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FORMER PRESIDENTS AND TRUSTEES

PRESIDENTS
ROBERT SIMPSON WOODWARD, 1904-1920

DANIEL COIT GILMAN, 1902-1904
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THOMAS BARBOUR 1934-46 ANDREW J. MELLON
JOHN S. BILLINGS 1902-13 DARIUS 0. MILLS
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JOHN L. CADWALADER 1903-14 ANDREW J. MONTAGUE
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CLEVELAND H. DODGE 1903-23 WM. BARCLAY PARSONS
WILLIAM E. DODGE 1902-03 STEWARD PATON
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WILLIAM N. FREW 1902-15 HENRY S. PRITCHETT
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DANIEL C. GILMAN 1902-08 THEOBALD SMITH
JOHN HAY- 1902-05 JOHN C. SPOONER
MYRON T. HERRICK 1915-29 WILLIAM BENSON STOREY
ABRAM S. HEWITT 1902-03 WILLIAM H. TAFT
HENRY L. HIGGINSON 1902719 WILLIAM S. THAYER
ETHAN A. HITCHCOCK 1902—09 CHARLES D. WALCOTT
HENRY HITCHCOCK 1902-02 HENRY P, WALCOTT
WILLIAM WIRT HOWE 1903-09 WILLIAM H. WELCH
CHARLES L. HUTCHINSON 1902-04 ANDREW D. WHITE
WALTER A. JESSUP 1938-44 EDWARD D. WHITE
SAMUEL P. LANGLEY 1904-06 HENRY WHITE
CHARLES A. LINDBERGH 1934~39 GEORGE W. WICKERSHAM
WILLIAM LINDSAY 1902-09 ROBERT S. WOODWARD
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1906-34
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1902-03
1913-27
1909-36
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1902-08

Besides the names enumerated above, the following were ex-aflsdo members of the Board
of Trustees under the origind charter, from the date of organization until April 28, 1904;
the President of the United States, the President of the Senate, the Speaker of the House
of Representatives, the Secretary of the Smithsonian Institution, the President of the

National Academy of Sciences.
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STAFF OF INVESTIGATORS FOR THE YEAR 1946

ASTRONOMY
MOUNT WILSON OBSERVATORY
Pasadena, California

Organized in 1904; George E. Hae, Director 1904-1923, Honorary Director 1923-1936; Wadter S.
Adams, Director 1924-1945.

IRA S. BOWEN, Director ROBERT B. KING
WALTER BAADE PAUL W. MERRILL
HAROLD D. BABCOCK RUDOLPH MINKOWSKI
HORACE W. BABCOCK SETH B. NICHOLSON
THEODORE DUNHAM, JR. EDISON PETTIT

JOSEPH O. HICKOX ROBERT S. RICHARDSON
EDISON HOGE ROSCOE F. SANFORD
EDWIN P. HUBBLE *ADRIAAN VAN MAANEN
MILTON L. HUMASON OLIN C. WILSON
ALFRED H. JOY RALPH E. WILSON

TERRESTRIAL SCIENCES

GEOPHYSICAL LABORATORY
2.801 Upton S., N.W., Washington 8, D. C.

Organized in 1906, opened in 1907; Arthur L. Day, Director 1909—1936

LEASON H. ADAMS, Director - GEORGE W. MOREY
JOHN S. BURLEW CHARLES S. PIGGOT
JOSEPH L. ENGLAND EUGENE POSNJAK
fRALPH E. GIBSON HOWARD S. ROBERTS
ROY W. GORANSON JOHN F. SCHAIRER
JOSEPH W. GREIG AEARNEST S. SHEPHERD
EARL INGERSON GEORGE TUNELL
FRANK C. KRACEK WILLIAM D. URRY
fORVILLE H. LOEFFLER EMANUEL G. ZIES

DEPARTMENT OF TERRESTRIAL MAGNETISM
524/ Broad Branch Road, N.W., Washington 15, D. C.

Organized in 1904; Louis A. Bauer, Director 1904—1929;, John A. Fleming, Acting Director 19291934,
Director 1935—Jure 30, 1946.

MERLE A. TUVE, Director, July 1, 1946 PAUL G. LEDIG
OLIVER H. GISH, Assistant Director "ALVIN G. MCNISH
PHILIP H. ABELSON WILFRED C. PARKINSON
LLOYD V. BERKNER RICHARD B. ROBERTS
* EDWIN J. CHERNOSKY WILLIAM J. ROONEY
DEAN B. COWIE WALTER E. SCOTT
SCOTT E. FORBUSH STUART L. SEATON
ALBERT A. GIESECKE, JR. KENNETH L. SHERMAN
fGEORGE K. GREEN WILLIAM F. STEINER
*(LAWRENCE R. HAFSTAD OSCAR W. TORRESON
NORMAN P. HEYDENBURG ERNEST H. VESTINE
ELLIS A. JOHNSON GEORGE R. WAIT
JHENRY F. JOHNSTON HARRY W. WELLS
MARK W. JONES FRANCIS W. WOOD

* Decessad January 25, 1946.

t Resgned in 1946.

t Retired in 1946. -
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BIOLOGICAL SCIENCES

DIVISION OF PLANT BIOLOGY
Central Laboratory, Sanford University, California

Desert Laboratory, opened in 1903, became headquarters of Department of Botanical Research in 1905.
Name changed to Laboratory for Plant Physiology in 1923; reorganized in 1928 as Divison of Plant
Biology, including Ecology.

HERMAN A. SPOEHR, Chairman
JENS C. CLAUSEN

fGARRETT J. HARDIN

WILLIAM M. HIESEY

DAVID D. KECK

fWINSTON M. MANNING
HAROLD W. MILNER
JAMES H. C. SMITH
HAROLD H. STRAIN

DEPARTMENT OF EMBRYOLOGY
Wolfe and Madison Streets, Baltimore 5, Maryland

Organized in 1914; Franklin P. Mall, Director 1914-1917; George L. Streeter, Director 1918-1940
GEORGE W. CORNER, Director
ROBERT K. BURNS SAMUEL R. M. REYNOLDS

LOUIS B. FLEXNER WALTER S. WILDE
CHESTER H. HEUSER, Curator of the Ernhryological Collection

"MARGARET R. LEWIS

DEPARTMENT OF GENETICS
Cold Sporing Harbor, Long Island, New Yorfc

Station for Experimental Evolution, opened in 1904, combined with Eugenics Record Office in 1921 to
form Department of Genetics. Charles B. Davenport, Director 1904—1934; Albert F. Blakedee, Director
1935-1941 -

MILISLAV DEMEREC, Director
tUco FANO

BERWIND P, KAUFMANN
EDWIN C. MACDOWELL
BARBARA MCCLINTOCK
MARGARET R. MCDONALD

Research Associates
+3QHN J BIESELE

HQWARD B NEWCOMBE

+S G STEPHENS

HISTORICAL RESEARCH

DIVISION OF HISTORICAL RESEARCH
10 Frishie Place, Cambridge 38, Massachusetts

Department of Historicd Research organized in 1903; Andrew C. McLaughlin, Director 1903-1905;
J. Franklin Jameson, Director 1905-1928. In 1930 this Department was incorporated as a section of
United States history in a new Division of Historical Research.

ALFRED V. KIDDER, Chairman
ELEANOR B. ADAMS

ROBERT S. CHAMBERLAIN
MARGARET W. HARRISON, Editor
SYLVANUS G. MOILEY

EARL H." MORRIS

ALEXANDER POGO

HAIRY E. D. POLLOCK

GEORGE SARTON
AFRANCE V. SCHOLES
ANNA O. SHEPARD
EDWIN M. SHOOK
A. LEOTARD SMITH
ROBERT E. SMITH
GUSTAV STROMSVIK

SOL TAX
TATIANA PROSKOURIAKOFF J. ERIC S. THOMPSON
RALPH L, ROYS . ALFONSO VILLA R.

KAIL ROPPERT

f Resigned in 1946.
$ Retired in 1946.
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RESEARCH ASSOCIATES
RESEARCH ASSOCIATES ENGAGED IN POST-RETIREMENT STUDIES

WALTER S. ADAMS, Astronomy FREDERICK H. SEARES Astronomy
HERBERT E. MERWIN, Geophysics GEORGE L. STREETER, Embryology

RESEARCH ASSOCIATES CONNECTED WITH OTHER INSTITUTIONS

V. BJERKNES (University of Oslo), Meteorology

JOSEPH C. BOYCE (New York University), Physics

RALPH W. CHANEY (University of California), Paleobotany
A. H. COMPTON (Washington University), Physics
TH.DOBZHANSKY (ColumbiaUniversity), Genetics

ARTHUR T. HERTIG (Boston Lying-in Hospital), Embryology
VICTOR F. HESS (Fordham University), Physics

THOMAS H. JOHNSON (Bartol Research Foundation), Physics
S. A. KORFF (New York University), Physics

E. A. LOWE (The Institute for Advanced Study), Paleography
ROBERT A. MILLIKAN (Cdifornia Institute of Technology), Physics
ROBERT REDFIELD (University of Chicago), Anthropology
FRANCE V. SCHOLES (University of New Mexico), History
JOEL STEBBINS (University of Wisconsin), Astronomy



OFHCES OF ADMINISTRATION

Office of the President

VANNEVAR BUSH, President
WALTER M. GILBERT, Executive Officer
SAMUEL CALLAWAY, President's Secretary

Office of Publications and Public Relations

FREDERICK G. FASSETT, JR., Director
AILENE J. BAUER, Assistant to the Director
DOROTHY R. SWIFT, Editor

Adviser on International Scientific Relations

JOHN A. FLEMING

Office of the Bursar

EARLE B. BIESECKER, Bursar

J. STANLEY LINGEBACH, Assistant Bursar
Investment Office (New Yor\ City)

PARKER MONROE, Investment Officer
RICHARD F. F. NICHOLS, Assistant Investment Officer



ORGANIZATION, PLAN, AND SCOPE

The Carnegie Institution of Washington was founded by Andrew Carnegie,
January 28, 1902, when he gave to a board of trustees an endowment of registered
bonds of the par vaue 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 on January 19, 1911. Further-
more, the income of a reserve fund of about three million dollars, accumulated
in accordance with the founder's specifications in 1911, is now available for genera
use, and in recent years atotal of ten million dollars has been paid by the Carnegie
Corporation of New York as increase to the Endowment Fund of the Institution.
The Institution was originally 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 Ingtitution of Washington. (See existing Articles of Incorporation
on following pages.)

Organization under the new Articles of Incorporation was effected May 18, 1904,
and the Ingtitution was placed under the control of a board of twenty-four trustees,
al of whom had been members of the origina corporation. The trustees meet
annudly in December to condder the affars of the Institution in general, the progress
of work dready undertaken, and the initiation of new projects, and to make
the necessary appropriations for the ensuing year. During the intervas between
the meetings of the trustees the affars of the Institution are conducted by an
Executive Committee chosen by and from the Board of Trustees and acting through
the President of the Ingtitution as chief executive officer.

The Articles of Incorporation of the Institution declare in genera "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."

The Ingtitution is essentidly an operating organization. It attempts to advance
fundamental research in fields not normally covered by the activities of other agencies,
and to concentrate its attention upon specific problems, with the idea of shifting
atack from time to time to meet the more pressing needs of research as they develop
with increase of knowledge. Some of these problems require the collaboration
of severd investigators, specid equipment, and continuous effort. Many cdose relations
exig among activities of the Ingtitution, and a type of organization representing
invedtigations in astronomy, in terrestrial sciences, in biologica sciences, and in
historical research has been effected. Conference groups on various subjects have
played a part in bringing new vison and new methods to bear upon many problems.
Congant efforts are made to facilitate interpretation and application of results of
research activities of the Ingtitution, and an Office of Publications and Public
Relations provides means for appropriate publication.
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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 Sates 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 Wash-
ington and by that name shal 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—

(@) 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 specia 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 building or
buildings as may be necessary to carry on the work of the corporation.

