred families, by the method of diallel matings. He finds

no evidence that sterility in mammals is anything but an individual matter,

since an animal which is fertile with one mate is fertile with all mates capable

of reproduction. In other words, differential fertility known to occur in

certain plants apparently does not occur in mammals. Inbreeding decreases

fecundity simply as a function of the general vigor of the individual. Dr.

Feldman's primary results are reported in Publication No. 337, as are those of

Dr. Gates.

Dr. L. C. Strong has since September 1, 1925, continued in this laboratory

the studies of cancer inheritance in mice, which he has been conducting for

several years, and has published several important papers on this subject,

which are listed in the bibliography of this volume.

Mr. Gregory Pincus is studying problems of inheritance in rats and mice,

the results of which will be reported at a later time.

Harris, J. Arthur, University of Minnesota, Minneapolis, Minn. The appli-

cation of mathematical methods to biological problems. (For previous
report see Year Book 24.)

Since certain of the projects in the application of statistical methods to

biological problems here considered were outlined in detail in the preceding

report, 1 and some of the results set forth more fully than is here practicable

in another place, 2 this report will be limited to a bare outline of the work
which has been in progress and to a succinct statement of results published,

or practically completed for press, during the year.

I. Physicochemical properties of plant tissue fluids

Field operations have been continued in Utah and Arizona along lines

indicated in the preceding report. The experimental phases of these investi-

gations have been made possible by facilities placed at our disposal by the

Bureau of Plant Industry of the United States Department of Agriculture and
by the Utah Agricultural Experiment Station. Work on plants growing under

natural conditions has been materially aided by facilities afforded by the

Great Basin Experiment Station of the United States Forest Service.

1
J. Arthur Harris. Continuation of the application of mathematical methods to biological prob-

lems. Year Book Carnegie Inst. Wash. 24, 278-281 (1925).
2 J. Arthur Harris. Activities of the Department of Botany, University of Minnesota, 1925,

1-52, Minneapolis (1926).
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In the work on the tissue fluids of cereals as grown under conditions of

aridity and irrigation in Utah, we had the assistance of Albert B. Allen,

Harold M. Barnett, George O. Burr, Charles W. Crane, Earl Garrett, Harriet

George, Trueman A. Pascoe, and Raymond H. Wallace. Mr. Aaron F. Bracken,

superintendent of the Nephi substation of the Utah Agricultural Experiment
Station, and Professor William Peterson, director of the Utah Agricultural

Experiment Station, aided this work in every practicable way.

Work in the desert region of southern Arizona was devoted primarily to

an intensive study of the Fx, F2 , and F 3 hybrids of Egyptian and Upland types

of cotton at the Cooperative Testing Station of the United States Department
of Agriculture and the United States Indian Office on the Gila River Indian

Reservation. Thanks are due especially to Dr. T. H. Kearney and to

Superintendent C. J. King for the extensive facilities for this work. Messrs.

Allen, Barnett, Crane, Pascoe, and Wallace aided in the work.

While these are in the main long-term genetic experiments, the results of

which must appear at a later date, certain phases of the investigations have
appeared during the year.

The generality of the differentiation of the Upland and Egyptian types

with respect to a number of physicochemical properties of their leaf-tissue

fluids as shown for certain varieties in earlier investigations has been indicated

by a study of a number of newly-imported Egyptian varieties, which have
been compared with the standard American-bred Egyptian variety Pima. 1

The results show that while the Egyptian varieties considered (Pima, Ash-

muni, Zagora, Sakel, Pelion, and Assili) apparently differ among themselves,

all of the six varieties of the Egyptian type have a higher osmotic concentra-

tion and specific electrical conductivity than the varieties (Acala, Meade,
and Lone Star) of the Upland type, with which they have been critically com-
pared. The two types apparently do not differ in the ratio of conductivity

to freezing-point depression. All of the Egyptian forms considered have a

higher chloride content and a lower sulphate content than the Upland types.

It seems probable that differences between the individual varieties of the

Egyptian type and between the individual varieties of the Upland type may be

demonstrated, but this will require more extensive and refined experimenta-

tion . Further genetic work on the tissue fluids of Egyptian varieties other than

Pima is being postponed until more homozygous material can be obtained.

In earlier papers it has been shown that the absorption of certain anions

by the genetically different cotton varieties is differential. The detailed

results for sulphates2 as well as for chlorides are now available.

The differentiation of the two types with respect to their behavior towards

the two anions considered may be best shown by the arrangement of the

pairs of determinations made in 1923 on associated plants of the Egyptian
and Upland types on a surface.

In diagram 1 the scale of abscissae represents the concentration of chlorides

or sulphates in terms of moles per liter in Pima Egyptian cotton. The scale

of ordinates represents the concentrations of the same anions in Lone Star

Upland cotton.

1 J. Arthur Harris, W. F. Hoffman, W. B. Sinclair, A. H. Johnson, and R. D. Evans. The leaf

tissue fluids of Egyptian cottons. Jour. Agr. Res., 31: 1027-1033 (1925).
2 J. Arthur Harris, Clara T. Hoffman, and Walter F. Hoffman. Sulphate content of the leaf-

tissue fluids of Egyptian and Upland cotton. Jour. Agr. Res., 31, 653-661 (1925).
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The position of the solid dots on these two axes represents the concentra-

tions of moles or chlorides in plants of the two types growing in immediate

association in the field. The circles give the distribution of the pairs of analy-

ses for sulphate content. The heavy diagonal line is the line of equality about

which the dots and circles should be distributed at random if there were

no differentiation in the two types with respect to the anions. The two short

lines are due to equations fitted to the two swarms. The shaded areas

between these two fitted lines for chlorides and sulphates and the line of
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equality show the average differentiation of the two types when^correctionois

made for the heterogeneity of the experimental field on which they were grown.

A glance at the figure shows that in all cases the chloride content of the

Upland type is lower than that of the Egyptian type with which it is asso-

ciated. With two or three exceptions the sulphate content of the Upland type

is higher than that of the Egyptian type. In both types the concentration of

moles of sulphates is higher than that of moles of chlorides.

The behavior of these anion concentrations in the hybrids of the two types

of cotton is under investigation.

While these studies have been primarily genetic in objective, they have also

involved an investigation of the relationship between the properties of the soil

and the characteristics of the plants grown. The results are most conven-

iently presented in the following section in connection with work on the appli-

cation of biometric methods to the technique of field experimentation.
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In studies reported in earlier volumes of this Year Book it has been shown
that in general phanerogamic epiphytes are characterized by low osmotic

concentration. This result was found for both the epiphytes of the Jamaican
montane rain-forest and for those of the hammocks of subtropical Florida. A
preliminary study of the electrical conductivity of species of flowering plants

with the epiphytic habit of growth in southern Florida1 shows that while the

osmotic concentration is uniformly low, the electrical conductivity is highly

variable. Apparently this is due to the influence of local conditions, particu-

larly close proximity of some of the forms to the sea. While the conductivi-

ties are low as compared with those of terrestrial vegetation in general, and
with that of parasitic plants, they are not lower than those of some terrestrial

plants of non-saline habits, and show clearly that these "air plants" are by
no means poor in conducting solutes.

II. Application of biometric methods to agronomic problems

The growth of the higher plants under conditions of rigid experimental

control is excessively costly. Furthermore, the variables which influence the

well-being of the higher plant are so numerous that it is quite possible that

the measures adopted to secure experimental control may introduce greater

abnormalities of conditions than those which they attempt to correct. Exper-

imental investigations involving the growth to maturity of the higher plants

must, therefore, be largely conducted in the field.

In a series of contributions cited in preceding Year Books of this Institu-

tion and briefly summarized in a paper published during the present year,2

the importance of the development ofan adequate statistical technique for deal-

ing with some of the difficulties inseparable from field experimentation has

been stressed, and progress made toward the solution of the various problems.

In dealing with the problem of the correlation between the characteristics

of plants subjected to like environmental influence because grown in asso-

ciation on a heterogeneous substratum, one of the questions which must be

answered is that as to the form of the regression line. If regression is non-

linear the usual correlation theory can not be applied.

Working with data for the soils and the tissue, fluid properties of plants

grown on a saline field in southern Arizona, we have shown3 that the relation-

ship between the electrical resistance of the soil, the freezing-point depression,

the specific electrical conductivity, and the chloride content of the tissue

fluids of the plants of associated plots may be represented reasonably well by
straight-line equations. The results have a two-fold significance: (a) They
furnish additional proof of the mathematical validity of a coefficient of sub-

stratum heterogeneity proposed a number of years ago
; (6) they furnish evi-

dence for the lawfulness of the variations within heterogeneous experimental

fields, and thus justify the effort to push further the application of statistical

methods to the group of problems which they present.

In the measurement of the heterogeneity of the experimental field in terms

of intra-class correlation, moments and product moments for a symmetrical

1 J. Arthur Harris. The specific electrical conductivity of the leaf-tissue fluids of phanerogamic

epiphytes. Bull. Torr. Bot. Club., 53, 183-188 (1926).
2 J. Arthur Harris. The service of statistical formulm in the analysis of plot yields. Jour. Amer.

Soc. Agron., 18, 247-273 (1926).
3
J. Arthur Harris, I. L. Conners, A. T. Elders and L. E. Kirk. On the regression of soil properties

and crop characters in associated plots of an experimental field. Minn. Stud. Plant Science.

(In press.)
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correlation surface are employed. Under certain conditions this may lead

to spurious or misleading values of the correlation coefficient. A simple method
of eliminating the influence of symmetry, while at the same time maintaining

the advantages of the intra-class correlation methods, has been indicated. 1

Another phase of the problem of field heterogeneity, and of its bearing

on experimental technique, is that of the permanence of the differences in an
experimental field. This has been reconsidered on the basis of records cover-

ing a period of 15 years and involving a larger series of yields.2 The results

show that even on small experimental areas there may be a relatively high

degree of permanence of the differences in the parts of the experimental tract,

and that this results in positive correlations between the experimental results

of different years. In some cases, however, significant negative correlations

may occur. Thus plots which give superior yields for one type of plant may
give significantly higher or lower yields when planted to other forms in a dif-

ferent year. Thus, in the selection of areas for experimentation, the nature of

the previous crop, as well as the physical and chemical characteristics of the

soil, must ultimately be taken into account.

In many of the more refined phases of plant genetic research such environ-

mental influences can not be neglected. A number of studies by the writer

have shown that they must be taken into account in the calculation of the

probable errors of experimental results.

When we deal biometrically with the various problems of field hetero-

geneity, the question must naturally arise : Why should not the very differences

which are found from place to place in any experimental field, and which are

so great an obstacle to the interpretation of genetic or other experiments, be
themselves made the means of investigating many of the physiological prob-

lems of the relationship between the properties of the soil and the charac-

teristics of the plant?

In the saline soils of the Gila River Indian Reservation, at Sacaton, Ari-

zona, the experimental plots are markedly heterogeneous with respect to the

salt-content of the soil. This is shown by the large and statistically signifi-

cant values of the heterogeneity coefficient as determined for the electrical

resistance of the saturated soil-mass, as well as for the characteristics of the

plants grown.

An investigation of the relationship between the concentration of the soil

solution and the osmotic concentration, in terms of freezing-point depression,

specific electrical conductivity, and chloride content of the leaf-tissue fluids of

Gossypium3 serves to emphasize the value of this method of attack.

Coefficients of correlation measuring the relationship between the con-

centration of the soil solution, as measured in terms of its electrical resistance,

have been found to be of a material negative magnitude. Since soil resistance

is measured in ohms, whereas the properties of the plant-tissue fluids are

measured in terms of freezing-point depression, specific electrical conductivity

and chloride content in grams of chlorides per liter, a negative coefficient

1 J. Arthur Harris. On the elimination of symmetry as a source of spurious values of the field

heterogeneity coefficient. (In press.)
2 J. Arthur Harris and C. S. Scofield. Further studies on the permanence of differences in the

plots of an experimental field. Ready.
3 J. Arthur Harris. The relationship between the concentration of the soil solution and the physico-

chemical properties of the leaf-tissue fluids of Egyptian and Upland cotton. Jour. Agr. Res., 32,
605-647 (1926).
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indicates a positive relationship between the concentrations in the inorganic

and the organic systems. In the larger series of determinations the coeffi-

cients measuring the relationship between osmotic concentration in the plant

leaf-tissue fluids and the electrical resistance for the upper 3 feet of soil are

higher than —0.60 in both series of determinations on Pima Egyptian cotton

and higher than —0.50 in two varieties of Upland cotton (Meade and Acala).

The correlations for the average resistance of the 4 upper feet of soil are of the

order —0.75 for Pima Egyptian cotton and —0.60 to —0.70 for the Upland
varieties. For all soil layers the correlations for Egyptian cotton seem to be
slightly higher than those for the Upland type.

The correlations between the osmotic concentration of the plant-tissue

fluids and the electrical resistance of the soil is higher than that between the

electrical conductivity of the tissue fluids and the electrical resistance of the

soil solution. This result opens up a number of physiological problems which
are receiving further attention.

There is a substantial and statistically significant correlation between the

electrical resistance of the soil and the chloride content of all three varieties

of cotton. The correlation between the electrical resistance of the soil and
the chloride content of the plant-tissue fluids is in practically every instance

lower than that between the electrical resistance of the soil and the concentra-

tion of all solutes of the tissue fluids as measured in terms of freezing-point

depression.

In the Egyptian variety the coefficients for chloride content are over — 0.60

for the upper 3 feet of soil. In the Upland varieties the coefficients vary from
— 0.28 to —0.40 for the same layers. Thus the chloride content of the Egyp-
tian type is more closely correlated with the soil resistance than is that of the

Upland type. Taken in connection with the results reported above, this

indicates that the Egyptian type has not merely a higher chloride concentra-

tion than the Upland type, and that it accumulates chlorides more rapidly

with the march of the season, but that the chloride content of the individual

plants is more closely related to the chloride content of their substratum than

is that of individuals of the Upland type.

The complete interpretation of these results involves a consideration of

problems of the ionization obtaining in the solutes of the plant. These pre-

sent very material difficulties for mixed solutions.

While these results have a direct bearing on many of the problems of the

genetics and physiology of Gossypium, they may have an even greater value

in their bearing on the problems of methodology. They indicate clearly that

by a proper combination of agronomic, physicochemical, and biometric tech-

niques it will be possible to carry out in the field many physiological investi-

gations which have heretofore been assumed to be capable of solution

under the controlled conditions of the laboratory only.

III. Fertility and fecundity in the domestic fowl

A paper published during the year1 has extended a series of investigations

on the relationship between the egg records of various periods of the first and

second year in the domestic fowl (reviewed in preceding volumes of this

Year Book) to a consideration of all the possible correlations between the pro-

1 J. Arthur Harris. The distribution of the magnitudes of the inter-mensual correlation coefficient

for egg production in the first two laying years in the domestic fowl. Genetics, vol. 11, 89-126 (1926.)
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ductions of the individual months of the first and second years. These form

(a) a system of inter-mensual intra-annual correlations for the first year,

(b) an homologous system of inter-mensual intra-annual correlations for the

second year, and (c) a system of inter-mensual inter-annual correlations for the

first and second years.

The results show that the inter-mensual intra-annual correlation coefficients

for the first and second years are of approximately the same average magni-

tude. Thus the average value of the coefficients of the system for the first

year is +0.2390, whereas that for the second year is +0.2199. The difference

between the two averages is 0.0191 =•= 0.0093.

The intra-annual systems for the first and second years are not merely

approximately identical in average magnitude, but there is a close similarity

between the homologous coefficients of the two systems. This similarity is

measured in the most general way by the coefficient of correlation between the

coefficients of correlation of the two systems. This has the value r = 0.7839
=*= 0.0320. That the correlation is not higher is due primarily to certain

aberrant intra-annual correlations, for which biological explanations are

suggested.

The intra-annual correlations for both the first and second years are slightly

higher than the homologous inter-annual correlations. Thus the difference

for the first year is —0.0951 ± 0.0072 while the difference for the second year

is -0.0760 ± 0.0065.

The investigation of the distribution of the magnitudes of the inter-

mensual correlation coefficients for the entire period of two years over which

the observations were continued is a logical sequel to earlier investigations

in which it has been shown that there is a material correlation between the

records of the first and second years of the bird's life. It is, therefore, logical

to consider that the intra-annual systems for the first and second years and
the inter-annual system for the first and second years may be properly treated

as a unit with a view to extending the conclusions heretofore drawn concerning

the orderliness of the distribution of the magnitudes of the intra-annual

correlation coefficients as they have been investigated for the first and second

years independently.

The results show that when the results of the intra-annual correlations for

the individual years are considered independently the conclusions of investi-

gations reported in earlier volumes of this Year Book are confirmed. When
these correlations are considered for a period of two years, however, it appears

that the two laws heretofore stated are phases of a more general law, namely,

that the correlation between the record of any month considered as a primary

variable and subsequent or antecedent months considered as secondary

variables first decreases rapidly as primary and secondary variables become
more widely separated in time, but again increases as the secondary variable

approaches an homologous period of time in the antecedent or subsequent

year, after which it again decreases. There is, therefore, a rhythmic or

periodic change in the magnitudes of the correlation coefficients as the

primary and secondary variables become more widely separated in time.

Another phase of these investigations on the physiology of egg production

is that of the differential mortality of the fowl. This has a bearing not merely

on the problems of the physiology and pathology of egg production, but on

the problem of natural selection.
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By a study of the monthly records of 3,897 birds which survived through-
out the first laying year and of 458 birds which died at some time during the
first year at the International Egg Laying Contest conducted by the Storrs

Agricultural Experiment Station, it has been possible to show * that birds

which died had a lower average record and a higher absolute and relative

variability of egg record in preceding months than birds which survived.

IV. Variation and correlation in the newborn infant of various nationalities

While anthropological measurements have furnished many of the data dealt

with since the introduction of the mathematical methods of description and
analysis into the biological sciences, investigations of the new born infant

carried out by the modern higher statistics have been relatively few in

number. This is remarkable because of the fact that extensive investigations

of the earlier (prenatal) developmental stages, especially by Mall and Scam-
mon, are available, while the anthropological literature abounds with con-

stants for the later developmental and adult stages of the human body. It is

regrettable because of the fact that, except for differences in maturity due
to differences in fetal age at birth, newborn infants represent series of indi-

viduals which have presumably been subjected to as nearly as possible the

same environmental conditions up to a particular stage of development.

Because of this fact the characteristics of the newborn infant should be of

particular interest in their bearing on one of our great national biological

problems—that of the differentiation of the various races which make up our

population, and of the biological and social consequences of the intermixture

of these various differentiated racial elements. Such investigations should be

more extensively initiated and more vigorously prosecuted while the oppor-

tunity is at its optimum.
Unfortunately, much of the work which has been done on racial differen-

tiation has been based on measurement made for military purposes, and
under conditions of selection which render it of little value for critical biological

work. Furthermore, most of the comparisons have been based on data col-

lected in different countries, where the individuals may have completed their

development under highly different environmental conditions. What would
seem to be needed are data on individuals of various racial origins, but having

completed their development under the conditions of one country, diverse as

these may be.

In a country in which the problem of racial differentiation is as important

as it is in the United States, it is desirable that such studies should be based

on extensive series of individuals at all stages of development. The present

series of investigations deals with the newborn infant only.

In addition to the problems of racial differentiation, it will be evident that

the amount of variation and the closeness of correlation of the human at this

critical stage of development presents a group of problems of surpassing

morphogenetic interest. A comparison of the two sexes at this stage of

development as well as at the stage of sexual maturity has an importance which

has been overlooked by many physiologists. Superimposed upon the normal

morphogenetic factors are a group of stresses associated with birth in an

organism relatively large in comparison with the pelvic aperature through

1 J. Arthur Harris. The monthly egg records of birds which die during the first laying year. (In

press.)
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which it must pass. These superimpose a variability due to mechanical causes

upon that which is due to earlier growth processes. Finally, we can not lose

sight of the facts that the geneticists have too greatly neglected the con-

sideration of certain morphogenetic factors extrinsic to the zygote, and that

the newborn infant is a suitable subject for the investigation of certain of these

problems.

For critical work on these groups of problems it seems essential to deal

with series of infants as homogeneous as possible, with respect to both

parentage and conditions of delivery and uniformity of standards of measure-

ment and record.

Through access to the rich archives of the Sloane Hospital for Women, New
York City, made possible by the courtesy of the late Dr. W. E. Studdiford,

it has been possible to deal with the measurable characteristics of the newborn
infants of various nationalities. By examining about 44,000 birth certificates

and the comparable obstetric records covering a period of about 30 years, it

has been possible to secure relatively large numbers of infants born in the one

hospital of parents both born in one and the same foreign country.

The biometric analysis of these data up to the present time has involved

body-weight and body-length and the occipito-frontal and biparietal diameters

of the head. The problems considered have been

:

(a) The differentiation of the two sexes at birth, with respect to both type

and variability.

(6) The differentiation of various nationalities with respect to body
dimensions at birth.

(c) The relative variability of the different dimensions of the body.

(d) The correlation of the various body dimensions.

(e) The correlation of length and weight with the age of the parents and
with birth order and pregnancy order.

Consider first the results for length and weight. 1 Constants for the familiar

differentiation of the sexes in mean birth-weight and birth-length are given.

Males are found to be slightly more variable than females.

When sufficiently large series of individuals are available, certain of these

nationalities can be shown to be differentiated with respect to both weight and
length. The results show that Irish boys and girls are from somewhat more
than 2 to nearly 5 per cent heavier than those of German, English, Italian,

Austrian, or Russian parentage. Similarly the children of Russian parentage

(chiefly Russian Jews) are from sensibly zero to practically 5 per cent lighter

than those of Irish, German, English, Italian, or Austrian parentage. Other
races occupy an intermediate position. It is clear that in all cases the Irish

are slightly longer than the five other nationalities with which they are

compared. In all other nationalities, however, the birth-lengths do not differ

conspicuously from the general average. It is important to note that differen-

tiation for body-length is conspicuously less than that for body-weight.

While the ratios of the differences to their probable errors and the general

consistency of the results for the two sexes leave no reasonable doubt as to the

reality of the differentiation of certain of these nationalities, the actual

differences in mean weight and length are very small. One of the most
interesting results of this investigation is, indeed, the very slight differentia-

tion with respect to body-length. In only one of the 30 comparisons is the

1 J. Arthur Harris. Length and weight of the newborn in/ant of various nationalities. Ready.
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difference in mean length as much as 1 cm. Thus, practically speaking, the

length of the newborn infant is a constant for the nationalities considered.

The remarkable trueness to type of body-length is to be seen in both the

variation within a single nationality and from nationality to nationality. In

no case does the standard deviation of body-length amount to as much as 1

inch (2.25 cm.). In no case is the standard deviation as much as 4.5 per cent

of the mean length of the two series of infants on which it is based.

The study shows clearly that differentiation with respect to body-length

is much less than differentiation with respect to body-weight. It is perhaps

significant that racial differentiation is greatest for the character which shows
the greatest intra-racial variability. The coefficient of variation for birth-

weight ranges from 13.2 to 14.8 for boys and from 12.9 to 14.5 for girls.

These may be compared with coefficients of variation ranging from 4.0 to 4.5

for the birth-length of boys and from 3.4 to 4.3 for the birth-length of girls.

Thus, as judged by this standard, the variability in weight at birth is about
three times as great as variability in length. Associated with this greater

variability of body-weight within the national groups we find a greater differ-

entiation of the infants from nationality to nationality with respect to weight.

Expressed on a percentage basis, we find the maximum difference of 6.9 per

cent of the body-weight in the case of boys and 5.7 per cent in the case of

girls (comparison of Irish and Russian infants) as compared with a maximum
difference of less than 2 per cent for body-length. From these maximum
values the differentiation between nationalities varies to practically zero.

Whether the association of greater international differentiation with

greater intranational variability is more than a coincidence must be deter-

mined by further investigations, some of which are now in progress.

A study of the biparietal and the occipito-frontal dimensions of the head
in these series of infants1 has shown2 that the sexes differ significantly with

respect to the two head dimensions, but that the differences are not so large

as might be expected from the popular and medical belief in the far greater

size of the male head at birth. Only one of the six nationalities considered

shows a difference in the occipito-frontal diameter in the heads of male and
female infants of more than 0.2 cm. Only three of the six nationalities show
a difference of more than 0.1 cm. in the breadth of the head. When correction

for the difference in the size of the heads of the two sexes is made, the varia-

bility of the male and female heads can not be asserted to differ significantly.

Thus there is neither evidence for an innate difference in the variability of the

two sexes as held by some earlier writers, nor for a greater influence of molding

at the time of delivery on the dimensions of the male head.

The absolute dimensions of the head, like body-weight and body-length,

are shown to differ slightly but significantly between certain but not all of the

nationalities compared.

The variability of the biparietal dimension is in all cases relatively greater

than that of the occipito-frontal diameter. Thus the coefficient of varia-

tion of the biparietal dimension is of the order 5.2 to 7.0, whereas the coeffi-

1 W. P. Covell and J. Arthur Harris. A statistical study of the occipito-frontal and biparietal

dimensions of the newborn infant and their relation to body-weight and body-length. (Abstract.)

Anat. Record, 32, 229-230 (1926).

2
J. Arthur Harris and W. P. Covell. The biparietal and the occipito-frontal dimensions of the

head of the newborn infant of various nationalities. Shortly.
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cient for the occipito-frontal dimension is of the order 5.2 to 6.0. The prob-

lem as to whether this difference in variability is due to molding or whether

it represents some other morphogenetic factors is under consideration.

Both cephalic dimensions are significantly correlated with body-weight

and with body-length. 1 The correlation of both diameters with weight is

greater than that with length. The correlation of the occipito-frontal diam-

eter with body weight and length is higher than that of the biparietal diam-

eters with the two bodily dimensions. The underlying causes of these dif-

ferences in correlation are being investigated.

Another problem considered has been that of the correlation between the

age of the parents and the length and weight of the child2 and between preg-

nancy order and birth order and the length and weight of the newborn.3

These studies are being extended to include the relationship between these

time variables and the cephalic dimensions of the infant.4

With a single exception only, the correlation between age of father, age of

mother, pregnancy order, and birth order on the one hand, and the weight

and length of the child on the other, are positive in sign. While the correla-

tions are not large, many of the coefficients are clearly significant in com-
parison with their probable errors.

The coefficients measuring the relationship between these time variables

and the length of the child are of a lower order of magnitude and are in a

number of cases negative (though generally not significantly negative) in sign.

Taking the results as a whole, there can be no doubt as to the existence of a

definite correlation between the time variables considered and the weight and
length of the infant at birth. Both of these measures of body-size increase

with the age of the parents and with the order of the pregnancy and birth.

The interpretation of these definitely established facts must await the

completion of other investigations, some of which are now in progress. As a

word of caution to those inexperienced in statistical work, we must note that

the demonstration of a statistically significant correlation between two vari-

ables does not necessarily indicate a causal relationship between them. The
difficulty of the case is best seen in the relationship between the age of the

parents and the characteristics of the child. The ages of the parents are

closely correlated. Thus, if there be a definite relationship between the age of

either of the parents and the dimensions of the child, there should be some
correlation between the age of the other parent and the characteristics of the

child, due merely to the correlation between the two parents themselves.

Neither can we conclude that there is a direct causal relationship between
the age of the mother and the measurable dimensions of the child. . Preg-

nancy order and birth order are correlated with age of mother, and from the

raw values of the correlations alone it is difficult to determine which is the

proximately causal variable. The investigation of these problems is now
under way.

1 J. Arthur Harris and W. P. Covell. The correlation between the occipito-frontal and the bi-

parietal dimensions of the head and body-weight and body-length in the newborn infant. Shortly.
s J. Arthur Harris. On the correlation between the age of the parents and the length and weight of

the newborn infant. Proc. Soc. Exp. Biol. Med., 23, 801-805 (1926).
* J. Arthur Harris. The relationship between pregnancy order and birth order and length and

weight of the newborn infant. Proc. Soc. Exp. Biol. Med., 23, 806-808 (1926).
* J. Arthur Harris. The influence of the age of the parents and of pregnancy order and birth order

on the characteristics of the newborn infant. Shortly.
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V. Fertility and fecundity in plants

Various phases of these investigations, outlined in preceding reports, have
been continued.

VI. Methods and miscellanea

The application of statistical methods to biological problems requires not
merely the development of mathematical theory but the perfection of methods
for the rapid and accurate measurement of biological variables. A method
for the determination of the chloride content of plant-tissue fluids sufficiently

accurate for refined physiological research and sufficiently rapid for the

assembling of the large series of measurements which are necessary in quanti-

tative ecological work has been described. 1 A table to facilitate the calcula-

tion of undercooling in the determination of osmotic concentration by the

cryoscopic method has been published. 2 A brief review of formulae particu-

larly adapted to the calculation of the correlation coefficients by mechanical
methods has appeared. 3

The data of tree-growth, as well as meteorological records, have furnished

the basis for extensive discussion of the relationship between solar activity

and terrestrial phenomena. Correlations have been determined between
Wolfer's relative sunspot numbers and the annual ring widths recorded by
Douglas.4 Taken as a whole, the results indicate a low positive correlation

between sun-spot numbers and tree-growth. The relationship is by no means
as intimate as many writers imply.

Harvey, E. Newton, Princeton University. Studies on the luminescence of

the ostracod crustacean, Cypridina. (For 'previous reports see Year
Books, Nos. 8 to 24.)

Because of the author's appointment to the A. A. A. S. table at the Naples

Zoological Station, only one field of inquiry in connection with Cypridina has

been taken up, namely, an attempt to determine the oxidation-reduction

potential of luciferin, together with observations on the oxidation of luciferin

in absence of oxygen.

Oxygen and luciferase are necessary for the luminescence of Cypridina

luciferin, but luciferin will oxidize without luminescence in the absence of

oxygen and luciferase. The oxyluciferin formed by oxidation can be reduced

to luciferin again so that one is justified in speaking of a luciferin-oxyluci-

ferin system, which can reduce or oxidize other substances.5 The intensity

of the reducing or oxidizing action of any system is measured in terms of

electrical potential.

For a discussion of oxidation-reduction potential the reader is referred to the

papers of Clark 6 and Conant.7 Suffice it to say here that oxidizing and reduc-

1 J. V. Lawrence and J. Arthur Harris. A practical method for the determination of the chloride

content of plant-tissue fluids. Ecology, 6, 391-396 (1925).
2 J. Arthur Harris. A table to facilitate correction for undercooling in cryoscopic work. Amer.

Jour. Bot., 12, 499-501 (1925).
3
J. Arthur Harris. Correlation and machine calculation. Am. Nat., 59, 363-366 (1925).

4 J. Arthur Harris. The correlation between sun-spot number and tree-growth. Mo. Weath.

Rev., 54, 13-14 (1926).
6 Harvey, E. N. Nature of animal light (1920) ; also Physiological Reviews, iv, 639 (1924).
6 Clark, W. M. TJ. S. Public Health Reports (1923-6) ; also Chemical Reviews II, 129 (1925).
7 Conant, J. B. Chemical Reviews, III, 1 (1926).
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ing agents can be arranged in a series of varying strength, with strongest

reducing agents at one end and strongest oxidizing agents at the other. The

strength is experimentally measured by the potential which the oxidizing or

reducing agent gives in contact with some noble indifferent metal, like gold or

platinum. Reproducible potentials are observed only if the reaction (reduct-

ant^i oxidant) is reversible, and the exact value varies with the H-ion

concentration and the ratio of oxidized to reduced substance. Potentials are

often given for normal H ion concentration (pH = 0) and equal normal con-

centration of oxidized and reduced substance ( r „ .

'

= 1 ), but for biological
\[Oxid.] /

work it is better to deal with a pH nearer that of body-fluids or sea-water.

The symbol, E' , is used for the potential of such an oxidizing agent as methy-

lene blue at a definite pH and with chemically equivalent amounts of methylene

blue (oxidant) and methylene white (reductant) in solution. The accompany-

ing list gives the E' values for a number of oxidizing agents at a pH = 7.7, a

favorable value for luminescence of luciferin.

E'Q values at pff = 7.7

H2 electrode -0.46
Na2S 204 (Na hydrosulphite) — .32 (approx.)

safranin — .30 (approx.)

anthraquinone fi Na sulphonate — .26

anthraquinone 2, 6, di Na sulphonate — .22

indigo monosulphonate — .20

disulphonate (indigocarmine) — .15

trisulphonate — .115
tetrasulphonate —

. 075
methylene blue — .01

1, 4, napthoquinone + .03

Lauth's violet + .04
methaemoglobin (anaerobic) + .08 (approx.)

1,2, napthoquinone + .13 (approx.)

2, 6, dichlorindophenol + .20

quinhydrone + .24

K ferricyanide + .43

2 electrode + .76

The reduced form of any substance above another in the table will reduce

the oxidized form of anything below, while the oxidized form of anything

below will oxidize the reduced form of anything above. Thus, safranin white

(reduced form of safranin) will reduce methylene blue to methylene white,

safranin being formed; or K ferricyanide will oxidize methylene white to

methylene blue in complete absence of oxygen, K ferro-cyanide being formed.

Where does the luciferin stand in this series? To test the matter we must
mix luciferin with the oxidized form of substances in the series (in absence of

oxygen) and see if the luciferin is oxidized; or we mix oxyluciferin with the

reduced form of substances in the series (in absence of oxygen) and see if the

oyluciferin is reduced. Experiments carried out in this manner in a special

apparatus lead to the following results

:

The oxidation-reduction potential of the Cypridina luciferin-oxyluciferin

system, determined by the method of "bracketing" above described, lies

somewhere between that of anthraquinone 2,6, di-Na sulphonate (E' at pH
of 7.7=— .22), which reduces oxyluciferin, and quinhydrone (E'Q at pH of

7.7 = +.24), which oxidizes luciferin.

Systems having an E'Q value between —0.22 and +0.24 volts neither reduce

oxyluciferin nor oxidize luciferin to any appreciable extent. If the luciferin-
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oxyluciferin system were truly reversible, considerable reduction and oxidation

should occur between —0.22 and +0.24. Hence the system appears to be
an irreversible one, with apparent oxidation and reduction potentials in

Conant's sense. Hydrosulphites, sulphides, CrCl2 , TiCl 3 and nascent

hydrogen reduce oxyluciferin readily, while ferricyanides and stronger oxidiz-

ing agents oxidize luciferin readily in absence of oxygen, but without lumi-

nescence.

Luminescence only appears in water solution if luciferin is oxidized by dis-

solved oxygen in presence of luciferase. Rapid oxidation of luciferin by
oxygen without luciferase or oxidation by K 3Fe(CN) 6 with luciferase but
without oxygen never gives luminescence.

Oxidation of luciferin at anodes of various metals by nascent oxygen or

oxidation by colloidal platinum or palladium and oxygen never results in

luminescence in absence of luciferase.

Luciferase solution electrically connected with luciferin solution (by

platinum electrodes in metallic contact and a salt bridge) shows no lumi-

nescence.

Luciferin in alcohol luminesces slightly on heating or on addition of

KMn04, disuccinyl peroxide, ozonized turpentine and some other oxidizing

agents. These are the only conditions in which I have ever observed luciferin

luminescence without luciferase.

Oxidation of luciferin by oxygen presumably takes place at the surface of the

colloidal particles of luciferase and oxidation of no other known substance at

these surfaces will result in luminescence, although many have been tested,

including hydroxy and aminophenols, leuco-dyes and reduced bodies formed in

tissue extracts, yeast cultures and bacterial cultures. Luciferase rather than

luciferin is the more important of the two substances since luminescence

never occurs in its absence (in aqueous solutions) and the color of the lumi-

nescence depends on the character of the luciferase.

The author is greatly indebted to Dr. Keith Cannan for samples of quinhy-

drone, dichlorindophenol and indigo tetrasulphonate, and to Dr. J. B. Conant
for samples of the napthoquinones and anthraquinone sulphonates.

Mann, Albert, Washington, District of Columbia. Continuation of investiga-

tions and preparations for publication of results of work on Diatomacea.
(For previous report see Year Books Nos. 18-24.)

The work in diatom research during the year ending July 1, 1926, is similar

to that of previous years, but shows an increase in service rendered to out-

side parties. A report was made for the Celite Company, Lompoc, Cali-

fornia, on the general character and specific names of that deposit; fossil

material from the Neuse River, North Carolina, was examined as a contribu-

tion to a report on that deposit by W. C. Mansfield of the U. S. Geological

Survey; and for similar purpose for Dr. F. H. Knowlton of the Geological

Survey on diatom deposits in Nevada, and a larger report, with two plates of

diatom photographs, on fossil diatoms at Spokane, Washington; on the diatom

deposits along the Patuxent River, Maryland, for a Washington, D. C, firm; a

report on material from the Mississippi River, with microscope slides for Dr.

Grier of Dartmouth College; a report on the commercial quality of Florida

diatomite for W. Brown of Washington, D. C; on fossil diatom beds in the
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Chilean Andes for S. H. Loran, Valparaiso, Chile; a report on diatom material

for H. C. Wheeler, Montreal, Canada; a review of the report on fossil diatoms

on Maria Madre Island, Mexico, for Dr. G. Dallas Hanna of the California

Academy of Sciences. Also the following are investigations under way but

not yet completed—The diatoms of the Arcturus Expedition under Dr.

William Beebe; plankton diatoms from the Gulf of Mexico for F. Adams,
Mexico City; plankton diatoms from Long Island Sound for Dr. Galtsof, U. S.

Bureau of Fisheries; diatoms of the Revillagigedo Islands Expedition of the

California Academy of Sciences, and for the same institution 60 diatom col-

lections made by the U. S. Steamer Albatross. These investigations are

enumerated because I believe such service rendered in this difficult field of

science is a valuable part of this laboratory's usefulness.

A diatom exhibit, including fresh-water and marine aquaria, was set up at

the National Academy of Sciences building for the meeting of the Academy in

March and was kept up for 2 months by request of the National Research

Council. Also for the latter, 2 microscope group-slides of selected diatoms

were made, containing something over 100 specimens. At the request of the

Scripps Oceanographic Institution at La Jolla, California, a set of 100 diatom
lantern-slides was made from the diatom negatives of this laboratory. Ten
lantern-slides for a diatom student at Seattle, Washington, were made; also

12 diatom photographs for the Kansas City, Missouri, chapter of the Order of

DeMolay.
The report on the diatoms of the Canadian Arctic Expedition, mentioned

last year, has been published by the Canadian Government. The report on
the diatoms of the Shackleton South Polar Expedition and the Australasian

Antarctic Expedition has been completed, but its publication has been delayed

by the death of the manager, W. A. Haswell of Sidney, Australia.

Four weeks were spent at the Dry Tortugas laboratory this June and more
than 100 collections of diatoms were secured. The experience gained there

last year rendered this year's work more efficient. Two deep-sea trips were
included.

Six weeks were given to our diatom investigations at Woods Hole, Massa-
chusetts, and the material collected, about 90 samples, has been subsequently

prepared for study. Arrangements are now completed for this year's work,

Mr. P. S. Conger, of this laboratory, leaving for Woods Hole on July 5.

In March a meeting was called of microbiologists to organize an informal

society for the cooperative study of diatoms and the other microorganisms

which unitedly represent the natural food supply of the sea and of inland

waters. The meetings were held in the Administration Building of the Car-

negie Institution and were well attended and highly successful. Plans were

made for mutual correspondence and the interchange of material. Arrange-

ments are now under way for a midsummer meeting at Woods Hole, Massa-
chusetts, on July 16 to 18. It is expected that the final meeting of the year

will be held at Philadelphia during the Christmas holidays while the American
Association for the Advancement of Science is in session there.

If this new project to maintain cooperative study of the diatoms and their

associated organisms and their vital importance to higher forms of life, in-

cluding the fishes, fulfills the promise of its beginning, its practical usefulness

—

particularly to fish culture—can not be overestimated. Many of the leading

biologists in this branch of science are enrolled in the membership ; and it has
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received encouraging endorsement from the U. S. Bureau of Fisheries and the

National Research Council.

At the request of the Scripps Oceanographic Institution of La Jolla,

California, Mr. W. E. Allen, the diatomist of that institution, was invited to

spend 6 weeks here in studying diatom technic and taxonomy. The same
opportunity was accorded to Miss Marie Stadnichenko, for 10 days, at the

request of the U. S. Geological Survey.

Morgan, T. H., A. H. Sturtevant, and C. B. Bridges, Columbia University,

New York. The constitution of the germ material in relation to heredity.

(For previous reports see Year Books Nos. 15-24.)

Very early in the work with Drosophila it was found that a certain stock

carried a chromosome which, in the heterozygous females produced by out-

crosses, gave almost no crossing-over with its normal homologue. However,
in females homozygous for this unusual chromosome, full crossing-over

occurred. Several different cross-over reducers of this type have been found
and described and unpublished data are at hand for still others. In these

cases the suppression of crossing-over due to any one "C factor" is limited to

one limb of an autosome, and the reducer itself lies in that limb. It has now
been found that at least two of these reducers are not genes at all, but that the

effects are due simply to the inversion of a section of the chromosome, which
results in failure of the normal synapsis and crossing-over in regions where like

genes are no longer opposed.

One of these cross-over modifiers, long known as Cm, is due to an inversion

in the right limb of the third chromosome. The inverted section extends from
a point between stripe and ebony to the right end of this chromosome. The
sequence of genes in the ordinary map is roughoid (ru), scarlet (st), stripe (sr),

sooty (e
s
), rough (ro), claret (ca). In the map derived from females homozy-

gous for Cm, the sequence is roughoid, scarlet, stripe, claret, rough, sooty.

The inversion involves rather more than half of the right limb of the third

chromosome. As a consequence of the inversion, in females heterozygous for

nu st sr~ e ro ca
-* 1 1—4 1 h"+-

e ro ca sr 3t ru

Cm, like genes in the right end of this chromosome rarely lie opposite each
other, with the result that cross-overs are seldom seen. One of the rare cross-

overs that was found must have arisen through double crossing-over within the
inverted section. The two others examined were probably also doubles. To
bring about crossing-over, the chromosomes must synapse so that the genes
of the section from ebony (e) to claret (ca) lie opposite each other as shown in

the above diagram. When union of this sort occurs, the chromosomes, that
would result from single crossing-over, would have the left two-thirds of the
chromosome represented either twice or not at all, and consequently would
give rise to inviable zygotes. On the other hand any double cross-over

chromosome would have the normal complement of genes. The double
cross-overs obtained from females heterozygous for ebony, rough and claret

were of this kind.

A double cross-over of the sort just described has been obtained from a
female heterozygous for the Ciil of Curly stock. From this fact and others it
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seems probable that this Ciil is also an inverted section which does not include

the end of the chromosome and does not reach the middle. The Curly gene

is within this region, consequently the location of the Curly gene, given in our

report for last year, is misleading and Curly can hardly be an allelomorph of

Ski-II as there suggested.

The point of spindle fiber attachment of the X-chromosome of D. simulans

has been studied by the method used by Anderson for D. melanogaster, viz,

by obtaining primary non-disjunction. The results are the same in both

species. The spindle fiber is attached at the right end beyond the forked

locus. This adds one more point of resemblance between the X-chromosomes
of the two species. A few additional loci have been identified and there are

now in the two species 14 corresponding genes that lie in the same sequence

and the cross-over relations are not very different.

A further similarity has been found between the X-chromosomes of D.

simulans and D. melanogaster through a study of cytological preparations.

The X-chromosome of each has a definite constriction, more easily seen in

D. simulans, at about one-quarter of the distance from the spindle fiber to

the outer end of the chromosome.
A further study of Bar, by the use of piebald mosaics obtained from

Minute-n, has shown that the Bar gene may produce effects on neighboring

cells that do not contain the Bar gene. The result has a bearing on the physio-

logical effect of the Bar gene which has been studied intensively by Zeleny

and others.

A dominant cross-over suppressor in the X-chromosome (C1B), discovered

some years ago by Muller and found to give curious effects on non-disjunction,

has recently been extensively studied in connection with non-disjunction. It

was found that females heterozygous for the suppressor give rise through
primary non-disjunction to exceptional sons and daughters in varying numbers
that may be as high as 5 per cent. The exceptional males are sterile, being

X0 males. The disproportion between the number of male and female

exceptions is not usually as great as in other cases of primary non-disjunction.

The exceptional daughters give a very high percentage of secondary non-
disjunction with a mean around 35 per cent. This percentage is raised to

about 45 per cent when the other X-chromosome carries a lethal bobbed-
allelomorph to be described later.

Triploidy arose in the stock of C1B. When a triploid female carries one
C1B chromosome and two other X-chromosomes, crossing-over in these two
other chromosomes is not suppressed by the presence of C1B.

A stock of uncertain history was found to be so constituted that all females

are XXY, and this condition is automatically maintained. All females

possess a supernumerary Y-chromosome and give non-disjunction when out-

crossed. All female zygotes of the stock that do not receive a Y-chromosome
die, because the stock is homozygous for an extreme bobbed allelomorph that

is lethal when homozygous. The Y-chromosome, however, that carries a
wild-type allelomorph of bobbed, as demonstrated by Dr. Stern, prevents the

lethal effect in the XXY females and in the XY males. The lethal effect of

the bobbed allelomorph is apparent in stocks in which the females are free

from the Y-chromosome. When bobbed-lethal is combined with the C1B
stock, the half of the sons that receive the C1B chromosome die, and the half

of the daughters that are homozygous for the bobbed allelomorph also die.
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A 1:1 sex-ratio results. In the viable males of this stock, that carry the

extreme bobbed allelomorph but are prevented from dying by the presence

of the Y-chromosome, primary non-disjunction occurs relatively frequently,

as shown by daughters of such males that have received a Y-chromosome and
an extreme bobbed X from the father and a similar X from the mother.

The X and the Y-chromosome coming from the father are free from each

other, except in one case where the X and the Y are attached to each other.

This special strain gives results like the attached XY strain found by Stern.

Besides this lethal, extreme allelomorph of bobbed, several other allelo-

morphs have been found that differ from one another in the extent of abnor-

mality in the abdomen, in the shortness of bristles, and the delay in hatching.

At least three of these are so slight that they can only be detected in compounds
with the most extreme bobbed gene.

In the regular stock of the extreme bobbed allelomorph, none of the flies

show the character bobbed, since the Y-chromosome suppresses the character,

but one stock contains females that show the bobbed character slightly de-

veloped and also some of the males show this slight bobbed character. Such
males are invariably sterile. Genetic tests showed that the appearance of

bobbed is due to a particular kind of supernumerary sex-chromosome.

Cytological examination showed this chromosome to be a straight rod about

two-thirds as long as an X and possessing a marked constriction at one-third

of its distance from its spindle fiber. Whether this supernumerary chromo-

some fragment has been derived from the X or from the Y is not yet certain.

The cytological appearance strongly suggests an origin from the X, but its

relation to bobbed seems to fit better with derivation from a Y-chromosome.
Further genetical tests that are under way should give an answer to this

question.

It was known that the stock "Pale translocation" carries in the third

chromosome a section from the end of the second chromosome. More
recently a deficiency in the end of the second chromosome, called Plexate, has

arisen which is less in extent than the duplication in pale stock. When
translocation is added to Plexate the deficiency is made good, consequently

the typical characters of the deficiency, viz, the lethal effect and the complex

of somatic characters produced by deficiency, disappears.

A new mutation in chromosome IV, called Minute-IV, has been found. It

is dominant and lethal when homozygous; it has short bristles and hatches

late, besides possessing several other characters of the "Minute" type. By
aid of this dominant, it should be relatively easy to determine the linkage

relations of the three other genes in chromosome-IV, viz, bent, eyeless and
shaven. Backcrosses between Minute-IV and the three other characters have

not given any clear cases of crossing-over. Flies that have occurred in certain

cross-over classes, when tested, have been found to be due to non-disjunction

of this chromosome and not to crossing-over. These flies were wild type in

appearance, while the original classes were either Minute or whatever

recessive was used in the backcross. These wild-type flies were found to be

triploid for chromosome IV, carrying one Minute fourth chromosome and two
chromosomes with the recessive.