(f) In general, to do and perform &l things necessary to promote the objects
of the institution, with full power, however, to the trustees hereinafter appointed
and their successors from time to time to modify the conditions 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 conditions 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 corporation 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 following 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. Hutchiason, Samuel P. Langley, William Lindsay, Seth
Low, Wayne MacVeagh, Darius (X Mills, S. Weir Mitchell, William W. Morrow,
Ethan A. HiicAcac®, Elihu Root, John C. Spoorter, Andrew D. White, Charles D.
Walcott, Carroll D. Wright, who shall constitute the first board of trustees. The
board of trustees shall have power from time to time to increase its membership
to not more than twenty-seven members. Vacancies occasioned by death* resignation,
or otherwise shall be filled by the remaining trustees in such manner as the by-laws
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ARTICLES OF INCORPORATION

shall prescribe; and the persons so elected shall thereupon become trustees and
aso members of the said corporation. The principal place of business of the sad
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 sed, 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 bydaws 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 al 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 hereinafter 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
testament to be hereafter made or executed.

SEC. 5. That the said corporation may take and hold any additional donations,
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. Oilman, 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 Washington, in the District of Columbia,
by notice served in person or by mail addressed to each trustee at his place of resi-
dence; 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
corporation hereby incorporated, shall thereupon receive, take over, and enter into
possession, custody, and management of all property, real or personal, of the cor-
poration 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
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CARNEGIE INSTITUTION OF WASHINGTON

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 mentioned, 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 obligations and liabilities and to be held liable to pay and discharge
al of the debts, liahilities, and contracts of the said corporation so existing to the
same effect as if such new corporation had itsdlf 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
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BY-LAWS OF THE INSTITUTION

Adopted December 13, 1904. Amended December 13, 1910, December 13, 1912,
December 10, 1937, December 15, 1939, December 13, 1940, and December 18, 1942

ARTICLE |
THE TRUSTEES

1. The Board of Trustees shdl consst of twenty-four members, with power to
increase its membership to. not more than twenty-seven members. The Trustees
shdl hold dffice continuoudy and not for a stated term.

2. In caxe any Trustee shdl fal to attend three successve annual meetings of the
Board he shdl thereupon cesse 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 specia 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 ligt of the persons so nominated, with the names
of the proposers, shal be mailed to the Trustees thirty days before the meeting,
and no other nominations shal be received a 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 1l
MEETINGS

1. The annua 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 unless the date and place of meeting are
otherwise ordered by the Executive Committee.

2. Specid meetings of the Board may be caled by the Executive Committee by
notice served personally upon, or mailed to the usual address of, each Trustee twenty
days prior to the meeting.

3. Specid meetings shal, moreover, be cdled in the same manner by the Chairman
upon the written request of seven members of the Board.

ARTICLE 111
OFFICERS OF THE BOARD

1. The dfficars of the Board shall be a Chairman of the Board, a Vice-Chairman,
and a Secretary, who shal be eected by the Trustees, from the members of the
Board, by balot to sarve for aterm of three years. All vacancies shall be filled by
the Board for the unexpircd term; provided, however, that the Executive Committee
shdl have power to fill a vacancy in the office of Secretary to serve until the next
meeting of the Board of Trustees,

2, The Chairman shal preside at adl meetings and shdl have the usual powers
of a presiding officer.
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CARNEGIE INSTITUTION OF WASHINGTON

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.

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 al 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 shal prepare and submit to the Board of Trustees and to the Executive
Committee plans and suggestions for the work of the Institution, shall conduct its
general correspondence 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 lega custodian of the seal and of all property of the Institution
whose custody is not otherwise provided for. He shall sign and execute on behalf
of the corporation all contracts and instruments necessary in authorized administrative
and research matters and dfix the corporate sed thereto when necessary, and
may delegate the performance of such acts and other administrative duties in his
absence to the Executive Officer. He may execute al other contracts, deeds, and
instruments on behaf of the corporation and &fix the seal thereto when expresdy
authorized by the Board of Trustees or Executive Committee. He may, within
the limits of his own authorization, delegate to the Executive Officer authority to
act as custodian of and dfix the corporate seal. 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 al receipts and disbursements. He shal submit to the Board of Trustees
at least one moath before its annual meeting in December a written report of the
operations 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 shdl attend al meetings of the Board of Trustees.

4. There shall be an officer designated Executive Officer who shall be appointed
by and hold office at the pleasure of the President, subject to the approval of the
Executive Committee. His duties shall be to assst and act for the President as the
latter may duly authorize and direct*
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BY-LAWS OF THE INSTITUTION

5. The President shall retire from office at the end of the calendar year in which
he becomes sixty-five years of age.

ARTICLE V
COMMITTEES

1. There shall be the following standing Committees, viz. an Executive Committee,
a Finance Committee, and an Auditing Committee.

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 sesson 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 saaries,
and keep a written record of al transactions and expenditures and submit the
same to the Board of Trustees at each meeting, and it shall aso 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. The Executive
Committee shall have power to authorize the purchase, sae, exchange, or transfer
of real estate.

4. The Executive Committee shall have general charge and control of all ap-
propriations made by the Board.

5. The Finance Committee shall consist of five 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 corporation
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 have
power to authorize the purchase, sale, exchange, or transfer of securities and to
delegate this power. It shal 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 themselves 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
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CARNEGIE INSTITUTION OF WASHINGTON

expenditures to appropriations, and upon the system of bookkeeping, the sufficiency
of the accounts, and the safety and economy of the business methods and safeguards
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 Committee may fill such vacancy by
appointment until the next meeting of the Board of Trustees.

10. The terms of al officers and of all members of committees shall continue until
their successors are elected or appointed.

ARTICLE VI
FINANCIAL STATEMENT

1. No expenditure shall be authorized or made except in pursuance of a previous
appropriation by the Board of Trustees, or as provided in Article V, paragraph 6,
hereof. .

2. Thefisca 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 of 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 specia appropriations at any meeting.

5. The securities of the Institution and evidences of property, and funds invested
and to be invested, shal be deposited in such safe depository or in the custody of
such trust company and under such safeguards as the Trustees and Finance
Committee shall designate; and the income available for expenditure of the
Institution shall be deposited in such banks or depositories 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 Fisca Agent of
the Institution, upon an agreed compensation, for the transaction of the business
coming within the authority of the Finance Committee.

ARTICLE VII
AMENDMENT OF 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 FORTY-EIGHTH MEETING OF
THE BOARD OF TRUSTEES

The meeting was held in Washington, D. C, in the Board Room of the Ad-
ministration Building, on Friday, December 13, 1946. It was called to order at
10:30 A.M. by the Chairman, Mr. Gifford.

Upon roll call, the following Trustees responded: Robert Woods Bliss, Lindsay
Bradford, Frederic A. Delano, Homer L. Ferguson, W. Cameron Forbes, Walter S.
Gifford, Herbert Hoover, Frank B. Jewett, Ernest O. Lawrence, Alfred L. Loomis,
Roswell Miller, Henry S. Morgan, Seeley G. Mudd, Henning W. Prentis, Jr., Elihu
Root, Jr., Henry R. Shepley, Richard P. Strong, Charles P. Taft, Juan T. Trippe,
James W. Wadsworth, Frederic C. Walcott, and Lewis H. Weed. The President of
the Institution, Vannevar Bush, was also in attendance.

The minutes of the forty-seventh 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 the Chairmen of Divisions, Directors
of Departments, and Research Associates of the Institution were presented and
considered.

The following appropriations for the year 1947 were authorized:

Pension Fund . ... ... . $95,000
Administration (including expenses of Investment Office and of Insurance) .... 114,900
Expenses of Office of Publications and Public Relations . ... ... . .. .. ... .. . .. 33600
Departmental Research Operations ... ... ... ... ... ... . .. ... ... . ... ... 1,104,326

$1,347,826

The Chairman reported the death of Thomas Barbour. As a result of balloting,
Gordon S. Rentschler, Chairman of the National City Bank, New York, N. Y., was
elected to fill the existing vacancy in the Board.

Henry S. Morgan was re-elected to continue service as a member of the Finance
Committee for the unexpired term ending in 1948.

The meeting adjourned at 12:15 P.M.
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REPORT OF THE EXECUTIVE COMMITTEE
FOR THE YEAR ENDING OCTOBER 31, 1946

To the Trustees of the Carnegie Ingtitution of Washington:

GENTLEMEN: Article V, section 3 of the By-Laws provides that the Executive
Committee shal submit, a the annual meeting of the Board of Trustees, a report
for publication; and Article VI, section 3 provides that the Executive Committee
shal dso submit, at the same time, a full statement of the finances and work of the
Institution and a detailed estimate of the expenditures for the succeeding year.
In accordance with these provisions, the Executive Committee herewith respectfully
submits its report for the fiscal year ending October 31, 1946.

During this year the Executive Committee held five meetings, printed reports
of which have been mailed to each Trustee and constitute a part of this report.

A statement of activities of the Ingtitution is contained in the report of the Pres-
dent, which has been considered and approved by the Executive Committee, and is
submitted herewith. All war research projects will have been terminated by the
end of this year, and plans for postwar activities and for restatement of research
objectives of much of the Ingtitution's work are well under way.

The detailed estimate of expenditures for the succeeding year contained in the
report of the President has been considered by the Executive Committee, which has
approved the recommendations of the President in respect thereto and has provi-
sionaly approved the budget estimates based thereon and submitted therewith. The
Executive Committee and the Finance Committee have given much consideration
to the availability of funds for Institution activities in 1947 in the light of current
economic conditions, and budget recommendations are based upon the judgment of
these Committees in approving limited use of reserve funds to provide for emergency
and terminating projects.

The Board of Trustees a its meeting of December 14, 1945, appointed Price,
Waterhouse and Company to audit the accounts of the Institution for the fiscal year
ending October 31, 1946. The report of the Auditor, including a balance sheet
showing assets and liabilities of the Institution on October 31, 1946, is submitted as
a part of the report of the Executive Committee.

In addition to the report of the Auditor there is dso submitted a financial State-
ment for thefiscal year ending October 31, 1946, showing funds available for expendi-
ture and amounts allotted by the Executive Committee, a customary statement of
receipts and disbursements since the organization of the Institution on January 28,
1902, and a schedule of real estate and equipment at original cost. These statements
together with the tables in the Auditor's report comprise a full statement of the
finances of the Ingtitution.
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A vacancy exists in the membership of the Board of Trustees by reason of the
death in January 1946 of Thomas Barbour.
There are no vacancies in the membership of the Executive Committee, Finance

Committee, or Auditing Committee.
WALTER S. GIFFORD, Chairman

ROBERT WOODS BLISS
VANNEVAR BUSH
FREDERIC A. DELANO
W. CAMERON FORBES
HENRY R. SHEPLEY
FREDERIC C. WALCOTT
LEWIS H. WEED

November 1, 1946
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FINANCIAL STATEMENT FOR FISCAL YEAR. ENDING OCTOBER 31, 1946

Baances Trustees Executive Trandfers Unallotted

ST, |mon| R | WEe | GRS | BRIR | BRE

Departmental Research Operations: | .
Embryology.,,.., ............ . feceoiiioonin $90,718 [, .vaeiinnns $90, 718. 00 $90,718.00 feeevnevree v
Genetics,,, ... ... .., N P 118,060 | $25, 100. 00 143, 160. 00 143,160.00 §.vveveeen i
Geophysical Laboratory .. ... |.....o.ii.aes 175, 870 12,500. 00 188, 370. 00 188,370.00 [-vvvvvveene]inenninnnnns
Historical Research. . . ... ... . .. fiveeeeenrsnns 138,603 1............. 138, 603. 00 138,603.00 Joeueeeneree it
Mount Wilson Observatory. . .. .. J....couivanns 228, 985 33,000. 00 261, 985. 00 261,085.00 1ovvvvrenenivadeonennerennn
Plant Biology. ... .. feieereerinann 70,230 | .vvviiiennn 70, 230. 00 70,230.00 4 ceivieneniiidiaa
Terrestrial Magnetism ... ... .. Joiieiiennn 239,900 |  38,000.00 277, 900. 00 277,900.00 1. e iiieennifiie e
Research Projects of Limited Tenure..| $5,732.65 ... ..cvvevns 4,657.90 _ia,470.55 9,400.00 |...cvevnnnnn, $990. 55
Publication ... . .. . .. 17,254.79 64, 000 13, 686. 77 94, 941. 56 73,363.07 |..ooiinintnn 21,578. 49
Administration . RV PP 109, 472 19, 500. 00 128, 972. 00 128,972.00 foovvvenvini i
Penson Fund ... .. .. .. .. T RN 95,000 |.evvierivuias 95, 000. 00 95,000.00 |...covriieii]iiieiiieenns
General Contingent Fund .. 1 55,940.04{............ 256, 299. 68 312,239.72 16, 700. 00 | $234, 000. 00 61,539. 72

Carnegie Corporation Emergency

Fund . . . . 232,042 15 | v iiienn 17, 496. 01 249, 538. 16 29, 600. 00 4,600.00 [ 215,338.16
$310, 969. 63 | $1, 330, 838 | $420, 240. 36 | $2, 062, 047.99 | $1,524,001. 07 | $238, 600. 00 | $299, 446. 92




AIXY

AGGREGATE CASH RECEIPTS AND DISBURSEMENTS FROM ORGANIZATION, JANUARY 28, 1902, TO OCTOBER 31, 1946

DISBURSEMENTS

Securities Sold or Redeemed, .
Interest from Securities and Hank Balances, . .. ... ...
Sales of Publications. . ., .. .. .. A
Culhnm Estate (Bequest) .. ... . . ..
Hartiman Fund {Saleof Land) . ... .. . ..........
TeepieEstate (Bequest) . ... ... ... ...