It was known that generally two recessive genes are recessive to the wild-

type allelomorph in triplo-IV, and that two wild-type genes suppress the

Minute is in line with the suppressions of the Minutes in 3N triploids—

a

problem that is being further investigated.
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If two such wild-type triplo-IVs are bred together, they give a stock in which

the triplo-IVs are distinguishable by their wild-type character from the diplo-

IVs, which are either Minute or show the recessive. Even without selection

the stock of triplo-IV maintains itself, because the wild-type flies propagate

to better advantage than either the Minute or the recessive types. This

means of distinguishing triplo-IV offers a new method of investigating the

influence of the fourth chromosome on the sex grade of the intersexes. In a

previous report it was stated that the presence of an extra fourth chromosome
tends to shift the grade of the intersex toward the female type. However, the

shifting that was observed is not certainly due to the presence of the IV-

chromosome, but more probably is to be accounted for by sex-modifying

genes in the other autosomes.

The fact that no cross-overs in chromosome-IV were obtained suggests that

this chromosome may not cross over, in which case the apparent cross-overs

previously reported between bent and eyeless (as tested by the use of haplo-

IV—see report for 1923) were due to non-disjunction.

Information recently secured by Stern calls for a revision of the map of the

extreme left end of chromosome II as given in our last year's report. The
genes from left to right are aristaless (and its allelomorph) at zero (0.0);

telegraph, probably not more than 0.1 unit from aristaless (0.0±); expanded,

0.1 unit to the right of aristaless (0.1); dachsous (and its allelomorphs) at 0.3

and Star at 1.3 to the right (1.3).

Two new mosaics have appeared in which a section of the body was haploid

for all four chromosomes through the elimination of the maternal chromosomes
in Minute-n flies. In one of these mosaics the diagnosis as female was pos-

sible as in the first case reported.

Further work has been done on the old and on new suppressors of mutant
genes that cause flies homozygous for a recessive to be indistinguishable from
the wild type. More than a dozen new mutations have been studied; one

has a large sex-comb in the male and abortive ovaries in the female; another,

similar to rotated abdomen, has arisen but differs from "rotated" in that it is

fertile in both sexes. A new " giant" has been found by Dr. Gabrichevsky.

This is a recessive with a locus 0.5 unit to the right of yellow in the X-chromo-
some. A homozygous stock of giants continually gives two types of flies

sharply separable: giants and others normal in size. Breeding tests show
the two types to be genetically identical. Study of the development of the

larvae of the giant race shows no difference until about the fifth day, when the

larvae that will give flies normal in size pupate, while the remaining larvae

continue to feed for four or five days longer and attain greater size, and
after pupation give rise to giants.

Dr. Stern has demonstrated that the normal Y-chromosome of D. melano-

gaster carries a wild-type allelomorph of the sex-linked recessive gene bobbed.
This accounts for the fact that the recessive gene bobbed produces no observed
result in the XY male, but in an X0 male the gene produces the character

bobbed in an extreme form—also in the X0 parts of gynandromorphs. Simi-

larly the presence of a Y-chromosome in a female homozygous for bobbed
(XXY) suppresses the bobbed character.

Attempts to cross Drosophila repleta and D. hydei and some of the local

strains of the latter have, as heretofore, led to negative results; but local

strains presumably all belonging to the latter species have been found to

freely cross, producing fertile offspring. The X-chromosomes of D. repleta
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appear to be two rods with one end directed toward the center of the spindle,

and not, as has been reported, two bent rods with the bend pointing to the

center of the spindle. The latter condition is characteristic of D. hydei and
local strains of that species.

Experiments have been made to find out whether, through the influence of

cold, tetraploid females (4a4X) and males (4a2X2Y) could be produced.

Fertilized females, three days old, were placed with males for about an hour
at normal temperature. They were then transferred to an ice box for one to

three hours. After the return to room temperature, the first laid eggs were
collected, and flies reared from them in the hope that a tetraploid might have
been produced. Such a fly, if larger than the normal, especially if it had large

ommatidia, should be detectable. The experiment was planned in such a

way that the separation of the chromosomes at the first division of the seg-

mentation nucleus might be suppressed in the cold and the nucleus there-

after divide as a tetraploid. The outcome was negative.

Schaeffer, Asa A., University of Kansas, Lawrence, Kansas. Investigations

on marine amebas in Newfoundland and Labrador. (For previous reports

see reports of the Tortugas Laboratory, Year Books Nos. 18-23.)

The object in studying marine amebas in Labrador and Newfoundland was,

primarily, to determine the effects of low temperature on their distribution

and general reactions. Previous observations in the Gulf of Mexico during

five summer seasons yielded a foundation picture of the general activities of

amebas in a tropical sea with a water temperature between 30° C. and 40° C.

These observations in the tropics were supplemented by other observations on
marine amebas in a temperature around 20° C. at Cold Spring Harbor, Long
Island, New York, and at Woods Hole, Massachusetts, during the summer
months of the past 6 years. It was next desired to study amebas living

habitually in low temperatures, and for this purpose Indian Harbor, Labrador,

was selected as the most easily accessible place. This station is on the east

coast of Labrador, in latitude 52° 26' and receives, under ordinary conditions,

only water from the Labrador Current. Several dozen readings of the ther-

mometer at this station showed the water, at a depth of about a foot, to vary

during ordinary weather from 4.75° C. to 7° C. during August, the hottest

month; on two occasions of calm sunny days, however, the surface water was
warmed to 9.5° C.

In this water which only rarely goes above 7° C. there were found during

the month of August 1925, the following amebas: Trichamoeba gumia,

Mayorella conipes, Thecamoeba (sp. of June 30, 1924, Tortugas, Schaeffer ms.),

Flabellula citata, Flabellula mira, Vexillifera aurea, Hyalodiscus fulvus

(Schaeffer ms., Tortugas), a new species of Metachaos very closely resembling

Pantin's "Type B" ameba, if not identical with it, and a small species of

Mayorella which could not be described fully for want of time at the end of

the season. Except the first species mentioned and of course the new ones,

all these species occur in the tropical waters of Tortugas; and the first species

occurs at Cold Spring Harbor, Long Island. Since only 32 species have been

seen at Tortugas during five seasons of thorough searching, this cold northern

water, which yielded 8 species in a short season, seems to be almost as rich in

amebas as the tropical water.
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The discovery of the new species is especially fortunate because it is now pos-

sible to give a more complete description of the incompletely known ameba,

"Type B," which Pantin (British Journ. Exp. Biol., vol. 1) used in his im-

portant experiments on ameboid movement. This species and Pantin's are

probably identical, the difference in size being perhaps due to the difference

in temperature of the natural habitats. A full description will be published

later.

In one of my previous reports from Tortugas, I stated that marine amebas
lived chiefly on vegetable material including bacteria, and that the richest

cultures of amebas are to be found where food materials are abundant. Now
since the waters of Labrador are very rich in algae of many kinds, as is

characteristic of the colder waters, it is obvious that the low temperature is no

barrier to the growth of amebas. Here as in the tropics the distribution of

food materials is the main factor affecting distribution of amebas.

Most of the Labrador amebas are larger than those found at Tortugas or at

Cold Spring Harbor. Thus, Mayorella conipes of Labrador measured 150m
in length with a nuclear diameter of 30m, as compared with a length of 100m
and a nuclear diameter of 20m at Tortugas; Trichamoeba gumia measured 150m
in length at Labrador and 140m at Cold Spring Harbor; Flabellula citata

(fan-shaped) and F. mira measured 40m in length in Labrador and 25m at

Tortugas, and the small Thecamoeba reported from Tortugas (Year Book No.

23, p. 199) as averaging 10m in diameter, measured 14 at Labrador. But
two of the amebas were smaller: Vexillifera aurea measured 55m in length,

with pseudopods of 40m, while this species measured 80m in length with

pseudopods of 80m to 100m at Tortugas; and Hyalodiscus fulvus, which
measured 27m by 30m in Labrador, was 30m by 40m at Tortugas. Most of

the amebas observed therefore are affected by low temperatures in much the

same way as some jelly-fishes, sea anemones and other animals are, in so

far as a change in size is concerned, that is, they tend to grow to larger size.

No planctonic studies by means of towings were undertaken.

Another and perhaps the most important effect produced by the low

temperature is an increase in the speed of movement at corresponding temper-

atures in the submaximal limb of the curve of speed plotted against temper-

ature, although the absolute rate of movement is less in the colder water.

Or in other words, the curve as a whole slides along the temperature base

line toward 0° C; it does not merely "stretch" toward the zero point. This

observation makes it probable that this adaptation may be analyzed and
measured experimentally to determine whether it is of the nature of a chem-
ical or a physical process, and thus, if the results are of sufficient definiteness,

open up an interesting and important field of investigation of general proto-

plasmic adaptation to temperature.

The concentration of the hydrogen ions at a number of marine and fresh-

water stations was determined by colorimetric methods. Beginning at

Halifax, the pH of the sea-water was 7.9. The alkalinity gradually increased

to pH 8.2 at Indian Harbor, going north by way of St. Johns, Newfoundland.
At the mouth of St. Johns harbor the pH was 8.1. At the head of Melville

Bay the pH was 7.3 and in North West River mouth it was 6.4. These two
figures indicate of course the presence of fresh (river) water. The farthest

north reading was at latitude 59° giving a pH of 8.3. (I am indebted to Mr.
John D. Baldwin and to Mr. George C. Jerrett for invaluable aid in securing
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some of these readings.) The pH at numerous places at Indian Harbor
where the water was free to circulate was uniformly 8.2. The temperature

dropped gradually from 15° C. at Halifax to 11° C. at St. Johns (July 20 to

23). From St. Johns to Indian Harbor the temperature fluctuated, going

at one time to 13.5° in Bonavista Bay, but in general there was a drop in the

temperature until 7° was reached in the Straits of Belle Isle. From here to

Indian Harbor the temperature varied between 7° and 4.75° C. (July 30 to

August 5). The pH of clean sea-water in clean bottles of low solubility at

15° C. or lower did not appreciably change in the course of 10 days or two
weeks. But if some organic matter was included, the pH dropped slightly.

But in open cultures with a considerable amount of algal material the pH
seldom dropped below 7.5. The range in pH of sea-water between Tortugas

and Indian Harbor seems not to influence the distribution of amebas.

Fresh-water pools were also tested as to their pH. Rain-water in small

rock depressions with no vegetation except small lichens was acid, pH 5.6,

on the day after the rain; rain-water, caught in glass directly was also acid,

pH 5.2; seepage water from a pond, mostly in rock, showed a pH of 6.8; a

sphagnum bog pool against a rock showed a pH of 6.1; the seepage-water

reservoir supplying the Indian Harbor hospital and other buildings showed a

pH of 6.9, or very nearly neutral. The temperature of some of the number-
less fresh-water ponds and small pools on Indian Harbor Island varied with

the air temperature from 20° C, on south slopes on the afternoons of sunny
days, to 7° C. in the same ponds after 5 days of rain and northwest wind and
an air temperature of 8° to 12° C. during the day. Other pertinent data

on temperature shows the Harbor was frozen over completely until June 23,

(1925); the highest air temperature recorded was 25.5° C; the first frost

occurred August 29, temperature — 0.5° C. ; icebergs were present throughout

the summer.
Among general observations which bear more or less directly on the dis-

tribution of amebas may be mentioned, first, the great richness of marine

vegetation in rock-encrusting algae and in kelps and especially in diatoms

which are exceedingly abundant on fucus and other rock-loving algae. In

addition to the amebas which find an ideal environment among these algae,

there are countless myriads of crustaceans, flatworms and snails. Ciliates

also are found in large numbers in the sea-weed cast up on the beach, which

becomes compact and remains wet underneath throughout the entire summer.

The water of Labrador and northern Newfoundland is very clear. One
can easily see objects on the sea-bottom through 40 feet of water and probably

at greater depths, but I had no opportunity to determine the maximum depth.

It seemed to be quite as clear as the water around the Tortugas. On calm

days one could see parts of the bottom of the Harbor thickly covered with

sea urchins and anemones. The common horse mussel also is very abundant

in some of the shallower places, and grows to considerably larger size than in

the latitude of New York. Considerable stretches of beach are built up

wholly of the bleached fragments of mussel shells.

Quite incidentally 9 species of jelly fish, 3 of anemones and 3 species of

nudibranchs in addition to the various kinds of Crustacea, mollusks, etc., were

collected with algae for ameba cultures. The richness of these waters in fish,

especially cod and salmon, is well known. But many other fish are also

abundant. The small caplin (Mallotus villosus), said to feed mostly on small
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Crustacea, frequently is cast up on the beach during their breeding season.

At Rigolet I saw a mass of these fish just cast up on the beach with the falling

tide, estimated at 160 tons, with apparently several times that many still

swimming in the water along the shore. This is an excellent food fish but it

seems to be little used where the larger cod and salmon are so plentiful.

Altogether, one gathers the impression that these Labrador waters which

average around 7° during the brief summer, near the surface, support more
living organisms than the warmer waters.

The larger of the fresh-water pools also are rich in animal life. Large

numbers of fairy shrimps and cladocerans of several species are widely dis-

tributed. A large number of ciliates and two species of amebas, Thecamoeba
striata and Metachaos discoides, came up in the fresh-water cultures. Other

fresh-water species of amebas are also doubtless present, but no special search

was made to find them. A small and very slender variety of a very pale blue

stentor, only 50G> long when fully extended, came up in one of the cultures.

The sea-water was somewhat phosphorescent during the entire season

(July 23 to August 31, Halifax to Indian Harbor to Lewisporte, Newfound-
land), of which the greater part was due to crustaceans and ctenophores.

Because of the purity of the Labrador waters and their great richness of

animal life from protozoa to vertebrates, this region would seem to be ideal

for the study of those physiological problems where a low temperature

is desired. Although there was insufficient time to make careful comparisons

between the various stations along the coast, the shallow waters at Cart-

wright in Sandwich Bay (latitude 53° 45') probably offer a greater variety of

accessible animal life than any other station in this immediate region. The
entire coast of Labrador as far north as Hopedale is easily accessible during

the summer and it is far more interesting to the marine biologist than is com-
monly realized, and the working conditions are quite satisfactory.

The total time of the trip covered July 18 to September 2, 1925; research

work, from July 23 to 30, was carried on at St. Johns, Newfoundland, and from
August 6 to 28 at Indian Harbor, Labrador.

Torrey, Harry Beal, Cornell University Medical College, New York City.

The function of the thyroid hormone, with especial reference to its role in

differentiation.

Three litters of dilute black-hooded rats have been obtained from the

Crocker Institute of Cancer Research through the kindness of Dr. Maynie R.

Curtis. Dr. W. E. Castle has sent from the Bussey Institution 32 mice

representing the following six varieties: black, dilute black, chocolate, dilute

chocolate, piebald, pink-eyed.

Systematic injections of thyroxin into both young and adults have produced

as yet no effects on coat color, contrary to my results with the domestic fowl.

I do not feel that this should be regarded as established, however, before the

end of a full year.
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Babcock, E. B., University of California Agricultural Experiment Station,

Berkeley, California. Investigations in the genus Crepis.

The investigations in the genus Crepis have the following principal objec-

tives in view:

To demonstrate the value of a combined attack by genetic, cytologic and
taxonomic methods on problems of systematic classification in a large and
complex group of plants.

To determine the method of origin of the differences between the species in

this group.

To create new species.

The general problem of speciation in the genus is being attacked in three

different but correlated ways:

Experimental breeding—By the study of the Mendelian behavior of varia-

tions within the several species, it is possible to compare the germinal material

of a number of different species. By crossing different species, further com-
parison is possible and new forms can be produced by combining the germinal

elements from distinct species through hybridization.

Cytological study of species and species hybrids—Chromosomal differences

between species have been followed into species hybrids and the forms derived

from them in subsequent generations. These studies readily explain some of

the peculiar and irregular conditions which arise as a result of interspecific

hybridization. Cytological study is also invaluable in connection with

orienting species in a systematic scheme.

A systematic study of morphological relationship—In a comprehensive genet-

ical study of the relationship between species of a given genus it is essential

to know to what degree the relationship, as indicated by the usual method of

consideration, corresponds with the relations of species as indicated by cyto-

logical and breeding investigations. Since no comprehensive classification of

these species is available the formulation of a systematic scheme for the genus

has been undertaken. The ultimate arrangement of the species will take into

account the evidence furnished by genetical and cytological study as well as

the morphological features.

SUMMARY OF INVESTIGATIONS OF THE CURRENT YEAR

The taxonomic study of herbarium specimens has been checked as far as

possible by observations on living material and by the results of cytologic and
genetic studies. Based on these studies, a revision of the genus is being

prepared.

Chromosome numbers have been determined in 17 additional species.

Seeds or roots of 15 other species have recently been secured. Thus far, the

following principal groups of species have been recognized according to num-
ber and size of their chromosomes: (1) 4 pairs, medium size; (2) 4 pairs, large

size; (3) 5 pairs, medium size; (4) 6 pairs, medium size; (5) 8 pairs, small or

medium size; (6) 9 pairs, small size; (7) 10 pairs, medium size.

Chromosome behavior in the reduction division in Fi hybrids between

species in groups 1, 2 and 3 have been studied In group (1) all types of

316
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behavior have been found in different interspecific hybrids, ranging from
perfect pairing of all the chromosomes to no pairing whatever. Corresponding

degrees of fertility have been observed in these hybrids.

Genetic studies have been made on hybrids between species involving the

following chromosome numbers: 20X4 and 20X3. Plants of the fourth

generation from these crosses have been examined. Certain strains have been

obtained which are uniform in morphological characters and constant in

chromosome number, the numbers being different from either parent. These
new forms may be considered as potential new species.

The following assistants were employed in the work: Dr. J. L. Collins,

assistant professor of genetics; Dr. Margaret M. Lesley, instructor in genetics;

Mr. C. W. Haney, technical assistant.

Cannon, W. A., Stanford University, California. Studies on roots. (For
previous reports see Year Book Nos. 2-24.)

This report deals with experiments, both outdoor and in the temporary
experimental house at Stanford University, and with outdoor experiments

carried out at Fort Bragg and Scotia, California, 1 and a paragraph is added
relative to atmometry in South Africa.

Further Notes on the Variation in Oxygen Content op the Soil op Cultures

It has been previously suggested (Year Book No. 24, page 292) that under
experimental conditions the oxygen content of the soil may be increased in a

way and to an amount not accounted for to the present time. To establish

either of these apparent facts has not been possible with the facilities placed

at my disposal, but I will present some experimental evidence that oxygen
may be transported from shoot to root and thus account for the observations

mentioned.

Inward diffusion of oxygen in glass culture-tubes, such as were used in the

experiments,2 can take place in only one of two ways. Either it enters the

tube through leaking seals or connecting tubes, or through the shoot of the

plant used. By proper manipulation the former possibility was excluded and
it was concluded that where an additional partial pressure of oxygen was
detected in the culture beyond that given, it came into the soil through the

medium of the plant itself. However, this required and still requires further

proof, from the fact that such inward movement of oxygen does not always

appear from analyses of the oxygen content of the tubes. Moreover, some-
times the content of oxygen in the tubes is less than that of the gasometer

from which the experimental gaseous mixture was derived. So far as the last

condition is concerned it need only be suggested that soil organisms may
account for at least a portion of the oxygen consumed in the culture.

It is of interest to point out that the possibility of oxygen translocation from
shoot to root was independently suggested and observed by Maquenne and
Demoussy. 3 In this case seedlings were kept in water and exposed to direct

sunlight. From the roots small bubbles were seen to arise. The nature of

these was not determined but it was thought that they were neither carbon

dioxide or nitrogen, but were probably to be considered oxygen.

1 The latter in cooperation with the Save the Redwoods League.
2 Pub. No. 368, Carnegie Inst. Wash., p. 14 (1925).
3 Sur la ve'ge'tation dans lea millieux pauvres en oxyg&ne. Compt. Rend. Acad. Sci. Paris,

174, 1387 (1922).
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Thus the fact of gaseous evolution from roots appears to be established and
its physiology suggested. Whether, however, downward movement of

oxygen—movement from shoot to root and finally into the soil—occurs,

whatever the partial pressure of the oxygen of the subterranean environment
may be and whatever the species may be, is not known. Neither is it known
whether normal root-growth in such species as appear well adapted to a small

oxygen supply, at appropriate temperatures, can go on with a supply of

oxygen derived only from the shoot. However, no observations up to this

time point to this conclusion.

Observations to be reported below relate to results of experiments on
Geranium sp., Gossypium hirsutum and Vicia faba.

Experiments on Geranium

Cuttings of the garden Geranium were used in 11 experiments where the

general procedure was that previously employed in the aeration studies on
roots, 1 and it was used in the other species mentioned in this connection in the

present report. Briefly it is as follows: The plants are grown in glass tubes

which were kept in thermostats when desirable and which were connected

with a gasometer, having known oxygen content, with the gaseous mixture
under small pressure. Analyses of the soil atmosphere could be made as

wished without disturbing the plant.

The Geraniums used had been in the tubes over one year and for that

reason the soil contained micro-organisms of various kinds. In the course of

the experiments the culture tubes were kept in the dark but the activities of

the non-chlorophyll bearing organisms could not be suppressed. However, it

was thought well to run the experiments to see possible deviations from other

observations, which might be attributable to the presence of such organisms.

The experiments were run both within the culture house, where there was
light shade, and in the open. In the latter case the light varied from that of

fog to that of full sunshine. In the latter event there was probably an in-

crease in the temperature of the soil of the cultures.

In all experiments 0.5 per cent oxygen, with the balance nitrogen, was
employed. Determinations of the oxygen present were made to about 0.2

per cent at the beginning and at the end of the experiments.

The leading results can be briefly given. In direct sunshine from 9 a. m.
to 4 p. m., the amount of both oxygen and of carbon dioxide increased some-

what. In outdoor experiments and with the day overcast it was found that

the oxygen content either remained about as it was in early morning or

decreased somewhat.
Additional experiments were run in which two plants were used as controls

by thoroughly covering both sides of all leaves with cocoa butter and leaving

the remainder as usual. The stems and leaf petioles were not treated. The
results with these plants were not consistent. During the first two days of

experiments little difference was seen so far as the oxygen content of the soil

was concerned, but in subsequent experiments there was distinctly less oxygen

in the tubes with shoots treated with the cocoa butter. In all cases the shoots

were exposed directly to sunlight. The soil-temperature, at least in the

experiments last referred to, was 14° to about 18° C. In these tests the amount

x Pub. No. 368, Carnegie Inst. Wash. (1925).
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of carbon dioxide was also increased somewhat, especially in the tubes with

untreated plants.

Experiments on Vicia faba

A few experiments were carried out on the Windsor broad bean in which the

soil atmosphere contained 0.5 per cent oxygen. The root was grown in glass

tubes as usual and these were kept in the dark. Owing to this fact and to the

further fact that the seedlings were but a few weeks old there were no soil

organisms in view. The young plants had large and green cotyledons and
each had two mature-sized leaves with smaller leaves. The leaf surfaces of

the plants were about the same. The experiments were conducted in part out-

doors and in part in the culture house. The temperature varied greatly, but

that of the soil was low at all times, falling to 10° or even less.

The results of the experiments were various. Owing to the low temperature

at the time, root-growth was slow. Tests for the amount of carbon dioxide

and oxygen, made on plants grown in the culture house, showed little change

after an elapsed time of over 4 hours from the beginning of an experiment.

However, in one set the amount of oxygen fell off and that of carbon dioxide

increased in a consistent manner.

In direct sunshine much the same results were had, although a certain dif-

ference was noted. On December 7 after about 7-hours exposure to the direct

sunshine the amount of both carbon dioxide and oxygen was slightly increased.

At the close of the experiments the plants were found to be somewhat wilted.

The experiment was repeated the following day when wilting again occurred

and the results were about as before with a greater amount of carbon dioxide

and a smaller amount of oxygen present in the tubes than on the previous day.

Experiments With Gossypium hirstjtum

Experiments on Gossypium were carried out in late summer and early

autumn. The temperature of the air and of the cultures varied and was
only partly controlled. Young plants were used for the most part and the

tubes were kept darkened. The number of soil-organisms was apparently

small. In some of the experiments the shoots were exposed to the full sun-

light and in others they were left in light shade; and in some of the tests

controls which had been defoliated were used.

On August 20, with the soil of the cultures about 25° C, four shoots were

left outdoors from 9.15 a. m. until 4 p. m. The cultures were left connected

with a gasometer containing 0.5 per cent oxygen. At 4 o'clock analyses

showed that there was over 1 per cent oxygen in each tube. A repetition of the

experiment gave similar results.

In one series of experiments a portion of the shoots was kept shaded and the

rest exposed to the sun. At the end of about 6 hours there was found to be

slightly more oxygen in the tubes of exposed plants than in the tubes with

those which were in the shade.

Four experiments were carried out in which two plants were defoliated and
were used as controls. The experiments were run both in light shade and in

full sunlight. The culture tubes of both controls and those not defoliated

showed no change in oxygen content when shaded, but after several hours in

sunlight there was a slight increase in the oxygen content of non-treated

cultures. In these series, therefore, a probable direct effect of sunlight

on oxygen translocation is clearly indicated.
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Finally a series of experiments was run on older plants. These had been
growing in the culture tubes for several months and the soil contained a
noticeable amount of foreign organisms. The tests were arranged so that as

usual the soil was kept in the dark. The experiments showed no increase in

the amount of oxygen present in the soil, which in fact was somewhat less

after exposure of the shoot to sunlight directly. Any conclusion, therefore,

would necessarily involve possible effects of the soil organisms present.

The experiments above cited, which are a continuation of those presented

in the Year Book for 1924, are not conclusive. But in as much as the partial

pressure of oxygen in the culture tubes is sometimes greater in experiments in

sunlight and never in experiments in shade, it is concluded that sunlight may
directly affect the translocation of oxygen.

However this may be, the present status of the study is highly unsatis-

factory. It is recognized that other and better methods of experimentation

than those available should be employed. These should include better and
separate control of the shoot and the root environment, and better apparatus

for oxygen and carbon dioxide determination than those which have been at

my disposal. The general physiological bearing of the possible translocation of

oxygen and its ecological significance are so great that the subject should be

further studied.

On the Root System of Sequoia sempervirens

Introductory observations on the roots of redwoods of different ages

indicate that the root-system of the species is highly characteristic and that it

may play a more important r61e in the distribution and survival of the species

than is at present suspected. An outline, of such of the features of the root-

system as are at present known, follows.

In the young seedling, as shown by outdoor cultures, marked development is

a characteristic of the main root, to be followed by striking development of

laterals. In event the tip of the main root is cut in two, the laterals form the

bulk of the root-system. They maintain a fairly horizontal course and the

roots of such plants do not appear to penetrate the ground deeply. It some-

times happens, also, that the bases of the uppermost laterals as well as the

crown of the main root become much thickened, even while the shoot is yet

small.

In fairly young seedlings the base of the stem often becomes sharply en-

larged and gives rise to buds which recall the hexenbasen of other species.

Such swellings may probably be regarded as analogous to the burls of the

large plant, which are often a striking feature and from which may arise

shoots and roots. In the seedling also there may arise from the lower surface

one or more roots, which may rival the primary main root in size by the time

the plant is two years of age. Such secondary main roots are of fairly stout

appearance and bear relatively few laterals. It seems possible that roots of

this character may constitute the brush of anchoring roots which, as will

appear directly, are characteristic of the mature tree.

That the embryonic burl and the consequent shoots and roots may have

arisen primarily as a result of stimuli originating outside the young plant has

been suggested but has not been demonstrated.

It is not feasible in this place to follow out in detail the characteristics of the

mature root-system, but there are certain features of especial importance

which may be mentioned.
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A redwood tree which has arisen directly from seed has a root-system which

consists of an anchoring brush of stout roots which go down from the base of

the stem to a depth of 2 meters, more or less, and support a series of radiating

roots, about 50 cm. in diameter at the base, which go outward for a distance of

about 10 meters. These roots do not usually lie over 25 cm. beneath the sur-

face and appear to have two distinct functions. Because of the stout bases

they form important bracing elements for the tree and they give rise to slender

and fairly long roots which in turn are branched and constitute the most
important absorbing roots of the system. The absorbing roots may lie

within 5 cm. of the surface, or they may penetrate fairly deeply. It should be

mentioned that occasionally shoots appear to take their origin in the more
superficial of the slender roots and at a distance of 10 meters, or less, from the

base of the stem.

It is probable that the trees of any redwood forest are not primarily from

seed, but are of vegetative origin. They may spring from the base of the

stem as sprouts, or from the bases of the radiating roots as suckers, or from

small radiating roots as mentioned above. Shoots or sprouts may arise at the

base of relatively young trees ; they appear always at the base of stumps and
may be in great numbers. Occasionally the suckers arise fairly high on the

stem, and in this case the parent wood immediately below remains alive and
connects the sucker with the roots below. There are other variations which

need not be mentioned here.

Where the shoots arise on a seedling tree they give rise to first generation

trees, of vegetative origin, and in case they spring from the latter they may be

referred to as of the second vegetative generation, and so on. Fourth genera-

tion trees, or shoots, have been seen while those of the third and second genera-

tion were yet standing.

The root-system of a tree group consisting of more than the first generation

is very complex. Although the history of the roots of such a group has not

been worked out in detail the following points seems fairly well established:

All surviving suckers or sprouts are connected with freshly formed roots,

either directly or through the parent wood. Thus the root-system of the

first vegetative generation is in part new and in part old. And the same may
be said of each following generation.

The newly formed roots appear to radiate outward for the most part,

although some have been seen which ran almost vertically downward. Upon
the death of the seedling parent a vacant center appears in the group, but no
roots have been found to strike into this center. In the course of time, how-
ever, this must take place. The lack of inwardly growing roots is an import-

ant element of weakness in the system of mechanical support of a tree group.

It will be seen from the sketch of the root-system of the mature redwood,
that the roots of successive vegetative generations are not wholly of any given

generation, but may be in part of the preceding generation or generations.

All shoots that have been examined with regard to this condition have been
found to be in connection with freshly formed roots and to be connected as

part of the stem or through the newly organized roots to the older parts of the

root-system. How far back this root relation may be followed is not known,
but enough has been seen to warrant the suggestion that the root-system of a
mature redwood group may be of very great age, possibly far exceeding that
of any other species. They, indeed, may well be the oldest living organisms.
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On the Absence of Root-Hairs in the Redwood

Most trees have root-hairs during a portion or all of the absorptive period of

the roots. As is well known these organs are delicate (filamentous) outgrowths
of epidermal cells, situated immediately back of the growing root-tip. While
the volume of the root-hair, together with its basal portion, may be no greater

taken together than non-piliferous epidermal cells of the root, they serve to

increase the surface of the cell and therefore the root. Thus the significance

of the root-hairs lie in the form, in the position occupied by them in relation

to the soil particles and the water films which inclose them, and, as just men-
tioned, in the fact that they very greatly increase the absorbing surface of the

root.

The formation of root-hairs in plants possessing them is apparently not a
morphological necessity, as in other organs or tissues, but it may be related to

the direct influence of some factor of the environment, as the oxygen supply, 1

and possibly to other factors. As individual organs the root-hairs are usually

short lived, and they may not persist as a whole for a long time on a root,

particularly when their place is taken by mycorrhiza.

The significance of the presence of root-hairs in the economy of the land

plant appears to be largely that of increasing its water-absorbing capacity.

It is also possible that any soil may be more completely deprived of water
because of root-hairs.

From the foregoing brief statement of the character of root-hairs and of

their function, it will be seen that where they do not occur and where there is

no fungous substitute, the water relations of the species, other associated

features being equal, must be quite different from the water relations of such

species as bear them. And such appears to be the condition in the redwood.

Several scores of redwood seedlings and young plants up to about 3 years of

age, growing on filter paper and in the soil, have been examined for the

presence of root-hairs and none has been found.

Macroscopical as well as microscopical examinations of the root-tips of

seedlings and of young plants, grown in the soil and otherwise, have not

resulted in the discovery of root fungi of any kind on the redwood. Whether
mycorrhiza and root-hairs occur in the mature tree, however, has not been

determined. It is not now supposed, however, that root-hairs are present in

the redwood at any stage of development or under any circumstances.

Whether they may be induced may be possible but has not been done.

Evidence is not available at present to show that the absence of root-hairs is a

controlling factor in the limited natural distribution of the redwood, but that

it is an important factor may be accepted. The species occurs only where

the water relations are "good." This may be because of a large rainfall, or

high humidity of the air, or of well-moistened soil, or of summer fog, or of

relatively low summer temperature, or because of various combinations of

these, or because of any factor within the plant which operates inefficiently to

conserve water. And, further, evidence is at hand, but is not given here,

which indicates that as a matter of fact the redwood root may not function

efficiently as an organ for the absorption of water.

From what has been said the generalization seems justified that the red-

wood is restricted to the coastal region of central and northern California

1 Year Book, No. 24, p. 295.
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primarily because it there finds the water relations suitable, and "good"
from its standpoint, and is wanting in the hinter region because they are not

"good." And the absence of root-hairs in the species is an important factor,

possibly a deciding factor, in determining the actual survival in this region.

Method of Observing Roots in Outdoor Cultures

It is often desirable to observe the rate of root-growth, or the fact of root-

growth, or to make other observations on roots at any time without disturb-

ing the plant. To accomplish this purpose, in connection with studies on the

redwood, the following has been devised : Heavy panes of glass, about 50 by
75 cm. in size, have been buried vertically, or at an angle, so that the upper

edge is on a level with the surface of the ground. The glass may be ruled in

squares of convenient size, which is made permanent by etching, and it may
be supported by a frame or by slanting or upright pieces of wood. Seeds or

young plants are placed against the glass and dirt is spread over them in the

usual way. On the other side of the glass the dirt may be mixed with sand or

gravel for more convenient removal, or a pit may be left which should be well

insulated by heavy covering of whatever kind.

When the growth of the root-tips is to be watched with some care, paper

ruled like the glass can be used for the purpose of transcribing the position of

the tips. In this way the position of the roots, their character as to branching,

etc., as well as the growth-rate for a long period may be had for convenient

reference and study.

Winter Rains and Soil Temperature in California

Data on the temperature of the soil in the coastal region where the redwood
occurs are now becoming available. Soil thermometers are being used at

Fort Bragg and at Scotia, California, in areas where redwood seedlings are

being set out, and in redwood nurseries. The influence of aspect, or fog, and of

rain is being noted. In this report a note will be given on the direct effect of

rain on soil-temperature.

The record to be referred to begins in August, or before the rains of autumn
have begun, and it continues through autumn, winter and spring, and includes

a complete rainy season. Only a summary need be given in this place.

The rains began at Scotia in September and during the week of the first rain

the maximum soil-temperature fell very definitely, and the minimum also

went down about 3° F. at the same time. In October an additional fall in

both maximum and minimum soil-temperatures took place. This was the

direct effect of the heavy rains. Following this time neither the minimum nor

the maximum greatly changed until spring. That is, the rains of winter

appeared not to greatly affect the soil-temperature at a depth of 22.5 cm.

The range of the minimum soil-temperature in winter was between 6.7° and
9.5° C, and that of the maximum was between 8.9° and 12.7° C.

It appears probable, from what is now known on the temperature of the

soil favorable for growth in redwood, that the soil is too cold at a depth of

22.5 cm. for active growth of the roots, that is, during the winter season.

Root-Growth, Soil Temperature, and Other Factors

The rate of growth in roots, under the ordinary conditions obtaining in soil,

increases with rise in temperatures between the minimum and the so-called



324 CARNEGIE INSTITUTION OF WASHINGTON

optimum. But the writer has shown * that an oxygen deficiency may operate
to modify the optimum temperature for root-growth so that it may in fact be
the maximum for the partial pressure of oxygen in the atmosphere of the soil.

Preliminary observations indicate that the rate of water-supply may operate
in a similar way, at least in seedling redwoods.

Soil temperatures of 21° and 29° C. were used. The seedlings were grown
in sand and in a prepared garden soil. The observation periods were 24
hours, during which the temperature of the soil was kept constant. The soil

of all cultures was kept well moistened at all times, but the exact percentage
of water given was not known.
The main results can be briefly stated. A good rate of growth was obtained

in the roots growing in sand and in the finer prepared soil at 21° C. The
seedlings were then put in a thermostat running at 29° C. Growth ceased in

the roots in sand but was continued at an accelerated rate in those in the pre-

pared soil. And, further, it was noted to be especially active in such prepared
soil as was well tamped before the seed was sown.

In other experiments, in which the temperature of the soil was not controlled

but which varied with that of the culture house or of the outside plot, it was
noticed that in every instance seedlings and transplanted redwoods, which
were in well-compacted soil, exceeded in growth of root and of shoot those in

untamped soil. The roots not only were more abundant in the tamped soil

but they appeared to maintain growth for a longer period of time. In all

instances the plants received the same amount of irrigation.

In the absence of proof to the contrary it is assumed that the want of root-

hairs on the roots of the species give them relatively poor contacts with soil

particles. At fairly low soil-temperatures the rootward moving water is

sufficient for growth, but when the temperature is raised it is not sufficient

unless the soil about each root is well compacted, permitting better capillary

movement in the soil, or a larger water-containing capacity, and better con-

tact between the soil particles and the root.

Atmometry in South Africa

As a result of introducing the use of the atmometer into South Africa2

a survey is under progress, under the auspices of the Botanical Survey, of

the evaporation conditions of the subcontinent with especial reference to the

relation of evaporation to the vegetation. At the time the study on South

Africa was carried out there were no available rainfall records at the National

Botanical Gardens, Kirstenbosch, so that the evaporation-precipitation ratio

(P/E) could not be directly made for this station. Recently, however, pre-

cipitation and evaporation data have been supplied directly from the Gardens,

for the years 1923 and 1924, and a summary will be given here, month by month
with the P/E.3

The table indicates the striking characteristics of the climate of this portion

of the Cape. The monthly evaporation of summer and midautumn is rela-

tively high. That of winter and spring is relatively low. The rainfall at the

Gardens is mostly in late autumn, winter and early spring—April to Septem-

1 Publication No. 368, Carnegie Inst. Wash., p. 157.
3 W. A. Cannon. General and physiological features of the vegetation of the more arid portions of

South Africa, with notes on the climatic environment. Pub. No. 354, Carnegie Inst. Wash. (1924).
3 Kindness of Professor R. H. Compton, Director.



BOTANY 325

ber. From this it will be seen that the rainfall-evaporation ratios are least

in the warm seasons and greatest in the cool seasons, and that they give a fair

expression of the relative aridity or humidity of the seasons.

Monthly precipitation-evaporation ratios, 1928 and 1924, National Botanical Gardens,
Kirstenbosch, South Africa.

Rainfall, ins. Evaporation, c. c. P/E

1923 1924 1923 1924 1923 1924

1.01
0.19
1.95
0.49
2.97
12.75
3.71
4.61
9.59
3.66
5.83
0.06

1,458
1,262
995

1,149
669
828
770
643
560
767
730

1,045

0.0069
.0001
.0019
.0004
.0044
.0153

.0481

.0707

.0712

.0477

.0798

.00005

Feb 0.79
1.08
4.19
6.66
2.88
4.23

942
978
890
523
676
317

0.0089
.0010
.0047
.0127
.0042
.0130

Mar

May

Aug
Sept 6.84

2.68
586
616

.0116

.0043Oct
Nov
Dec

Owing to the lack of immediately available data for the corresponding

months at other atmometer stations in South Africa direct comparison of the

P/E with such stations can not be made in this place. Attention may be

called, however, to the ratio for certain months at the Botanical Gardens as

compared with the same months or seasons, but not the same years, for other

places. This will suggest differences in humidity and rainfall and the ratio

between them as important climatic factors. Thus, at Kirstenbosch the P/E
for midspring, October, was 0.0043 and 0.0477, for 1923 and 1924. At
Matjesfontein, at the western extremity of the Great Karroo, it was 0.00006

for 1921, and at Beaufort West, in the northeastern Great Karroo, it was
0.00005. For the same month the ratio at Pietermaritzburg was 0.0036,

and for three stations at and near Pretoria it was 0.0024, 0.0025 and 0.0028.

The data and the precipitation-evaporation ratio suggest, therefore, a
fairly dry midspring on the Karroo and in the Cape proper, and a fairly wet
one in Natal and on the High Veldt, which is characteristic of these two gen-

eral regions for the season.
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Noyes, Arthur A., California Institute of Technology, Pasadena, California.

Researches upon (1) the properties of solutions in relation to the ionic

theory; (2) free energies and chemical equilibria; (3) the structure of crystal-

line substances determined by X-rays; (4) rates of chemical reactions; (5)

the mechanism of carrier catalyses; (6) chemical reactions produced by atoms
activated by energy radiations; (7) infra-red spectra; (8) atomic and molecu-
lar structure investigated by electron impact. (For previous reports, see

Year Books Nos. 2-24.)

Continuation of appropriation of funds by the Carnegie Corporation of

New York to the Carnegie Institution of Washington for support of funda-

mental studies in chemistry at the California Institute of Technology has

permitted the following investigations to be carried out:

1. Properties op Solutions in Relation to the Ionic Theory

The recent development of the ionic theory through the mathematico-

physical treatments by Milner and by Debye and Huckel of the effects arising

from the attraction of the ions have been further studied in this laboratory,

both on its theoretical and its experimental side.

Dr. M. S. Sherrill and Dr. A. A. Noyes have published a paper showing

how the ion-attraction theory can be applied to a more accurate calculation

of the ionization-constants of moderately ionized acids from electrical con-

ductivity measurements. Corrections are applied for the changes in the

mobility and in the activity of the ions arising from the ionic attraction. New
values arc thus derived for the ionization-constants of the first hydrogen of

phosphoric acid and sulfurous acid and of the second hydrogen of sulfuric

acid.

W. P. Baxter has determined the effect of temperature on the activity of

the ions of a uniunivalent salt by studying the influence of various salts on

the solubility in water of silver iodate at 75°, and has compared these activity

values with those previously obtained at 25°. The results are in close accord

with those predicted by the theory, when both the effect of the temperature

on the molecular motion of the ions and on the dielectric constant of the water

are taken into account.

2. Free Energies and Chemical Equilibria

During the past year Dr. C. H. Prescott jr. has developed a new apparatus

and technique for the study of equilibria between refractory oxides and carbon

at temperatures from 800° to 1900° C, and at pressures from 0.1 to 3.0

atmospheres. The reaction mixture is placed within a graphite tube 0.32 cm.

in diameter supported on tungsten rods within a pyrex-glass bulb immersed

in a thermostat at 35°. The tube is heated to various temperatures by passing

an electric current through it. The temperatures were measured with an

optical pyrometer, and the pressures on a mercury manometer.

Experiments have been made on compressed pellets of zirconium oxide and

graphite. At a series of temperatures and pressures the rate of change of the

pressure with the time was determined, and from a number of such experi-

ments the equilibrium-pressure was estimated. The composition of the solid

326
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phases was determined by Dr. S. B. Hendricks from X-ray powder photo-

graphs. These showed the reaction to be Zr02+3C = ZrC+2CO.
The equilibrium-pressure in atmospheres and the increases in free-energy

AF and in heat-content AH in calories that would attend this reaction at

one atmosphere were found to be, between 1880° and 2015° absolute, those

given by the equations :

logio v = 8.592- 16580/T; AF= 151,800-78.68 T; A# = 151,800.

The free-energy change is zero and the actual equilibrium-pressure is one

atmosphere at 1930° absolute.

3. Structure of Crystalline Substances Determined by X-Rays

The crystal-structure investigations have been continued by Doctors R. G.

Dickinson, L. Pauling, S. B. Hendricks, L. M. Kirkpatrick, and Messrs.

R. K. Day and A. C. Bilicke.

The following ionizing substances have been studied, and their structure

partially or wholly interpreted: NaI0 4 ; Te(OH) 6 ; PbCl2 ; K2CuCl 4.2H20,

(NH 4) 2CuCl4.2H20, and Rb 2CuCl 4.2H 20; KBr0 3 and CsBr0 3 . The sym-
metry and space-group of sodium periodate, NaI0 4, were found to be identical

with those of calcium tungstate, CaW04 .

The structure of stannic iodide which was originally described by Doctor

Dickinson as having 8 Snl 4 in the unit of structure, but has since been other-

wise interpreted by other authors, has been confirmed by him in this labora-

tory. j8 benzene hexachloride and hexabromide have been shown by Hen-
dricks and Bilicke to have a symmetry and space-group corresponding to a
definite stereoisomeric formula, thus affording the first instance of using

X-rays for distinguishing geometric isomers. The space-group symmetry of

another organic substance, orthorhombic hexachlorethane, C2C1 6 , has also

been determined by these investigators.

4. Rates of Chemical Reactions

In accordance with the program outlined in the reports of previous years,

experimental and theoretical work on reaction velocities has been continued

under the general direction of Professor R. C. Tolman.
Dr. O. R. Wulf has continued his experiments on the rate of decomposition

of ozone. It now becomes evident that the different rates of decomposition

obtained by different experimenters or from different samples of ozone are to

be ascribed to different concentrations of an accelerating catalyst. With
ozone prepared electrolytically from pure sulfuric acid it is possible to obtain

a low and nearly constant second-order rate of decomposition. Ozone on the

other hand prepared from tank oxygen or from oxygen coming from the elec-

trolysis of caustic soda solutions contains considerable amounts of catalyst.

In the case of oxygen from caustic soda the catalyst seems to be spray carried

over from the electrolysis, since mixing experiments show that the amount of

catalyst carried by this oxygen is decreased by passing it through a Cottrell

precipitator. For commercial applications it is important to note that the

presence of catalyst in a sample of oxygen which is to be ozonized not only

increases the rate of decomposition of the ozone, a matter which is not serious

at ordinary temperatures, but that it also decreases seriously the ozoniza-

bility of the oxygen. The presence of catalyst also undoubtedly explains the

fact that Chapman and Jones did not obtain the same inhibiting effect of

oxygen on the decomposition of ozone as did Jahn; and all the experiments
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when properly interpreted now seem to agree with Jahn's discovery that the

rate of decomposition is inversely proportional to the concentration of the

oxygen.

M. E. Nordberg has continued work commenced by William Ure on the

decomposition of ozone in the presence of nitrogen pentoxide as a catalyst.

In amplification of the recently published work of Hirst, he finds that the

rate of decomposition of ozone is proportional to the known rate of decomposi-
tion of the nitrogen pentoxide present only when the ozone is present in ex-

tremely small amount, much higher rates being obtained in the presence of

large excess of ozone. It is hoped that the collection and interpretation of

the facts will throw light on the mechanisms both of the decompositions of

ozone and of nitrogen pentoxide.

On the theoretical side Doctor Wulf has shown that the emission spectrum
from decomposing ozone leads to the conclusion that molecules are present

with very considerably more energy than the normal ozone molecule, in agree-

ment with the Arrhenius activation hypothesis. Doctor Wulf has also con-

tinued his investigation of the probable limits for the heat of dissociation of

oxygen. Professor Tolman has published his improved derivation of the

Arrhenius equation for the temperature-coefficient of reaction-velocity, and
has published a brief survey of the history of the principle of microscopic

reversibility. He has also considered the relations between the latter principle

and the principle of dynamical reversibility, and has shown that, although the

principle of microscopic reversibility as usually stated is incorrect, it is never-

theless possible to obtain a formulation which is correct and capable of wide

application. This result is presented in a book which he has prepared on the

application of statistical mechanics to physical and chemical problems.

Professor Tolman has also published a method of calculating the maximum
probable values for Einstein's coefficient of absorption which we may expect

to encounter; and Professor Tolman and Dr. R. M. Badger have shown an
agreement between the correspondence principle and the absolute intensity of

lines in the pure rotation spectrum of hydrogen chloride. These considera-

tions are of interest in connection with the radiation theory of reaction-rate .

5. Mechanism op Cakrier Catalysis

The effect of silver salts on the oxidation of ammonia to nitrogen by per-

oxysulfuric acid has been studied by Dr. D. M. Yost and the results published.

The fact that trivalent silver is the intermediate in such peroxysulfate

reactions was shown in the previous work.

A paper has been published by D. M. Yost and S. Zabaro describing ex-

periments on the rate of the oxidation of trivalent titanium by iodine. The

rate was found to vary directly as the concentrations of titanium and of

iodine, and inversely as the concentrations of acid and of iodide. These facts

exclude a mechanism involving the intermediate formation of hypoiodous

acid, which occurs in certain other iodine reactions.

An investigation of the oxidation and decomposition of dithionic acid

(H 2S 2 6) into sulfuric and sulfurous acids (H 2S0 4 and H 2S0 3) has been made

by R. Pomeroy under the direction of Doctor Yost. The rate of disappear-

ance of the dithionic acid has been found to be independent of the concentra-

tion of the oxidizing agent when dichromate, iodate, or bromate is used. This

indicates that the dithionic acid first decomposes into H2S0 4 and S0 2 and that

the latter is then rapidly oxidized by the oxidizing agents used.
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It was found by R. H. Dalton, of this laboratory, that trivalent ruthenium

compounds act as catalyst in causing the reduction of even dilute solutions of

perchloric acid by hydrobromic acid. A detailed study of this reaction has

been made by J. M. Carter, whereby light has been thrown on its probable

mechanism.

6. Chemical Reactions Produced by Atoms Activated by Energy Radiations

A research by Dr. R. G. Dickinson and Dr. M. S. Sherrill has shown that

ozone is produced from oxygen by radiations of wave-lengths larger than 2340

angstroms from a cooled quartz mercury arc in much larger quantity when
mercury vapor is present; showing that activated mercury atoms can transfer

their energy to the oxygen molecules. Dr. Dickinson and A. C. G. Mitchell

have proved, by a similar investigation, that activated mercury also greatly

promotes the decomposition of ammonia into nitrogen and hydrogen.

7. Infra-Red Spectra

The investigation of the extreme infra-red has been continued by Dr.

R. M. Badger along the lines described in last year's report. Various sources

of radiation have been investigated, of which the Welsbach mantle is alone

sufficiently intense for convenience, though other sources would be superior for

absorption measurements in giving more nearly "white^radiation. Several

kinds of thermopile have been used, and a type using a single hot junction has

been developed, which has several advantages for this investigation. Since

with the best radiometer possible the sensitivity is scarcely adequate, a novel

type of grating has been constructed, so designed as to employ very eco-

nomically the feeble radiations available. The experimental difficulties have
now been so largely overcome that final measurements should soon be possible.

8. Atomic and Molecular Structure Investigated by Electron Impact

The method of electron impact has proved a powerful tool for the investi-

gation of problems of atomic structure. Franck in Germany, and Foote,

Mohler, and K. T. Compton in this country have developed this method in

various directions. Research in this field has been carried on in this laboratory

for two years by Dr. G. Glockler. The first substance studied was methane.

It has been found that methane, like argon, shows the phenomenon of great

transparency for slow-velocity electrons, and that its ionization-potential is

equal to that of argon. These two facts point definitely to a rare-gas structure

of the methane molecule. This shows that the method of electron impact
can be used to investigate problems of molecular structure as well as atomic

structure.

Another investigation undertaken by Doctor Glockler was a redetermina-

tion of the critical potential of helium. It was found possible to use the data

thus obtained for determining the efficiency of resonance impact between
electrons and helium atoms, as a function of the energies of the impinging

electrons. A knowledge of these resonance efficiencies is of great importance

from the point of view of quantum theory.

In order to develop further the method of electron impact, greater accuracy

must be obtained in the determination of critical potentials. To accomplish

this it is necessary to develop a source of electrons of more homogeneous
velocity. Another problem of importance is the study of possible chemical
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effects by slow-moving electrons. Researches along these lines are now in

progress in this laboratory.

Publications

During the past year twenty-eight articles have been published, mostly in

the Journal of the American Chemical Society, describing the researches out-

lined above or in last year's Year Book.

Richards, Theodore W., Harvard University, Cambridge, Massachusetts.
Continuation of exact investigation of atomic weights and other physico-

chemical properties of elements and of simple compounds. (For previous
reports see Year Books Nos. 2-24.)

The following investigations have been in progress during the academic
year, some of them continuations of work begun a year or more ago.

Atomic Weight of Uranium Lead in a very Ancient Uraninite

Measurement of geological time by radioactive disintegration appears

at present to be the most trustworthy method for determining the age of

minerals. In particular the lead-uranium ratio, as first suggested by Bolt-

wood, yields relative ages for geological strata which agree in general with

those obtained from the helium-uranium ratio, and which can be reconciled,

in part at least, with estimated ages depending upon purely geological obser-

vations.

A specimen of uranium lead obtained from a mineral, found by Frank L.

Hess in the Black Hills, South Dakota, and having an exceptionally high lead-

uranium ratio (0.23), according to the analysis of C. W. Davis, was analyzed

by Dr. Lawrence P. Hall with the greatest possible care for its atomic weight.

This was found to be 206.07. Correction for known thorium content on the

assumption of accepted inferences concerning thorium would reduce this value

to 206.02. Since the lead in question is so nearly pure uranium lead, the high

lead-uranium ratio, 0.23, indicates an age of at least 1,500,000,000 years.

This extends yet further the earlier estimates of the age of the earth's crust.

Atomic Weight of Ordinary Lead

Dr. Hall's analyses of various fractions of lead prepared by Harold S. King
in previous years have been finished and published in full. The result points

strongly to the value 207.217 for the atomic weight of ordinary lead.

Heats of Dilution

Beveridge J. Mair continued the work of Dr. Frank T. Gucker jr. in re-

vising the heats of dilution of various acid and salt solutions. When this long

and laborious investigation (which is to be continued next year) is finished,

thermochemical calculations concerning these important solutions will rest

on a much more accurate and extended basis than at present.

Specific Heats of Alkaline Solutions

On account of the marked conflict of the results of various authors concern-

ing the specific heats of sodium and potassium hydroxide solutions, Dr. Law-
rence P. Hall undertook a careful revision of the whole matter with the help

of the elaborate apparatus previously assembled by Dr. Frank T. Gucker
jr. He verified Dr. Gucker's results and, with regard to potassium hydroxide,
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confirmed, likewise, the earlier work at Harvard carried out by Dr. A. W.
Rowe. This investigation is now almost ready for publication.

Compressibility op Thallium

Feeling that even greater accuracy might be obtained, Joseph D. White
made several final determinations of the cubic compressibility of thallium,

verifying his previous results as well as the earlier results from this labora-

tory, and making it clear that Professor P. W. Bridgman's much higher value

must be due to a lack of isotropic condition in the thallium, of which Bridg-

man measured the linear compressibility.

Compressibility op Indium

Joseph D. White prepared a large quantity of a pure specimen of the rare

metal indium, and made preliminary determinations of its compressibility.

The only previous results on this metal were obtained with an exceedingly

small quantity. This investigation will be continued next year.

Action op Chloride Solutions on Mercurous Chloride

Marcel Francon (holding during this year the Lieutenant Charles Henry
Fiske, 3d, Scholarship of Harvard University) continued the physiochemical

study of the action of soluble chlorides upon mercurous chloride, employing
this year solutions of caesium chloride and other rare substances. The work
will now be prepared for publication.

Atomic Weight op Caesium

The reason for a revision of the atomic weight of caesium was the apparent
conflict between the results of Aston obtained by the mass spectrograph and
earlier analytical results for the atomic weight of this apparently "simple"

element. Marcel Francon has begun the laborious purification of caesium
compounds with the intention of completing a redetermination of this atomic

weight during the next academic year.

Cadmium Amalgams

Charles E. Teeter jr. continued the study of cadmium amalgams, studying

especially the negative heats of solution of these amalgams in mercury. Since

further light in this direction seems not to be obtainable, his results to date,

with the conclusions drawn from them, will soon be prepared for publication.

Activity Coefficient op Thallium Hydroxide

K. S. Chang continued his work of last year upon the topic above mentioned,

which he brought to Harvard from the University of California. During

last winter's work he has evaluated as far as possible the effects of the many
complications involved and has come to the conclusion that the activity

coefficient of thallium hydroxide can not be obtained with accuracy by means
of a platinum electrode.

Study of Alloys

Dr. Robert F. Mehl, National Research Fellow, has worked unremittingly

upon problems involved in the nature of alloys. He has studied especially

the heats of solution of many of these substances, and has devised a very

efficient high-temperature thermostat for the heat-treatment of these sub-
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stances, so essential for their preparation in a suitable condition. Many
of the results are almost ready for publication.

As last year, much time has been spent in the study of the internal pressures

which determine the existence of solids and liquids, and one paper has been
published on this subject. Several other papers concerning the experimental

results discussed above have likewise been published.

Sherman, H. C, Columbia University, New York, N. Y. Chemical investi-

gation of the amylases and related enzymes. (For previous reports see

Year Books Nos. 11-24.)

During the year the studies of the adsorption behavior of pancreatic

amylase discussed in our last report have been continued and extended, and
the systematic study of the various factors which influence the activity of

this enzyme has been resumed in the light of recent developments in this and
related fields of research.

The chief new features of the adsorption experiments of the past year have
been the investigation of the claims of Willstatter, Waldschmidt-Leitz and
Hesse regarding the separation of amylase and protease through the use of

the particular form of kaolin (electroosmotically purified) described by them,

and its use in the repetition of their entire process of purifying pancreatic

amylase.

This is important to our general investigation of the amylases and related

enzymes because of the claim of the Munich investigators to have effected a
complete separation of protease from their pancreatic amylase, whereas the

purification process worked out in our laboratory yields an amylase prepara-

tion which has proteolytic activity also, and it is an open question whether
this may not be an additional property of the same enzyme molecule. It

must be emphasized that the method developed in this laboratory involves

an initial extraction of the pancreas powder with 50 per cent alcohol, which is

designed to exclude the chief pancreatic protease (trypsin) from the amylase

solution at the beginning and which thus makes it more probable that the pro-

teolytic activity of our amylase preparations is due to something else than

admixed trypsin, whereas the glycerol-water extracts of the Willstatter

method doubtless contain relatively large amounts of trypsin. From such

extracts the special form of kaolin removes varying proportions of the pro-

teolytic activity according to the reaction of the solution. At an effective

hydrogen ion concentration of about pH 5.6 to 5.8, most of the proteolytic

activity of such an extract is removed with relatively little loss of amylo-

lytic activity (about 17 to 19 per cent). But in all cases the residual amylase

solution showed some proteolytic activity.

It seems probable that the negative results obtained by Willstatter and his

coworkers in testing their purified pancreatic amylase for proteolytic activity

may have been due to the inadequacy of their method of testing for proteo-

lytic action, as it has been shown by previous investigations in this laboratory

that the method used by us is both more delicate and more reliable than that

which they employed. Their separation of protease from amylase by means
of kaolin probably has to do mainly with the trypsin which in our purification

process is excluded at the beginning, and the proteolytic activity of our puri-

fied amylase preparations was probably also present in theirs but not revealed

by their method of testing.
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Pancreatic amylase is adsorbed to a slight extent from its aqueous solu-

tions by kaolin, the extent of the adsorption depending upon the reaction.

Within the range of hydrogen ion activities studied, adsorption increased

with increasing acidity but inactivation of the enzyme also increased.

The fact already reported by Willstatter and his coworkers that pancreatic

amylase is not appreciably adsorbed from its aqueous solutions by alumina
gel has been verified and extended by the finding that changes in the reaction

of the solutions within fairly wide limits do not induce such adsorption.

Pancreatic amylase is, however, readily adsorbed from 50 per cent alcohol

solutions by alumina gel. There is a definite relationship between the ad-

sorption of the amylase and the reaction of the solution. The most effective

adsorption with the least destruction of amylase was found at about pH 7.3.

A slightly alkaline solution of 0.05 molar sodium phosphate is as efficient

as the ammonium phosphate-ammonia-water solution recommended by
previous investigators for the extraction of the amylase from the alumina

gel in which it has been adsorbed; and has the advantage of being more readily

reproduced, and of not introducing nitrogenous reagents.

A suggestive correlation between the reaction of the phosphate solution

and the effectiveness of its extraction of active amylase from alumina gel has

been established. These observations, especially when studied in connection

with the results obtained in other phases of our investigation, indicate that

pancreatic amylase is amphoteric and has an isoelectric zone in the neighbor-

hood of pH 7. This would mean that in the case of pancreatic amylase, as

in the case of malt amylase, the investigation of which has already been

reported, the isoelectric zone of the enzyme coincides with its zone of opti-

mum activity—a point of distinct theoretical interest.

The process of purification of pancreatic amylase described by Willstatter

and his coworkers has been critically studied step by step and then repeated

several times under the most favorable conditions. By it the amylase ac-

tivity per milligram of nitrogen is increased three to four times, that is, the

activity per milligram of nitrogen is three to four times as high in the final

purified enzyme solution as in the original glycerol extract of pancreas powder.

This activity is about half that of the purified preparations which have been

repeatedly obtained by the method previously developed in this laboratory.

The amylase activity was gradually lost during dialysis. Protein or its

decomposition products dialyzed away as shown by positive color tests and
by quantitative determinations of nitrogen in the inner and outer solutions.

As the dialysis continued, the intensity of the color tests decreased and it

became necessary to concentrate some of the solutions before positive tests

were obtained. These tests were always positive in any solution which
showed amylase activity.

In one case the final active purified enzyme solution, obtained after cany-
ing out the adsorption process under the most favorable conditions, was sub-

jected to fractional precipitation by alcohol and ether as in the method pre-

viously developed in this laboratory. The solid product obtained was
enzymically active and gave a positive biuret reaction.

Thus the results of the adsorption experiments give added evidence that

pancreatic amylase either is protein or contains protein as an essential con-

stituent and that this is true of the material obtained by the adsorption

method of Willstatter and his coworkers as well as of that purified by the
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method previously developed in this laboratory and described in our earlier

reports.

The study of factors influencing the enzyme activity has thus far com-
prised quantitative experiments with pancreatic amylase as affected by buffer

mixtures of phosphates, of borates, and of citrates, and a number of neutral

salts including sodium chloride, nitrate and sulfate, and potassium chloride.

Further experiments with these and other salts are needed before final con-

clusions can be drawn. It is hoped that these experiments will throw light

upon the problem of specific effects of ions and furnish a basis for further and
more conclusive studies of the mechanism and kinetics of amylase action.

The efficient collaboration of those who have shared in this work whether

as research assistants or as volunteers is gratefully acknowledged.
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Clements, F. E., Santa Barbara, California. Associate in Ecology. (For

previous reports see Year Books Nos. 16-24.)

The experimental work of the summer has been conducted chiefly at the

Alpine Laboratory in Colorado as usual, and major problems have been under

investigation throughout the year at Santa Barbara and Berkeley, Cali-

fornia, and at Lincoln, Nebraska. In addition, studies have been pursued at

the Desert Laboratory during the winter and spring. The experimental

transects in the Sierra Nevada and Rocky Mountains have been much ex-

tended, and provision has been made for a new one from coast to mountain
and desert in the Santa Inez Mountains at Santa Barbara. Competition

cultures have been maintained for the third year in prairie, scrub and wood-
land at Lincoln and Weeping Water, Nebraska, and the grazing exclosures in

southern and northern Arizona are now in the ninth year of study.

Intensive field studies have been carried on in California and Colorado, and

a number of longer excursions have been made in the Southwest and along the

Pacific Coast especially. Two of these have dealt with Mexican vegetation,

one south into Tamaulipas and the other into Lower California. Cooperative

studies of vegetation have continued in Arizona, Texas, North Carolina and
South Africa, and have been initiated in California and New Mexico.

ECOGENESIS

The researches in this field have been further coordinated and extended as

the result of experimental analysis. This has led to the more definite

organization of five major projects, which appear to comprise the entire field

as seen at present. These are (1) adaptation (2) fixation (3) experimental

morphogeny (4) hybridization in nature (5) correlation of soma and germ.

All of these are variously interrelated, but each serves as the focus for a
particular approach to the problem of the origin of new forms. The first

three have been under way for several years, but the others have been
initiated during the present summer. It is hoped to develop the five projects

in such intimate relation that each will afford a check upon the others and at

the same time permit a synthetic outlook upon the entire field. In addition

to these objectives, the results already obtained are found to contribute

directly to questions of ecesis and acclimatization, to phylogeny, and in

consequence to paleo-ecology and taxonomy.
In the attempt to render the results as quantitative and objective as pos-

sible, the instrumental and phytometric analysis of the various eces is being

developed on a comprehensive scale. This has proved especially necessary

in the case of such climatic complexes as altitude, in which it has been dis-

covered that the actually efficient factors may produce similar results at

high and low elevations. Habitat measurements are even more imperative

if possible in the new endeavor to trace the effects through morphology and
histology into the processes and functions immediately controlled by ecial

factors. In their turn, factor and function provide an open sesame to the

biochemic processes that constitute the basis of the intimate physiology of

tissue and cell, upon which the study of changes is gradually being concen-

trated.

335
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The nature and significance of ecogenesis have already been discussed in

brief. 1 In the sections that follow, attention is given chiefly to methods and
concrete results in the attempt to portray as adequately as space will permit
the accumulating evidence in this field.

Adaptation, by F. E. Clements, C. W. Penland and C. Whitfield

The primary objective of the studies in adaptation is the production of new
forms under measured control and the relation of these to the ecads resulting

from natural experiments. This involves a minute analysis of the process and
especially of the extent to which it acts as a selective agent. Consequently it

demands not only the detailed correlation of factor and function, but likewise

an inquiry into the energy relations concerned in the latter. With respect to

evolution, the crux of the problem lies in the reciprocal action of adaptation

and fixation and in a comprehensive analysis of heritable and non-heritable

changes.

The types of gardens employed remain essentially the same, but the

emphasis has been shifted. Natural and climatic or altitude gardens remain
indispensable to interpretation and correlation, but they yield new forms more
slowly and in smaller number. Even more serious is their discontinuity,

with the consequent doubt as to the role of selection. This is obviated by the

use of transects and sequences, especially when they run the entire gamut
between wet and dry, or sun to dense shade. These are little more than

variations of the same method, the transect being continuous and the sequence

interrupted, the one adapted to the gradual change of holard from the center

of a pond, the other to the more irregular grouping of light densities in a forest.

However, the best transects by far are those artificially produced to yield a

continuous gradient from the submerged ece to dry soil with the lowest

chresard that permits growth. A score or more of species may be planted side

by side in such transect rows, with both rows and individuals spaced to reduce

or eliminate the effects of competition. This affords not only a complete

series of ecads, but also furnishes a graphic summary of response from one

extreme through the optimum to the other extreme. A phytometer row
is included in each transect to provide a standard to which the various species

can be referred and to permit the readier investigation of functional responses.

Further checks are obtained by growing each species in the control garden,

with and without competition and with a modicum of cultivation, to secure

definite norms for the climate concerned.

Much attention has been devoted to securing decisive evidence of direct

adaptation to the habitat as contrasted with an independent selective effect.

This is accomplished in the first instance by a tenfold increase in the number
of transplants, as well as by the division of mat and rosette species especially,

in which each individual yields a large number of clones. In the second in-

stance autogamy has been utilized to provide seed of known parentage, arti-

ficial selfing proving much more successful than natural, as would be expected.

In all cases the uniformity of the response within the species, the harmony
between species, correlation with the efficient factor, and agreement with

natural ecads furnish further evidence of distinct value.

The mortality due to transplanting has been almost eliminated by im-

provements in method, as well as by the use of seedlings and other juvenile

1 Carnegie Inst. Wash. Year Book No. 24, 310-312 (1925).
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stages, such as rosettes. Of the first importance have been various measures

taken to reduce transpiration and the loss of rootlets, and to hasten the

regeneration of laterals. These have comprised enlarging the core of earth,

watering and covering during digging and transport, and keeping the cores

wet and cool for a day or two, followed by several days or more in cool moist

shade to promote establishment. This also permits taking advantage of

rainy or cloudy days for the final transfer, as well as having a compact core

for actual planting. The transplant beds are then shaded and watered until

establishment has become certain. A further advantage accrues from the

reduction of shock and the fact that the plants undergo more or less normal
modification the first season.

The range of species employed has been widened and a considerable number
of grasses and sedges utilized, these proving quite as plastic as most forbs.

Transplanting into the alpine climate has been uniformly more effective,

evidently because conditions are more extreme, a conclusion reinforced by
the results in extremes of water and shade. In a number of cases the changes

have equalled in degree the differences exhibited by valid species, and in

some a species has been transformed into a facsimile of a related one, in

technical characters as well as in general appearance. This has been accom-
plished for the second season in the apparent change of Phleum pratense to

P. alpinum and of Epilobium angustifolium to E. latifolium. Of the same
order has been the modification of the alpine dwarf, Senecio taraxacoides, in

the shade of the montane forest into a form scarcely distinguishable from the

montane S. fendleri. This has involved the elongation of the stem from 2 cm.

to 12 cm., the change from fleshy to thin leaves, the substitution of several

erect heads for a single nodding one twice the size, the reduction of the rays

from 13-15 to 7-8 and of their length from 14-20 to 7-8 mm. Adaptations of

similar intensity have occurred in other alpine species, such as Veronica

alpina, Erigeron uniflorus, Solidago virgaurea nana, Festuca brachyphylla,

Trisetum spicatum and Luzula spicata.

While alpine species transferred to montane or plains climates have changed
but slowly or little, unless placed in shade or extremes of water, montane
species transplanted to 12,000 feet have without exception undergone marked
reduction. In those species with natural alpine ecads, the transplants have
become practically indistinguishable from these in a single season. Such
changes have occurred in a score or more of species, such as Achillea millefolium,

Antennaria dioeca, Epilobium angustifolium, Dodecatheon meadia, Pedicularis

canadensis, Pentstemon glaucus, Poa pratensis, Smilacina stellata and Scutel-

laria resinosa. These involve a four to tenfold reduction in the stem, a decrease

of the leaves to a third or fourth of the normal, a striking tendency toward a

single flower or head, and a dwarfing of the flower.

The behavior of species grown in extreme habitats in the montane zone at

the Alpine Laboratory is exemplified by the adaptation exhibited in Senecio

fendleri. The shade ecad was 30 to 32 inches tall in contrast to 10 to 12 in the

normal form and 2 to 3 in the drouth ecad; the stem of the latter was densely

white-tomentose, of the others loosely tomentose and green. The leaves of

the shade form were nearly thrice as long and broad as those of the normal
and these twice as long as those of the xerad. The clusters of the first were
racemose and leafy-bracted, of the second corymbiform and bractless, and of

the third 1-2-headed, the heads being half as large as in the others.



338 CARNEGIE INSTITUTION OF WASHINGTON

Fixation, by F. E. Clements

Strictly speaking, adaptation comprises only the change produced by
ecial factors; fixation is its complement. The relation between the two is

reciprocal, the degree of fixation setting wide or narrow limits for the

operation of adaptation, and the latter in turn producing new features to

be fixed. In consequence, it is helpful in experimentation to distinguish

between fixity or stability and the active process of fixation. The former is

readily investigated in the case of any species; the latter is the most difficult

problem in ecogenesis and the technique for its study is being fashioned but
slowly. The essentials of it are time and intensity, the one to be secured

chiefly by increasing the number of generations in a year, the other by mor-
phogenic manipulations that yield striking departures in a single season. In
comparison, the inquiry into fixity is relatively simple, though this involves a
critical analysis of the " expression" of characters.

Every experiment in adaptation affords a test of the fixity of the form con-

cerned, but the evidence may be quite misleading. The fixity of many
alpine dwarfs when moved from 12,000 to 8,000 or 6,000 feet has appeared

complete, owing to the substitution of one efficient reducing factor, drouth,

for another, cold. The two habitats, though widely separated in altitude,

were essentially identical in effect. Somewhat similar behavior has been
exhibited by reciprocal transplants between sun and shade or wet and dry
areas. Many of these transfers are ineffective, because the degree of change in

factor lies within the growth response, and actual modification of form is

secured only by greater differences, as the successful transplants demonstrate.

The effect of time is also evident in most of these, the adaptation accumulating

with each season, exhibited especially in Erigeron glabellus moved to the dry
sun habitat of E. macranthus. Even more striking is the case of Artemisia

vulgaris gnaphalodes transferred from dry sun to deep moist shade; the early

leaves and young shoots bear the characteristic white tomentum, but this is

greatly reduced in the later leaves, almost to the point of disappearance.

Gardens of the usual mesophytic type have proved likewise more or less

neutral in effect with respect to changes of form, and consequently to afford

slight or misleading evidence as to fixity. This holds for the mesophytic

species, but not for xerophytic or hydrophytic ones, for which such gardens

furnish fairly extreme conditions. The assumption that growth is directed

by mean conditions and modification by extremes has been verified so regu-

larly as to constitute a helpful working basis. All the results so far obtained in

this connection indicate a certain degree of inertia in each species, corre-

sponding apparently to its habitat and experience. Holarctic species of great

age, such as Silene acaulis and Androsace chamaejasme, remain practically un-

changed at all altitudes employed, but they are easily modified by deep shade.

Alpines of more recent origin respond much more readily and undergo much
change in the altitude gardens, while the alpine varieties of montane and

subalpine species often resume the form of the parent in a single season. It

has already been remarked that fixity is less in evidence in transfers to the

alpine zone, a fact apparently related to extremes of more than one factor.

It is also hoped that this complex of extremes will furnish a promising

approach to the problem of the actual fixation of new characters. Finally, it

appears that alpine dwarfs, like other ecad groups, may lose their fixity
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gradually through several years, partly through the duration of the stimulus

and partly in consequence of the seasonal swing involved in annuation.

Experimental Morphogeny, by F. E. Clements, E. S. Clements and F. C. Bowman

The nature and scope of this field have been discussed briefly in the Year
Book for 1925. It obviously has much in common with adaptation and
fixation, but at the same time supplements these in a most effective manner.
The stimuli employed are under much more definite control and the course of

response can be traced with greater exactness. The focus of attack is nutrition

in the wide sense and this promises to afford a direct approach to the corre-

lations between soma and germ and the biochemic processes involved. Some
natural malformations or terads are fixed and others are not, a fact that seems

to be equally true for the much smaller number of induced ones. This affords

an immediate entrance into the mazes of fixation, as well as much the best

promise of emerging successfully from them. The increasing ease and
rapidity with which terads may be induced indicate the early accumulation

of a large mass of material, not greatly inferior in amount to that produced by
adaptation, and much superior in its immediate value for studies of fixation.

Considerable advance has been made during the year in the technique of

manipulation and in fashioning a comprehensive method applicable with

certain modifications to the widest variety of species. Further experience has

made it possible to select species with greater effect for certain results, to

adapt methods to different purposes and to determine times and conditions

favorable to success. Mutilation and injection have remained the means
most frequently employed, but other methods of modifying food access have
also been used, such as bending, constricting, etc. Mutilations of every kind

have been utilized, and injections have made use of foods, hormones, enzymes,

acids, alkalies and inorganic salts, the first being usually the most effective.

In addition, indirect methods, such as competition, over-watering, fertilizing,

renewed watering at maturity, growing out of season, and eliminating the

resting period, have proved of value. These are of especial significance in

relating ecads to terads and in indicating the direction along which studies of

causal processes must proceed.

During the year several hundred terads of many kinds and varying degree

have been produced in the control gardens at Santa Barbara and in both

garden and field at the Alpine Laboratory. Results have been secured in

nearly all species in which regeneration is active. The majority of these

concern the character of the inflorescence, the number and size of flowers or

heads and the color—pale and albino forms being frequent. The striking

changes often produced by mutilation are well illustrated by Frasera speciosa

growing in the field. Cutting the stem back to the two lower nodes led to the

development of flowers in these, most of which were abnormal. In one case

the flowers were merely enlarged, being about twice the size of the normal ; in

another the number plan was affected and, in the third, one or more of the

stamens bore one or sometimes two petaloid outgrowths, usually without

affecting the pollen. In a few flowers, the stamens were reduced to vestiges.

These plants were in the same stage, grew near each other in the same habitat

and were treated alike at the same time, but in spite of this yielded very

different results. When all the buds of the primary clusters but the two
youngest were removed, the flowers produced were often formed on the plan
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of 2 or 3, though none of these developed in the untreated clusters. Re-
duction of the flower to a third or fourth of the normal was not infrequent,

and in these the nectaries and covering scales were sometimes greatly changed.

Such changes of size and form were especially common in Castilleia miniaia

as a result of pruning, bending the stem sharply or removing all the leaves.

These reduced flowers were replicas of those of the variety parviflora, often

regarded as a species, though in extreme cases they became much shorter and
to a large degree cleistogamous.

As a rule, injection when effective was expressed in changes of size and color,

but in a few species it had a much more pronounced result. The use of dilute

solutions of honey or dextrose led to reduction of the corolla in Salvia grandi-

flora, often with much suppression of the lips, and to sterility or abortion of

the anthers. In Clarkia elegans it produced the splitting of one or more
petals, giving a doubling effect, a consequence also brought about by the use of

inorganic solutions, such as 1 per cent acetic acid, potassium permanganate,
etc. The injection of honey into the buds of Oenothera biennis resulted in

cleistogamy in every case, but was without effect in the larger buds of Oe.

lamarckiana. Ovaries were similarly injected in a number of species, the

possible results to be sought in the next generation.

Directmethods were much less successful at Santa Barbara than the indirect

ones of competition and of hypertrophy, due to an abundance of sunshine and
water, to a growing season 8 months long or more, to renewed watering, etc.,

usually in the case of species accustomed to very different climatic conditions.

Plantago lanceolata was much the most prolific of terads, producing a whorl of

leaves at the middle of the scape bearing a dozen spikes, compound heads

consisting of a central spike with small ones growing out of its base, a long

leafy involucre from the tip of the spike, unisexual spikes, and late-season ones

reduced to a few flowers. In Plantago major all the plants were monstrous,

ranging from spikes with large spatulate leafy bracts subtending tiny but

fertile flowers through a complete series to flat head-like masses of leaves

with no vestiges of flowers. A similar shortening of the axis occurred in the

conical heads of Lepachys columnaris, though the causal relations were com-
plicated by the presence of aphids. The ray-florets exhibited various grada-

tions to green leaves, the disk-florets were borne on long stalks, the stamens

abortive, and the style-branches long-exserted and green like the corolla.

The effect of climate and season upon terad production seems evident in a

number of cases. Sisyrinchium bermudianum developed number terads

to the extent of 50 per cent of the total, while the other species, native to the

region, gave none. Both Datura tatula and stramonium exhibited profound

changes in the fruit on nearly all plants from early summer to autumn.

This consisted in a progressive reduction of the size in late summer, and in the

number and length of the spines until the last fruits were reduced to a fifth

of the normal and were nearly or quite smooth. After flowering normally and

the fruits had dehisced, large plants of Oenothera biennis were watered heavily.

They put forth numerous short flowering branches in the midst or at the base

of the dry inflorescence, or more rarely produced dense corymbs of flowers at

the tip. The flowers were a third to a fourth the normal, the tube very long

and slender, and the stigmas closed and included in the throat.
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Hybridization in Nature, by F. E. Clements and C. W. Penland

In the endeavor to throw light upon the role of hybridization in the origin

of new forms in nature, a comprehensive investigation has been initiated of

two different floras. The flora of the Pikes Peak region is generally boreal in

nature and hence representative of circumpolar lands, while that of southern

California is largely austral and peculiar to the Southwest. Th major
objectives are the systematic examination of each flora for hybrids, the genetic

analysis of genera long supposed to produce hybrids in nature, such as

Verbena and Aquilegia, the production of hybrids between native species,

and the behavior of the meiotic mechanism in representative cases.

The scrutiny of the native flora is based upon the criteria established by
Rosenberg and extensively employed in America by Jeffrey and his students.

These consist chiefly of the imperfection of the meiotic apparatus and a high

percentage of sterility in the pollen, often accompanied by striking variability

and exceptional vigor. All the species of families known or suspected of

hybridizing readily are being examined for imperfect pollen and material

taken for the study of meiosis, the initial work being concentrated on Rosaceae,

Oenotheraceae, Verbenaceae and Ranunculaceae. In connection with this,

an attempt is being made to produce sterile pollen experimentally, to serve as a

check upon its occurrence in nature. It has been found that morphogenic
manipulation sometimes results in poor pollen, even when the stamens appear

normal otherwise.

An endeavor is being made to develop a complete system of experiment in

connection with the pollination and fertilization behavior of selected species,

based upon the previous researches in experimental pollination. This involves

allogamy and autogamy under both natural and artificial conditions, as well

as crossing under control and under methods of contiguous or mixed planting

that simulate the opportunity in nature. The development of a technique

suited to nature and to semi-natural gardens has presented peculiar diffi-

culties, and some of these, such as the danger from a large rodent population,

are still to be solved. The studies of autogamy have afforded some important

by-products, first in providing more uniform material for studies in ecogenesis,

and second in furnishing evidence that self-pollination in nature is much less

effective than has been supposed.

The initial studies have dealt chiefly with Pentstemon, Aquilegia, Oenothera

and Geranium. Pentstemon offers especially favorable material from the

standpoint of the large number of species available and the success with

which they can be handled in semi-natural and control gardens. Moreover,

none of the local species has been found to produce imperfect microspores,

and it seems probable that cytological study will show that these are not

hybrids. On the other hand, numerous garden hybrids already exist between

several of the native species of Aquilegia, thus permitting the desired twofold

attack upon the genetic constitution of these as well as upon the production of

hybrids under known conditions. Apart from its well-known behavior in the

section Onagra and the interest attaching to the relation between mutants and
hybrids, Oenothera affords an attractive focus for experiment because of the

unusually large number of well-marked sections and the fact that these have

often been regarded as distinct genera. Studies are also under way of certain

reciprocal species transplanted for adaptation and fixation, such as Geranium
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caespitosum and G. richardsoni, from which selfed seeds and reciprocal crosses

have been obtained. A preliminary test is also being made of a number of

albino forms, e. g., of Pentstemon gracilis, Aconitum columbianum, Campanula
rotundifolia, Gentiana amarella and Swertia perennis. This is expected to

throw light upon the nature of hybrids and mutants, and should prove

especially significant in the case of albinos induced by morphogenic manipu-
lation.

EXPERIMENTAL PHYLOGENY AND TAXONOMY

Experimental Phylogeny, by F. E. Clements and E. S. Clements

In addition to the experiments planned for the definite purpose of suggesting

or revealing phylogenetic relationship, it has become clear that practically

every study in adaptation and fixation, as well as many of those in morpho-
geny, possesses phyletic value. In more than one case where the ancestral

form was not even suspected, transplant experiments have disclosed clear

evidence of origin and relationship. A striking example of this is the case of

the peculiar alpine Agropyrum, A. scribneri. Transferred to shade in the

montane zone this underwent marked change, approaching closely the montane
species, A. caninum. This indicated that their areas should be somewhere in

contact and persistent search showed this to be the case, a small group of

scribneri being found in the montane zone along a line of cold-air drainage and
caninum occurring on a warm slope at the lower edge of the alpine meadow.

In refining the methods of comparative morphology to determine the best

points of attack, it has become evident that many generic phyla, and perhaps

most of them, fall into more or less definite units. Frequently these are indi-

cated by sections or other taxonomic groups, but sometimes they are not and
ecological tests are necessary to disclose the probable connections. The in-

creasing importance of such units for experiment has made it desirable to

employ a special term for them and they have been known for several years as

phylads (cpv\ov, tribe, line; adris, patronymic affix), a word that has

proved so useful as to lead to the expectation that others may likewise find

it so. A phylad consists of two or more species, one of which is ancestral or

basic and the others derived. As a rule, phylads are suggested by close

morphological resemblance, but they are also revealed in increasing number by
experiments in ecogenesis. Each phylad permits experimental study from

either direction in the major task of determining the ancestral species and the

course of evolution, but the derived species has usually appeared more sus-

ceptible of modification.

Quite apart from the objective nature of the evidence, a signal advantage

of the phylad method lies in the opportunity to analyze the phyletic lines of

larger groups, such as genera and families, especially where the continuity is

good. As a result of careful morphological study such a line may be divided

into its probable phylads, all of which may be tested simultaneously by means
of experiment. The most strategic phylads are those that make the contacts

between related genera or families, and in the larger questions of phylogeny

involved in the natural system these are the only ones that need to be taken

into account. When the even more effective methods of experimental

morphogeny are added to those of ecogenesis, it becomes possible to bridge

the gaps between some orders at least and to place their sequence upon a

more and more objective basis.
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A large number of supposed phylads have been recognized upon the basis of

morphology, distribution and ecological criteria, and a score or more of these

have been subjected to experimental test during the past year. Some of these

have been selected because of unusual promise or significance, but most of

them because of their bearing on three problems under investigation, in all of

which evolution and the changes of climate and vegetation are interrelated.

These are the origin and relationship of the desert flora of the Southwest to

the original flora and vegetation now represented on both sides of the desert,

the relationship of the alpine and temperate grasslands of the northern hemi-

sphere, and the evolution and migration of the genus Stipa throughout both

hemispheres. The phylad method holds the promise of establishing the evo-

lutionary sequence of the species of genera that act as dominants and sub-

dominants and thus affords a new clue to the great changes of climate and

vegetation in the more recent past.

Phytogeny of Haplopappus, by H. M. Hall

The evolutionary lines connecting taxonomic groups larger than species

are not subject to exact and final determination. This is because, among
other reasons, time is too short to permit of an artificial reproduction of these

lines through experiment. Nevertheless, evidence from various other sources

sometimes points so consistently to the same conclusion that geneological

"trees" may be constructed with some degree of satisfaction. At any rate,

the opinions of specialists who have given much study to particular groups

from a phylogenetic point of view should be worthy of consideration. They
often serve as guides in genetical studies and in practical plant and animal

breeding. Moreover, they may be expected to throw much light on the

methods and processes of evolution.

The genus Haplopappus, of the Asteroid Compositae, when taken in its

broad sense, comprises some 20 groups of species, the delimitation and classi-

fication of which have caused much confusion among taxonomists. This is

due partly to the elusive nature of the characters, but more to the fact that

no one has studied all of the forms with a view to working out their origins and
natural groupings. When one has only a few species of each group in mind, the

distinctions between the groups become magnified and one is tempted to

break up the genus into several or many genera, but when the whole assem-

blage is studied it is seen that there are few sharp breaks and that the entire

series of forms arrange themselves along lines at least strongly suggestive of

evolutionary development. As these lines diverge there is opportunity to

establish, first subgenera, then sections. These latter are the genera of those

who prefer a small generic concept.

A tentative phylogenetic chart of the sections found in North America is

presented herewith. There are numerous species also in South America, but
these belong to other subgenera, or at least to other sections, and are left for a
later treatment.

The names chosen for the sections are those in use, according to the Inter-

national Rules, when the sections are given generic rank. This permits of the

shifting of nomenclatorial status with a minimum of confusion. The only

addition is the new section, Asiris. It was necessary to establish this as

distinct from Ericameria because of the absence of resin-pits. This feature

has been often used as a generic criterion, but histological studies now
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demonstrate its ephemeral nature. Suggestive of its unreliability is the fact

that the species of Asiris have been hitherto uniformly classed as Ericamerias,

notwithstanding the absence of the dots. The two groups are so closely

similar otherwise that the absence of resin-dots was apparently overlooked.

The species of Haplopappus referable to the Section Asiris are: H. nanus

(Nuttall) D. C. Eaton (type of the section), H. resinosus (Nuttall) Gray, H.
cervinus Watson, H. rydbergi Blake, and H. watsoni Gray.

Experimental Taxonomy, by H. M. Hall and Associates

Under this heading are grouped activities concerned chiefly with the classifi-

cation of plants. The results are applied in the preparation of taxonomic

monographs of certain select groups and in addition there is accumulating a

store of information regarding the extent to which modifications may be

brought about in a considerable number of species of diverse families. More-
over, since special attention is given to the development of direct experiment

as a method for the testing of taxonomic criteria, it follows that the results

have application also in the related fields of ecology and genetics. For this

reason every opportunity is taken to develop contacts with workers in these

fields.

The work includes various types of transplant experiments as described in

preceding Year Books. It is carried out in the field and in special transplant

gardens along a transect extending from sea-level on the coast of California,

to timber-line in the Sierra Nevada Mountains. Greenhouses are utilized for

certain experiments demanding better control of environmental conditions.

Especial attention has been given during the year to experiments in which an
individual plant is concerned. By proper selection and manipulation as

many as 30 clones are sometimes propagated from a single root. Thus,

abundant material is rendered available for the induction and study of modi-
fications under a large series of environments and the results are much more
positive than if use were made of different plants of similar appearance but
possibly of unlike hereditary constitution.

Results from transplant experiments are accumulating much too rapidly to

permit of enumeration in Year Book articles, but especially interesting de-

velopments during the current year may be noted as follows:

Single-plant experiments with Symphoricarpus albus show that size, shape

and lobing of leaf are modified in response to changed light relations. This is

probably an expression of vegetative development in reduced light, since

under this condition nearly all of the leaves are broad and deeply lobed, as on
sterile shoots of the typical form. The same plant in full sunlight produces

entire leaves of approximately one-third the surface area.

Thalictrum fendleri has robust, stiffly erect stems in the sun gardens ; weak,
slender, trailing or weakly climbing stems and much broader leaves when
grown in moist, shady places. The stems both of Thalictrum and of Aquilegia

ormosa spread horizontally in partial shade. This phenomenon, simulating

hereditary plagiotropism, is probably only a case of temporary heliotropism.

The heads of Solidago elongata are closely and narrowly spicate-panicled in

the half-shade garden, but these inflorescences are themselves much branched
and openly paniculate on divisions from the same root grown in the full sun.

This is one of the most striking modifications thus far produced and would
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throw a single plant into different sections of the genus if current classification

were followed.

Entirely different is the behavior of forms of Haplopappus (Pyrrocoma)

racemosus and the closely related H. lanceolatus. Roots of these, assembled
from 20 localities in four western states and grown under uniform conditions

at Berkeley, yield 15 permanent forms (subspecies and "ecotypes") which,

although modifiable in minor features, exhibit no tendency toward con-

vergence. The results will be of much value in the preparation of a taxonomic
monograph of the genus.

In Dodecatheon jeffreyi the leaf-shape is changed from oblong to spatulate

by growing the plants in water. This doubtless accounts for some of the

"new species" recently described in the genus. By the use of reciprocal

transplants it is found that narrow-leaved and broad-leaved forms of D.
alpinum are temporary ecologic responses to the light relation. These and
similar results will be used by Mason in a revision of the genus Dodecatheon,

now in preparation.

Other results which will aid in the classification of characters into the herit-

able and non-heritable groups have been obtained in the following genera:

Achillea, Artemisia, Ceanothus, Erigeron, Eriogonum, Geranium, Lotus,

Oenothera, Pentstemon, Potentilla, Prunella, Zauschneria, etc.

FACTOR AND FUNCTION

Phytometry in the Knysna Forests, by John Phillips l

It is noteworthy that the utility of the phytometer method is being realized

by several independent workers in South Africa: preliminary accounts of

work done have been published by J. W. Bews 2 and the present writer.3

The principal purposes of the experiments being carried out in the Knysna
forests are the selecting of plants sufficiently sensitive to warrant their use as

living measures of the ece, the study of the prime responses of such plants to

known ecial conditions, and the application of the information obtained,

wherever possible, to practical silvicultural use.

At the outset attention has been focused upon the growth (fresh-weight,

dry-weight, ash-weight, height and diameter increment of stem, number of

leaves produced, nature of leaves externally and internally, size of leaves, and
root-production) and transpiration responses under controlled, measured
ecial conditions (e. g. light-intensity, duration of sunshine, temperature

range, humidity, evaporation, holard, pH value, soil quality). Cultures

studied under feral conditions have been checked by comparatively full

measurement of ecial factors, climatic and edaphic, and by record wherever

possible of biotic factors. In addition, the effects of competition are being

separated from those produced by the physical environment. Plants employed

up to the present are the seedlings of the forest trees Ocotea bullata, Olinia

cymosa, Olea laurifolia, Platylophus trifoliatus, Cunonia capensis, Curtisia

faginea and Virgilia capensis, and several semi-herbaceous shrubs, Heli-

chrysum petiolatum and Cluytia pulchella. Cultures have been raised from

selected seeds in the instance of all control phytometers. At the present time

several series containing tree seedlings as tall as 6 feet are under study, the

1 Of the Forest Department, South Africa.
2 J. W. Bews, Mem. Bot. Surv. South Africa, 8, 41-65 (1915).
3
J. F. V. Phillips, South Africa Jour, of Sci., 22, 197-214 (1925).
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responses of these having been observed since the emergence of the plants

from the seed, and it is hoped to continue the study of such cultures until the

plants are considerably larger.

While the semi-herbaceous species are much more readily handled on ac-

count of their smaller dimensions and because they attain maturity in the

course of several weeks or months, the writer leans to the opinion that the

direct regeneration of the forest trees it is desired to propagate in silvicultural

practice is likely to yield phytometric information of greater utility to the

forester. The results so far obtained, e. g., that Virgilia capensis and
Ocotea bullata rapidly respond to quite small differences in light intensity, that

Cunonia and Platylophus very readily respond to slight differences in holard,

that Olinia cymosa reacts to slight changes in pH value, and that Helichrysum

petiolatum is markedly sensitive to slight humidity and slight light-intensity

differences, augur well for the use of the living plant as a measure of habitats

at the Knysna.
While it must be a lengthy period before physical instrumentation can be

entirely replaced by standardized cultures of phytometers, it is urged that

today even, in the care of a trained worker, the phytometer yields a more
readily comprehensible measure of any of the prime ecial factors and of the

complex produced as the result of the integration of the various factors, than
does the battery of physical instruments. Obstacles that further research and
experiment alone are capable of overcoming are the difficulties of obtaining

standard plants and of correlating certain responses with slight factor changes.

Studies in Aeration, by G. W. Goldsmith and F. E. Clements

Further investigations of aeration, acidity, and plant activity in soils have
been carried out in North Carolina, Louisiana, and Texas. Intensive studies

were made during the winter in a typical grass-sedge bog near Burgaw, North
Carolina. This area, as representative of the " savannahs" of the Atlantic

coastal plains, is the subject of a detailed study by B. W. Wells and associates.

Though high, natural drainage is poor, due largely to the compact and im-

pervious nature of the soil. The development of forest is prevented by the

frequent occurrence of fires. At the time of this study, the water-table was
very near the surface of the soil except in the close proximity of the drainage

ditches. Aerometer readings showed the soil porosity to vary from to 5

per cent, the air composition being not strikingly different from that of the

atmosphere. The root-layer of the vegetation was submerged and largely

inactive at this season. Numerous ant-hills scattered through the area

showed a strikingly higher porosity and a flora quite different from that of the

surrounding bog.

Investigations in the coastal marshes of Louisiana were carried out at

Avoca Island. This is a low marshy island surrounded by bayous. It has

been drained in part by means of pumps, and such areas have been under

various cropping systems for from 1 to 100 years. Other portions are still in

their unreclaimed wild condition. During the winter season, when this work
was in progress, the water-table ranged from the soil surface to 6 decimeters

below. The silt soil is not readily permeable to water. The native plant

cover is largerly Phragmites, with the cypress-gum associes appearing along the

higher banks of the water-courses. Sugar-cane, corn, cotton and truck crops

are raised on the reclaimed areas.
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Studies of the acidity and air-content showed that the soils were neutral in

the areas where shell remains were incorporated with the other constituents,

and slightly acid in other places. The porosity varied with the amount of

organic matter and its state of decomposition. The carbon-dioxid content of

the soil-air was not conspicuously high at the period of study and yielded no
correlation with the soil acidity. The compact subsoil was waterlogged

through most of the area studied and was not freely penetrated by the root-

layer, except in the drained and cultivated areas.

Drainage water coming from the area exhibited a much higher acidity than

the soil from which it proceeded. Analyses for dissolved carbon dioxid gave

moderately large amounts of this gas in solution, but indicated no close corre-

lation between these values and acidity. Aeration of drainage water reduced

the amount of dissolved C0 2 , but did not affect the acidity proportionately.