Carnegie Corporation of New York {Endowment In-
creaseand for Specific Purposes) ... . ..

From Other Organizations and Individualsfor Specific
Purposes . ... ...

Pension Fund (Refunds) .
General ReserveFund.

Insurance Fund (Refunds) ... ... .. ... . . .. ..
National Defense Revolving Fund (Refunds and Ad-

lattices)

Administration Building Addition Account, Rentalsand
Refunds ... . .

Employees' Salary Deductionsfor the Purchaseof U. S.
Bonds. . .

$112,400,026.93
54,950,535.89
377,391.81
52,015.74
4,043.70
6,160.62

13,693,381.24

445,563.55
97,867.91
64,746.81
13,076.02

2,942,330.25

18,021.09

84,943.40
1,159,021.20

$186,309,126.16

SecuritiesPurchased. .. .. ...
Accrued Interest on SecuritiesPurchased. ... .. ... .. ..
PensonFund. ...... .. ... ... .. ... .. . ... ... .. ..
General ReserveFund
Insurance Fund. . .. ....... ... ...
Harriman Fund. . ... ... ... . ... ... ... ... . . ..
Harriet H, Mayor Relief Fund. . ... ... ... .. .. . ..
Soecial Emergency ReserveFund. ... ...
National DefenseRevolvingFund. ... ... ... ... .
GeneralContingentFund. . ... ... ... .. ... ...
Carnegie Corporation of New York Emergency Fund ..
Administration Building and Addition:
Construction and Site (Old Building). .. ... ... .. ..
Construction (Addition to Administration Bldg.)...
Site (Addition to Administration Building) . . .
Miscellaneous Expenditures*. . ... ... ..
Departmental ResearchOperations:

Departments of Research, Buildings and Equipment
Departmental Operations ... ..... ... .. . ..
Research Projects of Limited Tenure
Publication .. ....... ... ... ... .. ... ... ... ..
Administration .. ... ..

Employees U. S. Bond Purchases. .. .. ... ... . .
National Research Council. .. ............ . ... .. ..
Miscellaneous

October 31, 1946, CashinBanks.. . ... ..oovvvvvnnn,

$127,916,629.66
750,364.09
1,745,440.08
30,477.43
140,532.24
249.06
250.00
63,819.41
3,013,272.46
302,594.08
87,928.64

309,915.69
416,206.07
68,570.96
40,825.37

3,822,024.16
34,951,403.95
5,548,295.36
2,988,220.16
3,114,166.94
84,518.15
150,000.00
9,008.82

$185,554,712.78

754,413.38

$186,309,126.16

* Includes Equipment $7,206.41, Repairs and Alterations to Old Building $18,599.29.



REAL ESTATE AND EQUIPMENT, ORIGINAL COST

Administration {October 31, 1946)
1530 P Street, N.W., Washington, D. C.
Building, site, and equipment .. ... ... $848,508.95

Division of Plant Biology (September 30, 1946)
Sanford University, California {Headquarters)

Buildings and grounds . ... ... ... $74,125.72
Laboratory. . ... ... . . 37,925.07
Library ... 22,521.06
Operating equipment . ... ... ... ... . 13,839.95 148,411.80

Department of Embryology {September 30, 1946)
Wolfe and Madison Streets, Baltimore, Maryland

Library. . $7,474.40
Laboratory. . ... ... ... ... ... I 24,390.70
Administration . .. ... 8,148.05 40,013.15

Department of Genetics {September 30, 1946)
Cold Spring Harbor, Long Island, New York

Buildings, grounds, and fiedd . ... .. ... .. .. . . ... $293,221.41
Operating equipment . . ... .. . o 34,089.25
Laboratory apparatus . .. ... ... 44,812.56
Library ... 61,449.31
Archives .. ... .. . .. ... .. ... . ... . ... .. ... .......... ... .45488.90 479,061.43

Geophysical Laboratory {September 30, 1946)
2801 Upton Street, N.W., Washington, D. C.

Building, library, and operating appliances . . . ... ... ... . ... $292,819.93
Laboratory apparatus . ... ... ... 172,321.20
Shop equipment . ... .. 21,115.11 486,256.24

Division of Historical Research {September 30, 1946)
10 Frishie Place, Cambridge, Massachusetts

Operating equment ...................................... $30,599.35
Library .. .. .. .. o L 15,839.55 46,438.90

Mount Wilson Observatory {September 30, 1946)
Pasadena, California

Buildings and grounds . ... ... ... $222,549,56
Shop equipment_. ... . . ... 50,689.76
Instruments . .. ... 690,422.82
Furniture and operating appllanceﬁ ...................... . 158,972.86
Hooker 100-inch reflector ................................. 638,529.83 1,761,164.83

Department of Terrestrial Magnetism {September 30, 1946)
5241 Broad Branch Road, N.W., Washington, D. C.

Building, site, and office ... ... .. . ... $283,613.68

Survey equipment . ... 94,027.62

Instruments, laboratory, and shop equipment . .. ... .. .. . 483,036.51 860,677.81
$4,670,533.1t



REPORT OF AUDITORS

To the Board of Trustees
Carnegie Ingtitution of Washington
Washington, D. C.

We have made an examination of the attached balance sheet of Carnegie Institu-
tion of Washington (and supporting schedule of securities owned) as of October
31, 1946 and the related statement of operating income and expenditures for the
fiscal year then ended. In connection therewith, we obtained confirmations from
the custodian, Guaranty Trust Company of New York, as to the securities owned
by the Institution and held in safekeeping at October 31, 1946 and from the deposi-
taries as to the cash balances in banks at that date. The interest maturing during
thefiscal year on bonds owned was accounted for, and the dividends received during
the year on stocks owned were compared with published dividend records. With
respect to a period of three months sdected by us the recorded cash receipts were
traced to deposits shown on the bank statements and paid checks and approved
vouchers were inspected in support of the head office disbursements. We did not
visit the branch dffices of the Institution but we reviewed internal audit reports of
the Bursar covering examinations of the branch records during the year and it ap-
peared that the internal audits were satisfactorily conducted. We aso inspected
certified copies of the minutes of meetings of the Board of Trustees and the Executive
Committee with respect to the appropriations and allotments for the year.

The securities are stated at cost, amortized cost or value at date acquired. In
accordance with a recommendation made in February 1940 by the Institution's
Finance Committee, premiums on bonds purchased subsequent to January 1, 1940
are being amortized on a straight-line basis to the dates on which the bonds are
first calable or payable at par. The amortization of such premiums applicable to
the year ended October 31, 1946 amounted to $8,314.61. Real estate and equipment
arc stated at codt, and books on hand for sale are carried at sales prices. In ac-
cordance with accepted practice no provision has been made for depreciation of
property owned by the Institution.

In our opinion* with the foregoing explanations, the accompanying balance sheet
and related statement of operating income and expenditures present fairly the
position of Carnegie Institution of Washington at October 31, 1946 and the financia
aspects of its operations for the year eaded on that date.

PRICE, WATERHOUSE & Co.

Washington, D* C.

November 26, rgj5
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BALANCE SHEET OCTOBER 31, 1946

ASSETS LIABILITIES
Investments: Endowment and Other Funds:
Securities . ... i e iae e $40,152,345.19 Capital Funds:
Cash: ¢ = . Endowment Fund $32,000,000.00
Awaiting investment........ . {cvesrinnsrnanens 163,884.09 Colburn Fund . 103,310.80
Reserved for current needs, +«.le v v ranrens 135,670.75 | $40,451,900.03 Capital Reserve Fund o 5,493,700.96
Harriman Fund (]excludlr)g
$179,628.05 included . in
Pro erg/ Fund below), , .. 362,842.42
TeepleFund .. ... ... . " . . 6,160.62 | $37,966,014.80
Special Funds:
Pension Fund . S $192,133.66
Harriet H. Mayor Relief Fund. 9,750.00
General Reserve Fund . . . 1,834,001.57
Current funds invested (see
PrcFJJ)erty Account: . below) S 450,000.00 2,485,885.23 | $40,451,900.03
eal " estate and equipment, at
cost: . . Property Fund:
Office of Administration $848,508.95 Income invested . $4,490,905.06
Departments of research 3,822,024.16 4,670,533.11 Harriman property (gift) 179,628.05 4,670,533.11
General Fund: .
Current obligations and commit-
ments:
Departmental research opera-
tions. . . .. i $145,737.28
Research projects of limited
tenure . . . 10,954.65
Publication 72,053.07
Administration . . 22,674.29
General Contingent Fund 76,018.26
General Fund: Carnegie Corporation Emer-
Cash: Pency Fund., . 235,705.39
General account ~ $454,858.54 Employees’ U. S. Bond Pur-
Departmental bank balances .. 62,910.28 chase Fund. " . 425.25
Petty cash and stamps 500.00 $518,268.82 Annuity premium deposits and
advances———————— 340.27
Accounts receivable due from Excess of advances received on
U. S. Government (includes U. S. Government con-
reimbursabl e expenditures of tracts over disbursements
$148,023,47, per contra).,...|...ovvavssasass 169,667.89 “made thereon . o 47,355.79
Books* on hand at saleprice . . |.uiviicarnarnenn 152,041.25 National Defense Revolving
Outstanding accounts on sales of Fund (includes reimburs-
publications P 513.56 able expenditures of $148,-
Paper in stock for future publica- 023.47 from U. S. Govern-
tions B Y Velisanaains 94.83 840,586.35 ment carried in accounts
receivable, (Per contra) 300,000.00 $911,264.25
Unexpended an unallocated
current income B P 226,672.46
) $1,137,936.71
Less—Current  funds invested
(see above) . . . B P 450,000.00
o o $687,936.71
Value of publicationsand invoices |.......vvnvunns 152,554.81
Publication paper in stock ... ..l ..ol 94.83 840,586.35
$45,963,019,49 $45,963,019.49




GENERAL FUND

Statement of Operating Income and Expenditures for the Fiscal Ye&r Ended October 31, 1946
Income:
Interest and dividends on securities ... ........ . . .| $1,430,044.48
Less—Amortization of bond premiums. .. ...... . 8,314.61
$1,421,729.87
Appropriation from General Reserve Fund. .. ... ..o ov oot ]eiee e e 20,000.00
Sdes of publications.. . ... ... ... ... . R T 7,476.49
American Cancer Society—grantS . . . ... e i el s 6,314.17
Carnegie Corporation of New York—grants .. ....0.....oooviiii oo et 13,000.00
Life Insurance Medica Research Fund—qgrant....|............. oot 1,000.00
State of Connecticut—contributions for survey . . .{............. ...l 4,000.00
U. S. Public Hedlth Service—grant .. ... ..l ceieiiiiiiiiiii i i as 3,500.00
Proceeds from sde of Nutrition Laboratory.....dcvevee e a]iniiinnann..n 60,900.00
Other credits . ... .. ... e 5,382.41
$1,543,302.94
Expenditures:
Penson Fund—annuity and insurance . ... ... f.... ... ... .. $124,136.78
Harrlet H. Mayor Rdief Fund—benefits . ... 4. ............ 250.00
Carnegie Corporation Emergency Fund—grants. ..{. ............ 9,912.77
Hani man Fund—ocommissions ... .. ... ... .. e 45,78
Generd Contingent Fund—mlscellaneous expenses e 9,967.08
Departmental research operations:
Sdaries. .. ... $753,726.87
Operating expenses .. .. .. - 222,661.44 976,388.31
Research projects of limited tenure:
Saaries . A $12,069.50
Operatlng ex penses .......................... 16,238.59 28,308.09
Generd publication:
Salaries.. .. $1,864.67
Operating expens&e . 15,504.10 17,368.77
Cffice of publications:
Salaries.. $23,35!.00
Operating expensa 3,987.39 27,838.39
Administration EXPeNSES. . .o v ve i e eer cnar e e e 121,177.37
$1,315,393.34 |
Less—Salaries and operating expenses charged to:
previous® appropriations .................... bve e 271,109.92 1,044,283.42
Excess of income over expenditures. . ., Lll $499,019.52
Less— Credits to General Reserve Fund and otherj i
accounts.. e e . ] 272,347.06
e
I'nexpeiicied] and unallocated current Income, ,|......... i e i $226,672.46
;

XXV1U



XIXX

SCHEDULE OF SECURITIES OWNED OCTOBER 31, 1946

Aggregate Descrinki Maturi C@c!..sét amogized et vl Interest
or escription aturit , Or value Income
nomind vaue P y at date acquired Market value for year
UNITED STATES GOVERNMENT BONDS
$304, 000 . 8. of America Treasury 2s . . $304,000.00 $311,315 $6, 080. 00
312, 000 L8, Of AMENCATIEASUNY 25, . o e viie i it e et et e e e are s as i iratnanaean s es 312,000.00 19 6, 240. 00
200, 000 LS Of AMEICATIEBSUIY 2S5, + « v v vuusetvcammre s as it snaaneaeanseassnaeareansns 200,000.00 04,9 4,000. 00
4,500, 000 U. 8 of AmercaTreasury 25, vuevivuerireerianans 4,500,000.00 4,629,375 90, 000. 00
800, 000 U. 5, of AmericaTreasury 2}£s. . ,000.00 1,2 18, 000. 00
400, 000 . 8. of AmericaTreasury 214s. . 427,570.00* 420,000 3,741, 84
450, 000 U. 5. of America Treasury 2J4s. . 462,044.19* 459,141 3,251.38
2, 220, 000 . 8. of AmericaTreasury 2Ks, . 2,221,753.17* 2,265,094 26, 429. 86
1, 239, 000 U. §. of AmericaTreasury 2}4s 1,242,755.90* ,301, 30, 975. 00
350, 000 U, S, Of AMENCA TTOaSURY ZKS: 1t usnasatvavetsastsian it oanatraanateasrnnonarnass 9%67-62 350,000.00 366 8, 750. 00
1, 200, 000 1. 8. of AmericaTreasury 2‘}]4s ...................................................... 969-64 1,200,000.00 1,246,875 30, 000. 00
400, 000 U 8. Of AMENCaTreasury 2J4S. . ...t et e e it i e 1969-64 400,000.00 415,375 10, 000. 00
300, 000 U, S, Of AMENCaTreasury 29090, v o v ey v oeaee e iei s e e cia sty s 1972-67 309,330.50* 308 3,049. 46
2, 350, 000 L 8, Of AMENCATIEasUNY 2}4S, & vyt et iee e e et et e et e e e i iaiea s 19/2-67 2,350,000.00 2,413,156 31, 306. 02
50, 000 U. 8. of Ameri ense 50,000. 47,600 1, 250. 00
50, 000 11, 8. of Amer ,000. 47,350 1, 250. 00
50, 000 11, 8, of Ameri 50,000.00 47,350 1, 250. 00
100, 000 1. 8. of Amer 100,000.00 800 2,500. 00
100, 000 U. 8. of Amer 100,000.00 95,600 2,500. 00
100, 000 U. 8. of Amer| 100,000.00 96,900 2,500. 00
100, 000 U, 5. of Ameri 100,000.00 98,800 1, 250. 00
Income from bonds sold or redeemed. ..o v vevu s e it i caer e e 23, 553. 67
$15, 575, 000 Total U. S. Government. $15,629,453.76 | $16,020,768 $307,877.23
FOREIGN BONDS
$100, 000 AustraliabOunr_mrwvealth o, SF.3>s_ ... ... .. S 1956 $100,,000. 00 $101, 000 -$315.99
200, 000 Canada, Dominion o, 8th Victory Loan 3™ ., """ 1963 207,,584. 91* 200, 000 1,31841
450, 000 Canada, Dominion df, Sth Victory Loan3s. ... .. .. 1966 4281,625. 00 445, 500 ,144.
90, 000 Canadian National Ry. Co., 4>£SGuar. . . . . 1951 90,182. 95* 100, 800 4,050.00
100, 000 Canadian National Ry. Co., 4Ks Guar. 1957 112,,000. 00 119, 000 4,500.
57, 000 Canadian Nationd Ry, Co., 5s Guar. . . . . o 1969 61,,522. 20* 64, 980 2,850.00
35, 000 Canadian Nationdl Ry. Co.,, 5sGuar. . ............. ... 1970 371,648. 85* 39, 900 1,750.00
100, 000 dian Pacific Railway Co., Perpetua Cons. Deb. 45 . 1iviieriiiierivrerieronre] veeeeens 88,158. 33 105, 000 4,000.00
100, 000 Provinceof NovaScotiaDeb. 4}4s ... ... .. . . .. 1952 100,312, 50 102, 000 4.500.00
200, 000 Shammgaw Water and Power CO., 1¢ Mtg. & Call. Tr. S. F. 3s 1971 2081,820. 00* 204, 000 2,766.67
100, 000 City of Toronto Cons. Loan Deb. 5s . . . . 1949 96!,164. 59 109, 000 ,000.
Income from bonds called, exchanged, or Sold. . .. vv oo e e e 43,780.42
$1,532,000 LIt e £ o g ERE TR $1,531,019.33 $1,591,180 $81,343.56

* After deduction for amortization of premiums on bonds purchased subsequent to January 1, 1940.
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Aggregate o . Cost, amortized Interest

p&r or Description Maturity codt, or value Market value income

nominal value at dafe acquired for year

PUBLIC UTILITY BONDS
$243, Columbus & Southern Ohio Electric Co., 1st Mtg G = T 1970 | 258,425. 66* 1264, 870 $7,897.50
M Detroit Iidfeon Co., Gen. & Ref, MR? 45 e . 1965 62,,100. 00 64, 800 2.400.00
200,0(1 Minnesota Power & L| ht Co., 1st Mtg. 3H{& . 1975 204,,764. 04* 212, 000 6,250.00
00,000 Ohio Power Co., 1st M % 3 tfs 1968 101,,500. 00 107, 000 3,250.00
100,011 Oklahoma Natural Gas Co., 1st Mtg. 2 %a 1961 10117340, 62* 102, 000 2,875.00
200, 000 Public Service Co. of Indlana, Inc., 151 tg 3I|s 1975 204, 769. 25* 212, 000 6,250.00
125,000 Puget Sound Power & Light Co., 1st M %\/I 1972 129, 704. 44* 133, 750 5,312.50
220,mm Tenneiwee GAA and Transmission Co., 1st tg Plpe Line 2Ks. 1966 223,,217. 50* 222,200 2,840.15
120\WM Toledo Kdison Co., 1st Mtg. 35S 1968 121,800. 00 124, 800 4,200.00
282,00 United Gas Corp., 1t Mtg. Coll. Tr. 3B. 1962 282,,000. 00 282,000 8,460.00
Income from bonda called, converted, or SOId. .. v. s oo i iira o i e e emaancnnenafaarnnnnrrafeennaanirrr e s 49,968.90
11, 050, 000 Total Public Utility. . e $1, 689, 621. 51 $1,725,420 $99,704.05
COMMUNICATION BONDS
152, 000 New England Telephone & Telegraph Co., 1st Mtg. 55 «vivvuurvsannrsanssrrssntosns 1952 $51, 748. 00 $56,680 $2,600.00
Income from bonds called . . ... e eeeeirarr e iananasaani i ra e e e 5,915.00
$52,000 Total CommuniCabionm. . «v.vuivuui oo rn e e s erasrrarsrisarsrsassransssifonns PR $51, 748. 00 $56,680 $8,515.00
RAILROAD EQUIPMENT TRUSTS
Income from bonds sold, .. vsves.- e R I T T T $2,337.00
RAILROAD BONDS

$100, 000 Chesapeake & ho Ry. Co Gen. MEg. 4%50S . .. . iiriaaeeaiaaaeia e 1992 199, 464. 29 $137,000 $4,500.00
75, 000 Chicago & W. Indiana R. Co CONS. AS . e iariaaaaaaaaes 1952 70, 357. 66 79,500 3,000.00
200, 000 Erie R. R. Co. 151 Cons. Mtg. 373 O 1990 201, 256. 25* 192,000 6,250.00
100, 000 Great Northern Ry. Co., Gen Mtg. 5s e 1973 104, 385. 84 129,000 5,000.00
75, 000 Pennsylvania R. Co., Gen. Mt? T 1965 75,918. 75 85,500 3,375.00
100, 000 Pennsylvania R. R, Co Cons M E{ 4&( ........................... 1960 104, 662. 50 122,000 4,500.00
50, 000 Pittsburgh, Cin. 0., GeN. MtQ. 5S GUAI., s v+ rssrrannnnsennsarnonnss 1975 51, 898. 98 64,000 2,500.00
100, 000 Southern Rwy. 1st Cons Mt|g ............................ 1994 103, 580. 34 118,000 5,000.00
0, 000 Toledo & Ohio Centrallsk/ ef. & Imp. Mtg. BHSGUar .. oo ievviiirii i ianiean e 1960 99, 000. 00 103,000 3,750.00
50 000 West Shore R. Mtg. 4sGuar. . .. . ... e 2361 39, 070. 00 32,500 2,000.00
Income from bonds called, sold, or redeemed . T e 157,776.09
1950,000 Total RaAIrOad. . vuwvvmeiie v iasar it s ririninntrsarsin, P ST S 1949,594.61 $1,062,500 $197,651.09

¢ After deduction for amortization of premiums on bonds purchased subseauent to January 1, 1940.
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Aggregeate

Descript Maturity | ook, or valie | Market value | ncae
; or value
dlomina value escription urity at date acquired Market value for year
INDUSTRIAL AND MISCELLANEOUS BONDS
1198, 000 Eastern Gas and Fuel Associates, 1st Mt & OoII T 30S et 1965 $202, 106.49* $209,880 $6,930.00
300, 000 GoodnohnéB F,) Compagy 1s Mt% - o 301 421.06* 306,000 ,250.00
75, 000 hou Ciorporatlon F. 5,803. 77,250 2,250.00
147, 000 [lips Petroleum Co., eb 148 "282 21* 151,410 4,042.50
57, 000 Ralway Expres Ser Not0£2>£32}4s o 57,000.00 ,000 1,336.25
300, 000 i ns Inc., Deb. 2 298,500.00 291,000 -599.9
400, 000 Un|on O|I Corp # ...... . 405,890.91* 392,000 4,388.81
250,000 J Socony-Vacuum Qil Co., D }4B ....... 249, 185.00 '000 271.7
250, 000 Union’ Oil Com of Cdlfornla Deb. 2”5 260,200.00 252,500 -951.06
100, 000 Westinghouse Electric Corporation, Deb. 2"s ....... 100,500.00 101,000 -72.9
Income from bonds called, sold, or redeamed . . .. e e aaee i |t i ie s 33,789.37
$2,077,000 Tota Industrial and Miscellaneous. $2,083,040 $58,685.16
MORTGAGES
Income from mortgages sold or liquidated e $2,567.18
BONDSAND MORTGAGES—FUNAS INVESIEM, = 1=+ 1+ v s s rsarnssnnsnnasseniesnn i, $21,950,326.46 | $22,539,588 | $758,680.27