Preliminary studies were begun during the early spring in the coastal area of

southwestern Texas near Corpus Cristi. In this region three types of bog are

available for comparative study. The brackish coastal marshes receive

periodic inflows of salt water during storms or high tides. Farther from the

coast along rivers or drainage-ways, such marshes contain fresh water only

and exhibit the reed-swamp associes typical of such areas. Besides these open
marshes covered with herbaceous growth, timbered bogs occur in which

Vlmus and Salix predominate. The soils are generally compact, imper-

meable, slightly acid, and remain waterlogged for much of the season.

Further intensive work in this region is planned.

Soil Factors in California Grassland, by A. G. Vestal

Recognition of peculiarities of serpentine soil in providing favorable grass-

land habitats, in which the usual invasion by weeds is greatly retarded, has

led to studies of water relations and other factors in several soil-types. Fre-

quent soil-moisture records in six stations on Jasper Ridge near Stanford

University were made by J. M. Harper during the deficient rainy season of

1923-24. By comparison with daily readings at a more accessible station,

detailed graphs showing daily moisture-content were constructed. Pending

investigation of the chresard for native and standard plants, the wilting-

coefficient, calculated from moisture-equivalent determinations by J. W.
McLand and by E. V. Winterer, is used as a basis for comparison of different

soils. The "moist-soil season" was shortened from a presumptive 176 days

to 113-118 days. Within this period dry intervals occurred. The mean
moisture-content above the W. C. (wilting-coefficient) was calculated for

each habitat. This mean, multiplied by the number of days available, gives a

numerical expression by which moisture conditions for different habitats, or

for the same habitat in different years, may be compared. It may be called

the time-moisture value.

I. Topography as Affecting Soil Moisture

Depth of soil varies from 6 inches in Xi to 42 in M. Moisture values and

W. C. data are for 0-6 inches.

The total available moisture in the deep-soil habitats, M and MH, is much
greater than the figures for the to 6-inch layer suggests. Comparative values

for the several topographic sites agree with expectation, except that M is

much drier than in a normal year, due to depth and extreme fineness of its

adobe soil, giving a very great capacity for holding moisture.
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Table 1—Serpen,line and chert stations

Station W. C.
Dry

intervals

Days
above
W. C.

Mean
value
above
W. C.

Max.
value
above
W. C.

Time-
moisture
value

Ratio,

based on
x2

Serpentine:

Xi, hill-top

M, "moist slope". .

Chert:
X2, hill-top

MX, "moderately
dry slope"

18.8
24.1
22.9

14.0

16.4

3

3

3

1

87
96
118

84

105

4.14
5.24
7.34

3.16

5.41

11.1

13.2
18.4

8.6

10.3

359.8
503.2
859.8

265.7

567.7

1.32
1.46
2.32

1.00

1.71

II. Comparison of Habitats Differing in Soil

Soil derived from Chert:

Station X2, hill-top chocolate-brown

stony sandy loam (Olympic? series).

W. C, 6 in. ave. 14.0 (13.9 to 14.7).

Gravel and coarse sand fractions rela-

tively high; fine fractions only moderately

high.

Annual grass associes, Avena fatua domi-

nant.

Chaparral postclimax more frequent than

grassland in the chert, especially the

coarser phase (W. C. 9.1 to 11.9), and steep

slopes.

Dry-year moisture-values unusually low;

this may have affected original grassland

severely, and so permitted weed invasion.

Poor growth of weed grasses this year.

The two types of contrasted rock, chert and serpentine, form the rolling top

of the narrow plateau over its northern part. The middle and southern part

are chiefly composed of Chico sandstone, which weathers into sands and sandy
loams having the same range of textures as the chert, affording similar

habitats for chaparral, and over the middle part, weedy grassland with

xerophytic oaks.

III. Comparison of Habitats Differing in Vegetation

Two situations alike in topography and soil origin (hill-tops in the chert

area), X2 with sandy loam and weedy grassland, and X3 with gravelly loam

and dry chaparral (Adenostoma) :

Table 2

—

Grassland and chaparral stations

Soil derived from Serpentine:

Station Xi, hill-top black stony clay loam
soil (Climax series). W. C, 0-6 in. ave.

18.8; greatly variable, 16.0 to 22.0; in

similar stations 14.7 to 25.5.

Mechanical analysis: coarse fractions

very low; fine fractions high.

Bunch-grass prairie, Stipa setigera domi-

nant.

Chaparral hardly occurs in the serpentine

area: where present, Quercus durata is an
important component.

Moisture values lower than in normal
years, with result that annuals are few and
small. Bunch-grasses, with their extensive

root-systems, not greatly affected.

Station
w. c.

ave.

Data for

station Dry
inter-

vals

Days
above
W. C.

Moisture
above W. C. Time-

moisture
value

Ratio

Max. Min. Mean Max.

x2 .

X,.
14.0
9.9

14.7
13.9

13.9
9.1

3

1

84
112

3.16
3.59

8.6
8.1

265.7
401.9

1.00
1.14
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Mechanical analysis shows the largest fraction to be clay in X2 (the grass-

land)
;
gravel in X 3 . The same textural difference is still more pronounced in

comparing grassland and chaparral stations irrespective of soil origin, and
texture is suggested as the basic physical control. Large volume of included

rock fragments causes deep penetration of moisture, favoring deep-rooted

shrubs. The lower 0-6-inch moisture values of X2 are probably an effect

rather than a cause of the presence of dense herb cover, and are due to removal
of water by shallow-rooted plants. The higher maximum holard in X2 is a
significant corroboration.

It is not necessary to imagine the coarse-soil habitat as either wetter or

drier than the fine-soil habitat. A difference in distribution of water with

respect to depth might very easily determine whether deep-rooted shrubs or

shallow-rooted herbs will prevail. Since the physical difference is gradual, a

considerable margin occurs in which either community is successful. The
segregation of the two types is made pronounced usually by the competition

between the two growth-forms rather than by sharp factor differences. Sharp
boundaries are, however, frequent between upland surfaces and steep slopes

of recent erosion. Differences of soil-texture are likely to be of influence

there as well as between topographically similar areas, such as the two hill-

tops X 2 and X3 .

IV. Soil Moisttjbe in the Valley Flats

Excavations near Palo Alto to expose roots of the perennial Lupinus

formosus and Eschscholtzia were made in the deep alluvium by J. M. Harper
and the writer. The lupine root-system occupies a cylinder of soil 2 feet in

diameter and 10.5 feet deep. A rather small poppy plant was traced down-
ward for nearly 8 feet. Although dry layers at fluctuating levels and of vary-

ing thickness are to be found at most times (as determined by means of

borings from 6 to 12 feet deep), these are believed to be eliminated in the

rainiest winters. The significant finding is that moisture values above the

W. C. are present at one or several horizons within the first 10 feet, and
residual moisture has been reached at 88 to 110 inches. Thus, any perennial

plant that can once establish a sufficiently deep root-system is assured a

permanent water-supply. This is true in spite of increased withdrawal of

water for irrigation and domestic use, with its progressive lowering of the

water table. Invasion of the weedy grassland by Baccharis and Rhus diversi-

loba can be observed, and the frequent germination of acorns would result in

establishment of many young trees if it were not for the intense competition of

wild oats, and the repeated burning, cutting, grazing and trampling to which

the fields are subject. The aboveground part of most lupine and poppy
plants is wholly destroyed three or four times during the long dry summer, but

the moisture-supply and their powers of regeneration enable them to survive.

Climatic Cycles and Tree Growth, by A. E. Douglass

The past year has seen the practical completion of the investigations to be

described in a forthcoming book continuing the study of climatic cycles and

tree growth. The subject matter will include the improvements in methods

and technique since the previous publication and the collection and discussion

of some fifty groups of western and southwestern trees. The selection of

areas of collection was designed to cover the western states in order to indicate
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roughly some meteorological districts and to try out the effect of certain

details in topography. The starting point was the great pine forest in northern

Arizona. The groups therefore outline the Colorado Plateau and extend from

the Sierra Nevada to the "island" mountains of southern Arizona, southern

Nevada and southern Utah, and to southwestern Colorado. The eastern

mountain ranges of New Mexico, Colorado and Wyoming are included.

Groups came also from the interior regions of southern Idaho and eastern

Oregon.

On comparing the curves of these various groups, a marked similarity was
seen to prevail over the dry regions of the Southwest, including Pine Valley of

southern California and the Charleston Mountains of southern Nevada, and
extending to central New Mexico. The northern and coast areas show greater

complacency in ring growth, due to heavier precipitation and higher water-

content of the soil. These group curves have also been analyzed for periodic

effects. The scale and range of the analyzing instrument cover cycles between

6 and about 40 years. Three cycles prove to be very common, namely, one a

little over 14 years, a second somewhat under 20 years and a third close to

23 years, this last being the double sunspot cycle. The 20-year cycle is also

probably a double one. Thus, we have approximately 14, 10 and 11 years as

cycles appearing in the trees and it is very significant that these cycles are

evident in the sunspot variations since 1750. For example, the 10-year cycle

operated from 1750 to 1788 : an approximate 14-year cycle then had effect to

1830, and the usual 11-year cycle has dominated since then. Hence, it seems
evident that the trees are recording these other solar cycles besides the well-

known 11-year sunspot cycle. Furthermore an analysis of these various

group curves gives evidence that the common 11-year sunspot cycle dominates

the trees to a recognizable extent on the Pacific slopes; the 10-year period is

the more common on the eastern slopes of the Rocky Mountains, while the

14-year cycle is the more common in the interior arid tracts.

In the course of collecting and studying these various groups several

interesting topographic relationships have appeared. In the arid regions the

increase of ring-size with moisture, whether as precipitation or as water-

content of the soil, is evident. This has been worked out both with the

yellow pines and the sequoias. The pines of the dry parts of Arizona and the

sequoias growing on dry ridges give a good record of rainfall, but the sequoias

found in the wet basins naturally do not. The effect of altitude above the

sea was studied on the yellow pines near the San Francisco Peaks of northern

Arizona. The higher trees cross-identify with the usual Flagstaff sequence in

the forests 2,000 feet lower down, but show smoothed variations indicating a

more constant water-supply. However, their growth averages smaller as a

result of the shorter growing season. The northerly groups of Wyoming, Idaho

and Oregon show similar wet-climate characteristics. While each northern

group exhibits consistent ring records within itself, different groups are not so

much alike as are those in the arid regions.

A "shadow" phenomenon has become evident in studying the pines of the

Flagstaff region. The prevailing westerly winds of winter deposit their

moisture chiefly on the western slopes of the San Francisco Mountains, leav-

ing the eastern slopes and the adjacent portion of the forest relatively dry

and with reduced agricultural possibilities. It seemed likely that this would
show in the rings of the pines, and it was found that groups collected in the
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eastern or shadow areas show relatively very great exaggeration of cycle-like

variations over 15 years in length. A similar condition seems to prevail in

the Charleston Mountains of southern Nevada and this shadow effect is

taken to be characteristic of small mountain masses.

A "taper" study has been made of the variation of sequoia rings at different

heights on a tree. Borings were made with the Swedish increment-borer

every 20 feet on a fallen tree whose original height was 265 feet and whose
trunk diameter was approximately 15 feet. The extreme outside rings, put on
since lumbering began immediately about the tree, showed great variation at

different heights, but the interior rings, including about 400 years, were
amazingly alike. The root region was very complacent, the great trunk was
very uniform, while among the branches some differences appeared, but
living wood, even at the very top of the tree, was easily cross-identified with

the general and well-known sequoia record.

In connection with the study of groups of trees in the arid regions of the

Southwest, evidence has been found of recent shrinkage in certain forest

areas. The climatic conditions that cause such decrease have a profound
effect on ring-growth that is easily recognized. In fact, this effect had long

been noticed, especially in beams from prehistoric ruins, but its cause was not

understood. On examining the few relict pines of the Chaco Canyon region

and finding their roots in many cases laid bare by the washing away of the

soil, the cause of their "compressed" rings in recent years seemed evident.

The interpretation of tree growth in terms of climate was thereby improved.

This "denudation" effect, together with topographic influence and the

relation of dominant cycles to mountain ranges mentioned above, combined
with the well-known rainfall relation and the mountain "shadow" effect, sug-

gest a favorable approach to the study of climates of the past.

Ecological Measurement of Photosynthate, by F. L. Long, F. E. Clements and

C. R. Haupt

In the further analysis of photosynthetic differences in nature, it has proved

necessary to make an extensive inquiry into stomatal behavior. A number of

alpine and montane species and of common vegetables have been studied

with respect to opening and closing, as well as the relation of the starch-

content of the guard-cells to the daily rhythm. This has been done by the

method of taking epidermal strips at regular intervals throughout the 24-hour

period or in special cases through a period of two or three days. This has

disclosed striking differences in the stomatal cycle, not only between species,

but also between ecads of the same species, and promises to throw new light

upon the role of starch in stomatal movement.
The series of color standards made up with sodium picrate solution and

definite amounts of dextrose for the colorimetric determination of sugar in

the leaf-extract has been replaced by a new form of comparator. In this but

one dextrose-picric acid solution is required. A hollow glass prism is filled

with this solution and light reflected through it. As the light passes through

the different degrees of solution in the triangle, the whole range of colors

required for comparison with leaf-extracts is produced. Calibrations on the

handle attached to the prism indicate the amount of dextrose represented by

the color at that point. This device not only saves the time involved in

making up the fifty standards previously used, but a rack in which twelve
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Table 3.

—

Photosynthate of
vegetables

samples can be slipped through the comparator in succession further facilitates

the work.

Among the commoner garden vegetables examined for photosynthetic

efficiency and stomatal behavior were pepper, rutabaga, salsify, beet, cabbage,

tomato, artichoke, turnip, corn, chard, onion and spinach. Sunflower was
also included because it was growing under the same conditions, as well as

because it was used for phytometers and shade-tent series and consequently

furnished a good standard for comparison. The
actual and relative efficiency of the various species

are indicated in table 3 :

The onion proved to be nearly twice as efficient

as the cabbage, and the later correspondingly

more efficient than the next three species, which
were nearly equal. The efficiency of the onion

may be accounted for by the leaf type, the erect

cylindrical form receiving the direct rays of the

sun throughout most of the day. Moreover, the

stomata are numerous and about equally dis-

tributed over the whole surface instead of merely

on the under side. Sunflower occupies an inter-

mediate position between cabbage and beet, sug-

gesting further warrant for its regular use as a

phytometer. It is interesting, if not significant,

that three related plants of the same growth-form,

chard, spinach and beet, should be so nearly alike in behavior.

A special study was made of the corn leaves on the different parts of the

plant at the time when the kernels were just filling. Leaves at the top of the

plant, where they were not shaded by others, ran consistently higher than

those at the base. A plant on the edge of the patch which stood nearly alone

gave 19.3 X10-3
for the apical and 16.2 X10-3

for the basal leaves, while a

plant in the middle of the field, surrounded by others and thus more or less

shaded, produced 18.1 X10-3 grams in the apical leaves and 15.0 X10-8

grams in the basal ones.

Fourteen alpine species were studied with respect to stomatal movement
and photosynthetic efficiency, with the following results:

Plants
Grams per

100 sq. cm.

Rutabaga

73.4(xl0-»)
42.7
24.8
22.2
20.5
17.1
15.4
15.4
14.9
13.7
13.7
12.8
9.3

Artichoke. . . .

Chard

Beet

Table 4

—

Photosynthate oj alpine species

Species Grams per 100 sq. cm.

Pentstemon glaucus 36.4 (X10-8
)

29.7
28.7
28.0
24.1
22.3
19.5
19.0
19.2
16.3
14.5
15.6
11.1
9.6

Salix pseudolapponum
Gentiana frigida

Castilleia pallida occidentalis . . . .

Caltha leptosepala

Chamaenerium angustifolium. . .

.

Gentiana amarella

Agoseris aurantiaca
Zygadenus elegans
Trifolium dasyphyllum
Campanula rotundifolia alpina. .

.

Sedum rhodiola

Mertensia alpina
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While the range of production is wide between Pentstemon glaucus and
Mertensia alpina, it is difficult as yet to relate the variations to definite

ecological or morphological differences.

Factors Involved in Opening and Closing Flowers, by G. W. Goldsmith,

F. E. Clements and A. L. Hafenrichter

Automatic thermostats were constructed for this work, consisting of six

glass chambers, each thermally insulated from its surroundings by means of

double walls. The required temperature of each chamber was maintained by
ventilation with air, heated or cooled as required by passage through coils of

pipe immersed in hot water or a calcium chloride-ice mixture. A bimetallic

thermo-regulator in each chamber operated drafts controlling the circulation

of air. Dew-point apparatus and atomizers were installed in each chamber and
so arranged as to be operated with the chamber closed. Wind effects were
produced by electric fans within the chambers. It proved possible to main-
tain temperatures within the chambers with a variation of 1°, and dew-
points within 2°.

Twenty species of flowers representative of hemeranthous, nyctanthous and
ephemeral groups were studied in more or less detail under controlled con-

ditions, the methods being those described in earlier reports. The flowers used

for experimental work were cut under water immediately before the initiation

of the experiment and were kept under identical conditions before being in-

troduced into the thermostat chambers. Care was taken that the conditions

and length of storage, age of flowers and length of cut stem should be similar.

Forms found only at some distance from the laboratory were transported under
conditions of constant temperature, light and humidity in a portable ther-

mostat. In the experiments the attempt was made to observe the behavior of

the various flowers when but one effective factor was varied.

Cutting flowers produced no marked changes in the behavior of the parts

provided that: (1) stems were cut under water so as to prevent the

blocking of the tracheary tubes by air-bubbles
; (2) not more than 24 hours had

elapsed since the cutting; (3) conditions under which the cut flowers were

exposed were not such as to produce a high rate of evaporation; (4) stems,

particularly of laticiferous plants, were not cut through very young portions.

The results confirm and extend those previously reported. Changes in

temperature immediately preceding or during the time of opening were regu-

larly effective in inducing the movement of floral parts. A marked periodicity

is manifest in many of the forms, a given stimulus becoming less effective

when applied at an increasingly greater time before the normal application.

This periodicity is influenced by conditions preceding the period of effective

stimulation. Light and temperature, at least, are important factors during

this preparation period. In plants, particularly many composites with con-

siderable storage tissue such as Taraxacum, this preparation period may not

be evident. It is pronounced in the case of Mentzelia multifiora and M. nuda.

For most species, the curve of the rate of opening at various temperatures

shows an optimum at approximately 20°, the rate of movement decreasing

both above and below this temperature. There is a latent period between the

application of the stimulus and the response, the length of which seems to

vary inversely with the intensity of the stimulus applied.
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Relative humidity does not become effective unless low values act as a

limiting factor, except in the case of Acroclinium roseum. This flower is but

little affected by temperatures between 10° and 30°, but responds rapidly to

changes in relative humidity, closing at high values and opening at low. As
the larger part of the tissue of the ray flowers, which are active in opening and
closing, is made up of dead cells, the response of Acroclinium seems to be

largely a matter of imbibition. In still air the rate of opening is inversely

proportional to the humidity; that of closing, directly proportional. At any
constant temperature and humidity, the curves of opening and closing rates

are reciprocal. No preparation period is necessary. The response is checked

in rate and extent but not prevented by prolonged treatment of the flowers

with ether vapor.

Microscopic examination of the corolla tissue of Oenothera caespitosa, 0.

lamarckiana, and Linum grandifiorum prove that many of the cells show the

initial stages of senescence at the time the flower expands and that before

the beginning of general collapse the majority of the corolla cells are con-

spicuously senescent. The relations of osmotic pressure described previously

were verified for the species studied during the current year.

SUCCESSION AND CLIMAX

Nature and Role of Competition, by F. E. Clements, J. E. Weaver and
H, C. Hanson

The functional relations involved in competition have constituted the chief

theme of the investigations during the current year. The functions concerned

are transpiration, stomatal behavior, photosynthesis, root-pressure and
conduction, and these have been studied both in the greenhouse and the

field. The functional responses have been correlated with habitat factors as

measured by standardized methods of instrumentation, and especially by the

extensive use of phytometers. A new type, the insert phytometer, has been

devised for plant measures of the effective factors in competition cultures, and
modified in various ways to meet the needs of different situations. It has

proved invaluable in integrating the ecial factors and in furnishing critical

analyses of factor and function to be obtained in no other way.
The analysis of competition by means of the greenhouse and field cultures

of transplants and exclosures established previously has been continued and
functional tests applied in a number of cases. The project as outlined has

been covered during the three years of inquiry and the results are being

organized for publication in the near future.

Methods

Functional measurements have been applied throughout the range of com-
petition cultures in the field, from swamp through grassland and chaparral to

woodland, but greenhouse and field cultures of sunflowers, cockleburs and
wheat have been chiefly employed in functional studies. In the greenhouse
these plants were grown in containers 1 foot square holding 2 cubic feet of

loam. The dicotyl cultures were planted at the rate of 2, 8 and 32 plants per

container and the wheat at twice this rate. In some series an optimum
holard was maintained throughout; in others the denser plantings received

only as much water as the thinnest. In still others the amount of light for

the thinner plantings was reduced to that of the thicker by means of artificial
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shading. Supplementary cultures of brome-grass, Andropogon nutans, and
Kuhnia glutinosa, usually of three different densities of planting, were also

employed. In many of the cultures a cylinder large enough to receive a

container 2 feet long and one-eighth foot square was inserted in the center of

each large can at the time of filling. Such insert phytometers afforded a

ready means of removing the plants from the center of a culture and com-
paring their behavior as to transpiration, photosynthesis, etc., within and
without the competitive environment. In the field, wheat was again grown in

one-tenth acre plots at the normal rate of seeding, one-half this rate, and at

twice and four times respectively. In sunflower plots the space between the

plants varied from 4 through 8, 16, and 32 to 64 inches. Square-meter

cultures of thin, medium and thick plantings of Andropogon nutans and
Kuhnia were also employed.

Functions

Transpiration—The rate of transpiration was found to decrease progres-

sively with density of planting. This was correlated with decreased light,

higher humidity and lower evaporation. The losses per unit area from well-

watered cultures of sunflowers in densities of 2, 8 and 32, for example, were

3.1, 2.5 and 1.7 grams respectively, while in wheat much greater differences,

295, 88 and 12 grams, were found. The relative losses from all plants in

square-foot areas in the normal and 4-normal wheat fields were 1.6 and 5.0 kg.

of water respectively, but the respective losses per plant were 53 and 40 c.c.

Similar relative values were obtained by the cobalt chloride method from a

wide range of plants. In any culture of a given density transpiration was
greater where a favorable water-content was maintained. There was also a

considerable water-loss, often 0.1 to 0.2 the normal, from plants that were so

flaccid that the stomata had closed and photosynthesis had ceased. On the

individual plant, whether isolated or in close competition, there is an in-

creasing gradient of transpiration from the lower and older to upper leaves.

For example, in large field sunflowers, this may increase at the ratio of 1 at

the base to 2 in the middle and 4 at the top.

Stomatal Relations—The number of stomata per unit area increased with

the density of planting. In plantings of the same density, stomata were

more abundant per unit area in the drier cultures. Smaller stomata are

usually correlated with smaller epidermal cells and a general lack of normal

leaf expansion. The size of the stomata decreases progressively with the

density of planting and the corresponding reduction in size of leaf. In

Xanthium, for example, this varied from 30X 16/z in the 2's to 22X 13/* in the

32's. The number of chloroplasts per stoma also decreases with the size of

the latter.

Table 5

—

Stomatal relations of sunflowers in various densities

Interval

Ave. No. per sq. mm
Ave. length ju

Ave. diam. n
Ave. No. chloroplasts per stoma

64 in.

372
27.1
17.6
22.6

32 in.

448
25.1
16.4
21.9

16 in.

448
22.0
14.0
19.7

8 in.

459
19.0
13.4
17.1

4 in.

475
17.9
13.0
12.9
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In general, the stomata on leaves in thinner cultures open wider and
remain open longer than those of plants in greater densities. The stomatal

activity on lower and older leaves is usually reduced, opening beginning later

and continuing for a shorter period. A good correlation was found between
the presence Of starch in the guard-cells and stomatal closure, whether the

latter was due to reduced light intensity or to drought. Chloroplasts of

closed stomata of sunflowers and cockleburs invariably contained a high

starch-content; during opening this decreased and usually disappeared

entirely later.

Photosynthesis—Starch-content was measured by the Sachs' iodine method
and total photosynthate by the picric-acid method. It was found that the

amount of photosynthate was greatly reduced per unit area of leaf by denser

planting, the degree of reduction being in general proportional to the density.

For example, the amount of photosynthate per 100 sq. cm. of Andropogon
nutans in thick, medium and thin cultures was 128.5, 162.0 and 194.0 (X10-3

)

grams, respectively. The power of the lower leaves to manufacture food

decreases much more rapidly in denser cultures and is a critical factor in

plant competition. There is often a gradient of increased photosynthetic

activity from the lower to the higher leaves of a plant, especially those grown
in dense cultures. Suppressed plants make food very slowly and little or no
starch accumulates in the chloroplasts, even on clear days.

Root Pressure—This functional response was found to vary directly with

the environment resulting from competition. The better developed plants of

the thinner plantings in field and greenhouse gave the quickest rise of the

mercury column, and the highest and greatest duration of pressures. In the

denser plantings the pressure was often negative. 4-inch plantings of sun-

flowers for example gave 20 mm.; 8-in., 15 mm.; and 16-in., 60 mm. The 2's

gave 93mm. pressure; 8's, 30mm.; 32's, 20mm. Root pressure was found to be

correlated in a general way with stomatal opening, photosynthetic activity

and conduction. Osmotic pressures of roothairs, determined by the plasmo-

lytic method, increased from 4.5 A in the sunflower 2's to 8.2 A in the 32's in

moist soil. The 32's in dry soil gave a pressure of 11 A.

Conduction—The conducting power of stems was determined by cutting

sections just above the cotyledons to a length of 5 to 10 cm. and forcing water

through them under 0.2 A pressure. A direct relation was found between

conducting power, stem diameter, and leaf area, plants of the densest cultures

conducting at the lowest rate. Thus, sunflower in 4-inch plantings conducted

12 c.c. of water in 30 minutes; 8-inch, 26 c.c; and 16-inch, 63 c.c.

Phytometers—In addition to insert phytometers, other types were developed

to measure the factors at the level of various cultures of different densities, as

well as above and below such levels and at various heights of the same plant.

The sealed cylindrical containers, 14 by 5.5 inches in size, were kept well

watered and aerated, and the experimental period usually extended from 10 to

14 days. Such phytometers at heights of 9, 26 and 50 inches on the north

side and close to the stem of a large sunflower (64-inch interval) gave the

results as shown in table 6.

The factors of light, water and nutrients were further evaluated phyto-

metrically by means of underplantings. Eight sunflowers were grown in each

of four containers until they were 14 inches tall. Two of these cultures had
been provided with central cylinders 3 inches in diameter and 2 feet long.
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Table 6

—

Development of sunflower phytometers

Position
Height
growth

Diam.
of

stem

No.
leaves

Leaf
area

Dry
wt.

Trans-
pira-

tion

Evapo-
ration

Light intensity %

9:30 11:00 3:00

Near top
56 in

Middle
26 in

Near bottom
9 in

in.

17

18.2

19.3

mm.

4.5

4.2

4.0

13

9

8

sq. in.

70

42

31

gm.

1.09

0.57

0.41

gm. per

sq. dm.

146

205

134

c.c.

383

331

323

a. m.

27

10

3

a.m

21

4

3

p.m.

60

4

5

Underplantings of 4 sunflowers were made in each container, either within or

without the cylinders. After the plants had emerged from the soil, 4 sets of

competitive conditions were established as follows:

1. First crop bent back and tied; plants in container: no competition.

2. First crop undisturbed; plants in container: competition for light only.

3. First crop bent back and tied; no container: competition for water and
nutrients.

4. First crop undisturbed; no container: competition for light, water and
nutrients.

The water lost by transpiration was replaced daily during a period of days.

Table 7

—

Phytometer results by underplanting

Container Ave. light
Ave. leaf

area
Ave. dry
weight

Ave. light

intensity

1

cm.

18.2
18.4
21.5
16.5

sq. in.

76
49
48
19

gm.
1.08
0.81
0.66
0.39

50 *

12

50
12

2

3

4

1 Full greenhouse light.

Coastal Prairie (Stipa-Andropogon Association) , by F. E. Clements and
B. C. Tharp

This is a newly recognized association of the grassland formation, repre-

senting in some degree both the subclimax and true prairies of the north,

being subclimax to the east and southeast, and climax elsewhere, especially

north and west. It resembles mixed prairie in the characteristic presence of

short-grasses, but the mixture is a consequence of grazing, and not primarily

climatic, over the Great Plains. A similar but much less striking relation

is found in some portions of the true prairie. This association derives its

name from its position along the Gulf of Mexico, which is bordered by a narrow

and often interrupted belt of subclimax coastal swamp. It comes in contact

with both subclimax and true prairie to the north, mixed prairie to the north-

west, and desert plains to the west and southwest. It touches oak woodland
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and sometimes pine forest to the east and northeast, and forms striking al-

ternes with the so-called "cross timbers."

The coastal prairie owes its individuality primarily to Stipa leucotricha

and Andropogon saccharoides as the chief dominants, together with such

characteristic codominants as Elionurus tripsacoides, Paspalum plicatulum,

Sporobolus asper and its varieties. The five short-grasses are Bulbilis dac-

tyloides, Hilaria cenchroides, Bouteloua trifida, texana and hirsuta, and the

slightly taller Panicum obtusum and Cenchrus tribuloides belong to the same
general group. The subclimax dominants are all peculiar to it likewise, such

as Chaetochloa composita, Leptochloa neallyi and Spartina spartinae, as well

as the many austral grasses of secondary rank, Heteropogon, Trachypogon,

Eragrostis, Triodia, Panicum, Paspalum, etc. In the number of dominants

and the wealth of genera and species, this association excels all others of the

grassland formation.

This community possesses Sporobolus asper and Andropogon scoparius

in common with true prairie, but lacks both Koeleria and Agropyrum which

are boreal, while Stipa leucotricha represents S. spartea, and also S. comata

of the mixed prairie. It derives Bulbilis, Bouteloua hirsuta and Aristida

purpurea from the latter, and Hilaria, B. trifida and texana from the desert

plains, into which Andropogon saccharoides also extends for a long distance.

It shares Andropogon scoparius and Bouteloua racemosa with the subclimax

prairie, as well as A. nutans, furcatus, and Panicum virgatum, which are much
less important. The eastern portion of the community, from the Brazos

River to the Sabine, is itself largely or wholly subclimax in nature, as is

indicated by the dominance of the Andropogons, A. scoparius, furcatus,

virginicus and glomeratus, Sporobolus berteroanus, Paspalum larrangai, and
Axonopus compressus. The latter is especially important in grazed areas,

since it is stoloniferous and withstands overgrazing, thus simulating the

role of Bulbilis and Hilaria further west.

Wherever grazing has been confined or overgrazing has occurred, the

coastal prairie has been converted into a short-grass cover, very much as in

the mixed prairie proper. Such areas resemble the short-grass plains closely,

but the species are more numerous and the composition correspondingly

varied. In addition to Bulbilis, Hilaria cenchroides, Bouteloua trifida, texana,

hirsuta, Cenchrus tribuloides, and Panicum obtusum are present, while B. gra-

cilis is lacking. Cenchrus is the final stage under intense overgrazing, since

it is protected by its abundant burs. However, the coastal prairie is not a

climatic mixture like the mixed prairie proper, in which both tall and short

grasses are climax, the latter becoming the sole dominants in overgrazed

stretches. The tall-grasses are the primary dominants of the coastal associa-

tion, and the short-grasses owe their gradual spread as well as their control to

the action of grazing animals. Some extensive areas, preserved for hay-
making, show no short-grasses at all and the patches of the latter must have
been sparsely scattered a hundred or more years ago.

Nature and Relations of Savannah in Texas, by B. C. Tharp and
F. E. Clements

The contact of grassland with forest in the east and scrub in the south
has resulted in a remarkable expression of savannah in the state of Texas.

The two main types are determined by origin from forest on the one hand and
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scrub on the other; however, they not only overlap in ecologic form, but also

mix with each other over a wide ecotone. In spite of this, they differ funda-
mentally in origin. The forest savannah of oaks represents the shrinkage

form of the original deciduous forests under the selective action of a drier

climate, while the mesquite savannah is largely if not wholly a response to

grazing and fire. The grass cover belongs for the most part to the coastal

prairie, but similar savannah occurs in the desert plains and to a less extent

in the mixed prairie.

The region occupied by oak savannah extends from the Brazos River
southwestward to Bexar, Atascosa, Bee and San Patricio Counties. Through-
out its extent it alternates with coastal prairie in a series of strips running

northeast to southwest, which are called "cross timbers." The chief tree is

Quercus stellata, but this is usually associated with more or less Q. mari-

landica. These are to be regarded as the relicts of the deciduous formation

that occupied the region during a period of greater rainfall. This is confirmed

by the fact that the savannah today passes into almost typical oak-hickory

forest toward its eastern limits, owing to the increasing precipitation. This is

further supported by its restriction to sandy soil, the higher chresard and
mulching action of sand always favoring survival under desiccation. Further

evidence is also afforded by the behavior of the savannah as to density. On
the more sandy soils it regularly exhibits forest-like areas, called "motts,"

which represent the final stand of the original forest. In the harder soils,

motts may arise today as a result of grazing or seed-transport by cattle,

rodents and birds.

The shrinkage of the deciduous forest has also left a characteristic savannah

on the Edwards Plateau, where the rough topography and rocky soil have been

the factors to favor survival. The major woody species are Quercus virgin-

iana and Juniperus sabinoides, mostly in scrub form, together with such

shrubby species as Q. breviloba, undulata, etc. The grass cover is for the most
part complex in nature, owing to the fact that the region lies in contact with

coastal and mixed prairie and desert plains. Bulbilis is now the perdominant,

making a dense sod in all the pastures with fine soil. The effect of grazing

in turning the originally open savannah into a denser one, often controlling,

is everywhere obvious and this is supported by local tradition. The process

has been greatly accelerated by the carriage of cedar and other fleshy fruits

by birds and the distribution of acorns by rodents. Under existing condi-

tions this process will continue, except where offset by burning or clearing,

and the savannah will become denser, often to form a dominant postclimax.

The mesquite savannah has developed in a region of less rainfall to the

west and southwest, the range being from 20 to 30 inches. The conditions,

aside from rainfall, seem almost identical with those of the oak savannah,

but the total area, though interrupted, is much greater, extending far to the

north and west. The finest development in the form of majestic mesquite

trees is found in southern Liveoak County in the valley of the Nueces River.

While Prosopis is regularly the chief dominant, Acacia, Condalia and Zizyphus

are frequently important associates. Prosopis is less often associated with

the several species of shrubby oaks. In overgrazed pastures it is often ex-

ceeded in abundance by massive plants of Opuntia lindheimeri, the distribu-

tion of which is equally favored by grazing animals, while the damage from

browsing is almost negligible.
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Plant Associations of Tamaulipas, Mexico, by B. C. Tharp

During April 1926 an opportunity was offered to investigate the plant

associations of the province of Tamaulipas in northeastern Mexico. The
special interest and importance attaching to such a study lay in the desira-

bility of making a comparison between the vegetation of this region and of

the adjacent portions of Texas. The area investigated lies between Mata-
moros and Victoria, a distance by road of some 250 miles, and 50 miles

beyond the latter, across the mountains to the desert valley of Jaumave.
The chief communities encountered were five, as follows: (1) mesquite scrub

extending from Matamoros to San Fernando south southwest about 100

miles; (2) short-grass llanos, occupying areas of considerable extent within

the mesquite scrub; (3) thorn scrub, lying between San Fernando and Vic-

toria, a distance of about 150 miles; (4) the montane associations of the

mountains southwest of Victoria; and (5) desert scrub, in the valley of

Jaumave.

(1) Mesquite scrub extends over the level alluvial soil along the Coastal

Plain. Associated with mesquite (Prosopis juliflora glandulosa) are Condalia

obovata and Cordia boissieri, with Opuntia leptocaulis and lindheimeri as sub-

dominants. One of the giant cacti, Cephalocereus palmeri, occurs scatter-

ingly. The grasses are Bouteloua trifida and texana, with some Cenchrus

pauciflorus and Aristida purpurea. In the shade of mesquite, Chaetochloa

macrostachya is abundant. This association is a continuation of the mesquite

scrub north of the Rio Grande, but is varied by having Cordia much more
abundant and by the presence of Cephalocereus.

(2) Llanos are dominated by Hilaria belangeri, Bulbilis dactyloides, and
Bouteloua trifida. No other grasses occur in critical abundance. Scattered

about over the area are clumps of "running mesquite," apparently a growth-

form of Prosopis glandulosa with stems bearing switch-like aerial branches

1 to 2 feet high.

(3) Thorn scrub, Acacia-Cordia-Condalia association, extends over rocky

rolling hills and mesas from San Fernando to Victoria. Ten species of

Acacia (5 of them common in southwestern Texas) and 4 species of Condalia

(all extending to western Texas), together with Cordia boissieri and Leuco-

phyllum texanum, intermingle and vary confusingly in dominance on the hills,

while Prosopis chilensis and P. glandulosa and 5 species of Pithecolobium

dominate the richer valleys where the water-content is higher. Opuntia

leptocaulis and lindheimeri and Cephalocereus palmeri, together with numerous
species of Mammillaria, Echinocactus, etc., represent that family throughout

the association. Along larger streams with permanent flow the Mexican bald

cypress (Taxodium mucronatum) lines the low banks, while Celtis mississippi-

ensis, Carya pecan, and Bumelia laetevirens, undergrown by Bauhinia and
Acacia, occupy the high banks. Back of these stretch flood-plains supporting

thickets of Prosopis with scattered Bumelia spiniflora. The one consistent

dominant among grasses is Bouteloua trifida. Associated to a varying degree

are Aristida micrantha, Cenchrus carolinianus and echinatus, and species of

Chloris.

(4) The montane associations consist of four principal types: (a) thorn

scrub, briefly described above, which extends across the foothills and ascends

the mountain sides on the gentler slopes to an altitude of 2,000 feet or more;

(b) oak-hickory forest, lying above the thorn scrub and extending to the
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highest altitude attained, about 6,500 feet; (c) Sporobolus-Stipa-Andropogon

association along gentle western exposures and tops of ridges forming a mosaic
with oak shinnery; (d) Agave-Dasylirion associes along the western foothills

leading to the desert valley of Jaumave.
(b) The oak-hickory forest of this vicinity seems never to have been

studied. The hickory apparently is Carya mexicana. Both white and black

oaks are well represented, one species of the latter forming fine forests of tall

slender trees on the tops of the highest peaks and down the north and east

slopes. The trees are as high as 60 to 75 feet, with a trunk diameter rarely

greater than one foot. At lower altitudes (5,000 feet) scrubby mountain
live-oak and another, resembling Q. breviloba, occur in thick to open stand.

(c) The specific determinations of the dominants in the Sporobolus-Stipa-

Andropogon association are not yet complete. A. glomeratus occurs in

sufficient profusion to make it an important building material, being used as

thatch for roofs and walls.

(d) The Agave-Dasylirion associes is almost an exact replica of what one

finds in Trans-Pecos Texas. Ravines and canyons support a large number
of tropical shrubs, but the general physiognomy is that of typical sotol

vegetation.

(5) The desert valley of Jaumave is dominated by species of Opuntia

(leptocaulis, lindheimeri, arborescens and two unidentified tropical species),

Parkinsonia microphylla, Condalia spathulata, and Agave lecheguilla and
funkiana, the latter furnishing considerable marketable fiber, commercially

known as ixtle, or ixtle de Jaumave. Standing out in strong contrast to this

desert vegetation are a few giant live-oaks (Quercus virginiana) , which occur

along a permanently watered arroyo.

The striking similarity of physiognomy, together with the fact that many
dominants are identical for mesquite scrub, llanos, thorn scrub, sotol and
desert scrub in Tamaulipas and Arizona, New Mexico and Texas, leads to the

conclusion that these associations are continuous southeastward into Mexico,

gradually approaching nearer the coast. The extreme desert in the valley of

Jaumave is not more than 150 miles from the latter.

The Maritime Grassland of Middle California, by F. E. Clements and
A. G. Vestal

A grassland vegetation of distinctive character and composition occupies

the greater part of a wind-swept zone 1 to 10 miles wide along about 320 miles

of the California coast. Although interrupted by occasional dune areas,

ravine forests and thickets, estuarine marshes, pine forest, or coastal scrub

of Baccharis, it is the most extensive and most nearly continuous community
of the area. Closely associated with it is a mixed vegetation of sea-cliffs.

The several assemblages of coastal plants include species of very wide range,

some even from Alaska to Chile (e. g., Fragaria chilensis) ; others have a range

agreeing fairly well with the 230-mile strip mentioned, and some others are

restricted to small areas near the Golden Gate. In addition to the coastal

plants, many herbaceous species ordinarily associated with forest communi-
ties are at home in the grassland, as a result of low summer temperature,

humid air and reduced light-intensity.

Although the dominant grasses of the genera Stipa, Melica and Poa, and

a very large representation of other herbs of the typical California prairie
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extend to the coast, the coastal dominants are chiefly Bromus carinatus,

Festuca rubra and Elymus glaucus, thus making up a more humid and northerly

faciation of the California grassland with suggestions of the bunch-grass

prairies of Washington. The transition between inland and coastal facia-

tions is perfect. An excellent transect, at an acute angle with the coast-

line, and therefore more extended, may be seen along the San Andreas rift

valley and the low ridge paralleling it on the east side, from the sea cliffs a

few miles south of San Francisco to within a few miles of Stanford University.

Much of this area is practically unchanged from its original condition, because

of its use as a water-reserve for the city and the attendant conservation by the

Spring Valley Water Company.
Further differences between maritime and interior faciations are as follows

:

A more nearly closed or turfy growth is found near the ocean, an expression

of more plentiful moisture, but partly the result also of the high proportion

of perennial herbs with horizontally spreading stems; there are inland species

not occurring near the sea; there is among many plants an intraspecific dif-

ferentiation into maritime and interior varieties or forms (e. g., in Lupinus
nanus, Eschscholtzia californica, Grindelia robusta, etc.), indicating long-con-

tinued environmental separation. The relation to season is also significant,

the period of activity for coastal plants beginning earlier in many cases, and
continuing so long as moisture conditions permit, in places and during

favorable years several months later than for the same plants inland. This

flexibility in seasonal adjustment indicates a responsiveness to climatic shift

that might quickly establish a new equilibrium between environment and
vegetation.

Many grassland species found inland near San Francisco Bay are coastal

in southern California. It seems that the best development of the maritime

grassland is in middle California. The southern end of this principal strip

is about 20 miles south of Carmel, where steep forested mountain slopes

terminate below in sea-cliffs. The northern end is a transition or rather an
alternation, into forested coast country in the northern part of Sonoma
County. The extensiveness of the maritime grassland is largely due to the

limiting action of the strong sea winds characteristic of this coastal strip upon
woody vegetation, which would otherwise dominate.

A Southern Upland Grass-sedge Bog, by B. W. Wells and I. V. Shunk

Vegetation

A practically complete list of the plants found in the three herbaceous

consocies of the Campulosus-Scleria associes has been made, supported by
herbarium material. These native plants have been correlated with certain

habitat factors and may now be used as soil indicators, a use which should

prove to be of much significance in agriculture.

Habitat

Climatic factors—In addition to the data obtained from Willard and Wil-

mington, local data on rainfall, wind, temperature, relative humidity and
evaporation were secured. The local rainfall data are of especial value in

relation to the rates of soil-water movement at different stations.

As a contribution to the climate of the region all important data have been
collated, including those of Livingston and Shreve, covering such significant
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factors for agriculture as "total normal precipitation for average frostless

season," "longest dry period," "longest rainy period," "temperature sum-
mations," "precipitation-evaporation ratios for different seasons," etc.

Light—The stopwatch photometer has been used to disclose the light con-

ditions beneath the bog vegetation and has given an indication of the degree

of shade-tolerance of the minor elements there.

Edaphic Factors

Geology—Local original observations were made fixing the immediate
boundaries of the Wicomico terrace on the outer edge of which the bog lies.

These are not definitely located on the geological map of the Coastal Plain.

Major topography—Data obtained with field transect. Low relief was found
to be correlated with striking vegetational changes.

Minor topography—Origin and maintenance of tussocks worked out. Rela-

tion to crayfish definitely indicated.

Soil texture—Mechanical analyses proved of much significance, especially

when contrasted with data of Woodstock Savannah, a cultivated area. A
relatively small shift in percentages here is to be correlated with tilled and
untilled conditions.

Porosity—The new instrument designed by Goldsmith for measuring soil

porosity has afforded valuable data. Under drought conditions about one-

third of the soil is pore space.

Soil-air content—Under the drought conditions of the spring of 1926,

analyses gave practically the same composition as atmospheric air.

Chemical analysis—Already available from earlier work.

Water-table—A contribution has been made in this connection in the way of

a new ecological term. The necessity for a word to denote the time during

which the effective surficial soil is flooded was greatly felt, with the result that

one of us (Wells) has suggested the term " hydroperiod " for the factor of

time of exposure to flooding. Data from numerous key stations on the length

of the hydroperiod have been obtained and correlations made with the native

vegetation and crop plants on bog areas.

Black-soil layer—Significant correlations between the thickness of the

black-soil layer and the native vegetation have been worked out. The
development by the grass-sedge complex of the 30 to 40 cm. layer has been

described. Contrasts with the thin layers under shrub cover have been made.
H-ion—Results obtained of value in relation to other factors, viz, soil

micro-organisms. Highest acidity 4.6 to 4.8.

Oxygen-content: flooded soil—Winkler system showed soil water almost

entirely deficient in oxygen. This is to be correlated with aeriferous tissues

common in the bog plants.

Total carbon—As expected, the open bog soil ran higher than the transition

soils. Using the factor 1.724, the humus-content of the open bog is near 5

per cent.

Total nitrogen—The total nitrogen of the open bog soil is definitely higher

than that of the marginal soil (Panicum consocies) . Further, the central bog

soil gave about four times as much total nitrogen as that found in a cultivated

field on a neighboring slope. As indicated below, this nitrogen only becomes

available later as ammonia nitrogen.

Type and number of micro-organisms in soil—The bacterial content of the

central bog soil is very low. Lime added induces a remarkable increase.
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Nitrate-content—No nitrates in the central bog. A mere trace in marginal

zone.

Ammonia-content—Bog soil regularly contains ammonia. Considering the

very low nitrate-content mentioned above, it would seem that the bog plants

secure N as NH3 .

Pyricfactor—Valuable observations have been recorded in notes, and photos

relative to the role of fire in transforming the shrub-bog to the grass-sedge bog
have been made.

Succession

The orientation of the local bog succession in the general regional succession

has been worked out. Serai movement in the grass-sedge subclimax may only

be initiated by two environmental factor changes: (1) Cessation of fire and

(2) erosion, introducing slope with its concomitant shortening of the hydro-

period. In case of the first, the area is taken by Pinus taeda in practically pure

stand which later, 25 to 50 years, is much opened up by the reappearance of

the bog shrub or Ilez-Myrica-Cyrilla associes. In case of the latter, or erosion

sere, the movement from the extreme bog or Campulosus consocies through

the Panicum to the Andropogon consocies, though extremely slow under the

conditions of low relief, is very definite and clearly marked. Lists of char-

acteristic plants of these three consocies, which constitute significant indica-

tion of the hydroperiod, will be published in the full report.

Without fire, erosion in extended time will so shorten the hydroperiod that

the Quercus-Hicoria forest will supplant the Ilex-Myrica-Cyrilla community.
Later, the climax vegetation or Fagus-Acer association will appear.

The probable significance of the habitat factors outlined above in controlling

the serai movement will be discussed in the full report.