* After deduction for amortization of premiums on bonds purchased subsequent to January 1, 1940.
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Cost amr\),rtrzed i
Nunsher of - Dividends
Description
escriptiol & dafeaoqurred Market vaue for year
PREFERRED STOCKS

2,504 Amerrcan Cyanainid Co.. 5% o $28, 059.62 $27,544 $1,252.00
A n? Gla$C orp., $40qZCum Pref . 112, 750,.00 112000 4,000.00
155 K) Appdachrm IViectric Power Co. h Cum.” Pref.. . 159, 000.00 169,500 6,750.00
2,000 ATl ehe;g k Co., $3.75 Ci .. . 205, 500.00 208.000 7,500.00
1,500 Beth Steel Corp., 1% Cum p(é F N 183,,637.50 228,000 10,500.00
1.477 Bngéﬂ M,\}(er 100 CUM. Pref. e e i, v 156,,300.45 158,039 5,538.75
2.000 o ara Electrrc Corp 3.60% Cum. Pref.. e, e 207,,990.00 206,000 5,400.00
[Sel] Casee( Pref’ e e e . 62,:225.00 77,000 3.447.64
600 and Electnc IIIumrnatm Co,, $4.50 Cym. Pref . 68, 112.25 66, 600 2,700.00
1, (KH Columbus and hern Ohig Electric Co., 4,;4% Cum Pref - 115,, 350. 00 113, 000 3,180.00
1,125 Continental Can Co., Inc,, $3750.1 Pref.. . 115,312.50 119, 250 4,218.76
145 Com Products Refrnrn}; Co % Cum Pref e e .- 27, 183.25 27,840 1,015.00
VMg H o CU S 25,,931.25 30, 600 1,260.00
1,125 Pont & nr & Co., §4.50 Cum. Pref. e e et 116, 125. 00 141, 750 5,062.52
1,500 E ectrrc $7 Cu S = = 7 253, 700. 00 219, 000 7,875.00
1,000 % fo% [= 1 S .. 111, 442.21 111, 000 1.025.00
130 86'% %%"é’ré CO“’ 08350 Gaype 1 1007000 102, 000 32588

) ener orporation, um - \ , ,325.
1300 Good ieh (||_3 Fg 8% 8500 Cu o . 129, 867.50 133, 900 6,500.00
700 ire Rubber Co §500 Cum Pref E ey 73, 195. 00 74, 900 3,500.00
1,000 Gran ﬁ’/ T.) Co, 3 H% C e e i 100, 447.91 105, 000 3,750.00
2,000 % E$1artment oresOo 75 UM, PYE. et 212, 800. 41 212, 000 6,646.88
1. 500 M .00 Cum, Pref Y 144, 000. 00 160, 500 6,000.00
525 Monsanto Chemica 333 CUM. PYEE. A e e 53, 287.50 63, 525 15225
1, 000 New York State Electric Gas Cor C:p 5. 10% Cum Pref e e e 103, 250.00 106, 000 5,100.00
1, (Kv> Northern States Power o . 103, 200. 00 103, 000 900.00
95 Ohio Power Co., 4Ji% Cum. Pref .............. . 76,552. 00 80, 620 3,127.52
1,500 Pacific Telephone and Telegraph Ca,, 695 Cum. Pr . 235]220.75 247, 500 9,000.00
1, 000 Panhaadle ern Pme Lme Ca, 497 0T TR .-, 1, 104, 166.68 104, 000 4,000.00
1. 600 l‘-‘hil.in Marris & Co.. Ltd.. 46/0 A S DR 171, 737.50 172, 800 6.400.00
1, 000 ills, Inc MUU(, [ = 7 A 107, 722.00 104, 000 4,000.00
1,000 garvrce Co, of OKlahoma, 4% CUM. Pref.. .. oo e e e i 105, 286. 00 107, 000 3,900.00
2,000 Ids( J Tobacco Co 0000 PrEf e e et e e 199, 683.75 208, 000 7,200.00
1, 000 Sg{/e? e‘ e - 112,625.00 108, 000 4,500.00
1,134 Sherwrn-WrIIra‘nsOo 2% Cum. Pref.. ... 124,985.95 127,008 4,536.00
1, 400 Standard Oil Co. of Ohio, 33»% Cum. Pref. A 150" 743. 69 147, 000 3,131.25
B | SRR S N Lo SEs |
3100 | U2 Sed Corp. 7% Cum. Fre- I 14320757 455,700 | 21700.00
Income from stocks called, exchanged, Or SOIT. . .« oov v vi vttt et aoaa oo e g s 13,041.33
48, 580 Total Preferred SHOCKS . . . v e v v e s i aa e taaan s s s s e s anaames s aannnar s e sy $5,220,510.74 $5,411,326 $210,384.90
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Nurmber of - Cost, amortized Dividends
Description cod,, or value Market value
shares P at date acquired for year
COMMON STOCKS
200 Air Reduction COMPANY. . .. ... ... e adaaaeasiaesedesaaiiaitaaiaa, $11,989.46 $7,000 $350. 00
2,000 American Can Com e 178,020.88 164,000 4,800. 00
4,200 American Cyanamid Co , D DD D 162,183.16 197,400 2.625. 00
2,000 American Gas and Electric Comp e 88,419. ,000 1, 000. 00
2,700 American Tdephone & Teiegrap e 399,025.39 448,200 24, 300. 00
3,000 Armstrong o 14342 138,000 1, 200. 00
3,600 Bosgton Ediison Co cpany ,790.2 180,000 4,560. 00
2,800 CIT.F nanaal orporalon 141,857.73 109,200 5, 000. 00
700 Caterpiilar. Tract e ,333.7 42,700 2,100. 00
2,300 Chase Nationa Bank of N.Y. .. ... . 81,819.35 85, 100 2. 040. 00
4,000 Chryder Corporation .., ... .. A 364,082.32 332, 000 8, 700. 00
2,500 Cleveland Electnc I|Ium|na|ng Company e 110,898.3 102, 500 2, 750. 00
900 Coca-Cola Com R 121,233.75 122, 400 2, 800. 00
1,300 ColgaePalmoIlve pan)f o . 51,736.1 61, 100 1, 650. 00
2,000 Commercid National Bank russ Co.of N.Y. ... ... ... .. 86,522.22 82, 000 3, 200. 00
5,556 Commonwedlth Edison Compag . 172,956.09 177,792 4,484, 20
2,000 Consolidated Edison Company f NLY. . - 67,530.3 56, 000 800. 00
1,000 ||daed Electric Light and Power Company of Baltlmore . 90,349.7 75, 000 900. 00
4,300 Continental Can e 172,761.85 167, 700 2, 400. 00
1,100 Continental lllinois National Bank & Trust Co. of Chicago. . 96,510.00 102, 300 3, 600. 00
2,808 Continental [nsurance Co. o e .. 105,654.17 129, 168 5, 616. 00
6,000 Continental Oil Co. of Ddlaware . ... ... ... ... ... .. ... ... e e e e 162,943.08 210, 000 9, 600. 00
5,100 DelaNare Power & Light ComMpany. . . it 105,714.47 102, 000 3,387. 50
400 ow Chemicd e ,363.54 64, 000 975. 00
2, 400 duPont(EogdeNemours&Co e e 382,940.61 412, 800 12, 500. 00
2,200 N 365,025.00 457, 600 14, 000. 00
17 First National Bank of N. Y. . e e 25,982.80 27,540 1, 360. 00
1,593. 75 Machinery Corporanon FP R 90,941.02 124,311 2,008. 10
9, 300 Generd Electric Co L asaaeeaeaaae 366,839.34 344,100 11, 680. 00
6, 500 Generd Foods Corporation . 274,377.81 299, 000 7, 740. 00
8, 000 Genera Motors Corporation . . e 423,115.49 408, 000 15, 000. 00
500 Goodrich (B F Co. R 1755 33, 000 1,175.00
600 G ear RubberCao'.... ... . 31,329.19 33, 600 750. 00
10, 000 Grant (W. ) 181,260.49 300, 000 8, 495. 00
360 Guaranty Trust Co. of N. Y. . 98,003.91 117, 360 4, 320. 00
8, 500 GUfQIl'Corp. . ... 366,532.37 535, 500 17, 000. 00
1, 600 Hartford Fire Insuranoe Co . . 138,851.0 156, 800 3, 750. 00
8, 000 Humble Ol & Rdlnlrc\)? 239,092.33 472, 000 12, 000. 00
2,775 Insurance Com North Amenca e e 188,687.0 249, 750 8, 325. 00
1, 400 International BUSI’\S MachinesCorp ... .......... et aars 146,992.04 292, 600 8, 049. 00
1, 000 International Nicke Company of Canada, Ltd . iiiiiiuirraerronrarieiaanrnaanssn 30,588.46 29,000 1, 360. 00
{Continued on following page)
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Number of
shares

Cost, amortized

Description codt, or value Market vaue Dividends
at date acquired for year
COMMON  STOCK S—Continued
mm Jnling- Manwlle Corg ..................................................... $97,904.61 $109,800 $1,750.00
1,500 Kesnheodlt 00 orporation . D SR RO 57,944.06 67,500 2,500.00
3'300 Kresge (S. S) 10 1110707/ 75,867,59 132,000 5,280.00
2.1CMJ Liggett & Myetd Tobacco Co., "IV, Lo o i 189,977.30 195,300 6,650.00
ng Uid CarbonicC COrPOratioN . . . ... .. ... . eeseeeeurusorascnesinsanesnresnrranresssnsiinsonrsinn ,032.21 20,800 800.
mm lon National Bank and Trust COMPENY. « « -« ««« e e e wennnenannnannmnearneann e arereneees 67,193.07 93440 |....viisiresns
320 Merck & Co., Inc 65,303.57 92,800 1.600.
1, 600 Mlnneepolls—HoneywelI Regulator Co 123,415.63 145,800 1,820.00
2,700 Monsanto Chemica C 211,865.19 323,400 1,500.00
6, 600 Montgomery Ward & Co 315,530.92 395,300 9,500.
5. 900 National Cash Register Co. . 153,073.19 63,200 5,475.00
5,100 National City Bank of New York ,412. 61,500 ,600.
1, 500 National Fire Insurance Co. of Hartford. 72,819.72 65,520 2,520.00
1, 260 Natfonal Union Fire Insurance Co 38, 900. 90 ,500 ,125.00
225 Newberry (J. J.) Co 143, 047. 69 291,600 9,180.00
10,800 Jersey Zinc N 147,347. 02 X 6,900.00
,300 Owens-lllinois Glass Co 227, 449. 50 244,200 5,850.00
,300 Pacn‘lc Gas & Electrlc Company. 114, 823. 09 102,500 1,250.
2,500 é 250, 062. 28 376,000 15,170.00
8,000 Peopl&s as nght N0 COKE COMPANY ...« 4 e vvnseraseresennssnnrsnnsersassnsrmnnresneeesrensns 106, 350. 00 93,000 1,000.00
,000 -Cola Company. 40, 321. 03 44,200 584.50
1,700 Pfizer (Chos) & Co., Inc 29, 711. 43 30,500 | iirinvrnianan
500 Philadelphia Electric Company. 100, 048. 39 91,000 1,050.00
3,500 Phillips Petroleum Co 310, 446. 88 353,400 10,400.00
6,200 Pittsburgh Plate Glass Co 221, 069. 45 ,400 3,080.00
7,200 octer & Gamble Co 117, 585. 87 119,700 4,200.
2,100 Scott Paper Ca 61, 907. 05 64,500 2,700.00
1,500 Sears, Roebuck & Co 374, 427.57 639,600 17,250.00
16,400 Sharp Be Dohme, Inc 15, 513. 34 30,800 825.00
1,100 Sherwin-Williams Co 259, 541. 88 308,200 6,300.00
2,300 Southern Cdlforma Edison Compeny, 8 o T 79, 234. 53 68,000 750.01
2,000 Squ|bb (E & Sons et v e e 136, 373. 89 ! 3,225.00
5,500 Standard Brands Inoorporated .................................................. 106, 459. 15 100,800 1,620.00
%ggg Standard Oil Co. OF INGIANA . . . . . e taettssnseemntaeetaaas e eeesttseeemnanr s 253, 821. 68 312,000 9,425.00
5’500 Standard Oil Co. of New Jersey ...................................................... 311, 318. 84 368,500 10,725.00
1800 Texas Comf)arw 67, 355. 82 96,000 4,000.00
2'700 Timken Roller Bearing Cao 130, 378. 34 110,700 5,062.50
3800 Union Carbide & Carbon Corp 333, 875. 55 ,600 7,950.00
9400 United Fruit Company. 266, 728. 02 432,400 13,300.00
2'600 United States Gypsum Co . . . 234, 100. 84 ,400 4,200.00
10,500 Wentinghouse Electric Corp 276, 080. 07 262,500 9,000.00
3:600 Woolworth (F. W.) Co 155, 423. 59 180,000 3, ,780.00
.4 Income from stocks exchanged or sold....... P [ 31,732.50
289,214.75 Total ComMMmON StOCKS. s+ v v cturarssatrsrssstsmsnnstssrrassrarmsssresnansnns MaarrartiE i arsaaa $12,981,507.99 $15,417,481 $460,979.31
337,794.75 COMMON AND PREFERRED STOCKS—Funds INvested. + + sssersatiscsanisasrrasins o teredasreains $18,202,018.73 | $20,828,807 $671,364.21
AGGREGATE INVESTMENTS (BONDS AND STOCKS) , 1 sassrrtnmassvaassartrarsnnarrassasirarssnnne $40,152,345.19 $43,368,395 | $1,430,044.48*

resents total interest and dividend income before deduction of amortization of bond premiums.

K: Net gain from saesfand redemptlons of securities for the year ended October 31,
Reaerve Fund shown in the attached balance sheet.

1946 aggregated $1,053,096.80, and that amount has been credited to the Capital
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REPORT OF THE PRESIDENT
OF THE

CARNEGIE INSTITUTION OF WASHINGTON

As this report to the Trustees of the
Carnegie Indtitution of Washington is pre-
sented, in accordance with the By-Laws,
many of the Institution's mgor concerns
ae ubject to new and profound influ-
ences. The war has placed science in an
utterly new postion. Just what this pos-
tion is, and how it may be expected to
dfect the affars of the Indtitution, are
matters well worth analyss now that we
are turning to programs of peace.

The reason that there is an dtered pos-
tion for science is very clear. It is now
recognized dl over the world that the
application of science is centra in nationa
security. During the second world war,
the nature of warfare underwent a com-
plete transformation. This was of much
greater scope than could have been indi-
caed by the actua hodtilities from 1939 to
1945, for changes in the methods of mak-
ing war do not produce their full effect a
once. It is not sure that great armies and
great fleets are obsolete, but it is sure that
if there were another great war it would
be vadly different in its nature from any-
thing that has preceded. The revolution
is greater than that brought about by the
advent of gunpowder, or that occasioned
by the use of shdls and the consequent
entry of the armored ship. It is, in fact,
greater than the mere influence of a tech-
nique, for it involves rather a method-
ology for applying techniques. The results,
then, in the long run can be as far reaching
as those which came to pass when men
learned that inventions can be made by

3

ddiberate planned effort, or when tools
were caused to make more tools and thus
to multiply themselves. Full comprehen-
sion of the fundamental change in al of
mankind's concerns which is foretold in
this scientific revolution in warfare cannot
be had for some time; the implications are
too numerous, too involved, too subtle.
Such comprehension will come, neverthe-
less; it is inevitable in view of the way in
which the past war was conducted by dl
participants and the lessons that were thus
recorded for al to read.

This present sweeping transformation of
mankind's affairs had its beginning when
the first smian developed curiosity, when
he came to manipulate the objects in na
ture about him not for immediate animal
ends, but smply because he had a new
urge. The appearance of that urge marked
the advent of the inchoate human intelli-
gence as a whally new factor in a hitherto
drab evolution. It thus began the grest
experiment in which we participate. It is
an experiment which surely will go on to
full and richer scope, for man's urge to
learn and to know more about his environ-
ment and his fdlows will not end now.
Yet by its intermediate results our days are
now perplexed.

The world which faces this multiplex
problem and opportunity is ill in a highly
nationdistic phase of organization. It was
this fact that Churchill undoubtedly had
in mind when he declared the world not
yet ready for such an advance as the de-
velopment of atomic energy. But the world



CARNEGIE INSTITUTION OF WASHINGTON

has never been ready in that sense: it was
not ready for the advent of the use of fire,
or of metals, or of chemistry, or of mass
communication. Thistime, however, there
is a difference, for there is a general recog-
nition that the advance, through its ac-
celeration of the evolution of weapons,
bids fair to proceed so fa as to render
some form of world unity inevitable. This
generaly held conviction, however, leads
to far different concepts with different
groups and with different individuals. To
many, taking the world as a whole, it
points inevitably to a Roman peace, one
world under some sort of domination, held
together by the very power of the new
instrumentalities. But there is a large and
salutary endeavor for a better result—effort
for a voluntary joining of states under
some scheme of guarantees that will pro-
tect minorities. This is not idle dreaming;
the formation of the United States by the
voluntary joining of the Colonies, and
other unions as well, had their origin in
similar efforts. We need not be dismayed
even by the raucous accusations and tur-
moil of the present day, for the colonies
in North America before they became
states, and even after, indulged in similar
recriminations as they worked toward
union. Still, anything approaching a uni-
tary world has never yet been achieved on
the basis of voluntary association, and the
accomplishment will take time. The prin-
cipa question is whether there will be
time enough—whether, in short, there
must be another demonstration of the
power of applied science to destroy before
mankind as a whole recognizes that a new
approach toward international functioning
is demanded. This is a serious question.
But it is doubtful whether civilization will
commit suicide knowing it is doing 09
and because of science the race between

the power of weapons and the power of
understanding is not altogether one-sided.

For the application of science has done
more than produce a power of destruction
which has made a world organization
essential. It hasin fact also provided means
of primary importance to the development
of such organization, in the form of uni-
versal communication, the printed word,
transmitted speech, swift transport. Real
unity can be achieved only through gen-
eral mass enlightenment throughout the
world, and hundreds of millions of people
cannot know one another except as new
instrumentalities free them from the nar-
row limits of mere persona contact. It
should aso be remembered that the appli-
cation of science can dleviate as well as
destroy. In fact, the progress in medicine
under the forced draft of war in the past
conflict was such that the number of lives
saved goes far toward balancing battle
casualties. Still more important, perhaps,
great masses of people now have the defi-
nite promise before them of leading healthy
lives, especidly in the tropics, and a heathy
outlook on life is necessary for great move-
ments of collaboration.

All this furnishes the background for
the position of science in our own national
scene, and is pertinent as we examine into
the future of the Institution. There is no
question that scientific effort in this coun-
try will now expand to a far greater pro-
portion of the total volume of effort than
was the case before the war. Nor is there
guestion that as it does so it will receive
public attention and public support. On
the expanding scde which the national
interest requires and dictates, federal sup-
port of scientific effort now becomes essen-
tial and aso inevitable. The form that it
may take is of great importance. Many
dangers may be discerned here, and it will
be well to review some of them.
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First, there is the danger that there will
be overemphasis on the applied phase of
science, for the public is alert to the tangi-
ble benefits to be had from it, but hardly
realizes the fact that they are al dependent
upon long-term advance in fundamental
science.  Fortunately, in the immediate
postwar period at leadt, this danger has
been averted. Federal support to university
research is aready flowing in large meas-
ure, and it is now directed heavily toward
support of basc science. But this may be
a passing phase, and the danger certainly
remains, for as a people we are strongly
philotechnical, we have dways excdled in
the applied, we have not turned with the
same success to more philosophica matters.
In many branches of science we have as a
nation hence lagged behind Europe.

There is ds0 a danger that control of
funds may occasion injurious dictation to
science by laymen. The fact that this is a
somewhat subtle matter renders the dan-
ger much greater. In applying science it
is often correct that a group of laymen
should st the general ohjectives—in indus-
trial research, for example, where men of
diverse backgrounds and interest need to
meet with the scientists and enginears in
order to create a program that is sound
from the standpoint of the industry. The
governing boards of universities rightly
participate as the sdientific research pro-
grams of their ingtitutions are formulated,
not merely because they must assure that
plans and means shal be commensurate,
but also, and more important, because they
must counsdl in the defining of broad aob-
jectives which reach beyond the direct in-
terests of the scientists into the greater
guestion of the ultimate best interests of
the country. In both cases, however, once
the genera objectives are defined, wise
management leaves the methods of ap-
proach entirely to the scientists. The dan-

ge is that this lay participation will go
beyond its appropriate function, enter into
the methods themsdaves, and sesk to in-
fluence the choice of the particular paths
to be followed. If a scientist is redly com-
petent in his field, he knows better than
anyone dse how, in the exceedingly com-
plex situation surrounding the frontier of
knowledge, to single out an approach
which may lead toward great attainment.
Interference with him by any individua,
board, or committee as he thus determines
his way annoys him greatly, and should.
The finding of the path is one of the finer
parts of hisart; in fact his rise to eminence
depends very decidedly upon the wisdom
with which he can thus choose.

To illustrate, there is today in this coun-
try a great urge to clear up once and for
al at least the worst aspects of the great
curse of cancer. Moreover, because of re-
cent advances, new gpproaches of promise
exig. Certainly funds poured into this
field at the present time are well invested.
Yet how does one proceed from here?
One method favorably known to Ameri-
cans because of the great advances which
it has produced in applied science is to
assemble a group of highly inteligent
citizens, to build great laboratories and
install therein competent scientists, and to
create patterns of effort pardlding those
that have been successful in large indus-
trial laboratories, with the single aim of
finding a cure. But there is an dternative
method, recommended by its admirable
results in fundamental research. Thisisto
sdect scientific men of great power—men
who are thus regarded by their colleagues
—and ¢ to it that they get every hit of
support which they can utilize effectivdy,
in their own undertakings, and in accord-
ance with their own plans. Such an dfort
should cover every contributory fied, and
hence the entire stience of man's physicd
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and chemica constitution and growth. It
might be that the first method would find
a solution—such things do happen. The
question is essentially one of timing. If in-
vestigation of cancer has come to the stage
of applied research, then the organized
approach is entirely sound. If that in-
vestigation is dtill in the stage demanding
fundamental research—and the evidence
emphatically indicates that it is—then
the second method is the one to follow.
Through it, by and large, have come the
great accomplishments in fundamental
science, and it is sure to bring results in
the long run, in many fields of application
at once, and over a broad range. The char-
acteristic and productive urge of Ameri-
cans to move swiftly into applied research
for immediate and practical results could
eadly lead to the ignoring of this vital fact.

The question of just where governing
boards should stop in their proper control
of funds as they deal with scientists of
eminence has not, however, been a serious
problem, for in this country sound under-
standing on the matter has rather generally
been established. It becomes important at
the present time because new governmen-
tal boards of one sort or another will be
controlling federal funds for scientific re-
search, and it is essential that the produc-
tive pattern which has been developed in
the past should not now be departed from
smply because pressure exists and because
the funds are large.

This raises the question, of course,
whether the flow of funds into university
research will lead to federa domination
of universities in one way or another. It
need not do so. The history of state uni-
versities in this country shows how public
funds can be devoted in an effective way
to education and research, for in spite of
exceptions the general pattern of our state
universities today is excellent. Neverthe-

less, federal and state support are mark-
edy different matters, and alert under-
standing will be needed as the system of
federal support develops.