Cultigen Experiments

Recognizing the essential bog nature of this habitat by means of its indi-

cators, it occurred to us to try cranberries on this upland area. Despite the

fact of an extraordinarily dry season with the water-table at no time reaching

the surface, the cranberries produced new shoots which flowered and set fruit

by August 10. This preliminary experiment in no wise solves the problem
of commercial production of cranberries for such areas, but merely indicates

the desirability of further investigations in this direction.

Succession and Climaxes in the Knysna Region, by John Phillips *

Within this small but floristically rich region occur "Fijnbos" and sub-

tropical high forest, while on the northern boundary "Karroo" vegetation is

found. The region enjoys a rainfall averaging from 30 to 60 inches, fairly

evenly distributed as to season ; droughts are rare and the relative humidity is

high, although for short periods in summer high degrees of insolation and
evaporation are experienced. The soils are lacking in bases, poor in plant-

foods, highly acid, and show a high echard.

The "Fijnbos" is in certain ecological senses the South African equivalent

of the macchia of the Mediterranean and the chaparral of California, although

unrelated floristically to either. The vegetation is sclerophyllous, the chief

families represented being the Ericaceae, Proteaceae, Thymeleaceae, Brunia-

ceae, Penaeaceae, etc. An interesting feature is the frequent occurrence of

1 Of the Forest Department, South Africa.
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practically pure communities of a single species; certain well-defined associes

and associations also exist, but often there is considerable mixing of the

various species, no single one being dominant. The subtropical forests are

the largest in South Africa. Together with many less important species, they
contain Podocarpus, Olea, Ocotea, Apodytes, Curtisia, Cunonia, Platylophus,

Gonioma, etc. These assume full heights from 120 feet (Podocarpus) to 30
feet (Gonioma), the average being about 60 feet. Dense layer-societies of

woody shrubs, herbs, and ferns (e. g. Hemitelia, Marattia, Blechnum) occur

throughout, while lianes and epiphytes, though not many as to species, are

richly developed.

As a basis for the thorough silvicultural investigation of the forests, the

successional concept, together with the employment of quantitative labora-

tory and quadrat methods, has made possible definite advances as to the

nature, structure and relations of the forests, and the solution of the manifold

problems in forest-management. Extensive field experiments, supported

and checked by intensive studies, have also been carried out. Quantitative

habitat studies by means of physical instruments and phytometers, aimed
at the collection of data relating to climatic, edaphic and biotic factors, are

receiving attention. The fundamental processes of succession, the various

seres, and their more important stages have been submitted to investigation

by the quadrat in its various forms, augmented by observational methods.

Transect analyses of forest communities have been made. The important

subject of the reciprocal reaction of habitats and communities is being studied

by controlled quadrat methods.

"Fijnbos" is not climax over the greater portion of the plateaus, but is

transitional to forest; it exists as a subclimax due to the ever-recurring

disturbances by man, chiefly through the agency of fire. Where protected

the succession moves on to subtropical forest. "Fijnbos" is climax on the

mountain spurs and summits, but on great areas of the plateaus and the

foothills it holds ground that once bore forest. Relict stumps buried in the

soil and relict communities in secluded positions, together with successional

features, testify to this. Forest was considerably more extensive in past

centuries; its decrease is due neither to so-called retrogressive succession nor

to climatic swing, but to gradual devastation by fire by both natives and the

European. It is the climax over most of the region apart from the rough,

mountain localities.

Its subclimax forms on the coast are litoral scrub and litoral bush, and

inland, dry river-valley scrub and stunted montane forest. Climate governs

the climax; despite careful investigation there seems no ground for assuming

that the climax may be changed through agency of biotic factors alone.

The geological formation, however, in certain instances is seen to exert an

influence on the types within the climax, acting directly through such physical

factors as water-content, depth and porosity. Thus, the climax forest of

dry-type, rich in Olea laurifolia and Trichocladus crinitus, and deficient in

regeneration, is met on Bokkeveldt beds (Devonian), and high forest of height

less than the average and of dry-type occurs on ground underlaid with pseudo-

lateritic nodules (Pleistocene and Recent).

The ultimate stages of the hydrosere and lithosere are well represented in

climax macchia and forest, but those of the psammosere and halosere are rare,

except near the coast. As the plateaus are plains of marine denudation
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elevated in either very late Tertiary or very early Quaternary times, it seems

that originally primitive bare areas for hydroseral and lithoseral successions

must have been very abundant. On the mountains (Jurassic) the lithosere

was probably best represented. There is a striking change in edaphic factors

as the succession progresses to forest; the pH values increase, while the per-

centage of echard decreases; the general physical properties are also much
improved. The reaction of certain forest communities by adding excess

humus is detrimental to regeneration, as is the reaction by decreasing the light-

intensity; the combined reactions are often found, and regeneration is then

usually wanting. Reduction of surface moisture is also a detrimental reac-

tion, widely spread in the drier-type forests.

Native plants are of distinct indicator value, but require careful experi-

mental study ere their general use can be advised. In the forests the ferns

have been especially valuable as indicators of varying degrees of holard.

Seedling phytometers of native trees promise well, being sensitive in many
instances to slight changes in light-intensity and holard. Ecologically and
phylogenetically, there are slender grounds for considering the forest flora

either decadent or non-assertive, or the forest-climax as being out of equili-

brium with the climatic complex.

BIO-ECOLOGY

Animal Relations in the Terrestrial Biome, by V. E. Shelford

The study of animal relations in the biome has been very generally neg-

lected. Study of this kind has been conducted in a number of cases, but the

observations were not quantitative. It is accordingly impossible to estimate

the relative abundance of the different species or to distinguish the predomi-

nants from the interesting, rare and characteristic species.

Continuous observation of the qualitative and quantitative features of

the animal population in plant climaxes and in all serai stages must be the

first step in biotic study. This is essential to the utilization of existing

literature and is accompanied by the difficulty that a large amount of

material (specimens) must be submitted to specialists for identification and
many young stages must be bred to maturity to ascertain identity. The ini-

tial stages of such study must be limited largely to determining the predom-
inant animals and their essential correlations with the plant associes and
associations. 1

Small animals, especially insects and spiders, appear in the vegetation as

seasonal societies, of which there are three to five or more during the warm
months in central North America. There is, furthermore, considerable

fluctuation in the abundance of most species in different years, evidently

correlated with variations in climatic conditions and playing a part in the

annuation exhibited by the biome.

The initial method of study of the biome from the standpoint of animals

consists of observations and quantitative collections of all animals in relation

to instrument stations. These observations must be made in a number of

serai stages and climax units during the growing season and as much of the

winter as possible during one year and as many more as opportunity permits.

1 The study of marine and freshwater biomes involves plants only to a minor degree in

water of 10 meters depth. In the sea, plants play a subordinate part even in the shallow
waters.
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Certain basic stations must be kept continuously under observation over long

periods.

The larger animals, including the larger mammals, birds and reptiles, must
be studied quantitatively in the largest areas of primeval vegetation available.

A considerable amount of such knowledge, as may be gained by routine quan-
titative observation, is absolutely essential to the scientific use of the existing

knowledge of life-histories and interactions of species, in the analysis of the

biome.

Special investigations must be carried on to determine the action and
reaction of each predominant with and upon associated plants and animals

(called interaction by zoologists for a long time). Other special studies

must be conducted to show the effects of animals upon soil and the abundance
and rate of growth of plants, as constituting a factor in succession and in the

stability of the climax stages of the biome. This involves the detailed study
of life-histories, habits, food, etc., and must include the relation of soil animals

to the roots and root systems of plants.

Rodent Damage on Arizona Ranges, by Walter P. Taylor

Closer supervision has been given the rodent experimental areas in northern

Arizona than in any previous season. Unusual efforts were made to eliminate

the prairie-dogs in the total protection areas at Coconino and at Seligman, and
to stop their reinvasion. The difficulties involved have sometimes appeared

insurmountable, but measures taken this year seem to promise success in the

present season. The experiments are raising questions and affording informa-

tion of the greatest interest. One of the questions, not new of course, but
nevertheless important, is pointedly brought to the front by results at Coco-
nino : can a change in vegetation type be prevented if the fruiting heads of the

principal forage grasses are continuously cropped by prairie-dogs or other

rodents? The native rodents, unfortunately, know nothing of deferred and
rotation grazing, and are not interested. The best stock management in the

world on a pest-infested range might not secure results in the absence of pest

control. At Coconino, July 29, 1926, no pingue (Hymenoxys floribunda) was
observed in fenced areas, where the grasses (principally Agropyrum smithi)

have a chance to maintain themselves. Outside, however, it was an abundant
and conspicuous constituent of the flora.

The plots at Williams are giving the most satisfactory results, as has been

the case for the past four years. Grasses (principally Sitanion hystrix and
Koeleria cristata) were well-developed inside the total protection area, but
practically eliminated in the prairie-dog tract and also in the cattle and rodent

grazed area outside. Other weeds and herbs, as Senecio aureus, Pentstemon

strictus, and Delphinium sp., appear also to be quickly consumed by prairie-

dogs and cattle. On the other hand, Oenothera coronopifolia and Gutierrezia

sarothrae appear not to be well-liked by prairie-dogs, and both were common
in the prairie-dog plot. Sheet-erosion effects were much more noticeable

on the heavily grazed areas outside the fences inclosing the various plots

than they were inside where more vegetation is present.

A new plan has been adopted and agreed to by the office of grazing studies of

the United States Forest Service, District Three, Albuquerque, New Mexico,

according to which that office will take over the charting and mapping activities

in connection with the northern Arizona cooperative projects. The experi-
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mental areas on the Santa Rita Range Reserve in southern Arizona have been

visited at intervals throughout the year. The range experiment station of the

United States Forest Service at the Santa Rita is cooperating with the

Biological Survey and the Carnegie Institution in maintaining and observing

these areas.

Although a recent writer has defined ecology as the study of the relation of

plants to their environment, these studies indicate more and more con-

clusively that the problems of organism and environment cut straight across

both the animal and plant world and can only be satisfactorily solved by the

methods of a synthetic bio-ecology.

Habits and Reactions of Scaphiopus hammondi, by G. W. Goldsmith

More extensive observation covering a wide area of the dry plains to the

east of Colorado Springs shows that, after May 1, the breeding period of the

individuals in the various areas depends entirely upon a local rainfall sufficient

to fill the temporary pools. In this region a rainfall of an inch or more is

commonly necessary for this purpose. Local showers are as effective as general

ones of equal intensity. Rains insufficient to fill the pools will often bring out

a portion of the toad population, which will breed and return to burrows in

the soil. A later rain will again bring out a portion of the individuals inhabit-

ing the territory and these will go through their breeding activities. This

successional breeding has been observed to occur two and three times in one

season in single pools. A heavy rain in May or June results in a general

breeding period which completes this activity for the season.

A rain of an inch increases soil-moisture to a considerable depth, probably

to that of the dormant Scaphiopus. Such a rain furnishes an immediate
stimulus and on the following night migration to the nearest large pool takes

place. Small catch-basins along the drainage streams seldom offer any attrac-

tion. Individuals arriving at the breeding pool begin their love-song, which
grows in volume with the arrival of more recruits and may serve as a guide for

individuals approaching from more distant burrows. Animals removed
from a breeding pool during the first night of activity and placed in an open
container a mile from the location soon became more or less inactive. This

condition persisted while the container was gently carried toward the pool,

until at a distance of about 600 yards when the activity of the confined

Scaphiopus markedly increased. The vociferous carnival taking place at the

pool could be distinctly heard at this point and might have acted upon the

toads at a much greater distance had they been in the open instead of the

container.

Breeding activities at a particular pool last two or three days and then end
as suddenly as they began, the large contingent of the population leaving

during a single night.

When breeding activities are over, the adults move off up the drainage lines

to the warm dry soil of the hills, digging shallow burrows for protection

during the day. The distances covered per night by the advance of this

migration vary from 60 to 150 meters. Abandoned temporary burrows show
that the migrants spread out and move more or less at random after one or

two nights of rapid centrifugal movement.
Only temporary pools are used for breeding purposes. Fifty adults were

transferred during the breeding period to a small permanent pool, but failed
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to reappear. As Scaphiopus has but little protection from enemies such as

snakes, it is probable that the abundance of the latter in the vicinity of perma-
nent pools destroyed the transferred toads. No natural enemies have been
observed. Of the individuals kept in experimental enclosures, about 25 per

cent fail to survive the dry winters, but this is doubtless largely due to the

unfavorable conditions produced by the crowded population of the fenced

areas.

Preliminary experiments in a humidity gradient show that this species is

sensitive to humidity changes of 10 per cent at a temperature of 27°. The
optimum was not determined accurately, but appeared to lie in the neighbor-

hood of 80 per cent in still air at 27°. Digging reactions are largely induced

by evaporation. Further work on the reaction of Scaphiopus under carefully

controlled conditions is under way.

PALEO-ECOLOGY

Principles and Methods in Paleo-ecology, by F. E. Clements and
R. W. Chaney

Especial consideration has been given to the correlation with paleo-ecology

of the major projects that contribute directly to it, or may indeed be regarded

as an essential part of it. These are experimental phylogeny, changes of

climate and vegetation, and the phylogeny of climaxes. The relict method
has been further elaborated and applied to the problem of the shrinkage of

climaxes in response to progressive desiccation as the ruling phase of the

present major cycle. For grassland this is exemplified in the origin and dif-

ferentiation of the great prairie climax of North America, and its probable

phyletic relationship to the arctalpine climax. The method has been em-
ployed with similar success in tracing the shrinkage of chaparral, woodland
and montane forest about the desert complex of the Southwest and in recon-

structing the successive stages of the cliseral movement since the Miocene.

This is apparently correlated with the climatic shifts that have produced the

striking relict communities of conifers in coastal California especially, and the

latter thus serve as a new approach to the general problem. In no other

region of the globe do the evidences of such changes seem so numerous, so

susceptible of coordination, or so accessible from established bases for research.

In connection with the correlation of shrinkage and desiccation, the prin-

ciples of association and succession, which have been found so illuminating

in their application to the fossil flora of the John Day Basin, have been tested

from the standpoint of the clisere. The bond of association that renders

Sequoia an indicator of its associates may be further applied not only to the

successional communities, but also to the series of climaxes of a vast region,

if not of an entire continent. A shift in the position or a change in the

structure of one climax is reflected in the others of the series, and to know the

course of events in one is to be able to suggest them for the other.

Such ecologic criteria continue to serve as the most trustworthy guide

to the determination of fossil genera in floras where the dominants are suffi-

ciently well known to characterize the plant formations. The presence of

Ceanothus in an Oligocene redwood forest is wholly to be expected in view of

the association with the living redwood of several species of this genus.

Paliurus and Zizyphus, other members of the Rhammaceae whose leaves

somewhat resemble the fossil specimens, have no representation in the red-
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wood forest of today, and their occurrence in a Tertiary redwood forest may
therefore be considered unlikely.

Seeds, referred to Engelhardtia1 and occurring also in the Oligocene redwood

forest of eastern Oregon, are more properly placed in the genus Carpinus,

which is represented by leaves in this flora. While Carpinus is not found

today in association with the redwood, it occurs regularly in other north

temperate forests which have a similar ecologic aspect; on the other hand,

Engelhardtia is confined to the tropical regions of Asia and Indomalaysia.

The fossil seeds themselves resemble those of Carpinus rather more closely

than those of Engelhardtia. Furthermore, no leaves of the Engelhardtia type

have been found in this Oligocene flora.

Leaf counts in the Bridge Creek flora of eastern Oregon indicate a range in

the number of specimens of the redwood dominant, Sequoia langsdorfi, from

nearly complete absence to about 60 per cent of the total. This appears to

be due to varying conditions of deposition in the Bridge Creek shales, result-

ing probably from topographic differences. In the case of deposits with

abundant remains of the fossil redwood, the occurrence of redwood trees

close to the site of deposition is indicated, since there is evidence that the

leaf-bearing twigs of Sequoia are not widely transported, the trees growing in

abundance today only on and near valley flats in protected situations. Where
the redwood fossils are scarce, the conditions of deposition may be supposed

to have approximated those of today where the valleys are more open and as

a result the moisture-requiring redwood occurs as a relict and is less well

represented. In similar cases the fossil associates of Sequoia langsdorfi are

in general of more xerophytic types.

The finding of a fossil flora at Fushun, Manchuria, which has the same
dominants as that in western North America, indicates the wide occurrence

of the redwood forest in the Tertiary, in striking contrast to its limited

distribution along the Pacific Coast at the present time.

RESEARCH IN ECONOMIC PLANTS

The cooperative projects in connection with hay-fever plants and native

rubber plants have been continued, and the ecologic and practical studies

of the desert milkweed (Asclepias subulata) considerably extended. An
increasing number of native species have been considered with respect to their

value as ornamentals and many of these have been tested under garden condi-

tions, preliminary to selection and hybridizing. In addition, a number of

legumes and grasses have been grown with reference to their possible utiliza-

tion for food or forage.

In connection with the project in grazing research, a beginning has been

made in the study of the life-histories of the more important dominants of

the range, both shrubs and forbs as well as grasses. Because of their im-

portance in conservation, especially of the water-supply, species effective

in preventing erosion have been included, and the list has been broadened
to take into account the sand-binding plants of inland and coastal dunes.

Ecologic relations play a paramount part in such life-histories, particularly

in the shifting Algodones of the Colorado Desert, where the rainfall is but a
few inches.

*L. Lesquereux, Rept. U. S. Geol. Surv. Terr., 8, 192 (1883).
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Chamberlin, T. C, University of Chicago, Chicago, Illinois. Study of funda-

mental problems of geology. (For previous reports see Year Books Nos.
2-24.)

In all the earlier stages of these studies—whose main effort has been to

deduce the fundamentals of geology from the mode of genesis and early growth
of the earth—constant comparisons have been made between the theory of

formation that was being developed and the actual results of the formative

processes as revealed in the adult earth; indeed that has been the soul of the

method pursued. Notwithstanding this, a renewed and more severely

critical comparison between postulates and products has been made during

the past two years. On the one side, a special effort has been made to follow

as strictly and intimately as possible the logic of the postulates of the planet-

esimal hypothesis offered in Year Book No. 3 (1904), pp. 195-219, and Year
Book No. 4 (1905), pp. 171-190. On the other side, a critical analysis of the

characteristic features of the adult earth has been made in the endeavor to

bring out more sharply and in fuller detail the really distinctive products

of the formative processes. This comparison has disclosed some new factors

of importance in both postulates and products and has led to some modifica-

tion of views previously held. None of these involves any essential departure

from the original postulates submitted in the Year Books cited; indeed, on
the contrary, most of the new views have sprung from a stricter and more
logical adherence to the principles of the planetesimal hypothesis. Some
derivatives from older cosmogonies that had been carried over unwittingly

into the newer view have been detected and eliminated. These modifications

are merely the natural incidents of a developing theory and do not need

recital as such. Their value lies almost wholly in helping to round out the

basal theory; they can scarcely be made clear except in a statement of the

amplified theory. As a desire has been expressed for a succinct presentation

of the planetesimal hypothesis in its present state of development, the results

of the renewed comparisons are thrown into a form that involves such a pres-

entation though it is very categorical. There is first given in brief terms the

peculiar features that distinguish the earth and constitute requirements

that any competent theory of its formation must satisfy. This category of

criteria is followed by synopses of the assigned modes of evolution and stages

of growth of the earth.

DISTINCTIVE FEATURES OF THE EARTH THAT CONSTITUTE TEST CRITERIA

(1) The earth is one of a family of about a thousand members whose genesis

and early growth were closely related, and hence the theory of its origin

must be capable of compassing a thousand individual births. Four of the

planets are massive enough to hold great atmospheres; three of those next in

order of importance have thin atmospheres ; the innermost planet and all the

planetoids seem unable to hold appreciable atmospheres. If the kinetic

theory of gases be used as a test, a gaseous origin seems to be inhibited for

all but a few of the family. This presents at once the problem of finding a

mode by which small planets start consistently with physical laws. The

372
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average individual planetary mass is less than a millionth of the mass of the

sun; the mass of all together is less than one-seventh of one per cent of that

of the sun. Some of them do not have one-thousandth part of the mass
necessary to hold the ordinary gases; and apparently they are quite incompe-

tent to hold their own material if hot enough to be gaseous. If they sprang

from the sun, the system of partition could only have been one of minute
fractionation.

(2) The earth is globular, but not in such a precise sense as to imply the

unrestricted dominance of gravity; it is spheroidal, but not in such a precise

sense as to imply the complete dominance of rotation, or of rotation and
gravity combined.

(3) The "Land Hemisphere" and the "Water Hemisphere" of the geogra-

phers are not so related to the equator as to imply that they were products

of the present rotation. A line joining their centers as mapped by the

geographers has about the same attitude to the present plane of rotation

that the ecliptic has.

(4) One of these hemispheres is protrusive and bears evidence of relatively

low density; the other is recessive and quite certainly higher in density.

It is furthermore very significant that so large factors as hemispheres should

differ in density and protrusion and should stand in an oblique attitude to

the plane of rotation.

(5) An equatorial swell girdles the earth and is fairly consistent with the

present rate of rotation, but there is a singular absence of that kind of sup-

plementary structural east-west belting which might be expected in the middle

and lower latitudes if the formation of the planet had been distinctly domi-

nated by rotation. On the contrary the earth is ribbed in a meridional

direction.

(6) And yet one of the poles is located in a basin which is surrounded by a
ridge of land, while the other pole stands on a plateau which is surrounded

by an oceanic trough. These bear, in reverse order, the semblance of rota-

tional products, but they seem to mock at rotation by occurring just where
rotation is most incompetent.

(7) Guyot long ago pointed out that the equatorial swell is traversed

obliquely by a singular depression, and that this sag may be described from
Behring's Strait with a radius of 80°. He further pointed out that this circle

enclosed five-sixths of recent active volcanoes. Libbey pointed out a little

later that this circle embraces the larger number of forceful earthquakes

of the present time, and Milne gave it the name "The Libbey Circle." This

belt also seems to include all short-period shiftings of the surfaces of earth-

blocks from shallow water to abysmal water and back again. Now this belt,

so replete in strange properties, has about the same inclination to the equator

that the ecliptic has, and so links itself with the attitude of the structural

hemispheres.

(8) The continental segments are protrusive and the oceanic segments

are recessive, and yet there is unconformity between them and the protrusive

and recessive hemispheres. The two show signs of kinship, but show even
more clearly signs of different origins.

(9) These segments are paired, kind to kind; the protrusive pairs being

North-South America, Eurafrica, North-South Asia (Australasia); the re-

cessive pairs are North-South Atlantic, North-South Pacific, North-South
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Indian Ocean; but the latter is defective. Symmetrical development to the

northwest seems to be replaced by the coalescence of Africa, Europe and Asia.

(10) The paired segments are all inclined to the axis of rotation, but the

inclination is not the same as the inclination of the structural hemispheres.

(11) These paired segments give an obliquely ribbed configuration to the

globe, three broad ridges separated by three still broader troughs.

(12) The individual segments, however, show distinct meridional attitudes.

They are the largest structural features that are even approximately coin-

cident with the axis of rotation.

(13) The continents show base-leveling or peneplanation beginning at

least as early as the Proterozoic and forming a series of peneplanations from
that time to the present. These great peneplains indicate that the continents

were rigid enough to remain essentially unwarped for tens of millions of years

in spite of prolonged unloading by erosion and the corresponding loading of

the basins. This implies structural strength of a very high order.

(14) But during these eras of successful resistance to deformation as a

whole, there were minor yieldings near the surface, the combination implying

that the really competent power of resistance has always lain deep within the

continents.

(15) Between these periods of base-leveling there were periods of major
diastrophism extending over millions of years but yet not over tens of millions

of years, as in the great periods of successful resistance. These periods of dias-

trophism were also marked by stages of partial yield at the surface, implying

a strength lower in the segment sufficient to resist the larger part of the stress

accumulated during the long period of base-leveling and ease it down by
degrees.

(16) There are cogent reasons for regarding the moon as a planetoidal

companion to the earth rather than as a satellite of equatorial derivation, for

its orbit lies more nearly in the plane of the earth's revolution than in that of

its rotation. If the moon is a companion planetoid, it must represent rather

closely and explicitly, so far as it goes, the corresponding stages in the growth

of the earth, both in respect to its mode of building and to its constitution.

(17) If now the moon be supposed to be built up with material of average

lunar density without compression until the mass equals that of the earth

and then allowed to contract to the volume of the earth, the vertical shrinkage

would be 1,160 kilometers. In natural growth, of course, the shrinkage would

be concurrent with the increasing pressure of the accumulating material as

happened, by hypothesis, in the growth of the earth, but the uncompressed

growth and later shrinkage of the parity earth help to reveal and emphasize

the resources of diastrophic power available to the earth.

(18) On a similar parity basis, the vulcanism of the moon becomes a spe-

cific illustration of the kind of vulcanism which the earth probably mani-

fested during the corresponding stage of its growth. This type of vulcanism

was such as would naturally be developed under a great overburden of dry

fragmental material. It would only be at great depths that this dry loose

material would be compressed into effective continuity, such as is required

to confine gases until they acquire explosive power. It would probably also

be only at considerable depth in this compacted shell that the other conditions

of vulcanism would be developed. Hence the violence of explosions when
they did occur, and the greatness of the outbreak of slightly consolidated

material in the formation of the craters.
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(19) The conditions on the present earth embrace a cemented, denuded,

well-fractured shell with a superabundance of gas-forming material at any

depth at which the other conditions of vulcanism are developed; hence their

relatively easy action and limited violence.

(20) As less than one in one hundred of the members of the planetary family

now has an atmosphere, the law of probability favors the view that the earth

grew up through a series of stages such as are represented by the final stages

of the moon and the majority of the family.

There are many peculiarities of a lower order of magnitude, but the fore-

going suffice for a pretty fair test.

ANTECEDENTS OF THE GROWTH OF THE EARTH

To fully understand the growth of the earth, some consideration of its

immediate antecedents is necessary and a condensed category of these is here

introduced.

It is held (1) that the genesis of the earth arose from the dynamical action

of a passing star on the sun when the latter was younger than now, but when
its mechanism was essentially the same and included two cyclonic and erup-

tive zones near its equator, flanked by less systematized turbulence in the

higher latitudes; (2) that the star drew out tidal cones toward and from itself

and pulled the belt between them inward; (3) that the joint outward and in-

ward pull of the star caused exceptional projections of sun-substance; (4) that

the outward movement of these masses necessarily caused them to whirl in a

cyclonic manner; (5) that the belt of tidal compression crowding upon these

whirls gave rise to special concentrations of motion similar to those of ter-

restrial tornadoes; (6) that cyclones and tornadoes actually abounded in the

sun then as now as an inevitable feature of its circulation; (7) that the con-

ditions in the higher latitudes of the sun were less favorable to concentration

into large tornadoes than in the cyclonic belts near the solar equator, but that

small divergent tornadoes were developed there; (8) that the course of the

star was oblique to what was then the equator of the sun; (9) that in passing

over the sun the joint action of the compressive band and the tidal cones on
the deeper parts of the sun where the stress-differences were strongest gave
rise to projectiles of whirling sun-substances of masses sufficient to form
planets and planetoids; (10) that special intensities of light pressure were
caused by the bringing up of very hot matter in the wake of the tornadic whirls

and aided in the projection of these masses; (11) that there were projections

toward the star, and from the star; (12) that the projections toward the star

were larger and shot out farther than the projections away from the star;

(13) that the molecular activities of the light gases in the projectiles enhanced
their projections, which carried them largely into the paths of the proximal

projections, while the projectiles shot away from the star were left with a larger

proportion of stony and metallic sun-substances; (14) that the proximal

and distal projectiles were paired; (15) that there were four such pairs, besides

many small erratic bolts; (16) that the passing star reached its perihelial dis-

tance before it passed over the border of the specially eruptive cyclonic belts

of the sun; (17) that during its approach to this point the unfavorable erup-

tive conditions of the sun beneath it restricted the projectiles to small, rather

erratic ones which, on the distal side, later became planetoids, and on the

proximal side may have formed planetoids not yet discovered, but suspected,



376 CARNEGIE INSTITUTION OF WASHINGTON

beyond Neptune; (18) that two large bolts of sun-substance were shot forth

while the star was passing over the southern cyclonic belt of the sun, which
later formed Neptune and Uranus; (19) that the simultaneous projectiles

on the distal side later gave rise to Mars and the earth; (21) that while the

star was passing over the northern cyclonic belt of the sun, two additional

large bolts were shot forth and later formed Saturn and Jupiter; (22) while the

simultaneous projectiles on the distal side later formed Venus and Mercury.
Many items in this category are still in the state of working sub-hypotheses

and are being tried out against competitive sub-hypotheses. The length of

the list—which is not complete—shows how many and how strange are the

specific features of the planetary family that must be explained by any com-
petent genetic hypothesis. The resources of the planetesimal hypothesis

for elucidating such idiosyncracies are incidentally indicated.

SPECIFIC EVOLUTION OF THE EARTH
Stage op Dispersion and Sorting op Materials

The first great step toward the actual building of the earth was the sorting

of its building material. Starting from a genesis of the foregoing bi-parental

nature, the structural material first went through a severe testing process,

was separated according to its tectonic qualities, and arranged in a manner
tributary to the structural processes that followed. There were two main
stages of building, followed by a trimming and finishing stage.

(1) From the researches of Sir George Darwin it is learned that the tidal

stress-differences in the earth are three times as great at the earth's center as

at its equatorial surface, and are eight times as great at the center as at the

polar surface, and that similar stress-differences obtain in other cases. It is

hence inferred that in so far as the internal structure and conditions of the

sun permitted, the planetary bolts called forth by the stress-differences im-

posed by the passing star came from the deeper rather than the surficial parts

of the sun. They should have contained a relatively large percentage of

heavy material. This fits the fact that stony and metallic materials make up
the larger part of the earth.

(2) In the rise of the tornadic bolt from the depths, space and time were

given it to acquire great speed and rapid rotation; it would be shot forth like

the rotating missile of a rifled cannon. Its axis of rotation lay in the line of

its projection, which was also in the plane of revolution of the future planet,

the ecliptic. This is far from being the position of the axis of the earth's

rotation at present, but the postulates already made permit no other con-

clusion.

(3) In pushing its way out from whatever depths it started, the bolt

inevitably suffered drag on its outer face from the adjacent sun-substance.

On emerging into the lessening pressure of the outer part of the sun and of

its thin atmosphere above, the outer part of the bolt suffered an outrolling

motion such as commonly takes place in volcanic eruptions (commonly

styled "cauliflower-like") and in active "boiling" clouds on a warm humid

day. In addition to this, there was low pressure in the center of the tornadic

whirl and this led to an indraft or inrolling motion. Still further, the light

pressure which was probably enhanced by the hot gases that came up in the

wake of the bolt tended to bend inward all particles crossing the rear end of

the bolt and to bend outward those crossing the front end in so far as it
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reached them through the bolt. Taken all together, these gave rise to

inrunning-outrunning components of motion. These were of the nature of

vortex motions, but they were specially conditioned and scarcely typical, so

that, for distinction, they may be called evortical, which is intended to

imply, whenever used, that they were peculiar phases of vortex motion.

These evortical motions must have been, or have become, variously combined

with such other motions as were sufficiently concurrent to enter into combina-

tion with them. The results were composite motions not easily imagined or

described. The evortical factor would, however, persist.

(4) On entering the relatively vacuous region outside the sun's atmosphere,

the bolt was subjected to five dispersing influences: (a) The lines of the pro-

jection of the several parts of the bolt were at least as divergent as the radii

of the sun (which would increase the diameter of the bolt 200 times between

the sun and the earth's present position)
;
(b) the intrinsic expansion naturally

following relief from solar pressure added to this geometrical effect; (c) the

hot molecules acquired enhanced velocities by combinations of collisions and
rebounds and these added special tendencies to escape; (d) the centrifugal

component of the evortical motion tended to cause tangential divergence, as

did also (e) the centrifugal component of the tornadic rotation. The dis-

persion of the matter of the bolt by this formidable combination was the prime

feature of the sorting process.

(5) An immediate effect of these divergent influences was a rapid cooling

of the projected material. So far as the mass was turned inside out by the

evortical movements, radiation was enhanced. Under these conditions,

most of the stony and metallic materials must quite certainly have dropped

much below their temperatures of volatilization and liquefaction. They
should have been gathered for the greater part into minute aggregates which

for distinction may hereafter be called spherules. The increase of space due

to projection and the aggregation of the spherules gave them greater individu-

ality of action, and they were thenceforward to be treated as relatively free

individuals and not as parts of a coherent mass. Such portions of the bolt

as remained in a free molecular condition, notwithstanding the cooling,

should have suffered further dispersion by continued enhancements of their

molecular velocities. It is inferred that by far the larger part of the earth

substance at that early stage took on the form of metallic or stony spherules,

acting individually. It might hastily be concluded that this formidable com-
bination of dispersing agencies would completely scatter the earth-bolt, but
this is only one side of the picture.

(6) The combination on the other side included: (1) The mutual attrac-

tion of the constituents of the bolt for one another; (2) the mass was already

assembled and the gravity of the whole at first aided in keeping the constitu-

ents together; (3) electric and magnetic attractions (whose value is uncertain)

;

(4) the conserving fact that action and reaction are equal and in opposite

directions (by virtue of which every outward rebound from collision was
matched by the inward rebound of its partner in collision)

; (5) the equi-

potential partition of the energy of rebound by which the lighter part-

ners gained the higher velocities and the heavier partners slower motions,

making the latter more amenable to control. The last two did not prevent

loss, but stood in the way of total loss. The fact that a notable percentage

of the constituents was metallic spherules, liable to weld rather than rebound
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elastically, forestalled complete dispersion. The fact, that the motions of the

earth-bolt were concurrent and the collisions merely overtakes, tended to

give the residue a nature susceptible of easy control. But still the combina-

tion that favored self-control was obviously weaker than that which favored

dispersion, and hence the original bolt was reduced by the escape of con-

stituents.

(7) How great a reduction the original earth-bolt suffered is uncertain and
no estimate is here attempted. It is not regarded as important, since the core

that formed within the residual bolt and grew at length to be the adult earth

started from the zero point and was built up thence slowly by accessions from
an orbital state, not from the collapse of any residual body. If the mass was
reduced so low as 1/20, its sphere of control, reckoned for the distance of the

earth from the sun, would have a diameter of 732,000 km. (MacMillan).

If it were reduced to 1/800 of the mass of the adult earth, its sphere of control

would still have a diameter of 200,000 km. The only embarrassment in as-

suming a large residual fraction arises from the atmosphere which might
then be held and interfere with the revolutions of the spherules, but this is

probably more apparent than real. If, for example, the total matter of Mars
(a little more than 1/10 of that of the earth) were distributed as spherules of

the chondrule size throughout the sphere of control of Mars, 940,800 km. in

diameter, reckoned for the earth's position (MacMillan) Mars' atmosphere

would be so distributed also and would so move with the spherules that it

would exert only a negligible effect on their revolutions. That little effect

would merely hasten slightly the progress of ingathering into the core. In

the case of the earth, a residual proportion as high as j or | probably

would not essentially change the mode or the rate of action.

(8) It would seem that the optimum conditions for control would have

been presented if the metallic and stony spherules had acquired concurrent

circular orbits about the center of gravity of the residual bolt or bolt-spheroid.

Very few of the metallic and stony aggregates culled out from the original

earth-bolt could probably have had strictly circular orbits, but various ap-

proximations would quite certainly have obtained and have been more favor-

able to control than motions of the collision-rebound type, or of highly dis-

cordant revolutional type. If this view of what constitutes optimum con-

ditions for the self-control of small aggregates in open space is correct, it

covers the essence of the problem presented by the thousand small bodies in

the solar family. They may be assigned to assemblages of small spherules

that kept together because their relative motions were sufficiently concurrent

to permit control by their own mutual gravity.

(9) Inspection and trial cases have made it clear that most of the lighter

material of the earth-bolt that retained the high tornadic velocities escaped

from control and that the residual bolt was formed largely of the metallic

spherules which on collision welded rather than rebounded. Practically

all the gases and the lighter and highly elastic silicates and like compounds
escaped. The evortical motions had lower velocities than the unmodified

tornadic portion and so stony as well as metallic spherules could more largely

be held by the gravity of the bolt. A condition of retention of any of these

constituents was that they should fall into orbits about their common gravi-

tative center or else fall into the core that was forming at this center. This

was a simple matter for the spherules that had evortical motions, for the revo-
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lutions of these were already in planes directed through the center of assem-

blage. This falling of the spherules into orbits about their mutual center of

gravity converted the residual bolt into a revolutional spheroid. This was
one of the sorting effects. This revolutional spheroid consisted mainly of

(1) metallic spherules of slow motions culled from the escaping constituents

of the tornadic whirl and (2) stony and metallic spherules of slow motions

culled from the escaping constituents of the evortical type.

(10) Of the constituents that escaped from the self-control of the bolt,

only a negligible percentage would have velocities high enough to escape from
the control of the sun, and hence the major portion would fall into orbits

about the sun and thereby become planetesimals. Their motions would be

in a broad sense concurrent, for the relative velocities that enabled them
to escape from the control of the bolt would be small compared with their

common motion about the sun. This general concurrency but lack of com-
plete concurrency was a distinctive feature of the planetesimals, and specially

fitted them for service as building material in later stages that followed.

First Stage of Growth

(11) In the course of the assorting process practically all the material

of the earth-bolt took on individual orbits, either as planetesimals, by reason

of their high velocities, or as metallic and stony spherules moving in the

sphere of mutual self-control by reason of their very slow velocities. All of

these were subject to changes of velocity and orbit by reason of mutual en-

counter or otherwise, but these were generally of the mild sort, being over-

takes. There was some loss of energy even in these overtakes and so a grad-

ual tendency to fall into smaller orbits and thus gather gradually toward the

center. In this way a core began to grow at the center of the spheroid of

revolving spherules. This was the beginning of the first stage of growth.

(12) The planetesimals were distributed through at least ten-million

times as much space as the spherules under self-control. The motions of

the spherules were in other respects better suited to take precedence in the

formation of the core. The planetesimals, however, contributed to this

earliest growth also. It is important to note that both these sources of

growth consisted of matter in orbital motion and therefore matter in a self-

sustained state. The gathering of this orbital matter into the core was in no
sense of the nature of a direct collapse; it took place mainly by gradual re-

ductions of the orbits. The ingathering was individual rather than collec-

tive, and the capture of the last spherules almost indefinitely delayed. De-
liberate as this action was, in the case of both spherules and planetesimals,

the ingathering of spherules was faster than the ingathering of the planetesi-

mals and hence dominated the first stage of growth.

(13) The passing star drew the earth-bolt forward in the direction of its

own movement and caused it to revolve about the sun. This was the star's

second great contribution to the formation of the planet. The star exerted a

similar influence on each planetesimal after it separated from the bolt. The
star continued to curve the course of each according to its distance and direc-

tion. Each thus came to have a different orbit. A similar continuance

of change affected the bolt and the core that grew up within it. These con-

tinued changes in all the orbits rendered the rate of ingathering of the plan-

etesimals relatively very slow.
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(14) Under the laws of mechanics, if the orbit of a planetesimal and that of

the residual bolt both remained unchanged, the planetesimal and the bolt

would come back to the point of their separation (the node of the two orbits)

after one revolution about the sun, but the planetesimal and the bolt would
not ordinarily reach the node at the same time on their first return. To
illustrate this MacMillan has put into numerical terms two of the very sim-

plest of cases, those of (1) a planetesimal shot directly forward from the bolt

in such a way that it would have a speed 10 per cent greater than the bolt,

and (2) a planetesimal shot directly backward so that its speed would be 10

per cent less than that of the bolt. If the bolt took 365 days to complete

its revolution, the second planetesimal would come back to the point of sep-

aration 84 days ahead of the bolt, while the first planetesimal would get

back to the point of parting 155 days after the bolt had passed. 1 In this

case, however, if the orbits remained unchanged, the time schedule would
come into coincidence after a sufficient but rather long period.

But in the real case, where the star continued to bend in different degrees

the paths of all the planetesimals, as well as the path of the bolt, after they

were separated, even this certainty of reunion after a time would not be pre-

dicate. There would only be a general probability of reunion growing out

of the continued shifting of the orbits. Whenever superior velocity made
a planetesimal orbit larger than that of the bolt and at the same time modi-

fied the orbit, the chance of an actual crossing of paths would be limited to a

nice adjustment of some perihelion part of the larger orbit to some aphelion

part of the smaller orbit; when the planetesimal's orbit was made smaller

than that of the bolt, the aphelion and perihelion relations of the orbits would

have to be reversed to permit a conjunction. It follows that the regathering

of the planetesimals into the parent bolt would depend largely on perturba-

tions of the orbits arising from the attractions of other bodies of the system.

These perturbing attractions were abundant and constantly in action, and in

the long run actual crossings of orbits would be almost inevitable, but this

required time, and the regathering of the planetesimals into the parent bolt

or the core, or the growing earth, as the case might come to be, was a very

slow process. Inspection by test cases shows that there was no probability

that the residual bolt, or the core, or the earth at any stage of its growth,

would be melted by the infall of planetesimals except at the little spots where

the planetesimals might strike, and even that little local melting would only

take place previous to the formation of an atmospheric cushion, and then

would last for an instant only.

(15) While the ingathering of planetesimals was thus made slow by orbital

conditions, the ingathering of the spherules under self-control was subject to

peculiarities of another kind. The axis of rotation of the core, like that of

the original bolt, was in the plane of the planet's revolution. The core grew

by the addition of two classes of spherules, (1) transversely revolving spherules

(chiefly metallic) derived from the original tornadic motion (or perhaps more
strictly a component of composite motions representing these), and (2)

spherules in evortical orbits (or perhaps more strictly components of com-

posite motions representing these). While the evortical components of the

original motions of the earth-bolt had only secondary value, they were much
more susceptible of self-control than the tornadic factors and so their propor-

1 Jour. Geol., vol. xxvnr, pp. 668-669 (1920).
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tion was somewhat increased in the culling process. Notwithstanding

this, their proportion should still have been relatively small. It is here sup-

posed merely to have been sufficient to bring about the difference in density

of the two structural hemispheres, and it is that alone that gives the evortical

factor its importance.

(16) For the sake of illustration, let it be assumed that the evortical com-
ponent is represented by metallic and stony spherules revolving about the core as

a center of gravity and retaining their evortical arrangement, inrunning at one

end of the core's axis and outrunning at the other, the first end being the stoss

end and the other the lee end. On the inrunning side, the rebounds from

encounter would be directed toward the stoss end of the core and the results

depended on the nature of the spherule. The metallic spherules, on en-

countering one another, tended to weld, while the silicates were liable to elas-

tic recoil or to break into fragments. So, too, when the metallic spherules

struck the core they were likely to penetrate it and to weld with its metallic

content, while the more fragile and elastic silicates more largely rebounded
and were driven forward, especially when the infalls were highly oblique.

There was no atmosphere at this stage and the impacts were sharp even though

the motions were relatively slow. The rebounds were unobstructed and
carried the silicate spherules and fragments far beyond the point of first impact.

These differences of reaction had differential effects on the growths of the

stoss and lee ends of the core. Right at the stoss pole the impacts were largely

vertical and matter of both sorts would be likely to be retained where it

fell; but between the stoss pole and the equator of the core, the angles of im-

pact would be oblique and the differences of reaction would affect the growth
differentially. The welding properties and deeper penetration of the metallic

spherules would favor their lodgment. The relatively more elastic and
brittle silicates would favor rebounding and fragmentation, as well as further

vaulting and rolling before lodgment. Even if they lodged they might be

driven farther on by the pelting of the metallic spherules. They would
therefore come to final rest in larger proportions beyond the equator of the

core. A relatively large proportion of metallic material thus lodged on the

stoss end of the core and a relatively large proportion of lighter silicate ma-
terial beyond the equator of the core. At the lee end of the axis the condi-

tions were less favorable for either kind of lodgment; and a deficiency of

growth there would give rise to bluntness or hollowness. The effect of these

major infalls on the planetesimals that fell in during this stage would drive

them toward the lee end. The total result was an ovoidal form, having a

slight tendency to pointedness at the stoss pole, some scantiness of growth
between this and the equator of the core which was more than offset by ex-

ceptional density, a bulkier growth of lighter material over the tract beyond
the equator of the core, and a scanty growth at the lee end of the axis. The
center of gravity of the core was almost inevitably eccentric and shifted as

the differential growth went on.

(17) This differential growth of the hemispheres of the core is regarded as

the differential factor in the structural hemispheres of the adult earth that

grew up from the core. The peculiarities of growth of this earliest stage

tally in a remarkable way with the phenomena of the structural hemispheres

set forth in the first section of this report as one of the outstanding features

of the present earth. This is the largest of the idiosyncracies of the adult
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earth and it here appears as the earliest and most fundamental. In this

early growth there was not only a differentiation of heavy and light material

(and potentially all that followed from this) but the axis joining these hemi-
spheres lay in or nearly in the ecliptic. The outre nature of this axial posi-

tion makes the correspondence between the infantile and the adult earth all

the more significant. This explanation places the differentiation of the

hemispheres foremost in the order of time, as also most basal in its nature.

It should naturally make itself felt throughout the later stages of growth,

and these effects should be of the nature of tests of its validity.

(18) The shaping effects of the other sources of growth during this first

stage do not appear to have been notably differential and do not call for con-

sideration in this brief sketch. But the effect of the planetesimal infall on
rotation was a matter of radical importance.

(19) The normal effect of the infall of the planetesimals was to cause

rotation about an axis at right angles to their plane of revolution. Jupiter,

the planet of greatest growth, has an axis inclined only 3° from the normal to

its plane of revolution. Most of the other planets show approaches to this

ideal, though all but Jupiter fall considerably short of it. Such infall of plan-

etesimals as took place while the metallic and stony spherules of the spheroid

derived from the residual bolt were dominating the growth, merely contributed

to a small shift of the original axis. This shift began as soon as the infall of

planetesimals began and continued until the present position of the axis was
reached. How slow a change this was may be realized when it is noted that

it amounted to a mean shift of only 1° for each 100 km. of upward growth.

(20) The core began its growth from the zero point. It was fed continu-

ously but slowly until the adult stage was reached. Each stage, therefore,

graded into the succeeding stage. Because of the slowness of growth, it is

inferred that the earth was solid at all stages.

(21) Until the growing core reached a mass of about one-tenth that of the

present body, it could not hold an atmosphere, and hence its structure, dias-

trophism, vulcanism, and surface configuration were probably similar to those

of the moon. After the atmosphere began to be gathered about the earth,

its cushioning envelope passed through a series of peculiar stages, each

differing somewhat from the preceding in constitution and special qualities,

for the constituents were held by gravity in the order of their respective

densities, water coming last. So long as the atmosphere was dry, its differ-

entiating effects on the growth from planetesimal infall were probably not

very great and may be passed by here, but when the atmosphere became humid
a new influence dominated the accessions and the second era of the earth-

growth began.

Second Era of Growth

During the first era of growth, the surface was unprotected and the impacts

were sharp, even when the relative velocities may not have been high. A dis-

tinctly new era was introduced when an atmosphere began to envelop the

core. Planetesimals could then only reach the core by passing through the

atmospheric cushion and suffering differential distribution that affected both

the rate and the quality of the regional growths. The large and heavy
planetesimals doubtless fell through the atmosphere with little deviation

and the effect of this may be neglected, but the very fine dust given off by
the swifter order of plunges was liable to be wafted long on the wings of the
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winds before it found final lodgment. The final lodgment of atmospheric

dust takes place chiefly through the accession of moisture during saturated

states of the atmosphere. The moisture gathering about the particle of dust

as a nucleus grows into a particle of fog, cloud, raindrop, snow crystal, or hail,

which carries the dust to the earth. Dust may be swept directly from the air

by rain and snow. The lodgment of dust is thus definitely associated with a

saturated or precipitant atmosphere. The fine dust came most largely from

the plunges of highest velocity, and hence from planetesimals of the lightest

types, because the lightest partners in encounters took the higher velocities

under the law of equipotential partition of energy.