A comparable danger, that there will be
overemphasis on the military aspects of
science, is to the fore at the present time
since federal funds are flowing from the
military services into basic research. This
system, however, is undoubtedly a tem-
porary one, and the support is being ren-
dered in a highly intelligent manner, with-
out undue control by officers of the military
sarvices and with strong emphasis on
fundamental research. After the experi-
ence of the past six years, a tendency in
this country toward overemphasis on appli-
cations to military matters would perhaps
be natural, but this has been to the present
avoided so far as fundamental research is
concerned. There is the converse danger,
of course, that in a period of reaction such
as we experienced between the two world
wars we might neglect the national security
to our peril. The fraction of the country's
effort in applied research and development
which need be devoted directly to national
security still remains to be determined; the
proportion naturally depends upon the
progress of world affairs. The maintain-
ing of ajust balance will not be easy.

Finally, there is a danger that the fierce
present light thrown by extraordinary ap-
plications may blind men to the lasting
cultural and philosophical significance of
science and that therefore the moral and
intellectual endorsement of this phase of
the search for truth may diminish. Since
indeed fundamental research probably will
always be assured of financial support
simply because it is the source of knowl-
edge that can later be applied in different
ways, this hazard is not one of material
impoverishment, but rather one of intellec-
tual if not spiritual disparagement. In this
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country in particular, the popularization
of stience has fed us with the spectacular
until the public must be near satiation, and
has aready to a degree sarved to obscure
from the less thoughtful the deeper signifi-
cance of the exploration of the unknown—
its rdlevance in dl of man's most earnest
ponderings upon himsdf, his felows his
environment. Without doubt this serious
interest in science because of the bess for
broad philosophical reasoning furnished
by its advances persigts. It persists dso be-
cause of mankind's innate curiosity, and a
regard for the new and unique in thought.
Even 0, in the days of the atomic bomb,
one may farly question whether the spirit
that led to the exploration of the nucleus
of the atom as a sheer expression of man's
response to the chdlenge of the unknown
will continue assured of true assessment
of the philosophica vaues with which it
Js imbued.

The position of sdence in the world thus
is changed. The postion of the Carnegie
Ingtitution of Washington is bound to
dter as a result. Definitdy before us is
the question of what new responsbilities
or new opportunities may now appear.

One issue is immediatdly raised. To
what extent should the Institution par-
ticipate in the new forms of support that
are either present or just about to appear?
The record of the Indtitution during the
war was more than the fine record of the
accomplishments of its laboratories. By
reason of its national nature and its full
independence it exerted an impdlling in-
fluence adlong with many another institu-
tion in the great cooperative venture in
which hundreds—thousands—of scientists
spread over a continent and throughout
many institutions collaborated in a new
pattern and produced vitd results. As the
new patern evolves and our scientific
effort appears in a nove framework, it

will smilarly be to the advantage of the
country that there be a nationd indtitution
of complete independence.

Another issue is immediately before us.
As government enters into the sdentific
situation in new ways, there will inevitably
be greater participation of scientigs in
governmental matters. This participation
will be entirely apart from individual ac-
tivity by scientists as citizens in politicd
affairs, a which they are usualy not highly
adept. It will be concerned, rather, with
the problem of manning the many boards
and committees which are essentid, and
the furnishing of background and specid
experience to those who make the laws
and administer them. In al this there will
undoubtedly be a duty and an opportunity
for scientific and educational ingtitutions
throughout the country; the Carnegie In-
stitution of Washington in this regard is
again in a somewhat exceptional postion,
and again | believe that to a reasonable
extent it can grasp such opportunities with
real bendfit to itsdf and to the country.

The opportunity before the Institution
in the years that lie ahead is vadt, and the
relative size of the Institution is now small.
When it was founded, its introduction of
half a million dollars a year into besc re-
search condgtituted a consderable fraction
of the national effort, and the efect was
therefore bound to be great. Today, the
expenditures of the Institution compose
only one per cent of the funds devoted to
fundamental ressarch and only one-tenth
Of one per cent of total funds for resserch
and development.

The Ingtitution's history during the past
four decades demonsirates convincingly,
however, that the importance and excd-
lence of scientific effort are determined by
many things, not by funds alone. It was
because of such determinants as intendty
of application, clarity of definition, breadth
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of objective, that the Institution had at-
tained before the recent war the stature
which enabled it to contribute powerfully
indeed in the national effort, and to serve
as a center in the most extensive co-
operative research undertaking in history.
These determinants have taken on more,
not less, force. Hence, as long as it does
not become so cramped for funds as to lose
its flexibility, the Institution will continue
to be a pervasive and beneficent influence
in the scientific life of the nation. The
avenues of that influence are not far to
seek: Preserving its excellence and unique-
ness to the full, utilizing its national spread
and its complete independence, the Institu-
tion will make itsdf fdt in the future as
it has in the past. Forty and more years
ago, the Institution was practicaly alone
in its field; today, it has many and able
compeers to emulate and by whom to be
stimulated. Though it does not and should
not now seek to cover the whole of science,
it will lead the way in certain activities,

FINANCIAL

During the past year the Executive
Committee and the Finance Committee
have considered the effect of declining in-
come on the operations of the Institution
and have discussed the possible use of
reserves in planning for the future. Al-
though our endowment has been materi-
ally increased, low interest rates and the
redemption of prewar bonds result in an
income which leaves little or no leeway to
meet the unusual costs of living and oper-
ation in a postwar economy. We have
been able to increase reserves destined for
use in putting our physical louse in order
agan* The necessity of increasing sdaries*
however, and the requirements for going
forward with new programs pose a real
financial problem.

There arc four possible ways of meeting

and do so the more vigorously because its

earlier concern with other endeavors has

been relinquished to capable hands.

The most important thing for the Insti-
tution to do is to lend its influence and
emphasis to those needs that might now
be overlooked. It should and will firmly
support fundamental science if there should
be a tendency toward the over-applied. In
the effective and logical pattern of relations
in its organization, between its governing
bodies and its scientific g&ff, it has devel-
oped and now exemplifies a way of oper-
ation that is sound and fruitful. It should
and will lend its influence when the great
question develops of the balance between
applied science for national security and
applied science for other great objectives.
It can aid in a hundred ways as govern-
ment proceeds into new relations with the
scientific effort. It will most decidedly
emphasize that the pursuit of science for
its cultural value remains a thing worthy
of men's best effort.

AFFAIRS

this situation: (i) revision of investment
procedures to yield a higher return; (2)
temporary use of reserves, with which we
are well fortified; (3) curtailment of re-
search activities; and (4) securing of new
money. Fortunately we do not need to
slect one of these irrevocably at the mo-
ment; economy, restraint, and the judicious
use of reserves for nonrecurring expenses
will see us through the next year. But the
whole problem will certainly have to be
met before long, unless the trend of in-
come on endowment reverses.

Careful study of ways and means with
clue regard for continuing obligations has
been made in preparing recommendations
for a budget for the coming year. These
recommendations provide for ioitial steps
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to bring our sdary and wage scde to a
leved fully comparable with those of other
leading educational and research agencies.
Items for additional expenses have dso
been included without which it would be
impossible to take advantage of the present
opportunity to revitalize activities of the
Ingtitution on the basis of the constructive
and forward-looking research programs
under consideration. It has not been poss-
ble to provide for employment of new per-
sonnd to the extent which is desirable.
About al of the reasonable economies in
operation that can be found have aready
been put into effect. We have terminated
auxiliary effort so that we are now con-

cerned only with the afars of our main
departments. Our aid to others working
in parald fidds has dmost ceased. The
programs which have been formulated by
the departments will require moderate use
of reserves for nonrecurring items, but not
to such an extent at present as to jeopard-
ize future income. It is to be hoped that
a few years of this kind of financing may
prove aufficdent to enable the Institution to
carry its full load thereafter from income.
It is ds0 to be hoped, of course, that we
can recover the ability to extend ad to
others, and that flexibility in pioneering in
new fields which forms a great part of the
strength of the Institution.

RETIREMENTS AND CHANGES

After the retirement of Dr. Carpenter as
Director of the Nutrition Laboratory, re-
ported ayear ago, arrangements were com-
pleted for transfer of ownership of real
edtate and buildings of this Laboratory to
the Children's Hospital in Boston by sde
a the assessd valuation of the property.
Equipment of the Laboratory at a total
original cogt valuation of approximately
$25000 has been distributed among vari-
ous Ingtitution activities, and other ma-
terial has been donated to many scientific
and educationa organizations. Thus has
been brought to a dose another pioneering
effort of the Ingtitution in afield now ably
supported by other agencies.

War activities at the Department of
Terrestrial Magnetism being practicaly
terminated, the service of Dr. John A.
Fleming, first as Assgtant Director and
then as Director, for twenty-five years
ceased with his retirement on July 1, 1946.
Dr. Fleming has a digtinguished record in
leading and developing the productive re-
search program of this Department and
in carrying through in an exceedingly
effective manner the extensive war sarvice

rendered by its entire g&ff. He is ds0 a
distinguished leader in international scien-
tific affairs, particularly in the field of geo-
physics, and has recently been chosen as
the President of the International Council
of Scientific Unions. The Ingtitution has
interests which are dosdy concerned with
governmental and internationa organiza-
tions, and Dr. Fleming has agreed to serve
as an offidd adviser in such matters, par-
ticularly in arrangements with other coun-
tries for the transfer of the observing pro-
grams which have provided data for use by
our Department of Terrestrial Magnetism.

Dr. Merle A. Tuve, Chief Phydcig of
the Department of Terrestrial Magnetism,
has succeeded Dr. Fleming as Director of
this Department. Elected a member of the
National Academy of Sciences in 1946,
along with Dr. Milidav Demerec, Director
of the Department of Genetics, and Dr.
Charles S. Piggot, gaf member of the
Geophysical Laboratory, Dr. Tuve was
awarded the Medd for Merit and received
the Nava Ordnance Development Award
for developments, notably the proximity
fuse, which proved a determining factor
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in defensive anti-aircraft action by the
United States Navy and resulted in ma-
terial increase in the efficency of offensive”
action against enemy air power.

Retiring on January i, 1946, after more
than forty years distinguished service at
Mount Wilson Observatory, twenty-three
as its Director, Dr. Walter S. Adams has
continued connection with the Observatory
as Research Associate. His counsdl hence
has been available in the arrangements pre-
liminary to the inauguration of the plan
for joint operation of the Mount Wilson
Observatory and the Observatory on Palo-
mar Mountain announced upon the ap-
pointment of Dr. Ira S, Bowen as Director
of the Mount Wilson Observatory, which
was reported in Year Book No. 44. The
trustees and officers of the California Insti-

POSTWAR

War researches of the Institution caused
interruption and postponement of many
normal research programs. The depart-
ments most serioudy affected were the
Mount Wilson Observatory, the Geophysi-
cal Laboratory, the Department of Terres-
trial Magnetism, and the Department of
Genetics. During the past year, with re-
turn of gaf members and with occasion
to study prospects for the future, there has
been opportunity to lay sound basis for the
restoration of peacetime activities.

Mention has been made of the commit-
tee which under the chairmanship of Dr.
Hubble is engaged upon studies for the
research program of the Mount Wilson
and Palomar Mountain Observatories. In
the Department of Terrestrial Magnetism,
the Department of Genetics, and the Geo-
physica Laboratory, series of df con-
ferences* individual studies, and group
analyses have resulted in the formulation
of long-term programs o! future research
undertakings. In the development of these*

tute of Technology and the Carnegie Insti-
tution of Washington have approved plans
for the unitary operation of the scientific
program of the observatories by studies
on the campus of the Institute providing
graduate training given under the auspices
of the Institute by an astrophysics daff
consisting of members of both the Institu-
tion and the Institute, and the formation
of a committee to formulate a broad and
long-term program of research for the
combined observatories. Of this commit-
tee Dr. E. P. Hubble, of Mount Wilson
Observatory, is chairman. Optica and
mechanical work on the 200-inch telescope
on Palomar Mountain has been resumed
after wartime abeyance, and it is expected
that the instrument will be in operation in
the summer of 1947.