(23) The atmosphere was probably dry for a considerable period after it

began to form, for its molecules would be held in the order of their weight,

and water-vapor is the lightest of these, but making ample allowance for the

dry epoch following the time when the growth had reached 10 per cent of the

whole, the upward growth of the earth during the remaining water-bearing

stage would have been so great that only a relatively small commingling of

this light planetesimal dust would, if persistent, give a difference in density

equal to that which distinguishes continental segments from oceanic ones.

(24) The crucial point of special moment here, however, does not lie so

much in the quantitative competency of this differentiation as in the peculiar

distribution of the bulkier and lighter deposits and in the effect of these in

giving the earth a roughly ribbed configuration. To this is added the signifi-

cant fact that this ribbed structure is unconformable to the configuration of

the structural hemispheres. The origin of the structural hemisphere has been

assigned to a special kind of infall that gradually grew feebler and gave place

to planetesimal infall. It is in the nature of things that the new agency

should give a new configuration, and that this might be unconformable.

Air rising is adiabatically cooled and tends to become saturated and pre-

cipitant; air descending is warmed adiabatically and tends to become under-

saturated and absorbent. Ascending and descending currents must always

have been practically equal to one another, taking the globe as a whole. The
problem in hand not only involves the whole earth but the average effect for

a very long period. It so happens that the present climate is sub-glacial

and that the ascending and descending air currents are somewhat crowded
toward the equator and are otherwise abnormal. And yet, even in this

abnormal epoch the dominant areas of descending air, or "permanent highs,"

are centered chiefly over the great basins. The only conspicuous exception is

found in that region which is abnormal in other respects, the junction of

Europe, Asia and Africa. Even this tract is known to have been more normal
in earlier ages.

The only concrete evidences covering an adequate stretch of time are to

be found in the relics of general humidity or of the general aridity in the geo-

logic columns of the respective regions. If aridity prevailed persistently over

any large continental area, desiccation products should abound throughout

its geologic column. No continental column shows prevailing aridity from
bottom to top, or as a mean of the whole. This implies that the descending

currents (which should have occupied half the surface of the globe at all times)

were located chiefly over the oceans throughout the geologic eras. The desic-

cation products took the form of the concentrated saline areas in the centers of the

oceans. This is what prevails today, with some modifications from excep-
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tional influences. The logical inference from all known data is that the

"permanent highs" have been rather persistently located over the great

oceans from a period far back in the history of the earth's growth, and hence
these should have been areas of scant dust growth.

(25) The horizontal movement of the air was dominantly from the warm
tracts of the equator toward the cool tracts of the polar regions. The devi-

ating effect of rotation may be neglected for the moment. Poleward move-
ment cooled the air and made it precipitant; equatorward movement warmed
the air and made it absorbent. This generalization is based on fundamental
considerations that must have held in all ages. There is a rather strong pre-

sumption that the circulation adopted certain main paths and only shifted in

minor degrees as special influences came into action. If this were true, these

main paths of circulation would give rise inevitably to meridional belts of

greater or lesser growth of which the greater would have the less density—in

a word rib-growths. Only a longitudinal shift of paths that was both con-

stant and uniform could prevent this kind of rib-growth. In so far as the

great paths did shift in longitude and form special cases, it should be indicated

in the geologic column by desiccation products. Such products are confess-

edly scant in the geologic columns of the continents. If this were not deci-

sive on this point, the evolution of the land life should bear its testimony in

the disastrous effects of a systematic revolution of arid tracts.

(26) The air currents were deflected by rotation and the ribs are deflected

and curved accordingly. This obliquity, however, is not conformable to the

obliquity of the structural hemispheres. The obliquity has its own peculi-

arities and carries its own intimations. The basal structure on which the

ribs were built made itself felt, however, in very distinctive ways as we shall

see presently.

(27) In the polar regions the theoretical deflections and increases of speed

are very great, rising toward infinity at the poles. But the full realization of

excessive increases and deflections is forestalled by the "instinct of nature"
which brings into play several checks. Increased frequency of alternation

between upward and downward currents increases the distance the air must
travel to make a given meridional advance. Adaptation of the air currents

to the increasing rate of their approach to the axis of rotation further increases

the friction between the air currents mutually and between these currents and
the ground. The approach of the meridians introduces a checking by
mechanical congestion. The disparity of the heating and cooling areas em-
phasizes this. Looking upon the air as a stratum, the heating edge at the

equator has a length of 40,000 km.; the cooling edge at the poles is reduced

to a mathematical point. Radical adjustment to polar conditions is there-

fore inevitable. The larger part of this must be affected between the poles

and 60° latitude north and south. These areas are therefore to be considered

as forming a class by themselves in a study of this kind.

(28) Our justification in doing this is at once at hand, for it gives the clue

to the anomaly noted at the outset wherein signs of rotation are found in the

configurations of the polar regions where the rotation of the earth-body is

least competent to produce them. The intrinsic rate of rotation of the air is

greater than that of the earth-body because farther from the axis of rotation.

It is therefore really not strange that the concentration of this higher atmos-

pheric rate of rotation in the polar regions, because of the convergencies there,
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should give a rotational effect radically greater than that of the earth body
itself. It falls in very happily with the general tenor of this stage of growth

that the atmospheric circulation should be very potent as an earth builder

where the body of the earth is quite impotent.

The reverse order of effects at the two poles is all of the puzzle that remains.

That seems to be a residuum from the rotation and circulation of the first

stage of growth. The south end of the earth's axis was the stoss end at the

outset and seems to have held some part of its dominance ever since. This

could only disappear entirely when the original tornadic effect was completely

submerged by the effects of planetesimal infall, when the axis of rotation

would have become normal to the planet's plane of revolution, so nearly

attained by Jupiter; but the planetesimal growth of the earth fell short of

this attainment and left an appreciable residuum of the earlier dominance.

(29) Turning now to the concrete effects, it appears, on analysis, that the

polar rings were really formed by the deflection and coalescence of the attenu-

ated ribs as they entered the stressed polar regions from the lower latitudes.

In the south polar region each of the ocean troughs shows submerged features

curving eastward and joining to form the trough of the Antarctic ocean.

This, wrapping around the Antarctic embossment, takes on the aspect of a

ring. In the north polar region, the land ribs turn eastward and coalesce

into the semblance of a sub-arctic ring of land. The eastward trends of the

northern border of Europe and of the northern border of Asia (which extends

to Alaska) are quite pronounced. When Alaska is cut off from North Amer-
ica and Greenland is regarded as an integral part of the continent, its eastward

trend is about as marked as that of Europe and Asia.

(30) Turning back now from these deflected ends of the meridional ribs to

the more distinct configurations between 60° N. lat. and 60° S. lat., very sig-

nificant relationships between the superposed rib-structure and the under-

lying structural hemispheres present themselves.

The Pacific rib-trough is disproportionately wide and well rounded. Its

plethoric aspect takes on meaning when it is noticed that it occupies and
almost monopolizes the most available part of the basin of the recessive

hemisphere as it was inherited from the previous stage of growth. The
Pacific trough occupies the longest north-south stretch of this sunken hemi-

sphere and spreads itself out laterally on it without apparent restraint. The
Pacific rub-trough took advantage of its opportunity.

(31) In strong contrast to the plethoric Pacific, the Atlantic trough is

narrow and crooked; its outlines are angular and peculiar. It has more the

aspect of something inserted than of something that had grown up in a place

of its own. This cramped and imposed aspect takes on meaning when it is

noticed that the Atlantic rib-trough has been developed almost wholly on
the back of the protrusive hemisphere. In a sense it was superposed and made
to develop itself on a previous super-growth, and very naturally its form was
accomodated to the configuration it inherited.

(32) It fell to the oriental trough to develop across the boundary line

between the structural hemispheres, a part of its area on and a part off the

two types of foundation they offered. The end on the recessive hemisphere
(the basin of the Indian Ocean), like the Pacific, is disproportionately large

and rotund, while the end on the protrusive hemisphere is scarcely more than
constructively represented by the Turkestan basin.
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The three rib-troughs thus reveal very specifically, both in general and in

detail, the shaping influence of the structural hemispheres on which they were
built. Similar tell-tale idiosyncracies appear in the raised ribs.

(33) For studies of this kind, Eurafrica should of course be defined struc-

turally rather than politically. Where it is confluent with Asia, its most
natural eastern boundary is a line running from the head of the Arabian Sea
through the sag between Persia and Afganistan and thence onward through
the Aral basin and the Gulf of Obi to the sea-trough east of Franz Josef Land.

Thus defined, Eurafrica constitutes an exceptionally broad stout rib, com-
parable in its masterly development to the plethoric Pacific rib-trough. It

shows a similar tendency to monopolize the field of its own protrusive class.

It swells out in a similar way over the middle tract of the Land Hemisphere.

(34) The American rib lies on the very border of the protrusive hemisphere

and is relatively slender as well as notably constricted at its waist where it

crosses the singular diastrophic mid-belt (Libbey Circle).

(35) The eastern, or Asiatic rib, like the oriental rib-trough was built

partly on the embossment of the protrusive hemisphere, and partly on the

sunken area of the recessive hemisphere. In the former portion it takes on
the specially strong protrusion of Asia; in the latter, it develops only the half

submerged continent of Australasia. The contrasted development of the

two ends presents one of the most striking idiosyncracies of the earth's

development.

The weakness of the land-ribs where they are projected on to the sunken

area of the recessive hemisphere is so marked in the cases of Australasia and
the southern part of South America as almost to define the boundary between
the structural hemispheres. On the other side, the failure of the oriental

rib-trough to develop between Asia and Eurafrica is about equally significant.

(36) Looking beyond and beneath all these adaptations of planetesimal

growth under atmospheric influence, in an endeavor to find a generalized

view of the atmospheric mechanism that caused them, it readily appears that

after the polar idiosyncracies between the ends of the axis and 60° lat., N.
and S., are set aside as anomalous features due to special conditions, the rest

of the atmospheric envelope forms a belt 120° wide and 360° long, divisible

into three quadrilaterals, 120° on a side. These are split into working halves

by the equator, giving rise to quadrilaterals 60° by 120°. As air masses in

circulation, each of these is divisible into a poleward-moving part and an equa-

torward-moving part enclosing a permanent high in the center. In the

natural adaptation of these ideal divisions to one another, those on the

opposite sides of the equator alternated with one another longitudinally,

but the offsets are limited to a mean of about 25° by working relationships.

All these are natural adaptations to the available space and to working condi-

tions. Besides these, there were adaptations to the configuration of the sur-

face inherited from the first stage of growth and modified as growth went on.

(37) That the deposits made from planetesimals and planetesimal dust

through an atmospheric mechanism of this kind should rest unconformably

upon the deposits of the first stage of growth is too obvious to need argument.

(38) The second stage of growth closed when the infall of planetesimals had

so far declined as to become a minor factor in the evolution of the earth. The
reshaping processes which followed are more largely hydrospheric than

atmospheric. The second, or atmospheric stage of growth may be said to
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be the pre-continental stage, for the ribbed state left at its close was only the

rough groundwork from which the continental and oceanic segments were
carved during the third stage, which includes all modern geologic history.

Third Era op the Earth's Evolution

(39) This was rather an era of reshaping than of growth. Its greatest

physico-dynamical feature was an alternation of prolonged stages of conti-

nental peneplanation and rejuvenation. The first consisted of the grading

down and leveling up of the inequalities of the land and the building out of

circum-continental terraces at the ocean level. The leading feature of the

second was megadiastrophism, attended by igneous exudations, by which the

continents were lifted before they became entirely submerged, thus preserving

the continuity of the land' life. A dozen or more eras of peneplanation and
circum-continental terrace building lasting some tens of millions of years each,

were interrupted by diastrophic rejuvenations, in the course of the known
earth history. Each of these alternations was a reshaping epoch in itself, and
the combined effect of all was to convert the most available parts of the ribs

of the pre-continental stage into the continental and sub-oceanic segments of

the present stage.

(40) The special phases of the megatectonic, megadiastrophic, volcanic

and seismic agencies deduced from the comparison of theory and actual results

are reserved for a later report. A part of these has been discussed in a paper

entitled Certain Phases of Megatectonic Geology, Jour. Geol., vol. xxxiv,

pp. 1-28 (1896).
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Sarton, George, Cambridge, Massachusetts. Associate in the history of
science. (For previous reports see Year Books Nos. 18-24.)

The present (eighth) report covers the period extending from July 1, 1925,

to June 30, 1926. Dr. Sarton sailed for Europe on June 6, 1925, traveled in

Holland, Belgium, France and Spain and was back in Cambridge on Septem-
ber 24. The purpose of this journey was recreation and rest rather than study,

yet it enabled him to obtain valuable information on many subjects, to make
or renew personal contacts with many scholars and to write various papers.

1. Introduction to the History and Philosophy of Science—The first volume
of this work has been accepted for publication by the Carnegie Institution and
will appear within this year. It contains an outline of the development of

positive knowledge from the time of Homer to that of Omar Khayyam (end

of eleventh century). It is hoped that the second volume dealing with

the twelfth to fifteenth centuries (inclusive) will be ready for publication in

the summer or autumn of 1927. Practically all the material for that volume is

collected and written out. What remains to be done is largely a matter of

editing, but unforeseen gaps or difficulties may cause some delay.

2. The Publication of Isis—During the year four numbers of Isis have been

edited forming the end of volume 7 (pp. 369-614) and the first half of volume 8

(pp. 1-388), a total of 634 pages. They contain 28 original papers, 14 shorter

communications, 56 reviews, 482 bibliographic notes and 24 plates. A work
as comprehensive as that of Dr. Sarton's Introduction must inevitably include

many errors by omission or commission; it is planned to correct these errors

and fill the gaps by-and-by in forthcoming numbers of Isis. Thus the

Introduction and Isis are two complementary publications.

3. Lectures—47 lectures were delivered at Harvard University and 4
other lectures in Cleveland, Toledo and Painesville, Ohio.

LITERATURE

Bergen, Henry, Brooklyn, N. Y. Research Associate in early English litera-

ture. (For previous reports see Year Books Nos. 11-23.)

During the past year the work of revision and of preparing the final volume
of Lydgate's Fall of Princes for the press has been completed. The volume
contains a description of the manuscripts and printed editions, selections from

the original Latin text of Boccaccio and from the first French version by Laur-

ent de Premierfait, which Lydgate translated, notes on the English text, a

glossary and index. It is expected that the volume will be ready for publi-

cation by the end of 1926.
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Bjerknes, V., Bergen, Norway. Preparation of a work on the application of
the methods of hydrodynamics and thermodynamics to practical meteorology

and hydrography. (For previous reports see Year Books Nos. 5-24.)

From the year 1918 the atmospheric discontinuities, which show them-
selves on the synoptic maps as cold fronts and warm fronts, have been the

main subject of investigation. The changes of weather are in the most inti-

mate way connected with the propagation of such fronts. As developed in

previous reports, this is not in contradiction with but a more detailed develop-

ment of the cyclone and anticyclone theory of the weather. It has led to a
precise mathematical formulation of the problem of the cyclone-formation,

the solution of which may at present be the most important problem of the-

oretical meteorology. Every effort is now set upon its mathematical solution

and its further clearing up by parallel empirical investigations.

As an introduction to the mathematical work Professor V. Bjerknes has

written a paper, Die atmosphdrischen Storungsgleichungen, in which the equa-

tions for the cyclone formation are explicitly developed in full generality.

Mr. H. Solberg has during the current year been occupied with a prelim-

inary investigation of these equations from the point of view of their integra-

tion. He has worked with the subject mainly in Paris and in Gottingen,

where he has had the opportunity to consult the best authorities in the various

branches of mathematics which come into question. The problem proves,

as expected, to be a very difficult one, which will require long systematic work.

Mr. Solberg has nearly finished a paper of a preliminary character, in which
the different introductory transformations of the equations are discussed in

generalities. Later his investigation has gone more into detail in the case

which is expected to be the simplest—when the primary undisturbed motion
consists in two rectilinear gradient-currents on a rotating disc. By elim-

inating all other variables from the main equations, as well as from the bound-
ary conditions, he succeeded in this case in reducing the problem upon the

integration of a single partial differential equation of the second order with

pressure as dependent variable. For this equation he found the general

integral, both in the form of infinite series and of definite integrals and con-

taining two arbitrary functions.

The next difficulty to overcome will be to find such expressions of the arbi-

trary functions that all boundary conditions are fulfilled. Hitherto this has

been accomplished only in the special case when both currents are unlimited

upward. When the currents are limited, the problem leads to a not yet solved

generalized case of the classical "boundary problems in two dimensions."

Further pure mathematical investigations on these classical problems will

therefore be the next important task for Mr. Solberg.

Mr. T. Bergeron has attacked the problem of front formation synoptically,

and pursued his investigations on the "characteristic temperatures" and
hydrometer of the two main air-masses—subtropical and polar air.

This is carried through, partly as a continuance of the monograph on the

weather evolution of October 8 to 13, 1923 (mentioned in the previous

report), partly as a chapter in a new monograph, not yet issued, On the

Weather Evolution, January 2% to February 7, 1922.
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In order to trace the origin of the air masses in the latter case, all available

material from East America, North Atlantic and Europe has been collected

and worked out on synoptic maps : four times daily for Europe, twice daily for

the whole area. The Atlantic maps ought to be the most complete hitherto

constructed for this area. They very clearly show the huge outbreaks of

polar air from Arctic America over the North Atlantic and their r61e in the

formation of North Atlantic cyclones. The life history and above-mentioned

properties of these outbreaks are followed to their ultimate transition to

subtropical air—in the Azoric high.

Twice during this period the maps show the formation of a marked and
extensive front: once (Feb. 3) over Central Europe between a southwesternly

subtropical current originating near Florida and an outbreak of polar air from

Spitzbergen. This at last leads to an extremely sharp front over England-

Germany-Poland between a northeasternly current of about —8° C. and a

westerly of +12° C, the front being formed between parallel currents of

opposite direction having a difference of temperature of 20° C. On February

4 the front broke down and the cold air pushed forward violently, giving rise

to a heavy blizzard and glaze storm, quite analogous to the northeastern

American ones, but unexpected and severe to European conditions. The
detailed investigations on this special front formation and the dynamics of its

breakdown is intended to throw light on the problem of blizzards.

The other case, February 4 to 6, 1922, shows the formation of a front

between parallel unidirectional currents. It extended from the Azores to the

Alps, between the aforesaid subtropical current and a cold outbreak from
Baffins Bay, attaining France via the Azores as a westerly current, moist and
considerably heated, but still retaining its chief polar air characteristics. In

this front a dangerous cyclogenesis takes place, causing a severe and unwarned
gale in the Mediterranean.

The kinematics of front formation are shown to be rather simple : advection

of air-masses of different origin, the air in the transitional layer being removed
partly by suitably distributed advection, partly by upward motion. Mr.
Bergeron's investigation chiefly treats the horizontal motions, empirically.

The reason of front formation is less obvious. The consideration of the afore-

said three cases, and other analogous cases not yet treated in detail, has,

however, led Mr. Bergeron to assume that the troposphere divides into large

zones : such in which fronts are chiefly formed, kinetic energy being trans-

formed into potential, and such in which fronts are chiefly annihilated, the

process going the opposite way.

Another investigation, by J. Bjerknes, deals with the effects of the vertical

motion on the field of temperature in the vicinity of fronts. The main results

are : In the case of accelerated cold fronts there is a downward component of

motion in the foremost part of the cold wedge. This descending cold air be-

comes warmer than the non-descending part of the same air-mass and forms

a slab of intermediate temperature between the main cold and warm masses.

In this way an originally sharp discontinuity of temperature is replaced by a

diffuse one.

The reverse process takes place with retarded cold fronts, There the tran-

sitional air ascends, whereby the adiabatic cooling makes its temperature

approach that of the main cold air-mass. This leads to the restoration of a

sharp thermal discontinuity.
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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. 3-24.)

The factors which determine the possibility of growth may be classed, with

respect to the organism involved, as internal or external in character. The
internal factors include the real impulse to grow, of whatever nature it may
be; in part they are inherited, they belong to the permanent biological

characteristics of the individual. Heredity, with all that it involves, deter-

mines the most potent of these internal constitutional incentives and con-

ditions of growth. These are the determinants which are largely beyond our

immediate control, yet must be reckoned with when defects of growth appear.

The external factors, such as air, light, warmth, food, etc., that modify

growth, on the other hand, are more amenable to directive regulation. The
environment as well as the food of the individual can be modified more or less

at will. Here, then, is a possible point of attack.

In the course of the past 15 or more years we have had an opportunity to

secure records of the rate of growth of several thousand rats under controllable

conditions with respect to diet and environment. The animals have been bred

from laboratory stock without any introduction of "new blood" within the

past 10 years. Under such conditions one might expect considerable uni-

formity of growth characteristics, particularly in view of the comparatively

close inbreeding that has occurred.

The long period during which our records have been secured has witnessed

noteworthy addition to the science of nutrition, and acquisition of greater

knowledge of various important food factors, notably the vitamines, formerly

unappreciated or underestimated. The advantage of this information has

inevitably found application to some extent in our routine feeding practices.

In comparing the growth of animals from the same colony from year to year

this fact must be considered along with the possibilities of changes that may
be attributable to breeding. As a rule, the rats of our stock colony have
received a ration consisting of a special brand of dog biscuit, together with

occasional offerings of "green" or "fresh" foods such as cabbage and carrots.

The accumulated growth records of animals fed in this fairly constant manner
are therefore of considerable interest. A noticeable increase in the average

rate of growth has resulted. For example, the average time required by male
rats to grow from 60 grams to 200 grams body-weight has gradually decreased;

it was approximately 94 days in 1912; 89 days in 1913; 70 days in 1919; 67
days in 1925; the last rate of gain being somewhat better than that noted in

the majority of records currently available. It represents at best the growth
advantage secured through attention to inherent or hereditary factors.

From time to time we have observed instances of exceptionally rapid

growth under conditions of diet and environment seemingly the same as those

to which animals exhibiting the average rate of growth were subjected. This

in itself indicates a possibility of largely accelerated growth that might be
secured more generally if the underlying causes could be correctly ascertained.

Chance observations indicated to us some time ago that diet may be concerned
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therein. Thus when a number of rats were placed upon a special ration that

experience had suggested as more nearly "ideal," there resulted what seemed
to be a "lessened variability" in the individual rates of growth; and the aver-

age for the period already referred to was decreased to 38 days. Subsequent
experiments involving among other changes an increase in the protein con-

tent of the ration, particularly during the earlier period of growth, and the

inclusion of liberal amounts of seemingly heterogeneous sorts of food materials,

such as lettuce, liver or yeast, have promoted remarkably rapid gains in

numerous instances.

Brief reference to such "accelerated growth" was made in a previous

report. It concerns the problem of maximal or optimal versus "ordinary"
growth. A few illustrations may suffice to indicate how extraordinary and
unexpected have been the results of the new feeding experiments with rats

from our stock colony. For convenience we arbitrarily select the data re-

garding the rates of gain in body-weight from 60 to 200 grams for which 60
to 70 days are usually required by comparable (male) animals. Many of our

specially fed rats have made the same gain in 25 days or even less; indeed,

they have usually grown from 60 grams to 300 grams (240 grams) in con-

siderably less than the time required for the stock rats to make the gain of

140 grams to 200 grams. Thus, of two litter mate males of the same weight

(60 grams) at 32 days of age, the one on special feeding weighed 300 grams,

its mate on stock rations only 160 grams (well above the current "average")

at the age of 79 days. These are not exceptional results. The females on the

"improved" rations likewise show accelerated gains in the growth-rate, but

this sex has only recently been made the subject of study.

Numerous questions of both theoretical and immediately practical import-

ance are pressing for an answer. First of all, what is the nature of the chemical

substances that may be responsible for the phenomena? Are we dealing

with a more adequate supply of some essential that is ordinarily present in

suboptimal proportions in the diet? Are there unrecognized specific stimu-

lants to growth? The effect that growth at highly increased rates may have

upon the normal development of individual organs and the correlation of

organ-systems needs to be ascertained; likewise any influence upon the

development of maturity, as represented by the capacity to breed. Indeed,

it remains to be determined whether the maximal opportunity for the growth

impulse may perchance lead to physiological detriment while chronological

advantages are secured. It need not be assumed that food itself determines

the rate of growth; it merely gives the natural growth fair play in a way
that may not always have been recognized hitherto. The maximum size of

animals growing at these accelerated rates is in general not unduly large,

although frequently it has been decidedly larger than the average. The
"curves of growth" that represent the outcome in a graphic way in so far as

changes in body-weight are concerned may not be in harmony with some of

the current interpretations of growth. A large field of interesting importance

from both chemical and biological standpoints is thus opened for more
intensive study.

The continued investigation of the possibilities of growth, in the albino rat,

on diets exceptionally rich in protein has confirmed our earlier observations on

large increments of body-weight at essentially normal rate and to adult size

under such dietary conditions. The failure of some other investigators to
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secure equally good growth is ascribed, in the absence of more explicit infor-

mation, to possible inadequacies of the rations employed in their feeding

trials. In some of our successful experiments the protein component of the

dietary represented two-thirds, or more, of the entire calorie intake. Animals

raised to large size on diets of a relatively low-protein concentration can also

adjust to the protein-rich diets.

It might be expected that food mixtures unusually rich in protein would
have some noticeable effect upon the composition of the blood. When, as

under the circumstances referred to, the circulating katabolites must contain

a proportion of nitrogenous compounds larger than usual it is conceivable

that the latter may exert some physiological or even pathological effect. The
blood of groups of typical rats on diets differing essentially with respect to

the proportion of protein calories consumed by them was pooled for analysis.

The data secured show somewhat higher figures for both the total nonprotein

nitrogen and urea nitrogen than is found in the case of rats living on the usual

laboratory diets.

The question of the development of inflammatory or degenerative changes

in the kidneys as the result of a regimen comparatively rich in protein has

been vigorously debated. Although the microscopic examinations of the

renal tissue from many of our experiments have failed, according to the pre-

liminary reports of our collaborators, to disclose pronounced abnormalities

indicative of renal disorders attributable to the protein, we have not been

content to conclude the investigation without even more drastic tests. Hence
several animals were kept 400 days on a diet containing approximately 40
per cent of protein in a mixture that has been reported by others to lead to

renal changes. It is readily conceivable that age alone may lead to occasional

degenerative changes in the kidney tissue, regardless of the diet upon which
the animals may be placed. Accordingly we have secured, through the

courtesy of Professor Sherman, of Columbia University, for comparative

examination a number of old rats of known age, that have been raised in his

laboratory on thoroughly wholesome rations of known composition but far

lower in protein than our own experimental long-time series. A comparison

of the histological pictures presented by all of these older animals fed a long

time on diets respectively higher or lower in protein will supply more con-

clusive evidences regarding the alleged possible detriment that our own
studies hitherto have failed to reveal. The detailed publication of the studies

on the hypertrophies of the kidneys as the result of special dietary conditions

has been delayed until the final report on the histological aspects of the

problem is available.

Our experience in the preparation of diets of unusual composition with

respect to the content of the organic nutrients—proteins, fats, carbo-

hydrates—has been placed at the disposal of William E. Anderson in con-

nection with an extensive study now in progress in the Department of Physio-

logical Chemistry, Yale University, on the origin of fat in the body. This

collaboration is likely to prove mutually advantageous. The work has already

demonstrated the marked dependence of the composition of the body-fat

upon the character of the organic nutrients ingested.

The studies in which we have been engaged for some time, with the col-

laboration of Professor Park of the Yale University School of Medicine, on
the relation of the diet to the development of the bones, have been extended
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through investigation of the effect of the reaction of the diet upon the rate of

development of some of the osseous defects noted. Analyses of the blood

have also been included in some of the present year investigations. The
laborious character of the histological observations incident to these experi-

ments is delaying the final extensive report.

Dr. Karl E. Mason, a Fellow of the National Research Council, has con-

tinued the studies, reviewed in part in the last report, on the relation of diet

to testicular degeneration and sterility in the male albino rat. The feeding

experiments have been conducted in our laboratory but the histological

examinations have for the most part been undertaken in the Department of

Zoology, Yale University. The earlier work was largely confined to an inves-

tigation of the effects of a single typical ration of purified food materials,

namely, casein 18, corn starch 54, lard 15, butter fat 9, salts 4 per cent, plus

0.2 to 0.4 gram yeast daily. During the past year the effect of a number of

different food mixtures, likewise prepared from "purified" products which
were the subject of investigation by ourselves, has been considered by Dr.

Mason. More than 100 autopsies have been performed on animals raised in

this way, the reproductive and other tissues being prepared for histological

examination. Most of these mixtures have proved to be inadequate for the

development of reproductive capacity in the male. Two rations which are

very satisfactory for growth have been found to be adequate for reproduction,

namely, (a) whole wheat 30, casein 20, maize 20, liver 20, navy beans 7.5,

NaCl 1, CaC03 1.5 per cent; (b) yellow corn meal 70 to 79, skim milk powder
20 to 30 per cent, with or without additions of yeast, liver, meat residue or cod

liver oil.

In as much as it has been suggested that the failures of reproduction on so-

called purified diets are due to the development of anemias on such foods

owing to the lack of hemopoietic substances, rather than to a shortage of

vitamine E, erythrocyte counts and hemoglobin determinations have been

made on a large number of rats reared on diets respectively adequate and
inadequate for reproduction. No appreciable differences in these blood con-

stituents were found.

The newer experiments of the present year have shown that a quantity of

fresh lettuce (10 grams) far smaller than that (40 grams) previously used as a

dietary supplement to prevent sterility will suffice for this purpose in the rat.

Experiments in progress indicate that dried lettuce has practically the same
effect in promoting growth and preventing sterility as an equivalent quantity

of the fresh substance.

Comparative histological studies of various organs and tissues (epididymis,

adrenals, prostate, seminal vesicle, thyroids, etc.) from both fertile and sterile

rats are also being made, to determine whether or not the lack of the so-called

reproductive vitamine E has any effect on tissues other than the testes.

The foregoing account of the effect of minor constituents of the diet em-
phasizes the importance of learning more than we know at present of the chem-

ical constitution of the cells of animals and plants which are used in feeding.

We have accordingly continued our study of the nature of the simpler

constituents of the plant cell. An examination of the substances precipitated

from the juice of the alfalfa plant by barium hydroxide and alcohol, after

previously removing the precipitate thrown down by barium hydroxide alone,

showed that considerable amounts of malic and malonic acid and probably
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small amounts of citric acid were present. Since the occurrence of these

acids in the alfalfa plant had already been noted by Turner and Hartman we
have not published our findings. Nevertheless as the method of precipitating

the barium salts of these acids with alcohol appears to possess some advan-
tages over the older method of precipitation of the lead salts with basic lead

acetate, we hope to be able to carry out further investigations with the object

of improving the methods of analysis of plant extracts for hydroxy acids of

this type.

In addition to the hydroxy acids, the precipitate obtained from alfalfa

juice with barium hydroxide and alcohol contains nitrogenous substances.

A brief study of this material indicated the presence of many of the sub-

stances already isolated from the filtrate from this precipitate. It would
therefore seem that the voluminous precipitate of barium salts of the hydroxy
acids carried down much material which was not recovered even by very
thorough washing. This requires detailed study and further work is planned

as opportunity offers.

In view of the disappointing results of our analysis of the simpler nitro-

genous constituents of the juice of the alfalfa plant we have for the present

turned our attention to a material which, we hope, will present fewer complica-

tions. Although much work has been done upon the chemical constituents

of brewers' yeast, most workers have employed hydrolysates or autolysates

of the entire yeast cell; consequently their results, so far as they bear upon
the study of the vacuole solution, have been obscured by the presence

of much material derived from the decomposition of the more complex
constituents of the cell, in particular protein and nucleic acid. We have,

therefore, limited ourselves, for the present, to a study of the chemical

nature of the substances extracted from washed yeast by boiling water. By
plunging the cells directly into boiling water, autolysis is reduced to a mini-

mum and the solution so obtained may be fairly taken to represent that part

of the vacuole content which can readily diffuse through the coagulated cyto-

plasm and the cell wall. The early work of Osborne and Wakeman on con-

centrates of vitamine B, obtained from yeast, has emphasized the necessity

for further study of this material.

For preliminary investigation we prepared a hot-water extract from a
quantity of yeast equivalent to 6 kilos of the dry substance. This extract has

been put through a systematic fractionation essentially similar to that em-
ployed in our investigation of the alfalfa plant. We have already examined
the fraction containing choline and nicotinic acid and the results have been
published in the Journal of Biological Chemistry. This fraction was obtained

by treating with phosphotungstic acid the filtrate from the precipitate pro-

duced by mercuric acetate according to Neuberg's directions. It contained

3.35 per cent of the nitrogen of the yeast extract. Further fractionation by
means of mercuric chloride in acid solution gave a precipitate containing 2.41

per cent of the nitrogen of the yeast extract and of this nitrogen approximately

86 per cent was found to belong to choline and 6 per cent to nicotinic acid.

No evidence whatever was obtained of the presence of bases of the betaine

type and these can occur in yeast, if at all, only in very small proportions.

Nicotinic acid was also present in small amounts in the filtrate from the

mercuric chloride precipitate. This indicates that our method for the iso-

lation of this constituent is inadequate and we hope to be able to devise
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improvements. Nicotinic acid was first found by Suzuki, Shimamura and
Odake in rice polishings and was also encountered by Funk as a constituent of

his original "vitamine" from yeast. It has not been reported in any other

materials, although the betaine of nicotinic acid, trigonelline, is fairly widely

distributed. It seems quite likely, therefore, when a good method for its

isolation has been developed, that it may be found in extracts of other plants.

The proportion of nicotinic acid found by Suzuki and his collaborators indi-

cates that this substance may make quite an appreciable part of the soluble

nitrogenous substances of the rice hull. Although Funk found only a trace of

it in yeast, our figures show that it is a by no means insignificant constituent.

The investigation of the constituents of the other fractions of the yeast

extract will be continued with special attention to the development of methods
of separation and the search for new constituents.

In connection with our general work upon the analysis of solutions of

organic bases we have had occasion to examine statements in a paper by
Kossel and Edlbacher on the separation of arginine from histidine. Accord-

ing to these writers arginine silver is not precipitated when the solution is

brought to a faint alkaline reaction to phenolphthalein by means of barium
hydroxide, whereas histidine silver is completely precipitated at this reaction.

We have found that a large part of the arginine, either alone or when mixed
with histidine, is precipitated under these conditions and that this method of

separation presents no advantage over the older method of Kossel. Neverthe-

less it is probable that the separation of these bases may be effected in some
such relatively simple way and work is at present in progress designed to

this end. The advantages of such a method are manifold when dealing with

the complex mixtures contained in plant extracts. If we can remove the

purines as silver salts at an acid reaction, the histidine fraction at a less acid

or slightly alkaline reaction, and then the arginine at a more alkaline reaction

it is clear that the analysis will be greatly facilitated.

We wish again to draw attention to the necessity for study of the details of

the analysis of these extracts. For example, we have repeatedly encountered

large losses of nitrogen when decomposing precipitates obtained from them
with phosphotungstic acid. A considerable part, sometimes as much as one-

third, of the nitrogen precipitated by this, otherwise invaluable, reagent is

held in the barium phosphotungstate obtained when decomposing the precipi-

tate by means of barium hydroxide. Only a small part of this nitrogen is set

free by several hours boiling with barium hydroxide solution. As these losses

are so considerable we are conducting experiments designed to throw some
light on the nature of the combination of this nitrogen. Such evidence as

we already have indicates that a part of it, at least, is in the form of poly-

peptides of the mono amino acids. If this is so it is clear that determinations

of the amount of nitrogen precipitated by phosphotungstic acid from plant

extracts give a wholly erroneous impression of the amount of basic nitrogen

present and another long-established indirect method of analysis will have to

be discarded. In fact our investigations to date, if they have shown nothing

else, have demonstrated the futility of indirect methods of analysis when
applied in fields for which they were not designed.

The importance of possessing a more concentrated preparation of the water-

soluble vitamine than that obtained by us some years ago has become in-

creasingly evident as our feeding experiments have been extended to problems
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requiring as little as possible of unknown constituents in the diet. Although

we have had a long and varied experience in feeding rats on artificial diets we
have, as yet, been unable to find conditions under which the results of testing

our various vitamine preparations were sufficiently uniform to afford reliable

comparisons as to their relative vitamine content. We have, consequently,

devoted much time to determine the conditions necessary for developing a

satisfactory method for testing our preparations but, as yet, have not reached

conclusions which justify a definite report. Numerous active fractions have
been made from yeast, but, owing to the above mentioned difficulty of testing

their relative potencies, we can not yet satisfactorily summarize this work.

In our breeding colony we have chanced to secure a litter of young rats born

without eyes. Some of these animals have been successfully reared so that a
number of specimens of this extremely unique anatomical anomaly could be

sectioned for histological examination of the brain and associated nervous

tissues. The defect has manifested itself by a somewhat disproportionate

development of the heads of the animals involved; the morphological explana-

tion of these physical disproportions remains to be ascertained. Several

attempts have been made without avail to secure from the original parents

further litters similarly affected. One of the eyeless females has in turn pro-

duced several litters of young though they have not been reared successfully

in any case. Dr. A. M. Yudkin of the Department of Ophthalmology of the

Yale University School of Medicine, who has already made extensive studies

of the ophthalmias of dietary origin developed in our experiments, is engaged

in a careful investigation of the histology and other structural features

available in this unusual material.

In response to a request from investigators in France, Miss Cannon of our

staff has prepared a somewhat detailed description of many of the types of

diets and methods of food preparation that have been employed in our

nutrition experiments with rats. This compilation is to be published in the

Bulletin de la Societe d'Hygiene Alimentaire.
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Lowe, E. A., Oxford, England. Associate in palaeography. (For previous
reports see Year Books 9-16, 19-24.)

The investigation of Uncial and Half-Uncial scripts was continued along the

lines laid down in previous reports, and a portion of the preliminary spade-

work was incorporated in an article entitled Some Facts about our Oldest

Latin Manuscripts. Additional statistics have been gathered during the year

and another instalment of "Facts" is in preparation.

As one of the chief aims of the investigation in hand is the localization of

Uncial types, much time was devoted to the problem presented by a series of

manuscripts which experts of mediaeval art have heretofore regarded as

originating in the northeastern part of France. Interest in this type was
accidentally focussed by a happy find made at the Bibliotheque Nationale.

In a miscellany composed of the debris of various manuscripts, two quires are

written in Uncial characters which we at present connect with the northeast

of France. The two quires contain exorcistic prayers, an interesting

penitential and a brief sketch of the twelve Apostles. The external appearance
of the two quires bore an extraordinary likeness to the script and format of

the Regina manuscript of the Gelasian Sacramentry at the Vatican—one of

the oldest and greatest liturgical documents in existence. As the Vatican

manuscript seemed complete no one has ever suspected that the Paris leaves

belonged to it. Careful measurements, however, have confirmed the impres-

sion that the Paris quires and the Vatican manuscript once formed one

volume. Facts establishing the identification beyond a peradventure and an
edition of the matter contained in the two quires, accompanied by two collo-

type plates, are to appear shortly in the Journal of Theological Studies.

The material brought together in this article should prove of use in fixing

the more precise home of this type of script. Definitive results must not be

expected till more is known of other important French schools, our notions of

which are at present based on conjectures rather than on facts.

Having received an invitation from Dr. Robert Bridges to collaborate with

him and Roger Fry in a work on English Handwriting it was a privilege to

help collect the material and to write the historical and critical remarks. One
volume of 34 plates has already appeared and another is in prospect.

Work on the Scriptura Beneventana has made slow but sure progress.

There have been inevitable delays, but it is hoped that printing will begin

before the year is over. The study on the history of Latin Minuscule which is

to appear in the Legacy of the Middle Ages has been seen through the press and

will appear in the autumn. Articles and reviews have been written for the

English Historical Review and the Classical Review. At the request of the

authorities of the British Museum assistance was given in describing an

important Oxford manuscript which is about to be published by the New
Palaeographical Society.

A number of interesting additions have been made to the collection of

Carnegie negatives.
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Chaney, Ralph W., Berkeley, California. Research Associate in Palaeobotany.

(For previous reports see Year Books Nos. 21-24.)

The first half of the year was spent in Asia, for the most part in cooperation

with the American Museum of Natural History of New York. The work in

Mongolia with the Third Asiatic Expedition, and later in China, Japan and
the Philippines, was undertaken because of the desirability of determining

the relationships between the forests, past and present, of Asia and North
America. This involved a study both of the fossil and the living plants of

regions visited. The material collected has only recently reached Berkeley,

and a preliminary statement of the results of the work in Asia is all that can

now be made.
Considering first the fossil plants, the older floras of Mongolia are repre-

sented by fragmentary stem impressions in a sandstone series of probable

Jurassic age at Jichi Ola, and by imperfect impressions in the Paleozoic

graywacke series 46 miles east of Jichi Ola. In paper shales of Cretaceous age,

20 miles east of Gatun Bologai, impressions of plants, fish and ostracods were

collected, and a somewhat better collection was made at Ondai Sair some 450

miles to the northwest, in beds which appear to be of the same age. The
fossil plants here include equisetum, conifers and rushes, and seem to repre-

sent the flora of a lake or swamp border. At Shabarakh Usu the Cretaceous

Dja-doch-ta formation contains numerous fragments of wood, which after

preliminary examination appear to be of Araucaria and Taxus-Torreya types.

The Tertiary plant remains are limited to silicified wood except for a small

collection of equisetum and other stem impressions from the Pliocene (?)

sediments on the north flank of Baga Bogdo, one of the principal peaks in the

eastern Altai Mountain Range. Silicified wood was collected from the Shara
Morun formation of Eocene age near Ula Usu, and from rocks of similar age

near Shabarakh Usu; it was found also in the Hsanda Gol formation of Oligo-

cene age at Loh. Conifers and what appears to be Populus are included in the

wood already examined.

In China a visit to the Chaokochwang coal mine in Chihli Province was
made possible through the courtesy of the geologist in charge, Dr. F. F.

Mathieu, and a representative collection of Permian plants was secured with

his assistance. A trip to several localities in Manchuria was made in company
with Mr. T'an of the Chinese Geological Survey. At the coal mines at

Pataoho the remains of sequoia occur in shales of late Cretaceous or early

Tertiary age. A flora of Oligocene age was studied and collected at Fushun;
it contains species which are similar or identical with those characterizing the

Bridge Creek flora of eastern Oregon, including sequoia, alder, oak and maple.

A comparison between the climatic conditions of Mongolia and that portion

of China lying immediately to the south during the Cretaceous and Tertiary

periods brings out the fact that the difference in rainfall which now exists

between these two areas has probably extended far back into geologic time.

The northern provinces of China now have a rainfall of between 20 and 25

inches annually, which falls mostly during the summer in connection with

the monsoon winds. These winds do not reach Mongolia because of the
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intervening Khingan Mountains and other ranges which run across northern

China; the rainfall there is only a few inches a year, and trees are scattered or

absent. On the basis of the fossil record, it may be suggested that these

mountains have been in existence through the Tertiary and back into the

Cretaceous period, during which time a sequoia forest whose moisture require-

ments were about 40 inches a year occupied their windward side; on the north

slopes, semi-arid and arid conditions not greatly unlike those of today appear
to have existed, limiting the trees to conifers and poplars and preventing the

growth of any extensive forests.

A collection of the living plants of Mongolia was made, which will be studied

by systematic botanists and later sent to four representative herbaria. Seeds

of certain genera were secured for specialists interested in them, and a number
of pathological specimens will be sent to the museum of the United States

Bureau of Plant Industry.

Seeds of both of the living species of sequoia, now confined to western

America, were planted in the vicinity of Peking and in the Altai Mountains in

Mongolia. Arrangements are in progress for further planting in other parts of

China, where climatic conditions may be sufficiently favorable to make pos-

sible the return to Asia of these trees whose ancestors were once native in

Manchuria.
The living trees of northern China and Japan were of special interest because

of the similarity of the leaves of certain species to those of fossil species in the

Tertiary of western America. A species of hawthorn, Crataegus pinnatifida,

has leaves which closely resemble those of the fossil C. newberryi of eastern

Oregon, and there is no living American species which shows a like relationship.

One of the common elms of northern China, Ulmus parvifolia is much like a

fossil elm from eastern Oregon which has no near relative, either living

or fossil, in America. Collections of the leaves of these and other living

trees of northern Asia will be of value in the study of the fossil floras of

America in the future. The sub-tropical and tropical forests of central and
southern China and of the Philippines were seen in the course of the return

trip by way of Manila.

In connection with the monographing of the floras of the John Day Basin

and related areas, which has occupied most of the time since my return to

America in January, an effort is being made to refer each species to its genus

with the greatest possible accuracy. To do this it is necessary to have the

fossil material well preserved, and in sufficient abundance to indicate the

probable range of variation—requirements which are in most cases well met
by the fossil floras of eastern Oregon. The necessity for accurate generic

determinations has been discussed in previous reports, but it is a sufficiently

important matter to warrant further consideration. The stratigraphic aspects

of palaeobotany, which are of major importance to most geologists in con-

nection with the subject, and which have to do with the determination of the

horizon and therefore with the age of the rocks containing the fossils, may be

greatly weakened by unsound taxonomic work. Examples need not be given

of the dependence placed by later workers upon the inaccurate or doubtful

determinations of pioneer authors, even in cases where they originally pointed

out the tentative nature of their findings, nor of the resulting errors in the

correlation of horizons. Palaeobotany, as well as other branches of palaeon-

tology, has many such cases. Only a name indicating its true biologic affinity
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may safeguard a species from being incorrectly related to or distinguished from

the specimens which future work will bring forth. In cases where the paucity

of the fossil record makes accurate systematic work impossible, the doubtful

nature of the determinations should be indicated by such general terms as

Phyllites or Carpolithes, as has been done in some cases for more than a

century; or, if not well defined, such material should be ignored.

The interpretation of the physical history of the past by means of fossils,

which is an equally important aspect of geology, requires that all generic

references be based on careful determinations. If a Tertiary plant formation

contained figs, cinnamons and laurels along with alders, maples and oaks, it is

of utmost importance to establish the fact of this great difference between the

association of these genera in the past and at the present. While if a fig turns

out to be a Ceanothus, a cinnamon becomes a syringa (Philadelphus) , and a

laurel an Umbellularia, as has so frequently happened during the reworking of

the later Tertiary floras of western America, by the writer, it is likewise

important to establish the fact that the association of these genera in the past

was essentially the same as it is today. The value of such associational data in

stratigraphic correlation has been pointed out,
1 and it is clear that reliable

ecologic and stratigraphic conclusions depend in large measure on the

accuracy of the fossil determinations.

The use of specimens of modern plants for comparison with related fossil

material is of great value in determination of the correct systematic position

of the latter. The writer is fortunate in having readily accessible for this

purpose the herbarium of the University of California with its extensive

collections of the plants of western America, together with the recently

acquired material from Asia and Indomalasia which is being brought together

under the direction of Dean E. D. Merrill. The herbaria at the California

Academy of Science in San Francisco, and at Stanford University are also

available for study, including many species of eastern America and Europe.

In addition there is a large number of trees, both native and exotic, growing in

the San Francisco Bay region, which throw light on the relationships of the

fossil species.

In the work now in progress leaf impressions comprise the chief portion of

the fossil record, although impressions of fruiting structures and silicified

stems furnished supplementary evidence in some cases. There is a dis-

position on the part of certain botanists, particularly in England where the

feeling is shared also by palaeobotanists, to question the diagnostic value of

leaves in taxonomic studies. It is not difficult to understand how such an
attitude may have developed, due to the inaccuracy of many of the leaf

determinations of pioneer workers, notably Heer and Lesquereux, and even
more to the almost exclusive use of the fruiting structures of living plants by
taxonomic botanists. But it should be borne in mind that almost any
structure of a plant, and not least of all one as highly specialized and sensitive

as the leaf, is capable of furnishing distinctive characters if only a thorough
study is made of it. Thus it is that more recent workers, in America at least,

have been able to use leaves as an accurate means of determining the nature of

past vegetation.

An example of the possibility of making generic distinctions with leaves has
recently developed in connection with a Tertiary flora from the Crooked

1 Chaney, Carnegie Inst. Wash. Pub. No. 349, Pt. 1, p. 46 (1925).
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River Basin of Oregon. Fruits both of Carpinus and Ostrya were included in

the collections, together with leaves of one or both genera. In response to an
inquiry made of two of the most eminent authorities on trees in America, no
information was forthcoming as to distinctions between the leaves of Carpinus
and Ostrya. No published statement was found bearing on criteria for dis-

tinguishing the two genera on the basis of their leaves. The modern botanist

needs only a glance at the bark or the attached seeds to separate them. But
the palaeobotanist, working with dissociated leaves, has only the alternative

of studying the details of their shape, nervation and margin. In the present

case, these were quite sufficient to serve as a means of distinguishing the two
genera. There is little doubt that with sufficient study, most or all arborescent

genera, at least in the north temperate zone, can be equally well distinguished

on the basis of their leaves.

Two weeks were spent in Yellowstone National Park, in the vicinity of

Camp Roosevelt, where with the assistance of H. L. Mason and E. Dorf a

number of fossil plant localities were visited and some material collected. The
fossil floras of this region were extensively studied by Dr. F. H. Knowlton
nearly 40 years ago, and later monographed. 1 In addition to visiting the old

localities, our work included observations on fossil deposits uncovered in the

course of recent road building. The large number of visitors who come to

Yellowstone Park every summer afford great opportunities for general edu-

cation along the line of earth history. The spectacular exhibition of standing

petrified trees and of leaf deposits, and their relation to Tertiary vulcanism,

may because of their accessibility be brought to the attention of almost every

visitor. Of particular interest as an indication of the climatic and floristic

changes in recent geologic time, is the composition of one of the more wide-

spread fossil floras, in which sequoia, chestnut and sycamore make up the

most common species. No representatives of these genera are found today

within many hundred miles of Yellowstone Park, where the present rainfall

and temperature are responsible for a wholly different type of vegetation;

and in no living forest are these three genera associated at the present time.

In addition to leaving labeled specimens of some of the more interesting fos-

sils where they can be seen by future visitors, suggestions have been made to

the Ranger Naturalists organization which may increase the value and per-

manency of these unusually fine occurrences of fossil plants.

Du Toit, A. L., Pretoria, South Africa. Comparative study of late Palaeozoic

and early Mesozoic formations of South America, South Africa, Australia

and India.

From the five months, June to November 1923, geological investigations

were carried out in South America, chiefly in the States of Sao Paulo, Parana,

and Rio Grande do Sul in Brazil, in Uruguay, and in the States of Buenos

Aires, Cordoba, Mendoza and San Juan in Argentina.

The work mainly concerned the Gondwana sediments of that continent, and

was directed more particularly toward elucidating their resemblances to and

differences from the corresponding development of that system in South

Africa.

The more important observations made relate to the so-called "Permo-

Carboniferous " glacials, so widely distributed through the southern hemi-

1 Knowlton, U. S. Geol. Surv., Mon. xxxn, Pt. II, Chap, xiv (1899).
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sphere, but which on palaeobotanical grounds can most definitely be regarded,

in the San Juan district at least, as not younger than Upper Carboniferous age.

Three glacial horizons are present in this district and also in Uruguay, while

glaciated pavements were discovered at the base of the system in both these

localities. An important marine phase was also found in the western part of

San Juan.

Evidence was obtained confirming the widespread character of the strati-

graphical break between the Triassic and Permian in South America, and of

the presumably arid conditions under which the Trias-Rhaetic sediments

must have been accumulated in Brazil and Uruguay.

The outcome of these comparative studies has been so illuminating, that it

was decided not to limit the written account merely to the various matters of

personal research, but to widen its scope by reviewing the geology of the

eastern half of South America, thereby rendering a service to English-speaking

persons, because of the scarcity of geological publications in English dealing

with this remarkable continent.

The analysis of the information thus obtained has served to disclose resem-

blances in the geology of South Africa and South America of an amazingly close

character, collectively pointing toward an intimate union of these continents

during much of the late Palaeozoic and early Mesozoic, and in addition

favoring in unmistakable fashion the well-known, though severely criticised,

Displacement Hypothesis. It is believed that the evidence to be detailed will

constitute a useful contribution to this novel and fertile theory of earth

structure, and perhaps serve to encourage investigations of a similar kind

elsewhere.

Pressure of other work regrettably delayed the writing of this account until

the latter half of 1925, but the greater part of the manuscript is completed,

and it is hoped that the text may be ready before the end of 1926. Of the

fossils collected in Brazil and Argentina the plants have already been examined
by the writer, while the marine invertebrates have been sent for report to

Dr. R. S. Bassler of the United States National Museum, Washington, D. C.

Merriam, John C, and Associates. Continuation of palaeontological researches.

(For previous reports see Year Books Nos. 20-24.)

In the course of the past year, work of the group of persons concerned with

continuation of research on problems of palaeontology already under way on
the Pacific Coast has been carried forward with as careful adherence as

possible to the original program. There have been certain new undertakings

relating to work already well advanced, but the effort has been made to carry

through to early report the major pieces of work under way.
Aside from continuing studies carried on by Dr. Merriam in the field, upon

which work has already been undertaken, there has been extended field work
by Dr. Buwalda in the John Day region of eastern Oregon, by Dr. Stock in

association with Dr. Buwalda in the same area and in connection with studies

of the history of the mammalia in Nevada, in middle and southern California.

Remington Kellogg has also done extremely important work in furtherance

of study of the marine mammals of the eastern United States.
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The following are reports of investigations conducted by Dr. Chester Stock,

Dr. John P. Buwalda and Remington Kellogg:

Report of Dr. Chester Stock

(1) A continuation of the study of the sequence of vertebrate faunas in the

John Day region of eastern Oregon. Report of the field work during 1925 has

been published in the Year Book for that year. Palaeontological materials

collected during this field season were prepared at the Museum of Palaeon-

tology, University of California.

(2) Advance of studies of the Rancho LaBrea fauna, with special attention

directed to the monographs dealing with the Felidae and Equidae.

In view of the unusual occurrence at Rancho La Brea and of the large

varied fauna known from these deposits it has appeared especially desirable

at this time to make a census of the Pleistocene mammals in the fauna. The
census, based principally on the collections of the Los Angeles Museum and the

Museum of Paleontology, University of California, has been carried forward

but has not as yet been completed.

(3) Extensive excavations have been carried on at the occurrence of

Pleistocene animal and plant remains in the asphalt deposits at McKittrick,

California. The excavations have been conducted for the past 6 months
by Charles H. Sternberg, assisted during a part of this period by Newton
Brown of the Museum of Paleontology, University of California. As a result

of Mr. Sternberg's energetic pursuit of the excavating operations many
additional mammalian and avian forms have been added to the list of species

recorded from this interesting horizon. The new collections also permit a

more complete identification of the forms comprising the McKittrick fauna.

Of special interest is the occurrence of a representative of the Preptoceras-

Euceratherium group at McKittrick. These mammals, related to the living

musk-oxen and Pleistocene ovibovids, have been known in California only

from cave deposits. A report of this form has been completed. Study of

skull and skeletal remains of the characteristic llama of the McKittrick

Pleistocene has also progressed and furnished much additional information

bearing on the history of the camel group in North America. Present col-

lecting at McKittrick and further study of the assemblage will undoubtedly

render considerable assistance in establishing more definitely the succession of

Pleistocene vertebrate faunas for western North America.

(4) The John Day faunas of Upper Oligocene age in eastern Oregon have

been recognized as possessing considerable significance in furnishing a faunal

horizon or faunal horizons with which assemblages occurring elsewhere may be

correlated. Such correlation has been established between the John Day and

the Lower Rosebud horizon of the Great Plains region. Recently vertebrate

remains have been secured from the Sespe deposits in the region of South

Mountain, lower Santa Clara Valley, Ventura County, California, by Chester

Stock and E. L. Furlong, suggesting a correlation of the Sespe with the John

Day. The discovery of a vertebrate fauna in the Sespe is extremely important

since it furnishes again an opportunity to compare the Tertiary sequence of

formations of the Pacific Coast Marine province with that of the Great Basin

region to the East.

(5) Considerable attention has been directed to the occurrence of foot-

prints and remains of mammals and birds in the Pleistocene deposits exposed
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in the prison yard of the Navada State Penitentiary, Carson City, Nevada.
In co-operation with Governor J. G. Scrugham and a committee appointed

by him, plans are under way for further excavation and exploration of the

deposits at the State prison with a view to preserving the tracks now exposed

and uncovering new series of footprints. It is planned furthermore to estab-

lish at the prison a permanent exhibit showing to best advantage this remark-

able evidence of the life of Nevada during the Pleistocene or Glacial epoch.

In carrying forward the palaeontologic work during the past year the writer

has been associated in field and laboratory with E. L. Furlong, Curator of

Vertebrate Collections, Museum of Palaeontology, University of California.

Illustrations for the several reports completed and in progress have been
prepared by John L. Ridgway.

Report of Dr. John P. Buwalda

Dr. Buwalda continued the geological mapping of the Mitchell quadrangle

in the John Day region of northeastern Oregon. During about two weeks in

August 1925 contact lines were traced between the John Day formation and
the Clarno and Columbia lava formations in the Service Creek area and
between the two latter formations in the region around the mouth of Butte
Creek. The area of Cretaceous around Mitchell was studied and the limits

between it and the overlying Clarno formation were outlined. The gorge of

the John Day above Clarno's Ferry was traversed for some distance and the

character of the Clarno formation determined in that cross-section.

Fulfilling the hope of several years Dr. Buwalda found, after about one

week of searching, vertebrate fossil remains in the tertiary strata around
Elko, Nevada, in October 1925. The examination yielded excellent results in

that miocene mammalian remains were found in beds presumably the equiva-

lent of those heretofore studied at the town of Elko, and which have hereto-

fore been considered Eocene in age. Bone Valley, 50 miles north of Elko, was
also visited and the opportunities for collecting fossils there determined. One
fossil specimen secured in Bone Valley indicates a Pliocene age for the forma-

tion exposed there. The data obtained in the Elko region will make possible a

statement of the age relations of several of the formations now known to

exist there.

Report of Remington Kellogg

(1) Studies on the relation of sense organs to the general problem of

aquatic adaptation:

The Sense of Hearing—This sense must play an important part in the gen-

eral welfare of these animals. Whales must rely on this sense to determine

the location of beaches, bars, or reefs, for they soon suffocate when stranded.

Waves breaking on the beach or reef produce sounds which would warn a

whale that it was too close inshore. Experiments made during the World
War with an underwater submarine signaling device and by investigators

elsewhere with metallic objects would seem to indicate that whales can dis-

tinguish or are irritated by high frequency sound-waves. Low frequency

sound-waves, like the boom of a cannon, apparently have no visible effect on

their auditory apparatus. A physical study of the cetacean organ of hearing

should show whether or not these observations have been interpreted correctly,

and also afford definite information on the range in frequency of the sound-
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waves which are capable of affecting the auditory apparatus. The organ of

hearing in the whale consists of the dense triangular bone (periotic) which

contains the immediate organ (the cochlea) and the organs of equilibrium (the

vestibule and associated semicircular canals), the three small bones of the

inner ear, and the dense "conch-like bulla" which is thought to function as a

sounding box. The palaeontological and morphological history of the organ

of hearing is being investigated with the hope of discovering one of the factors

concerned in the adaptation of a land-dwelling mammal to an aquatic mode of

life.

The Sense of Smell—Brain casts show that the Eocene zeuglodonts, which

are the oldest types of whales geologically, had a well-developed sense of smell.

These zeuglodonts were replaced in later geological epochs by the true whales,

one group of which (the whalebone whales) retained the sense of smell, and the

other group (the toothed whales) lost this sense. Morphological studies on the

skulls of living and fossil whalebone whales have shown that they are equipped

with olfactory organs. Comparative studies of the skulls of fossil and living

toothed whales indicate that the loss of the sense of smell has been brought

about by changes in the relations of certain bones in the anterior wall of the

braincase. Early Miocene toothed whales have paired passages for the olfac-

tory nerves and some of the succeeding types reveal the modifications which
resulted in the closure of the passages for the olfactory nerves. The manner in

which whales smell and the general utility of this function is practically un-

known at present.

The Sense of Sight—The eyes of fishes have certain morphological modifi-

cations for under-water vision, and it is not improbable that whales have their

eyes modified for this purpose. Some animals have telescopic eyes and others,

as for instance the common house mouse, have a very short range of vision.

There is evidence which indicates that some of our whales can perceive objects

at a considerable distance and we also have at least one living porpoise

(Platanista) which is totally blind. An anatomical study of the eyes of living

whales and a comparative study of the bony structures associated with these

organs should help us in interpreting the structures found in various fossil

whales.

(2) Studies in Geographic Distribution—A world-wide study is being made
of past and present faunas of pelagic mammals in the hope of throwing some
light on the factors involved in their distribution. A card index with several

thousand entries and a table showing the geologic and geographic distribution

of the described forms have been prepared. Something like 500 kinds of

pelagic mammals are shown on this chart. Comparative studies are revealing

the relationships of the various forms represented. In the course of time it

will be possible to clear up the relationships of these forms and it will then be

possible to furnish a detailed report on the centers of origin of the various

faunas of pelagic mammals, the factors concerned in their dispersal, the limits

of their geographic range, and possibly to throw some light on the causes of

their extinction.

(3) Studies in Geological Correlation—Marine mammals are especially

suited for problems of intercontinental geological correlation. Most cetaceans

have a wide geographic range and migrate long distances in search of food or

calving grounds. Aquatic specialization has resulted in many changes in

the organization of these animals. These changes brought new types into
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existence and others were eliminated by the laws of nature. We thus find that

faunas of pelagic mammals are adding and losing types from stage to stage,

and in certain stages entirely new assemblages make their appearance. Hence
we are able to make use of pelagic mammals in correlating widely separated

geological formations.

A thorough knowledge of the morphology of these animals is necessary to

the proper understanding of this objective. To obtain this information it is

necessary to have adequate material for study and comparison. This led to

the exploration of nearby fossil localities and to the conclusion that the Calvert

Miocene formation of Maryland and Virginia was a very promising field for

investigation. The Calvert cliffs of Maryland have yielded and will continue

to yield specimens which will give us as nearly complete information in regard

to the construction of these animals as it is possible to obtain from fossil

material. This fauna contains practically all of the characteristic genera of

the latter part of the Miocene epoch. Complete skeletons of these types will

facilitate the identification of fragmentary material found elsewhere. Pre-

liminary papers are being published on this fauna as fast as the time of the

writer will permit. It is hoped that the final report on this Calvert Miocene
fauna will be of practical assistance to those interested in intercontinental

geological correlation.

A somewhat older fauna from the Pacific Coast of North America is being

studied in conjunction with the above material. The old Temblor Sea of

southern California was inhabited by another assemblage of fossil pelagic

mammals. No complete skeletons have been discovered in these deposits and
the bones appear to have been washed about by ocean currents. Nevertheless,

when fully known, this fauna will prove to be very important to those in-

terested in correlating Tertiary deposits on the Pacific Coast with those on the

Atlantic Coast of North America.

Wieland, G. R., Yale University, New Haven, Connecticut. Associate in
paleontology. (For previous reports see Year Books Nos. 2-4, 6-9,
11-24.)

Most of the left-over sawing and thin-sectioning preparatory to more
extended publication on the petrified cycads is done; particularly the wedge
of the Dresden Raumeria has been sawed with reference to its entire fruit

series, and the surfaces polished. The sections through the flower-bud show
the most remarkable pollen conservation yet found. The thin-sections of the
woody cylinder disclose, for the first time, a cycadeoid with a heavy outer
zone of pitted wood following the scalariform wood, hitherto typical for all the
members of the Cycadeoideae, though a foreshadowed development. Thus
is eliminated the last sharp vegetative difference between the cycads and the
heavy stemmed cycadeoids. Apparently the origin of the outer zone of pit

wood in the two groups follows a stem habitus fitted to like ecologic conditions.

This might be called a clear case of homoplasy as defined by Cope. It would
be difficult to believe that the wood zone features of the cone and flower-

bearing series were all established in the remote common ancestry antecedent
to cone and flower. In either case cone and floral features do not seem as
remote from each other as hitherto supposed. Raumeria is a distinct, well-

founded genus of the Cycadeoideae. Distinction rests on vegetative features

alone, however, as the flowers closely agree with those of the Black Hills.
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In the bibliography publications on related or subsidiary topics are listed.

At this time no other subjects aside from the direct investigation of petrified

stems are held in hand, with the single exception, perhaps, of the Rhaetic

imprints, especially those of the Argentine Rhaetic. Among the materials

collected at the Minas de Petroleo are found, in addition to the fossil insect

series, what appear to include both flowers and seedlike fruits of angiosperms.

Several new species of the fruits are described elsewhere. If these fossils are

correctly interpreted they are the oldest determined angiosperms, taken

along with the seeds of Caytoniales recently found in the Rhaetic of Green-

land. Incidentally the theory of leaf change, from early Mesozoic foliage of

Taeniopteroid form into more primitive blades like those of the magnolias,

appears more and more to shadow the true course of angiosperm evolution.

Professor Mez of the University of Konigsberg even holds it a mistake to

regard the Wielandiella (from any viewpoint the most important of key
forms) as a cycadeoid at all. Despite the cone features he would place this

fossil directly in the magnoliaceous ancestry.

The outstanding publication of the present year in the entire Paleophyto-

logic field is that on the Devonian floras by Kraeusel and Weyland, giving

satisfactory restorations of an Asteroxylon, Aneurophyton, and Hyenia, the

two latter being plants of larger size. In North America the discovery in the

field of silicified stems of rather advanced Psilophytales types of the Gasp6
country of Canada by Professor Loren C. Petry is the great event of the year.
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Barnett, S. J., California Institute of Technology, Pasadena, California.

Research Associate in Physics. (For previous reports see Year Books
Nos. 19-24.)

Considerable progress has been made in the work on rotation by magnetiza-

tion and magnetization by rotary fields, referred to in the last report, but

neither investigation is sufficiently advanced for publication. An investiga-

tion of the latter effect has recently been made in England, with negative

results. The author considers these to prove that the effect, under the con-

ditions of his experiments, does not exist. But I have shown in a brief paper

(abstract in Phys. Rev., 27, 1926, p. 115 l
) that his mathematical theory is

incorrect, and that his experiments were incapable of detecting an effect of the

order of magnitude to be expected.

Some additional work has been necessary for the International Critical

Tables.

In the field of the magnetization of gases (one of the subjects on the program
outlined two years ago), Mr. Hammar, working under my supervision, has

obtained important results on the volume susceptibilities of several gases,

especially the diamagnetic gases hydrogen, nitrogen and carbon dioxide, at

pressures of one atmosphere and less. All the results are strictly in accord with

the classical theories, which require proportionality of susceptibility to pres-

sure throughout the range of experiment; and the results with the gases men-
tioned do not confirm the anomalous results obtained at Munich by A. Glaser

in 1924. In a number of papers attempts have been made to explain these

results on the basis of departures from classical theory; but Mr. Hammar has

shown that the anomalies were probably due to incomplete desiccation. The
work will soon be published by Mr. Hammar, and will be extended by him-

self and others.

Bams, Carl, Brown University, Providence, Rhode Island. Continuation of
investigations in applied interferometry. (For previous reports see Year
Books 4, 5, 7 to 23.)

The author has continued his work with the interferometer U-gage adapted
for the measurement of acoustic pressure. A report on the work as a whole is

now being prepared for the press, so that a few references to salient points in

the concluding chapters for the investigation will here suffice. A variety of

results were obtained by treating inductance acoustically by differentially

acting telephones. These actuate the respective ends of a brass tube, at the

middle of which the nodal intensity is registered by a pinhole probe. Low-
resistance and high-resistance telephones were severally tested. A method
which may be called telephonic coupling of acoustic and electrical oscillation

was devised, with an exhibit of the striking acoustic pressures obtained when
the system is in resonance throughout. The origin of acoustic pressure in

pinhole probes was critically investigated. It was shown that the probe is a
musical instrument with a pinhole embouchure and that it functions most
intensely when its length is such as to place a fixed node at the pinhole.

1 J. W. Fisher's experiments and the possibility of magnetization by rotary fields.
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Finally a number of theoretically interesting results were obtained when part

of the vibrating acoustic system was bounded by soap-bubble films. Experi-

ments made to improve the U-gage led to no important results.

Millikan, R. A., Norman Bridge Laboratory of Physics, Pasadena, California.

Research Associate in Physics. (For previous reports see Year Books Nos.
22, 24.)

From July 1925 to July 1926 all of the researches in physics which have
been published from the Norman Bridge Laboratory have received support

in greater or less degree from the funds granted by the Carnegie Corporation

of New York to the Carnegie Institution of Washington "for the conduct of

researches on atomic structure to be carried on in the Norman Bridge Labora-
tory." These investigations have been far too extensive to admit of any sort

of adequate resume, but the following list of the titles of papers published from
July 1, 1925, to June 30, 1926, reflects in the briefest possible form the char-

acter of the activities pursued, and it also gives opportunity for gaining com-
plete knowledge, where it is desired, of the results obtained. Three general

groups of results may perhaps be selected for especial comment.

(1) Probably the most conspicuous result of the year's work is contained in

the series of articles on The High Frequency Rays of Cosmic Origin, for

these papers detail significant advances which would have been entirely im-

possible without support from the funds of the Carnegie Corporation.

(2) Another fundamental advance which has been made this year in physics

has been contributed to in no small measure by the work on spectroscopic fine

structure contained in this year's report from the Bridge Laboratory and
representing work done by Doctors Bowen, Houston, and Millikan, with the

aid of the funds of the Carnegie Corporation. The introduction of the idea

of the spinning electron by Uhlenbeck and Goudsmit of Leiden was brought

about and made possible by a group of experimental spectroscopic studies on
the anomalous Zeeman effect and on the "relativity-doublet-law" in the field

of optics. Though the anomalous Zeeman effects were worked out elsewhere,

the relativity doublet laws in the field of optics were worked out practically

wholly in the Bridge Laboratory by Millikan and Bowen, and the first striking

new success of the spinning electron theory found by Uhlenbeck and Goudsmit
was in the interpretation of Dr. Houston's exceedingly accurate fine structure

work of last year on the hydrogen spectra.

(3) A fundamental advance in our knowledge of the state of electrons in

metals was made during the last year by the publication of Millikan and
Eyring's work on the pulling of electrons out of metals by intense electrical

fields. Although the experimental work reported in this paper was done two
years earlier, the paper giving both the experimental results and their inter-

pretation is contained in this year's publications. It presents what is probably

the best evidence which has thus far appeared, that while the conduction elec-

trons in metals do not share appreciably in the energy of thermal agitation at

ordinary temperatures, as soon as the temperature of tungsten rises to about

1,100° absolute the conduction electrons of tungsten begin to share in that

energy, and at higher temperatures are able to pass out thermionically only

because of such sharing. The paper constitutes one of the new and illumi-

nating applications of quantum theory to the phenomena of conduction in

metals.
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(1) Nature of the evidence for the divisibility of the electron. 1 R. A. Millikan, Phys. Rev.,

vol. 26, 99-104, 1925.

(2) Sodium by electrolysis through glass. R. C. Burt, J. O. S. A. & R. S. I., vol. 11,

89-91, 1925.

(3) A new crystal for wave-length measurements of soft X-rays. Linus Pauling and Albert

Bjorkeson, Proc. Nat. Acad. Sci., vol. 11, 445-447, 1925.

(4) New researches on the magnetization of ferro-magnetic substances by rotation and the

nature of the elementary magnet. S. J. Barnett and L. J. H. Barnett, Amer.
Acad. Arts and Sci., vol. 60, 127-216, 1925.

(5) X-radiation from hot sparks. Albert Bjorkeson, Proc. Nat. Acad. Sci., vol. 11,

413-415, 1925.

(6) Principle of microscopic reversibility. Richard C. Tolman, Proc. Nat. Acad. Sci.,

vol. 11, 436-439, 1925.

(7) Relations of PP' groups in atoms of the same electronic structure. I. S. Bowen and
R. A. Millikan, Phys. Rev., vol. 26, 150-164, 1925.

(8) Ionization produced by gaseous reactions. A. Keith Brewer, Proc. Nat. Acad. Sci.,

vol. 11, 512-514, 1925.

(9) Series spectra of two-valence-electron atoms of boron (Bn) and carbon (Cm). I. S.

Bowen and R. A. Millikan, Phys. Rev., vol. 26, 310-318, 1925.

(10) On the estimation of maximum coefficients of absorption. R. C. Tolman, Phys.
Rev., vol. 26, 431-432, 1925.

(11) Transformations of Einstein spaces. H. P. Robertson, Proc. Nat. Acad. Sci., vol. 11,

590-592, 1925.

(12) On fluorescence radiation of nitrogen. Otto Oldenberg, Proc. Nat. Acad. Sci., vol.

11, 595-597, 1925.

(13) Indirectly excited fluorescence spectra. S. Loria, Phys. Rev., vol. 26, 573-584, 1925.

(14) Ionization in reacting gases. A. Keith Brewer, Phys. Rev., vol. 26, 633-642, 1925.

(15) Photo-electric threshold for mercury. C. B. Kazda, Phys. Rev., vol. 26, 643-654,

1925.

(16) Metastable 2p3- state of mercury atoms. S. Loria, Proc. Nat. Acad. Sci., vol. 11,

673-679, 1925.

(17) Direction of ejection of photo-electrons produced by X-rays. D. H. Loughridge,
Phys. Rev., vol. 26, 697-700, 1925.

(18) Secondary emission from a nickel surface due to slow positive ion bombardment.
A. L. Klein, Phys. Rev., vol. 26, 800-806, 1925.

(19) High-frequency rays of cosmic origin. R. A. Millikan, Proc. Nat. Acad. Sci., vol. 12,

48-55, 1926; Science, vol. 62, 445-448, 1925; Ann. der Phys., vol. 79, 572-582,
1926.

(20) Laws governing the pulling of electrons out of metals by intense electrical fields.

R. A. Millikan and Carl F. Eyring, Phys. Rev., vol. 27, 51-67, 1926.

(21) J. W. Fisher's experiments and the possibility of magnetization by rotary fields.

S. J. Barnett, Phys. Rev., vol. 27, 115, 1926.

(22) Stripped oxygen, Ovi, the PP' group in Ov, and new aluminum lines in the extreme
ultra-violet. I. S. Bowen and R. A. Millikan, Phys. Rev., vol. 27, 144-149, 1926.

(23) So-called positive photo-electric emission (inverse effect) and the reality of the sub-
electron. E. J. Lorenz, Phil. Mag., vol. 1, 499-509, 1926.

(24) Theory of the specific heat of electrolytes. F. Zwicky, Proc. Nat. Acad. Sci., vol.

12, 86-92, 1926.

(25) On the quantitative theory of an electrostatic voltage multiplier. A. W. Simon, Phys.
Rev., vol. 27, 341-345, 1926.

(26) A new kind of test of the correspondence principle based on the prediction of the
absolute intensities of spectral lines. Richard C. Tolman and Richard M.
Badger, Proc. Nat. Acad. Sci., vol. 12, 173-174, 1926.

(27) An expression for the energy in a new electrostatics. H. Bateman, Mess, of Math.,
vol. 55, 161-168, 1926.

(28) High-frequency rays of cosmic origin; I: Sounding balloon observations at extreme
altitudes. R. A. Millikan and I. S. Bowen, Phys. Rev., vol. 27, 353-361, 1926.

(29) A new kind of test of the correspondence principle based on the prediction of the
absolute intensities of spectral lines. Richard C. Tolman and Richard M.
Badger, Phys. Rev., vol. 27, 383-396, 1926.

1 This paper belongs in this year's report. By error it appeared also in the 1925 record.
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(30) Atmospheric absorption and transmission in searchlight practice. R. M. Langer,
J. O. S. A. & R. S. I., vol. 12, 359-373, 1926.

(31) The hydrogen doublet. William V. Houston, Nature, vol. 117, 590, 1926.

(32) Centennial of the undulatory theory of light. Paul S. Epstein, Science, vol. 63,

387-393, 1926.

(33) Radiation of energy and angular momentum. H. Bateman, Phys. Rev., vol. 27,

606-617, 1926.

(34) On the nature of light. Richard C. Tolman and Sinclair Smith, Proc. Nat. Acad. Sci.,

vol. 12, 343-347, 1926.

(35) Zur Theorie der Spezifischen Warme von Losungen. F. Zwicky, Phys. Zeits., vol. 27,

271-286, 1926.

(36) Frictional forces in liquid surfaces. Carl T. Chase, Nature, vol. 117, 724, 1926.

(37) An application of the quantum theory to the luminosity of diffuse nebulae. H.
Zanstra, Phys. Rev., vol. 27, 644, 1926.

(38) High-frequency rays of cosmic origin. II : Mountain peak and airplane observations.

R. A. Millikan and R. M. Otis, Phys. Rev., vol. 27, 645-658, 1926.

(39) On the theory of electrostatic alternators. A. W. Simon, Phys. Rev., vol. 27, 747-

754, 1926.

(40) Ratio of heat losses by conduction and by evaporation from any water surface.

I. S. Bowen, Phys. Rev., vol. 27, 779-787, 1926.

(41) Long wave-length limit of mercury. Wayne B. Hales, Phys. Rev., vol. 27, 809, 1926.

(42) The sodium voltameter. Robert C. Burt, Phys. Rev., vol. 27, 813, 1926.

(43) On the luminosity of comets. H. Zanstra, Bull. Amer. Phys. Soc, vol. 1, No. 10, 8.

(44) Series spectra of beryllium Bei and Ben. I. S. Bowen and R. A. Millikan, Bull.

Amer. Phys. Soc.,*vol. 1, No. 10, 8, 1926.

(45) Intensities in the hydrogen fine structure. William V. Houston, Bull. Amer. Phys.

Soc, vol. 1, No. 10, 9, 1926.

Nichols, E. L., Cornell University, Ithaca, New York. Report on studies in

luminescence. (For previous reports see Year Books Nos. 4-24.)

The photographic study of fluorescence spectra, by Perrin * who applied it

to spectra excited by X-rays, particularly in the ultra-violet, has been fol-

lowed up by Boardman 2 on absorption bands in the ultra-violet spectra of

uranyl salts, by Bayley 3 who studied the absorption band produced by X-rays

and its subsequent fading; and by Northrup who made an extensive explora-

tion of the ultra-violet fluorescence due to cathodo-excitation. These
researches form a consistent and related group, since the method was sub-

stantially the same in all. It was based upon the determination of the density

of photographic negatives, step by step throughout the spectrum, with the

aid of a comparator and photo-electric cell.

This method has recently been greatly refined by the addition of an auto-

matic device invented and constructed by E. M. Fisher.4 His apparatus

gives, in the form of a photographic trace on bromide paper, the complete

record of the deflections of a sensitive galvanometer as a beam of light passes

through successive narrow portions of the negative and falls upon the surface

of the photo-electric cell. Fisher's object in this investigation was to see

whether the submerged components hitherto determined with the spectro-

photometer could be verified photographically and also to subject to severe

scrutiny the relation between frequency intervals and the atomic weight of

the activator announced by Tanaka.6

1 Perrine, Physical Review (2).
2 Boardman, Physical Review (2).
3 Bayley, Physical Review (2).
4 Fisher, Thesis in the library of Cornell University, 1926.
6 Tanaka, Jour. Opt. Soc. Am., vol. vm, 287 (1924).
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The result of this extremely rigorous examination has been to establish

beyond any possibility of a doubt the existence of these submerged com-
ponents of banded and seemingly continuous spectra. Concerning the

reality of such components, since they are in many cases not discernible by
visual inspection and come out only in the graphs representing spectro-

photometric determinations or the density measurements of the photographs

of spectra, there was naturally a healthy scepticism. We now have a con-

firmation by a strictly independent method, not only of the spectral structure,

which involves the presence of such components and their arrangement in sets,

with intervals of constant frequency, but also of the relation between the

atomic weight of the activating element and the interval discovered by
Tanaka.

Fluorescence and Cando-Luminescence

Ever since the establishment of the fact of the existence of luminescence

superimposed upon the temperature radiation of incandescent solids—an
effect to which for lack of any other word it has been proposed to call cando-

luminescence, from the Latin candere, to glow, to be white hot—the trend of

these investigations has been toward the determination of the precise relation

between this luminescence of the higher ranges of temperature and fluores-

cence such as is produced when bodies are excited to glow when cold.

All the evidence thus far adduced points to an essential identity of the two
effects.

Fatigue and sensitiveness to heat treatment, or in other words the necessity

of building up a certain instability of physical structure, which in turn is

gradually broken down by the very act of glowing, are equally characteristic of

fluorescence and of cando-luminescence.

The spectral structure has been shown to be the same, especially in recent

studies of the incandescence of the oxides of columbium, 1 neodymium,2

samarium,3 etc. Confirmation of these spectrophotometric observations is

now in progress by the photographic method at the hands of Professor Board-

man, while Professor Howes and Miss Slattery are undertaking a further

development of the study of transformation spectra.4 Professor J. R.

Collins is preparing for an exploration of the infra-red, in so far as that portion

can be reached by the newer photographic methods, in the expectation of

extending the limits of the luminescence spectrum toward longer wave-
lengths, very much as has recently been done in the ultra-violet by the inves-

tigations of Perrine, Bayley, and of Northrop, already cited.

Enhancement by activators has long been regarded as one of the most
remarkable features of fluorescence. That the existence of minute traces of

certain elements in solid solution (one part in ten-million, for example, in the

case of uranium 5
) should be necessary and sufficient to render the solvent

luminescent, is a condition unique in the domain of radiation. To the theory

of this fundamental topic Professor Merritt has just contributed an important
paper.6 His argument is based upon a suggestion by Perrine 7 that when two

1 Nichols.
2 Nichols.
* Nichols and Howes, Jour. Opt. Soc. Am., vol. xni (1926).
4 Nichols, Howes and Wilber, Jour. Opt. Soc. Am., vol. xiii (1926).
6 Nichols and Slattery: Jour. Opt. Soc. Am., vol. xn, 449 (1926).
6 Merritt: Jour. Opt. Soc. Am., vol. xn, 613 (1926).
7 Perrin, Ann. de Physique, vol. XI, 5 (1919).
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active molecules are sufficiently close together their fields overlap and they are

coupled in such a way as to diminish their power of responding to excitation.

The equations developed by Merritt from this hypothesis fit the experimental

data for various luminescent substances in a very gratifying manner.

The extension of this unique property (of activation) to the luminescence of

incandescent solids would obviously strengthen greatly the argument for the

close relation or essential identity of fluorescence and candoluminescence.

In a paper read at the April meeting of the National Academy of Sciences it

was shown that the luminescence of incandescent substances such as AI2O3

and CaO is in fact greatly enhanced and otherwise modified by traces of

chromium (as in the ruby) and of samarium as in certain fluorites. 1

The rapidly accumulating evidence in our work of recent years bearing

upon these relations between luminescence at high and at ordinary tempera-

ture has been gathered into a monograph now practically ready for the

printer.

1 Nichols, Jour. Opt. Soc. Am., vol. xm, Dec. (1926).
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REPORT OF THE ADVISORY COMMITTEE

(For previous reports, see Year Books Nos. 20-24.)

The year 1925-6 has been one of noteworthy progress in the study of the

zones of movement in California, undertaken by the Carnegie Institution of

Washington and the powerful agencies cooperating with it. The purpose of

these efforts and the definite plan which has been followed hitherto have been

adequately set forth in the earlier reports of this Committee. It is appro-

priate that this report should indicate some of the more conspicuous results

which have thus far been attained, for it is through these that the promise for

the future is best appraised.

All of the Annual Reports of the Committee have contained brief mention

of the progress of the detailed study of the southern portion of the San
Andreas rift, the master fault of California, undertaken by Dr. L. F. Noble,

of the U. S. Geological Survey, and his associates. This deep fault, active,

as Dr. Noble has shown, through long periods of geologic time, may prove to

be the ultimate source and center of the widespread group of movements
which this Committee has set itself to study. The report is therefore of

fundamental importance to any study of earth movements in this region and
of immediate interest to all American seismologists.

THE SAN ANDREAS RIFT AND SOME OTHER ACTIVE FAULTS IN THE DESERT REGION
OF SOUTHEASTERN CALIFORNIA. 1

A report is presented herewith of the progress of the author's work during
the past six years in mapping and studying some of the faults in the desert

region of southeastern California that exhibit evidence of recent movements.
This work has included two projects. The first is a study of the San Andreas
rift in southern California, and begins with that part of the rift which lies

along the southern border of Mohave Desert near the base of the San Gabriel
Range and follows the course of the rift southeastward across a part of that
range into Cajon Pass. From Cajon Pass it follows the course of the rift along
the southern base of the San Bernardino Range and through San Gorgonio
Pass into the Salton Sink. The second project is a reconnaissance of the

Mohave Desert, Death Valley, and Panamint Valley regions eastward and
northeastward from the San Andreas rift to the Nevada boundary for the
purpose of locating and studying the faults which have been active in

Quaternary time in this little known region.

The first project was undertaken in 1920, and work was continued on it

intermittently for three years. In that time an areal geologic map of about
50 miles of the rift northwest of Cajon Pass was completed. The map covers

a strip averaging 6 miles in width. The rift southeast of Cajon Pass has not
yet been mapped and studied. It is planned to do this work in the spring of

1927, and later to prepare a report upon the San Andreas rift for publication

by the Geological Survey.
In 1923 attention was shifted to the study of the faults in the desert region

east of the San Andreas rift and this study has been continued intermit-

tently since that time, several trips being made into the region each year.

On three of these trips the author was accompanied by Professor H. E.

1 By Dr. L. F. Noble. Printed by permission of the Director of the U. S. Geological Survey.
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Gregory of Yale and on two by Professor W. M. Davis of Harvard. This
work has not only yielded much information concerning the active faults of

the region, but has resulted in the discovery of many other interesting geo-
logic features, an account of which will be written later. This investigation
is still in progress.

The San Andreas Rift

The area of the San Andreas rift already studied in this investigation
lies along the southern border of Mohave Desert and extends across a part
of the San Gabriel Mountains into Cajon Pass. It reaches from the South-
ern Pacific track in the vicinity of Palmdale to the Santa Fe track in Cajon
Pass. It is shown on parts of the Elizabeth Lake, Tujunga, Rock Creek,
San Antonio and Hesperia topographic sheets of the Geological Survey.

Southeasterly across the area runs a continuously traceable chain of scarps,

trough-like depressions, and ridges which afford clear and unmistakable
evidence of recent earth-movements. This line of topographic features,

which is so straight that one may sight along it for distances of 25 miles or

more, marks the position of a profound fault in the underlying rocks. This
straight and continuous fault is the San Andreas fault—unquestionably the
master fault. Bordering the master fault is a belt of roughly parallel branch-
ing and interlacing fractures which in places attains a width of 6 miles. This
belt of faults roughly parallel with the main fault will be referred to as the
San Andreas fault-zone. The San Andreas fault and the fault-zone together
will be referred to in a general way as the San Andreas rift.

Recent Features

The scarps, ridges and depressions, which form a continuously straight line

on the master fault and constitute the so-called "fault-trace," differ in no
respect from the similar recent topographic features that mark the San
Andreas fault where it has been described in the region north and south of

San Francisco. Many of them involve the very youngest alluvial fans and
are so fresh that they are entirely unmodified by erosion—in all probability

some date from the Fort Tejon earthquake of 1857. It is characteristic of

these features that they change abruptly from place to place along the strike

of the fault. Within half a mile a scarp may give place to a ridge and the ridge

to a trough; or a scarp facing in one direction may die out and change to a
scarp facing in the opposite direction. Other ridges, sinks and scarps may
appear at any place parallel with the main fault-trace. At places these

parallel features may occupy a belt as much as half a mile in width. The
features differ greatly in size. Some depressions are trenches a few feet

wide and a foot or two deep; others are as much as 100 feet deep and many
hundreds of feet wide; many of the depressions are undrained and contain

ponds. Some of the features are in rock, others in alluvium. Some ridges are

composed entirely of shattered rock—essentially a fault gouge; others are

composed of alluvium. At places a ridge may run straight across the mouth
of a canyon and block the drainage. The features exhibit all stages of modi-
fication by erosion, from those that are still fresh to those that are almost
obliterated. In some parts of the rift many subjacent features are entirely

buried under alluvial deposits; in other parts they are being exhumed by
erosion. Some features involve both the recent alluvium and the older

rocks, others involve only older dissected Quaternary beds and older rocks, and
still others involve only early Quaternary and older rocks. It is therefore

evident that the features are the product of movements that have taken place

repeatedly throughout Quaternary time, and that the movements are still in

progress. In general the older features are on a much larger scale than the
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recent ones, indicating that the older movements were of greater magnitude.
Some of the oldest features occur several miles away from the main fault,

although in general parallel with it.

Some recent features afford clear and convincing evidence of horizontal

movement along the San Andreas fault. At a place about 3 miles southeast

of Cajon Pass four deep ravines, that descend the steep San Bernardino
Mountain slope east of the fault, are offset abruptly at the fault-trace, each
ravine appearing again west of the fault at a point at least 150 feet northwest
of the place where it is offset. This feature was discovered by Mr. Peters of

Devore, California, who pointed it out to Professor Davis and the author.

The Fault-Zone

The belt of branching, interlacing, and roughly parallel faults that borders

the main San Andreas fault and constitutes the San Andreas fault-zone ex-

hibits a structure so complex that a simple statement concerning it is difficult

to make. In general, the zone is a fault mosaic of elongated sliver-like blocks

whose longer axes trend parallel with the strike of the main fault, but at many
places the rock masses are so intricately shattered and different formations so

mixed together that it is impossible to map them or to determine their rela-

tions and age. The evidence of the nature of the fault-movements is some-
what conflicting; the dominant structure is a sort of slicing which appears to

be mainly the result of horizontal shear along the San Andreas fault. No
exposures of the fault-plane are obtainable, but the straight course of the

fault across an uneven topography suggests that it is nearly vertical. On the

other hand, the planes of a large number of faults in the fault-zone are

obviously thrust planes, nearly all of which dip southwest at angles ranging
from 55° to nearly vertical. These structures are the result of thrusting

brought about by compressive forces acting from the southwest. Normal
faults occur at a number of places in the fault-zone. Some are of considerable

magnitude and have high scarps. Graben structures are common in some
parts of the zone. The normal faulting, however, is a relatively unimportant
feature, probably the result of vertical adjustments within this zone of pro-

found weakness.

One noteworthy feature of the fault-zone is the thorough crushing and
shattering of the harder rocks everywhere along the main fault, usually

through a belt several hundred yards wide. In this belt the rocks are at

most places so ground up that they are practically gouge. At many places

the rocks are thoroughly decomposed. Granite, for example, at most places
along the fault is so rotten that when wet it becomes plastic like clay.

Another noteworthy feature of the zone is the occurrence of long narrow
blocks of granite which form inverted prisms inset in soft Tertiary or early
Quaternary beds by faulting in such a way that the fault-planes, which
separate the granite from the sedimentary beds, dip under the granite prism
from both sides, the apex of each granite prism pointing downward. Some
of these granite blocks are a mile long and a quarter of a mile wide. This
structure suggests that the granite blocks have been squeezed up by compres-
sion. Exposure of granite lying upon Tertiary or early Quaternary beds and
separated from them by thrust planes that are almost flat are common in

some parts of the fault-zone.

An interesting feature of some of the branching faults of the San Andreas
rift is the occurrence along them of narrow strips of steeply dipping Tertiary
sediments bordered on both sides by vastly older crystalline rocks. One of
these ribbons of Tertiary sediments pinched between the crystalline rocks
runs 12 miles through the highest part of the San Gabriel Range and is at
most places less than 100 yards wide. The beds at places are nearly vertical.
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They lie in a great thrust fault that branches from the San Andreas fault zone
at a low angle and runs nearly parallel with it for many miles. Several cross-

faults within the San Andreas fault-zone are marked by similar ribbons of

nearly vertical sediments. It is obvious that faults characterized by this

structure are profound, indeed.

Although the San Andreas fault runs for some distance near the northern
base of the San Gabriel Range, it does not actually bound the range, for it

crosses the range at an elevation of 6,800 feet between Rock Creek and Cajon
Pass. The initial uplift of the range did not take place upon the main San
Andreas fault, but, rather, upon faults that branch from the San Andreas fault-

zone. The planes of these branching faults, wherever exposed to observation,
are thrust planes which dip steeply southwestward into the mountain mass in

such a way that the older crystalline rocks of the range override younger sedi-

mentary rocks at the base of the range.

Areal Geology

Eleven different rock-formations have been recognized in the area studied;

2 of them are probably pre-Cambrian, 1 is Paleozoic, 1 Mesozoic, 4 Tertiary
and 3 Quaternary.
The two formations which are believed to be pre-Cambrian are a series of

schists and a series of gneisses. Both are largely recrystallized and have
undergone profound metamorphism. The schist series is chiefly of sedimentary
origin and the gneiss series is of igneous origin. Which is the older is not
known.
The schist series is composed chiefly of quartz-sericite-albite schist, which

at most places exhibits a distinctive bluish-gray color due to the presence of

innumerable tiny flakes of graphite, but it includes many beds of chlorite

schist and actinolite schist, and, in places, beds of metamorphosed limestone

(marble) and sandstone (quartzite). This schist series is the so-called

"Pelona schist" of Hershey. In all probability it is the correlative of the

Rand schist of the Randsburg district, with much of which it is lithologically

identical.

The gneiss series is an intricate assemblage or "complex" of banded and
contorted gneisses which range in composition from granite and quartz-

monzonite gneiss to diorite gneiss. A gray quartz-diorite gneiss is the pre-

vailing rock, but the series includes much amphibolite and in places large

bodies of crushed and altered pegmatite and aplite. Both the gneiss series

and the schist series are injected by Mesozoic granite and, at places, by
quartz porphyry of unknown age.

The only Mesozoic rock represented in the area, so far as known, is granite.

This granite extends eastward from the San Andreas rift for great distances

over the Mohave Desert region and is part of a great batholith which is

probably of the same age as the Sierra Nevada batholith and may be connected
with it. At many places along the rift this granite contains masses of lime-

stone and schist, some of them several miles in extent. All these masses are

inclusions in the granite; many apparently represent roof pendants of the

batholith.

The Paleozoic rocks are the masses of limestone and schist just referred to.

They are always surrounded by and injected with the granite or granite

gneiss and are thoroughly altered by contact metamorphism. A few obscure

fossils have been found in them by the author—chiefly crinoid stems and corals.

The fossils are too badly altered to be specifically determinable, but they are

believed to represent Carboniferous forms.

The oldest Tertiary formation is a series of ten sandstones, conglomerates

and dark shales which represent the Martinez formation of Eocene age.
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Nearly 5,000 feet of these beds are exposed on Rock Creek, where they
contain typical Martinez fossils. This formation is the youngest marine
formation exposed in the area studied, and in fact anywhere in the Mohave
Desert, so far as known. All succeeding formations are of terrestrial origin.

What appears to be the next younger Tertiary formation is a series of

andesitic and rhyolitic lavas, breccias and hard red sandstones that may
represent the Sespe formation of Oligocene (?) age. No fossils have been
found in it and all contacts with other Tertiary formations in the rift are

faults. Consequently, its stratigraphic position is unknown.
Overlying the Martinez formation with marked angular unconformity is a

series of fanglomerates, arkose sandrocks and shales, which, near Rock Creek,

have an exposed thickness of about 5,000 feet. These beds are particularly

well exposed in the Devil's Punchbowl near Rock Creek and in Cajon Pass,

where they form great tilted ledges of sandrock, that are familiar to all

travelers through the Pass. Vertebrate fossils have been found in them which
suggest a stage of the upper Miocene not far from that represented by the

Mint Canyon formation of Kew. Accordingly, the beds are here assigned

tentatively to the Mint Canyon formation.

The three Tertiary formations just described are in general well consolidated

and are profoundly disturbed. Their areal distribution has no relation to the

present topography. Obviously, they were deposited before the initial uplift

of the San Gabriel Range and before the movements along the San Andreas
rift that resulted in the network of older faults in the fault zone.

Above the Mint Canyon formation, and separated from it by an angular
unconformity, are beds of fine arkose sand, clay and gravel which may be of

late Pliocene age, or of early Quaternary age, or both. Probably they are

roughly equivalent to the Saugus formation of Kew. They are well exposed
at Cajon Pass, where they overlie the Mint Canyon formation, and at many
places northwest of Cajon Pass along the desert border and in the rift. In
contrast with the older Tertiary formations they are all poorly consolidated

and in general are much less disturbed. They are believed to have been
deposited after the initial uplift of the San Gabriel Range and after the older

faulting along the San Andreas rift referred to in the preceding paragraph,
but before uplifts took place that raised the mountains to their present height.

Their deposition appears to have followed a period of erosion which had
reduced the land to a fairly mature topography, for the basal beds are com-
posed chiefly of fine material. Along the rift they commonly fill valleys

formed by the earlier faulting. A few obscure fragments of vertebrate bones
found in the basal beds at Cajon Pass suggest Pliocene forms, but the evidence
is not certain. At many places along the rift it is difficult, and, at some places,

impossible to separate the beds just described from older Tertiary and from
younger Quaternary deposits, owing to the lack of fossils, to the complex
structure of the fault-zone, and to the fact that the beds are lithologically

identical with beds in the underlying Mint Canyon and overlying Quaternary.
Degree of consolidation is not a reliable guide in correlating beds in the

rift, for although in a general way the Mint Canyon formation is more firmly

consolidated than the later formations, many Mint Canyon beds are as loosely

consolidated as Quaternary beds.

The Quaternary deposits comprise at least three formations, all of which are

unconsolidated. The oldest formation consists chiefly of fanglomerate, but
includes some arkose sand and sandy clay. It overlies the Pliocene or early

Quaternary formation just described. In places it is tilted and moderately
faulted, but on the whole it is not greatly disturbed. It was deposited after

the San Gabriel Range had attained something like its present configuration

and height. The next younger formation consists of dissected alluvial fans



420 CARNEGIE INSTITUTION OF WASHINGTON

and terrace remnants and is undisturbed except along the San Andreas fault

zone. Its dissection records the latest uplift in the San Gabriel Range,
The youngest formation is the recent alluvium—fan deposits, boulder wash
and soil. It is undisturbed except where involved in the recent movements
along the San Andreas fault.

Distribution of Rocks along the San Andreas Rift

Very broadly speaking, the San Andreas fault zone in the area studied is a belt
made up of representatives of all the rock-formations just described, bordered
on both sides by pre-Tertiary crystalline rocks. The prevailing rocks north
of the fault-zone are Mesozoic granites with inclusions of limestone; those
south of it are pre-Cambrian schists and gneisses. The Tertiary formations
lie chiefly within the fault-zone, where, together with masses of the older and
younger formations, they form the complex mosaic of long sliver-like blocks
already described. However, for a distance of 15 miles northwest of Cajon
Pass, only crystalline rocks occur in the fault-zone; and at and northwest
of Cajon Pass and near Palmdale, Tertiary and Quaternary rocks extend
beyond the zone into Mohave Desert. All Quaternary formations except a
few patches of recent alluvium occur either within or north of the zone.

Scarcely anywhere in the fault-zone are the rocks on opposite sides of the
master fault similar. This relation is particularly marked in the pre-Tertiary

rocks. For example, in a stretch 50 miles long extending from a point 6
miles southeast of Rock Creek to the Crafton Hills east of Redlands, the fault

is bordered continuously on the south by the series of pre-Cambrian schists

already described, whereas the rocks north of the fault are Mesozoic granites

and pre-Cambrian gneisses. These relations not only show that the move-
ments along the fault have been of very great magnitude, but they strongly

suggest that the movements began in pre-Tertiary time.

The distribution of certain Tertiary rock masses along the master fault

affords a suggestion that a horizontal shift of many miles has taken place

along the rift. On the north side of the fault, near Cajon Pass, a small

block of strata lithologically similar to beds in the Martinez formation at

Rock Creek is associated with Mint Canyon beds. The only other exposure
of Martinez associated with Mint Canyon beds anywhere in the region lies

on the opposite side of the fault at 'Rock Creek, 24 miles northwest of the

locality in Cajon Pass. At both localities the beds of both formations are

so intricately faulted that a displacement of any magnitude is conceivable,

and it thus appears possible that horizontal movements along the fault have
dragged the rock-masses north of the fault to the southeast in relation to

those south of the fault, or have dragged the masses south of the fault to the

northwest in relation to those north of the fault. The evidence just cited,

however, is not convincing, and it certainly is not definite enough to amount
to proof. It is to be hoped that the study of the rift in the region south of

Cajon Pass which is planned for this winter will throw more light on the

problem.

Broader Topographic Features

The San Andreas fault-zone is in striking topographic contrast with the

areas bordering it on the north and south. North of the fault-zone a gently

sloping alluvial plain stretches far out into the Mohave Desert. This plain

is made up of alluvial fans built out from the mountainous region south of the

rift. South of the fault-zone lies the high San Gabriel Mountain Range, a

part of which is crossed by the rift. Everywhere south of the rift these moun-
tains are characterized by exceedingly rugged, youthful topography. The
drainage is insequent, or dendritic, ridges are serrated and irregular, and spurs

are knife-edged and sprawling.



SEISMOLOGY 421

The mountain peaks are of different heights and no fiat-topped ridges exist.

Within the fault-zone the topography is very different. Long, narrow ridges

and long narrow valleys trending parallel with the San Andreas fault are the

dominant topographic forms. The ridges have even, gently sloping tops. These
even tops of the ridges, many of which are composed of heterogeneous rocks

of complex structure, are believed to represent remnants of a peneplain.

Near Rock Creek, where the ridges are of granite, they present fine examples
of the pan-fan or near pan-fan stage of desert erosion. Some of this pan-fan
topography is in process of being exhumed from a cover of Quaternary allu-

vium.
Even where the rift crosses the San Gabriel Range it is characterized by

the parallel longitudinal valley and ridge topography just described. The
high divide where the master fault crosses the range is a gap, or col, that
lies midway between Cajon Pass and Rock Creek. The elevation of this

gap is a little under 6,800 feet. The recreation camp of the recently-opened

Los Angeles County Park is situated in this gap. It is reached by a magnifi-

cent road that follows the master fault all the way from Rock Creek to Cajon
Pass and affords a splendid opportunity to study many recent features along
the fault. The divide, or gap just described, is on the axis of a broad upwarp
which has bowed up this part of the San Gabriel Range in late Quaternary
time. Northwest of this axis of warping the fault-zone slopes northwestward
toward Rock Creek, the long parallel valleys and the crests of the long even
ridges descending steadily in that direction until, northwest of Rock Creek,
many of the older rift features plunge beneath a cover of Quaternary alluvium.

Southeast of this axis the fault-zone slopes southeastward toward Cajon Pass,

the rift ridges and valleys descending steadily all the way to Cajon Creek.
One ridge finally passes under the alluvial filling of San Bernardino Valley.

This downwarp, or rather failure of uplift, in the area about Cajon Pass
is one of the factors to which the Pass owes its existence. The other factors

are faulting, soft rocks and erosion. Faulting along the San Andreas fault-

zone has inset a great mass of soft sedimentary rocks in the hard crystalline

rocks about the pass in such a way that the soft sedimentary rocks extend
from Mohave Desert through to the main San Andreas fault almost at the

edge of San Bernardino Valley. Only a narrow belt of crystalline rocks south
of the fault separates these soft rocks from San Bernardino Valley. The
downwarp, or absence of strong uplift, by keeping depressed this narrow belt

of crystalline rocks already breached obliquely by the San Andreas fault and
rendered weak by crushing along the fault, has enabled Cajon Creek easily

to maintain its course across the crystalline belt, and the softness of the sedi-

mentary rocks has enabled the creek quickly to excavate in them by head-
water erosion the huge amphitheater under the rim of Mohave Desert at the

head of the pass. The amphitheater includes all the upper valley of Cajon
Creek and its rim is a line of steep southward-facing bluffs, 8 miles in length.

From the summit of the bluffs an alluvial plain slopes northeastward many
miles into Mohave Desert. This alluvial plain is the surface of a gigantic

alluvial fan built out northeastward from the high part of the San Gabriel
Range, afterward tilted and somewhat disturbed in its upper portion, and then
dissected by wide and deep-stream channels running down its slope. No
greater surprise awaits the geologist who travels up this fan toward Cajon
Pass from the desert than to find that, instead of resting against a mountain
slope, the upper part of the fan drops suddenly away at the amphitheater just

described—the amphitheater has completely beheaded the fan. The stream
valleys on the fan are all truncated headward by the bluff along the head of

the amphitheater, so that they appear in cross-section along the summit of the
bluff as deep notches. The great width and depth of some of the valleys
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at the point of truncation is eloquent testimony of the former great extent of

the fan beyond the point where it is beheaded. Inasmuch as the fan drains

into Mohave River its beheading must have had far-reaching consequences
in the Quaternary history of that stream. Altogether, Cajon Pass affords one
of the most interesting and spectacular geologic studies in the west.

In brief, the topographic expression of the San Andreas rift in the area
studied is not a great scarp bounding a mountain range, but, rather, a belt of

long narrow valleys and ridges which at one place lies along the base of a
mountain range but at another place lies across a part of the range; this part

of the range has recently been broadly uplifted across the path of the rift.

Geologic History

Until a study of the rift southward from Cajon Pass shall have been com-
pleted it would be premature to attempt a systematic outline of the geologic

history. However, an incomplete summary of the probable sequence of

events may be given from the evidence at hand.
The distribution of the pre-Tertiary rocks along the rift indicates that

movements took place upon it as far back as late Mesozoic or early Tertiary

time. The first movements whose date can be established approximately,
however, took place at some period between late Miocene and early Quater-
nary time, because they involve the upper Miocene Mint Canyon formation
but not a formation that is believed to be either late Pliocene or early Quater-
nary or both. These movements were of great magnitude. Apparently they
were largely horizontal, although definite proof of their nature is not yet
established. Many of them certainly were thrusts. The initial uplift of the
San Gabriel Range is believed to have taken place at some time during this

period, not upon the main San Andreas fault, but upon faults that branch
from the San Andreas; it was brought about by thrusting from the south,

southwest, or west. These movements were followed by a period of erosion

which appears to have resulted in peneplanation. Remnants of the peneplain

are preserved on the flat-topped ridges of the San Andreas fault zone.

Probably the peneplain is to be correlated with the Ricardo peneplain of

Baker. Beds which may be either late Pliocene or early Quaternary, or both,

were deposited in depressions in this more or less mature surface. As deposi-

tion went on, new depressions were constantly being formed along the rift by
faulting. The beds thus deposited continued to be disturbed by fault-

movements along the rift, and, at some time in the early Quaternary, the

uplift of the San Gabriel Range was renewed. At some period after this

uplift, alluvial deposits washed from the slopes of the range may have covered
parts of the San Andreas fault-zone and these deposits may have helped
preserve the flat tops of the ridges by burying them. Still later in Quaternary
time, but before the Glacial Period, the northern part of the San Gabriel

Range was bowed up locally in the present high region about Baldy and North
Baldy Peaks. This movement was independent of the San Andreas rift, for

the rift is gashed diagonally across the axis of uplift and has been raised with
it. As a result of the erosion following this last uplift, many of the ridges in

the rift in this high country have been considerably dissected.

The different stages of erosion exhibited by the recent, sub-recent, and older

topographic features along the rift are proof that faulting has been taking

place at intervals all through Quaternary time. The movements are still in

progress.

Other Faults

A reconnaissance of the Mohave Desert, Death Valley and Panamint
Valley regions east and northeast of the San Andreas rift was made in eight

field trips. On four of the trips the author was accompanied by Professor H.
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E. Gregory and on two by Professor W. M. Davis. In the course of this recon-

naissance we studied three great faults which exhibit evidence of recent move-
ment—the Garlock fault, the Death Valley fault and the Panamint Valley

fault. The Garlock fault resembles the San Andreas rift. The other two
faults are of a different type.

The Garlock Fault

The Garlock fault branches from the San Andreas rift near Tejon Pass,

runs northeasterly through the Tehachapi Range to a point near Mohave,
and thence northeasterly and easterly along the southern base of the Sierra

Nevada and El Paso ranges into the Randsburg quadrangle. This fault was
first studied by Hess, who called attention to evidence of recent movements
upon it in the vicinity of Garlock and named it the Garlock fault. Recently
it has been studied and described in detail by Hulin in the Randsburg region,

where it shows evidence of horizontal movement and exhibits many striking

recent features. Parts of it west of the Randsburg district have been studied

by Buwalda. No information has been available, however, concerning the

extension of the fault eastward beyond the Randsburg quadrangle. Accord-
ingly, we undertook to trace the fault eastward from this region where it

had been studied, and found that it is traceable for 50 miles east of the Rands-
burg quadrangle. Its total length is therefore 200 miles, and it thus consti-

tutes one of the major faults of California.

For many miles east of the Randsburg quadrangle the Garlock fault coin-

cides roughly with a long straight depression which trends east and west and
which we have named the Leach Trough, taking the name from Leach Point,

a prominent landmark south of a low divide in the trough. The fault is

clearly exposed at a number of places along the northern border of the Leach
Trough, where it runs along the slopes of the hills facing the trough. It is

particularly well exposed at the south end of the Slate Range where it

involves Tertiary strata that are probably of late Miocene or early

Pliocene age. Other good exposures are found on the roads leading north
of the Leach Trough to Hidden Spring and Quail Spring. Eastward
beyond the Leach Trough, between Quail Mountain and the border
of South Death Valley, recent alluvial deposits mask the geologic structure,

but east of this area a fault which continues eastward nearly in line with the
Garlock fault is believed to be a prolongation of that fault, although the
relation can not be regarded as proven. This fault bends southeastward and
joins at a very low angle a fault that runs northwest and southeast along the
axis of the South Death Valley trough. The faults come together at a point
near the base of the Avawatz Mountains several miles east of Cave Spring
Wash and from that point southeastward the fault line lies along the base
of the Avawatz Range.
At most places east of the Randsburg quadrangle the Garlock fault, like the

San Andreas rift, separates different pre-Tertiary rocks for long distances.

All along the Leach Trough, for example, the pre-Tertiary rocks bordering
the fault on the north are schists and gneisses, probably of pre-Cambrian age,

whereas the pre-Tertiary rocks south of the fault are Mesozoic granite and
a few masses of partly metamorphosed Paleozoic sediments. This granite is

part of a great batholith that underlies most of Mohave Desert. In all prob-
ability it is continuous with the granite that lies everywhere along the north
side of the San Andreas rift in the area that the author has described. Tertiary
rocks occur at many places on both sides of the fault and are involved in the
faulting. Most of these Tertiary rocks are rhyolitic lavas and tuffs but some
are clays, sandstones and fanglomerates. Probably they represent more than
one stage of the Tertiary, but all are believed to be younger than early Miocene.
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Wherever the base of the Tertiary rocks is exposed it rests upon an uneven
surface of granite or other crystalline rocks.

The Garlock fault apparently marks a significant structural and topographic
boundary in the region. At the fault, or not far north of it, all the north-
south structures which characterize that part of the Great Basin lying between
the Sierra Nevada and Death Valley come to an abrupt end. For example,
the valley of Searles Lake, the Slate Range, Panamint Valley, and the Pana-
mint Range terminate at or not far north of the Leach Trough, as may be seen
from an inspection of the Searles Lake topographic map. South of the fault
the geologic structures do not exhibit the parallel orientation that they do
north of the fault, nor do they trend consistently in any one direction. Con-
sequently, the mountains and valleys south of the fault are irregularly dis-

tributed, more or less shapeless in form and haphazard in trend. North of

the fault, the mountain ranges are high and rugged and the valleys deep. At
many places they are bordered by huge scarps along which faulting has taken
place in very recent time. The region is characterized by violent topographic
contrasts and by many physiographic features of extreme youth. In other
words, it is decidedly a region of recent and present instability. The region
south of the fault presents a striking contrast to the region north of the fault.

The mountain ranges are not nearly so high nor so rugged as they are north
of the fault. All of them are of small extent; few are bordered by fresh scarps.

Most of the granite ranges are at or near the so-called pan-fan stage of erosion.

Indeed, these granite pan-fans are the outstanding physiographic feature of

the region south of the fault, and may be said to characterize it. Nowhere
else in the desert region of America are they so magnificently displayed, so

extensive, or so numerous. In his traverses across this region between the
San Andreas rift and the Nevada boundary the author has already counted
and mapped 15 ranges in this pan-fan stage. Many of the pan-fans are almost
perfect examples of the hypothetical and of the arid cycle of erosion, the moun-
tains having been reduced to broad gentle domes up which the alluvial fans

sweep to the very summit. Not all the mountains exhibit this maturity.
Some are in a much younger stage of erosion, and a few are very young indeed.

Obviously, therefore, the mountains are of different ages. In general, how-
ever, the region as a whole exhibits a stage of erosion nearer the hypothetical

end of the arid cycle than do most parts of the southwestern desert region.

In other words, it has been relatively stable in recent geologic time. Move-
ments have taken place in it, but they have not been numerous or profound.

Compared with the region north of the fault it is certainly stable.

This region of indefinite structural trends and relative stability south of the

Garlock fault is a part of Mohave Desert. This fault thus forms the natural

northern boundary of the desert, just as the San Andreas rift forms a part of its

natural southern boundary. Thus the western part of the desert is a wedge-
shaped area lying between these intersecting faults. This feature stands out

clearly on the geologic map of North America, where the western Mohave
desert has the appearance of a great arrow-head whose tip is driven westward
into the belt of rocks that form the Sierra Nevada and Peninsular ranges.

Beyond the fact that the arrow-head is a relatively stable area lying between
two great active intersecting faults, the significance of the feature is not yet

known.
In tracing the Garlock fault east of the Randsburg quadrangle the party

made five traverses across the fault, each traverse spaced at intervals of about 10

miles. It was found that the fault is bordered by a zone of roughly parallel

branching faults much like the zone that borders the San Andreas fault. At
most places this zone is made up of long narrow sliver-like blocks resembling

those which characterize the San Andreas rift. The pre-Tertiary rocks
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along the fault wherever examined are thoroughly crushed and brecciated.

Much of the breccia is cemented by silica. The rocks are not only crushed
but are profoundly altered, apparently by hydrothermal agencies. The
schists and gneisses are so changed that their outcrops resemble those of

bright-colored Tertiary clay beds and are apt to be mistaken for them unless

one examines them closely. In places this zone of hydrothermally altered

rocks is as much as a mile wide.

It is evident that the fault is a major line of weakness upon which move-
ments have been taking place through several periods of geologic time.
Probably the first movements were pre-Tertiary. The study was not suf-

ficiently detailed to determine the nature of the movements, or their dates,

for no fossils were obtained which would fix the age of the Tertiary and Quate-
nary beds involved in the faulting. Hulin, however, has shown that in the
Randsburg district the movements along the fault were chiefly horizontal,

and he believes that the major faulting took place in Quaternary time. In
the area which was studied no features were found so extremely recent as
those which characterize the San Andreas fault, but the fact that these features
do occur along the fault in the area studied by Hulin shows that the fault is

still active. It differs from the San Andreas fault in that the areas of recent
activity are not continuous throughout the length of the fault.

Death Valley Fault and the Panamint Valley Fault

Two other faults were examined; the fault which forms the stupendous
escarpment along the east side of the deep middle part of Death Valley
between Furnace Creek and Mormon Point—the Death Valley fault ; and that
which forms a similar escarpment along the east side of Panamint Valley
between Wildrose Canyon and Wingate Pass—the Panamint Valley fault.

They are interesting because they exhibit evidence of movements as recent
as those which have taken place upon the San Andreas rift, because parts of

their huge scarps are fresher than any other scarps of similar magnitude in the
West, and because they exhibit a number of peculiar features whose signifi-

cance is not yet understood. These faults deserve the closest study. When
they are better known to geologists they will undoubtedly constitute one of the
classic geologic features of western America.
The Death Valley and Panamint Valley faults are so similar that a general

description of one may be applied equally well to the other; they are twin
features having a common origin. Each fault determines an escarpment
35 miles long which at some places is more than a mile high. The escarpments
of the two faults are 25 miles apart and are roughly parallel, trending slightly

west of north. Each escarpment is an exceedingly rugged, bare, sloping
rock-surface that rises abruptly from the valley floor. At most places the
profile of this rock-surface exhibits three elements. At the base, along the
valley floor, is a small vertical cliff, a set of cliffs, or a greatly oversteepened
slope; at some places attaining a height of over 100 feet; at other places
absent. This cliff marks a recent fault or set of faults. The planes of these
faults where exposed in the bedrock are nearly vertical. Some of the faulting
is so recent that it has displaced fresh talus heaps along the cliff. Above the
small vertical cliff the escarpment rises several thousand feet in an extra-
ordinary huge sloping surface whose angle of slope averages 35°. This surface
is scored by innumerable parallel ravines which run straight down it to the
valley. These gullies are deep, straight, and acutely V-shaped. Many of

them are mere vertical slots in the rock. The surface resembles that of a
typical fault facet, but unlike fault facets, which only truncate spurs, it is

continuous. One would like to call it a fault face. It gives the impression
of extreme topographic youth, for, when viewed from a distance, it suggests
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a freshly made, sloping clay bank in a railway or road cut that has been ripped

by innumerable small parallel gullies in a single torrential rain. One who
views the surface from a distance finds it difficult to avoid the impression
that it represents a dissected fault-plane. Above the gullied or "ripped"
surface just described the slope of the escarpment becomes much gentler,

changing to about 25°. Wide valleys with broad mouths open out at the top
of the 35° slope, and the topographic forms become relatively subdued and
rounded. This maturer topography characterizes all the mountain range
above the 35° rock-face.

Obviously, the escarpment is the result of more than one earth-movement.
The major movement is recorded in the huge 35° rock-face, and the relatively

mature topography above this rock-face is the pre-fault topography. More
recent movements are recorded in the small cliff that meets the valley floor

at the base of the sloping rock-face; and still more recent movements, which
undoubtedly are still in progress, are recorded by scarps in the recent alluvial

fans at the base of the cliff. A noteworthy feature of the escarpments of the
Death Valley and Panamint Valley faults is the utter insignificance, and, at

places, absence of alluvial fans along their base. At most places the playa
flat or salt marsh that occupies the deepest part of each valley lies directly

against this escarpment along its eastern margin, as is shown by the fact that
all the small ponds which constitute the sinks of the valley drainage occur
directly at the base of the escarpment. The fans on the opposite side of the
valley present the strongest contrast. They are enormous features which
border all the west side of each valley in a continuous alluvial apron several

miles wide.

At some places remnants of alluvial fans that are vastly older and were
once far larger than the present insignificant fans lie along the escarpments,

some reaching to considerable height above the valley floor. These remnants,
most of them masses of coarse fanglomerate, are deformed, faulted and dis-

sected. As a rule they occur in great embayments, or " bights," in the escarp-

ments, to be described later. At one place in Death Valley, a few miles south
of Mormon Point, a huge scar on the escarpment marks the place where one
of these ancient alluvial fans once rested against the escarpment. All that

now remains of the fan are some dislocated and dissected masses of fanglomer-

ate at the base of the scar. At places in both Panamint and Death Valleys,

distinct sets of shore lines marking several levels of a lake that once existed

in each valley are preserved on these dissected remnants of old alluvial

material. The remnants of older fans just described are further evidence

that more than one period of faulting was involved in the production of the
escarpments.

Several considerations suggest, although they do not prove, that the slant of

the 35° rock-faces that form the lower part of the escarpments is not far from
the slant of the plane of the fault which determined each rock-face, if, indeed,

the rock-face does not actually represent the dissected fault-plane. Every-
where in Panamint and Death Valleys these rock-faces are remarkable for the

fact that the rocks which compose them—chiefly pre-Cambrian gneisses and
schists with some metamorphosed Paleozoic rocks—are so crushed, shattered

and sheared that they are virtually fault gouge. The shearing planes in this

crushed material, at the few places where the author has had a chance to

observe them, are nearly parallel with the slant of the rock-face.

The insignificance or absence of alluvial fans at the base of each rock-

face is also suggestive. If the rock-face does not owe its uniform 35° slope

to the fact that it coincides roughly with a fault-plane, but, rather, to the

fact that it was formed by retreat under erosion from a steeper fault at its
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base, one would naturally expect to find the eroded material forming large

fans at the base of the escarpment. Yet no large fans exist there.

Without more detailed study the author does not wish to assert that these

rock-faces actually represent fault-planes, but believes they more strongly

suggest that relation than any scarps of similar magnitude in the West.
The date of the faulting represented by the great slanting rock-faces along

the Panamint and Death Valley escarpments is probably early Quaternary,
but it can not be determined definitely until the rocks along the escarpments
are studied in detail.

In many ways the Death Valley and Panamint Valley faults differ con-

spicuously from the San Andreas rift and its counterpart, the Garlock fault.

Unlike the San Andreas rift, whose topographic expression is preeminently
longitudinal valleys and which is not marked everywhere by strong and persist-

ent vertical inequality of the rock-masses on opposite sides of the fault, the
Death Valley and Panamint Valley faults are marked by strong and high
escarpments which face consistently in one direction. They are the result of

vertical movements of great magnitude and are normal faults. They are

counterparts, rather, of the great fault along the eastern face of the Sierra

Nevada, and of the fault along the west side of Saline Valley, both of which
they greatly resemble. Their escarpments, however, are much fresher than
that of the Sierra Nevada fault. They differ also in pattern from the San
Andreas fault. The San Andreas fault itself is remarkably straight and is

continuous. The Death Valley and Panamint Valley faults, on the contrary,

are exceedingly irregular in detail. Neither is a straight continuous fault;

they are, rather, a succession of faults, each of which is offset from the other
along the strike. Consequently their escarpments have a roughly zig-zag

pattern and are indented by great concave bights or cusps where the offsets

occur. At some places the bights mark cross-faults; at others they appear to

represent areas of great and sudden downwarp. At many places the faults

exhibit enormous changes in amount of throw in distances of a few miles.

Actually the rock-masses in the escarpments along the Death Valley and
Panamint Valley faults are a series of tilted crustal blocks which have been
displaced very irregularly and unevenly. The escarpment of the Death
Valley fault at Mormon Point, for example, is the face of a crustal block that
emerges from the valley floor at Mormon Point and rises southward so rapidly

that it attains a height of several thousand feet within 3 miles south of the
point. The escarpment of the Death Valley fault as a whole is made up of at

least four tilted crustal blocks like the one at Mormon Point. Each block is

tilted north at right angles to the strike of the main fault. In brief, the
structure along these great faults is astonishingly complex and the history of

the different movements that have taken place is far from simple.

The Death Valley and Panamint Valley faults resemble the San Andreas
rift in exhibiting evidence of very recent movements at many places. Some of

the most recent fault features, indeed, are no less striking than those along the
San Andreas rift. The author has already described the small discontinuous
cliff that appears at many places along the base of the escarpments of the Death
Valley and Panamint Valley faults. This cliff is certainly the result of recent
faulting. The most striking evidences of recent movement, however, are

vertical scarps which displace many of the small alluvial fans at the base of

the escarpments. Each scarp crosses a fan in a direction at right angles to

the slope of the fan, faces the valley, and usually lies near the apex of the fan.

The scarps are parallel with the great escarpments back of them and lie very
near the escarpments. In Death Valley the author counted five fans

displaced by these fault scarps and in Panamint Valley seven. Probably
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others exist in both valleys. Some of the scarps are as much as 20 feet high.

They must be very recent features indeed, for even in that dry region they
could not stand up long in the unconsolidated materials that make the fans.

Perhaps the most impressive recent fault feature, although it is somewhat
older than the small fault-scarps just described, is a huge fault-trench, or
"graben," gashed across a great fan at the mouth of Wildrose Canyon in Pana-
mint Valley. This fan, which lies near the northern end of the Panamint
Valley fault-scarp, is composed largely of older Quaternary alluvial deposits.

It has not been depressed or wrecked by faulting and erosion, as have many of

the other old fans. The trench runs straight across the fan from north to
south at right angles to the slope of the fan. It lies parallel with and near
the Panamint Valley fault-scarp and undoubtedly marks a movement along
the line of that fault. It is a colossal feature, 4 miles long and a mile wide.
At places the bordering scarps attain a height of 400 feet. The main drainage
channel of the fan follows the trench almost to its southern end, finally break-
ing out through a deep gorge cut through the western escarpment of the
trench. Two gaps in this escarpment at points higher up on the fan have
been occupied in turn by the drainage channel. Each was abandoned when
renewed faulting deepened the trench and increased the height of the western
escarpment.
A similar trench near the base of the escarpment of the Panamint Valley

fault crosses a fan that lies 4 miles north of the mouth of Goler Wash. This
trench, however, is much smaller than the one just described. The fan which
it crosses is an old one, because the granite boulders of which it is composed
are all rotten and exfoliated, whereas the present material issuing from the
canyon back of the fan is all fresh.

This effort of the Committee to direct attention to the subsurface structure

in the zone of greatest weakness in California is coordinated with a like effort

to fix the present surface configuration in both horizontal and vertical dimen-

sions by adequate primary triangulation and precise levels in the zones

thought to be subject to future displacement. Such surveys of the highest

precision have been carried out by the U. S. Coast and Geodetic Survey during

the same period of years and it is appropriate that the progress of the work be

considered side by side with the geological investigation presented above.

The report was prepared by Major William Bowie, Chief of the Division

of Geodesy of the U. S. Coast and Geodetic Survey.

GEODETIC WORK IN REGIONS OF SEISMIC ACTIVITY EXECUTED BY THE U. S.

COAST AND GEODETIC SURVEY*

During the fiscal year ending June 30, 1926, the U. S. Coast and Geodetic
Survey continued geodetic operations in California under the appropriation

made by Congress for this specific purpose. An appropriation for this class

of work was first made in 1923 and has been continued yearly since, though
there has been a gradual reduction in the amount from $15,000 per annum to

$10,000 per annum.
Triangulation was done in three places. The first work was along the

39th parallel beginning with the stations Mount Lola and Round Top and
working eastward for 115 miles and ending on the stations Carson Sink and

1 By Dr. William Bowie. Printed by permission of the Director of the U. S. Coast dnd
Geodetic Survey.
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Mount Grant. This work was thought to be necessary by the Committee
on Seismology of the Carnegie Institution and the officials of the U. S. Coast
and Geodetic Survey because Mount Lola and Round Top are considered to

be in a region that may be unstable geologically speaking, while the triangula-

tion stations 115 miles to the east of those two stations are located in a region

that is supposed to be entirely quiescent.

This triangulation on the 39th parallel indicated that there had been no
radical changes in the angles since the original observations in 1878 and 1879.

The largest change in any one angle was only 0.74 second, which is within

the range of the probable errors of the observations.

When the triangulation party had finished the work on the 39th parallel

it shifted to the vicinity of Ukiah, California, where triangulation was done to

connect the variation of latitude station at that place with the first order

triangulation along the 39th parallel. This connection was made and then
certain stations to the westward of Ukiah were occupied and a connection
made between the first-order triangulation and the third-order triangulation

stations which are along the California Coast.

When the Ukiah triangulation was completed, the party moved to the
vicinity of Santa Barbara Strait where six stations, which had been occupied
by a party in 1924, were reoccupied. The 1924 work was not entirely

satisfactory, owing to the fact that the work had to be hurried due to the

exhaustion of funds, and the stations were left before a sufficient number
of observations could be made to secure the requisite accuracy in the angle

measurements. The reoccupation of the Santa Barbara stations in 1925
furnished excellent closing errors.

It may be mentioned in passing that a comparison of the 1925 with the
1924 angles along the Santa Barbara Channel did not indicate any material

shift of the geographic positions for the stations involved during the year
which elapsed between the observations. The stations involved are Tepus-
quet, Lospe, Gaviota, Arguello, Santa Cruz West and Santa Barbara. The
greatest difference in an angle between the 1924 and 1925 measures was 3.24

seconds, and the observations of 1924 were known to be in error.

Leveling of the first order was executed under the appropriation for " geo-

detic work in regions of seismic activity" in Owens Vallejr and on the eastern

slope of the Sierra Nevada. At the beginning of the season it was the inten-

tion of the officials of the Coast and Geodetic Survey and the members of the

Committee on Seismology of the Carnegie Institution to have a line of first-

order leveling extend across Owens Valley and up to the summit of Mount
Whitney. A line of levels by the U. S. Geological Survey had been run to

that peak some years ago and it was believed that a re-running of that line

would be of interest and value in showing whether or not Mount Whitney
is changing its elevation with relation to the floor of Owens Valley.

Unfortunately, the leveling party found that the Mount Whitney trail

had been destroyed in many places and it was impossible to use animals to

pack the camp equipage, instruments and food to points where camps would
have to be made. The party was on the peak for a few days, but it soon
became evident that little or nothing could be accomplished and the expense
involved in running a line of levels without a trail would be excessive. The
Chief of the party, Lieutenant Simmons, telegraphed to the Director of the
Coast and Geodetic Survey, describing the conditions of the trail and recom-
mending the abandonment of the line. His recommendation was approved
and he was directed to extend the line of levels from a point at an elevation

of about 8,373 feet on the old trail, eastward across Owens Valley to a point
on the Inyo Mountains at an elevation of approximately 1,000 feet above the
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valley floor. This work was successfully accomplished by the leveling party.

Numerous bench marks of a substantial nature were placed along the line.

The Coast and Geodetic Survey from its regular appropriation executed
other leveling in California which will be of service in connection with earth-

quake studies in the future. A line of first-order levels was run from Laws,
California, southward through Owens Valley to Mojave. This line was tied

into the line which was run across Owens Valley.

Other leveling in Los Angeles County was run by the Coast and Geodetic
Survey in connection with mapping and engineering operations in that county.
This work was done in cooperation with the Geological Survey.

It may be of interest to those who are making seismology studies to know
that the Coast and Geodetic Survey under its regular appropriations for

geodetic work is to extend in the fall of 1926 an arc of first-order triangulation

from the vicinity of San Luis Obispo across the Sierra Nevada Mountains and
Death Valley to a junction with the triangulation which extends from Needles,

California, northward to the transcontinental triangulation in Utah. This
arc will be of service in the extension of triangulation over active seismic

regions in California.

During the past year the Coast and Geodetic Survey in its office in Wash-
ington has been making a readjustment of the whole triangulation net of the
western half of the United States. This adjustment will take into account
all of the triangulation from the arc along the 98th meridian to the coast.

For many years it has been necessary to fit new triangulation into the old,

which was held fixed by previous adjustment; but with the breaking up of the

great western areas by new arcs of triangulation, it was found that a new
adjustment of the net work as a whole should be made. A plan devised by
Dr. William Bowie, Chief of the Division of Geodesy, details of which were
worked out by Dr. 0. S. Adams of that Division, was put into effect and during

the past year an average of about eight mathematicians have been on this

work. The final geographic positions of the junction points of the various

arcs will become available shortly after the close of the field season in the fall

of 1926. The work done during that season will be included in the net adjust-

ment. It is expected that shortly after the completion of the adjustment of

the net of the western half of the country, which will give the final positions

for junction points, a further study of the new and old triangulation of Cali-

fornia will be made. Pending that time, it is believed by the officials of the

Coast and Geodetic Survey to be inadvisable to try to interpret the changes in

geographic positions resulting from the new triangulation.

It is expected that during the fiscal year ending June 30, 1927, the geodetic

work done under the appropriation for seismic regions will consist largely of

first-order leveling executed in southern California, according to a plan which
was outlined by the Committee on Seismology of the Carnegie Institution

and approved by the officials of the Coast and Geodetic Survey.

PUBLICATIONS

The Committee has continued to administer during the past year the grant

of $5,000 provided by the Carnegie Corporation of New York in aid of seis-

mological publication. Eight reports of recent seismologic research, including

the full Description and Theory of the Torsion Seismometer by Anderson and

Wood, have been printed in the Bulletin of the Seismological Society of

America, either wholly or partly at the expense of this fund, which has been

of the greatest service to seismology in its hour of need. Amount expended

$2, 123.75, available balance $1,641.04.
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DEVELOPMENT OF INSTRUMENTS.!

At the end of June 1925, we were at work upon a method for rotating and
advancing the recording drums for our seismometric assemblies accurately

and at moderate cost. The progress of this work up to that time was set

forth in detail in the last previous report. Work upon this has been continued
during the present year and as a result a satisfactory and reliable system and
mechanism have been developed.

Among numerous alternative ways of improving this method which were
mentioned in the last report, two were emphasized as especially important:

(1) the use of a temperature-controlled vibrating spring, reed, or tuning fork

to regulate the frequency of oscillation, in place of an inductance-capacity
oscillator-system; and (2) the operation by the oscillator-system of two relays

in a quarter-phase relation so as to supply quarter-phase impulse-current

to quarter-phase impulse synchronous motors, thus to insure self-starting

under normal load with uniform rotation always in the same direction. Both
these desired developments have been carried through successfully and are

incorporated in the mechanism as it is to be used. At the same time the size

of the motors has been reduced, and their current consumption also, and their

construction has been reduced in cost by changes in design with the use of

easily worked soft iron parts in place of steel laminations. These motors now
operate satisfactorily on one-fourth of a watt each.

The synchronous motors operate gear-work which is constructed to run in

oil, and is so designed that by a change of gear wheels, which may be made
conveniently, the speed of rotation of the recording drums can be made 60,

30, 15 or 7.5 mm. per minute. Under well-controlled conditions we have
attained an accuracy of one part in one hundred thousand over an interval of

24 hours.

In its present form the recording assembly is an accurate and convenient
mechanism of excellent design, but further improvements are considered

practicable.

Work is now in progress in standardizing the design of the vibrating reed

or fork member of the oscillator-system, which has succeeded so well in the

experimental testing.

For driving slowly-rotating drums accurately to serve in teleseismic

recording, a ratchet motor operated by a simplified reed-oscillator system is

under consideration. This will operate through a suitable gear-work with 10,

say, driving impulses per second. Since, with slow rotation, such step-by-step

motion at very short intervals can be tolerated, cost can be saved in construc-

tion without sacrifice of accuracy. This development will be undertaken as

soon as opportunity offers.

High input-impedance electron tubes have now been developed abroad.
An effort to obtain these has been made and is now pending. If these prove
to have suitable characteristics we may be able to develop a practical piezo-

electric accelerometer—an assembly which should afford a sensitive element of

exceedingly short proper period which yet possesses adequate means of mag-
nification to offset its low intrinsic sensitiveness. Such tubes may also prove
of service in the development of electrical displacement meters. If these

electron tubes are obtainable these experiments will be carried out as early

as opportunity can be found.
The problem of providing conveniently and at suitable cost light-sources

brilliant enough and enduring enough for the photographic registration of

large amplitudes in the case of local earthquakes in which the vibration is

1 Extracted from the Report of H. O. Wood, Research Associate in Seismology.
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comparatively rapid, with recording drums rotating at the rate of 60 mm. per
minute, has proved even more difficult than was anticipated. With a suf-

ficiently brilliant small source, having adequate life and economy of operation,

the method in which this source is interrupted by a rotating disk, from which
proper sectors have been cut out, would be practical. It has proved difficult

to find a light-source suitable for continuous operation on this principle.

Self-interrupting sources, such as mercury vapor lamps, low-pressure nitrogen
and helium tubes, etc., have been tried, with various modifications. It is

possible that success will be achieved with one of these, but the outlook is not
entirely encouraging. It is possible to conduct registration with present
resources, of course, but marked improvement is very greatly to be desired and
every effort will be made to find the best practicable solution of this problem.
The theory and design of seismometers to register the energy of an earth-

quake at the station has been the subject of much thought and consideration.

As soon as it becomes practicable, experiments will be made with this end in

view. Three types of energy-recording instruments are under consideration,

one to register the kinetic energy, one to register the potential energy and one
to register the integrated energy.

Up to the present our shop resources have been too limited to enable us to

carry on our experimental work as uniformly and rapidly as desirable. It

is hoped that this situation will be improved somewhat because of the opening
of a shop by Mr. F. C. Henson, who has given up his other activities to engage
in this undertaking. During the year under report Mr. Henson has been
licensed to manufacture our seismometers and auxiliary apparatus. This
venture is still new and work on orders for apparatus is necessarily still taking
precedence over work on experimental apparatus.

Work on the development of radio minute-to-minute time signals was
begun late in the year under report, after the development of the recording

system had been brought to a practical point. This is a task of great im-
portance and considerable magnitude and it will require time for its practical

accomplishment. However, it has been found already that the production
and sending of a signal of very considerable power is practicable at much less

cost than early estimates indicated. Problems connected with the receiving

and recording of these signals and the reduction and sufficient elimination of

interference are yet to be undertaken.
We have continued to operate torsion seismometers under varying experi-

mental conditions on the two piers available at the Observatory Office and
the one available at the Norman Bridge Laboratory of Physics at the Cali-

fornia Institute of Technology. There have been interruptions in this

operation, affecting chiefly one instrument at a time, due to experimental
changes, necessary reconstruction work, and the work of re-installation,

Many earthquakes have been recorded, both distant and local in origin,

including, of course, the large number of aftershocks of the Santa Barbara
earthquake of June 29, 1925.

As a result of experimentation with this apparatus we have found it possible

and practicable to register teleseisms at a recording distance of 40 cm. with
static magnification of about 160, thus obtaining a very fine photographic
line on the seismogram. Under more convenient working conditions we ex-

pect to obtain a still finer line at a recording distance of only 20 cm. with a
direct static magnification of only 80. The aim of this experimental work is

to secure an assembly, for teleseismic purposes, which will operate satisfac-

torily for a week with only one loading.

By re-shaping the pole-pieces of the damping magnet of the seismometer
and winding them with wire, it has been found practicable temporarily to

reduce or neutralize the field of the permanent magnet so that the free, proper
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period of the seismometer may be determined more conveniently and without

risk of any change in adjustment such as may be caused by lowering and
raising the magnet, which procedure is otherwise necessary in order to re-

determine the free period where this device is not available.

Other minor improvements in design and construction have been worked
out in connection with the optical system and the mirror fastenings.

The earthquakes registered during the year under report, including the

shocks of the Santa Barbara series, have been measured in the systematic

routine way.
All significant results of this measurement will be the subject of further

study, after which the matter will be published in appropriate form. In this

connection, however, it should be pointed out that all this registration has
been conducted under experimental conditions which are quite adverse in

several respects. Hence report upon the measurements of these shocks in

the standard tabular form will very likely prove inadvisable.

In the course of routine the numerous aftershocks of the Santa Barbara
event have already been measured in the ordinary way. They further have
been the subject of considerable special study. The registration of these

shocks, with open scale recording, critical damping and high static magnifi-

cation, presents many marked characteristics not usually encountered.
These demand careful consideration, so that the investigation of these shocks
is in no sense complete. The detailed study of these records, together with
the study of records of the chief shock written at distant stations, will be
undertaken in cooperation with Dr. Perry Byerly, of the University of Cali-

fornia.

We have once again recorded at Pasadena the shock due to a great blasting

operation; 62.5 tons of dynamite, it was reported, were set off as a single charge
in a limestone quarry at the place named Monolith situated in the Tehachapi
Pass about 70 miles north, and a little to the west, from Pasadena. The shock
of this blast was recorded unmistakably even by the seismometer adjusted to

have the least static magnification, but the distinctions of phase were not
satisfactorily well marked. This is due probably to the dissipation and modi-
fication of the originally small energy after traversing a path more than 70
miles long.

RESEARCH LABORATORY AND SUB-STATIONS

In the Report of last year announcement was made of the generous pro-

vision by the California Institute of Technology for a new laboratory building

to house the research work in seismology of the Carnegie Institution of Wash-
ington and such cooperative studies as might be agreed upon, and to serve as a
Central Station for the system of outlying stations now under construction.

The laboratory building was described in considerable detail last year (Year
Book No. 24, pp. 377-378). Minor delays occurred in the construction work
but the building is now completed, including a garage and living room for an
assistant, and at the time of writing the system of electric wiring is being

installed. It is expected that the building will be occupied within a few weeks.

It is most conveniently located and arranged and will serve its purpose
admirably.

The station built by the City of Riverside is completed and the instruments
are being installed. Both the Central Station at Pasadena and the sub-station

at Riverside enjoy most favorable locations on crystalline rock. The station

at La Jolla is to be located in one of the basement rooms of the Scripps

Oceanographic Laboratory, which has been especially prepared for this
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purpose. This Laboratory is located directly on the beach at La Jolla and will

afford an opportunity, novel for this branch of science, to study the effect of

sea-waves in altering or modifying seismic impulses from outside. The loca-

tion is to this extent something of an experiment. At the time of writing

the instruments for this station are completed and are being tested before

final installation. It is expected that instruments will be recording in these

two branch stations and in the Central Station at Pasadena before the close

of the year.

Two other stations which have been mentioned before are now under
construction; one on Mount Wilson in connection with the Mount Wilson
Solar Observatory, the other at Santa Barbara in the grounds of the Museum
of Natural History. The Santa Barbara station was provided through the

generosity of a number of public-spirited citizens of that city, and now that

arrangements are completed in full detail construction is expected to proceed

rapidly. At Santa Barbara also a somewhat unusual foundation has been
encountered. It consists of water-laid boulder gravel, several hundred feet

in thickness, well consolidated, practically impervious to water and probably

quite serviceable for this purpose. Nevertheless the outcome of such an
installation must be accounted somewhat experimental. The location on
Mount Wilson is on crystalline rock.

Other stations which have been considered and reported on previously have

not advanced beyond the negotiation stage.

SAN FRANCISCO BAY STATIONS

Through the activities of Dr. Willis of this Committee a plan has been

developed for an independent group of stations about San Francisco Bay
which is likely to be realized in the immediate future. The group includes

stations at the University of California (Berkeley), the Lick Observatory

(Mount Hamilton), Stanford University, and Golden Gate Park (San

Francisco). On all of these stations construction is to be begun at once and
instrumental equipment identical with that provided for the stations of the

Carnegie Institution is to be installed as soon as it can be built. These stations

will be conducted under the direction of Professor Byerly of the Department
of Seismology at the University of California, in close cooperation with the

stations of the Carnegie Institution in the south. It is most fortunate for the

study of earth movements in the west-coast region that both centers of

recent seismic activity are to be so completely equipped for the study of these

movements at an early date.
PATENTS

Recent activities in oil-field exploration by methods involving the seismo-

graph or pendulum principles have had the effect of making certain classes of

instruments unavailable for ordinary research work. Some types are not now
on the market at all, and those which are obtainable are subject to conditions

which make it extremely difficult to obtain either the instruments themselves

or data concerning their performance. It has therefore been deemed wise to

protect the Wood-Anderson seismograph, which has been developed by the

Carnegie Institution for this research, by suitable patents. These patents

have already been issued and a manufacturer has been licensed to make the

instruments upon specifications authorized by this Committee and to market

them on terms which will insure their availability for similar research

elsewhere.
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RECOMMENDATIONS

It is recommended that provision be made

:

(1) For further experimental work on vertical-component instruments for

the stations already designated.

(2) For the further study of minute-to-minute time signals for simultaneous

record at all of the stations.

(3) For further experimental work in the study of cumulative stresses

(tilt mechanism).

(4) For two additional branch stations at appropriate points north and
west of Pasadena.

J. A. Anderson,
Ralph Arnold,
j. p. buwalda,
W. W. Campbell,
Arthur L. Day (Chairman),

A. C. Lawson,
R. A. MlLLIKAN,
Harry Fielding Reid,

Bailey Willis,

Advisory Committee in Seismology.
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