PROGRAMS

critical review by investigators and scholars
in other research centers has been invited,
and the most searching consolidated judg-
ment of the departmental daffs has been
exercised. Submitted for consideration to
the appropriate standing committees of the
Trustees and to the Executive Committee,
these programs constitute clear charts of
the direction which investigative efforts
may take for some time to come. The in-
fluence of the war on the conditions under
which such work must be developed has
been viewed redidtically, and the proper
evaluation of contributions which may re-
sult under such conditions has been empha-
sized. The Directors of the Departments
concerned have taken leadership in the
discussion, analysis, and formulation of
these programs with saff members and
have profited by a free expression of views
based on individual vision and aspiration.
At the Division of Plant Biology, a scries
of conferences on photosynthesis, to which

10
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different groups of scientists from other
ingtitutions were invited and each of which
was followed by full discusson within the
Divison, have contributed to the forma-
tion of definite conclusons for strengthen-
ing the Division's program in this highly
important field. A five-day gaf conference
of the Divison of Historical Research at
Cambridge in September is bass for the
formulation of recommendations for fu-
ture work in that field. In the Department
of Embryology, full resumption of the
fundamental program st forth in Year
Book No. 40 is being achieved as the
hampering effects of the war terminate.
The Executive Committee of the Insti-
tution has given condderaion to appro-
priate steps for a publication program de-
signed primarily to ad in increasing the

RESEARCH

The full range of the Ingtitution's re-
searches during the past year is surveyed
in the reports of the Directors of the sev-
ea Departments. It is a broad range,
marked by many sgnificant advances. |
shdl here therefore attempt no more than
brief mention of a few.

The great sunspot group first seen on
January 29, 1946, the largest ever photo-
graphed, was recorded a Mount Wilson
in numerous excellent direct photographs;
in addition, it gave notable opportunity for
study of the spectra characteristics of solar
flares. During the year, the late Dr. van
Maanen, completing measurement of the
paralaxes of 28 dars in 25 fidds, brought
to concluson a program of mgor propor-
tions a the Observatory during the past
thirty years.

At the Kensington lonospheric Labora
tory of the Department of Terrestrial
Magnetism, development of a new tech-
nique for recording phenomena in the
upper layers of the earth's atmosphere led

comprehension of scientific subjects by the
intelligent layman.

Questions of the plan of d&f organiza-
tion best designed to assure clearer defini-
tion and understanding of tenure and
similar matters have been discussed by the
Executive Committee. It is important that
the Institution, without relinquishing its
vaued informality, assure its pogtion
among its fellows by dear procedure in
sdaries, advancement, and tenure, and by
suitable provisons for the recruitment of -
able younger men. Time will be required
to inaugurate a plan covering such ques-
tions, to be effective with new appoint-
ments and available to the present 44f;
there is generd recognition of the need,
and seps to meet it will be taken as

promptly as possble.

ACTIVITIES

to the discovery of rapidly moving clouds
of ionized matter which rush into the iono-
sphere during magnetic storms. Traveling
a a gpeed of about one mile per second,
the clouds come in from long to short
range and out again a brief intervals.
They are of fundamental sgnificance in
their influence on radio transmission. The
clouds are regarded as dosdy reaed to
the corpuscular emissons from the sun
which give rise to magnetic and iono-
spheric storms.

In the Division of Plant Biology the anti-
bacterial properties of unsaturated faity
acids, study of which had its beginning in
the isolation of antibacterial material from
the green dga Chlorella, has been carried
farther. Though tests with animas did
not yield encouraging results, in vitro tests
have been sdisfactory. The basic hio-
chemistry of the substances has been deter-
mined, 0 that a definite contribution has
been made to knowledge of this genera
group of antibiotic substances. Further re-

11
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suits are largely dependent on bacteriol ogi-
cd study. A full report on the subject is
in preparation.

Cooperation with the Department of
Terrestrial Magnetism, whence necessary
products of the cyclotron are made avail-
able, has been to the fore during the year
in a portion of the research of the Depart-
ment of Embryology—the subject of pla-
cental transmission, which includes as one
project the transmission of phosphorus
compounds from the mother to the em-
bryo. In the study of tumors in rats,
experiments earlier reported have been ex-
panded in the search for understanding
of the process of immunity from growth
of grafted tumors induced by an alcohol-
soluble fraction from an extract of rat
sarcomata. The experiments appear to be
the first in which injection of such a sub-
stance destroyed tumors in rats of its own
inbred strain and was followed by the
establishment of immunity against the
growth of tumors in the majority of the
rats treated.

Study of the genetic aspects of bacterial
resistance has been pressed at the Depart-
ment of Genetics, where among other find-
ings it has been shown that resistance to
streptomycin originates through a process

of mutation, which, unlike the several-step
process leading to resistance to penicillin,
may develop in a single step. This prop-
erty is of course undesirable from the
clinical standpoint. In a related study, it
has been concluded that the probable site
of the mutational change is within the
bacterium and that the change is a com-
plex one requiring absorption of radiant
energy by severa molecules as a primary
step.

Reorientation and review necessitated by
the suspension of many activities because
of war work have proceeded during the
year in the Division of Historical Research,
and certain field programs have been fully
resumed. The reconnaissance survey of
ruins in the Guatemalan highlands, initi-
ated in 1945 has been carried forward.
Incident to it was an unforeseen discovery
of much interest: a grave a a depth of
thirty feet which was indicated by a
funnel-shaped depression in the frontal
platform of one of the principal mounds
at Nebgj. This yielded more than forty
specimens of pottery from a little-known
period, in addition to one of the most
beautiful collections of jade ornaments yet
discovered, numbering about 250 pieces.

LOUISE WHITFIELD CARNEGIE

In the death, on June 24, 1946, of Mrs.
Carnegie, the Institution suffered not only
the loss of its direct link with the years at
the turn of the century when its founder's
philanthropy was being formed, but, far
more than that, the loss of a constant™ keen,
and gracious interest in its well-being and

THOMAS

Thomas Barbour died on January 8,
176" in his gixty-firs year, after an ex-
tended period of ill health. He was elected

activity. Mrs. Carnegi€'s devotion and un-
sfisiness as a wife were equaled only
by the sympathy and support which she
fredy gave to the cause of peace and to the
fostering of enlightenment and knowledge
during the years following her husband's
death.

HARBOUR

a member of the Board of Trustees of the
Institution in December 1934, and in recent
years he served as a member of Its stand*

72
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ing committee on biological sciences. He with sympathy and understanding of a
took an enthusiastic interest in the broad high and helpful order. He was widely
aspects of research in these departments of  known in scientific circles as a keen student
learning, and he was recognized and ac- and wise adviser, and his membership on
claimed as a leader 'in biological field the Board of Trustees was to the distinc-
exploration. tion and credit of the Institution. His
. Dr. Barbour was the most genial of men, presence and counsel will be sadly missed.
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MOUNT WILSON OBSERVATORY

Pasadena, California
IRA S. BOWEN, Director

The present year was marked by the
retirement of Dr. Water S. Adams as
Director on January i, 1946. Dr. Adams
wes one of two assgant astronomers
brought to Mount Wilson by Dr. Hale
when the Observatory was organized in
1904. In the early years of the Observa
tory, he sarved in succession as head of
the Computing Divison and of the De-
partment of Stellar Spectroscopy. During
Dr. Hae€s frequent absences from the
Obsarvatory, Dr. Adams took charge as
Acting Director. In 1913 he was ap-
pointed Assstant Director, and in 1923,
on Dr. Haeé€'s retirement, he was made
Director.

As an active observer Dr. Adams has
persondly contributed a substantia frac-
tion of the output of the Observatory
throughout its forty-two years of oper-
ation. His ealy solar invedtigations and
his development of the fidd of spectro-
soopic pardlaxes have been especidly note-
worthy. As Director, Dr. Adams has
provided a sound and understanding
leadership. Under his guidance the high
standards st by Dr. Hale for the Observa
tory have been maintained, and in spite
of the depression and the late war, sub-
dantial advances in equipment and per-
sonnel have been made under his direction.

It is with much stidfaction that the
present daff looks forward to Dr. Adams
continued connection with the Observa
tory as Research Associate. His sound and
experienced advice will be of great value
in the extendve reorganization that lies
ahead.

An event of great importance to the

future of the Observatory wes the an-
nouncement of the approva by the Cdli-
fornia Institute of Technology and the
Carnegie Ingtitution of Washington of an
agreement for the joint operation of the
Mount Wilson Observatory and the Ob-
sarvatory on Pdomar Mountain with its
200-inch and 48-inch Schmidt telescopes.

Since the inception of the plan for build-
ing a 200-inch telescope and the grant of
funds for this purpose by the General Edu-
cation Board to the Cdifornia Institute of
Technology, the Ingtitute and the Carnegie
Ingtitution of Washington through its
Mount Wilson Observatory have cooper-
ated dosdy in the desgn of the instru-
ment and in plans for its future operation.
The two large neighboring observatories
a Mount Wilson and a Palomar Moun-
tain with their powerful equipment and
common scientific interests and problems
have every reason to work together on a
unified program of astronomical and astro-
physical research.

With the outbresk of the war both the
optica and the mechanical work on the
200-inch telescope were suspended. They
have now been resumed, however, and it
is estimated that the instrument will be
completed within a period of about one
year. In view of this situation the trustees
and dfficas of the two ingtitutions have
approved the formulation of a definite
plan of cooperative research to be under-
taken as soon as the Palomar equipment
is completed. The essentid parts of this
agreement are as follows:

The scientific program of the two ob-
sarvatories will be operated as a unit. All
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equipment at both observatories will be
available as needed for any part of this
program.

To facilitate this program the two ob-
servatories will be placed under a single
administrative management, having a Di-
rector who will be Chairman of an Ad-
visory Management Committee with repre-
sentatives from both organizations.

The research program of the observa-
tories will be reinforced by studies on the
campus of the California Institute, and
graduate training leading to the doctorate
will be given under the auspices of the
Cdlifornia Institute by an astrophysics aff
consisting of members of both the Institu-
tion and the Institute.

The financid support of the two observar
tories will be contributed by the two Insti-
tutions as their resources permit.

An essential feature of this plan is the
formation of a committee to study and
formulate a program of research for the
combined observatories on a broad, long-

period basis. Dr. E. P. Hubble has been
appointed Chairman of this committee.
The other members are Drs. R. C. Tolman
and J. R. Oppenheimer of the California
Institute gaff, and Drs. W. Baade, P. W.
Merrill, and S. B. Nicholson of the Mount
Wilson Observatory daff.

The cessation of hosdtilities early in the
year covered by this report has made it
possible for the Observatory once again to
turn its main effort to its normal peace-
time activities. All investigations under-
taken under contract with the Office of
Scientific Research and Development have
been completed. These contracts have been
terminated except for minor details involv-
ing disposal of government property and
final financial settlement. One small con-
tract with the United States Army is il in
force but will be completed in September
1946. With one exception, all members of
the scientific staff on leave of absence have
returned.

STAFF AND ORGANIZATION

RESEARCH DIVISION

Solar Physics: Harold D. Babcock, Seth B.
Nicholson, Jossph O. Hickox, Edison R.
Hogc, Edison Pettit, Robert S. Richardson,
Mary F. Coffcen, Elizabeth S. Mulders,
Myrtle L. Richmond.

Sellar Motions and Distances: Raph E.
Wilson, Adrisan van Maanen, A, Louise
Loweii, Myrtle L. Richmond.

Sellar Photometry: Wadter Baade, Mary
Joyner Scares.

Sdiar Sptrtroscopy: Paul W. Merrill, Walter
S. Adams, Horace W. Babcock, Ira S.
BOGMOTU William H. Christie/ Theodore
Dunham, J.” Milton L. Humason* Alfred
H. Joy, Rudolph Minkowski, Roscoc F.
Sanford, Gudaf Strdmberg, Olin C. Wil-
son,® Ada M. Brayton, Sylvia Burd, Cora

* On leave nf aosence until April 1, 1946,
4 On leave of a»dEe,
% 0On Icale of absence until January 1, 1946,

G. Burwell, Dorothy D. Locanthi, A. Louise
Loweii.

Nebular Photography, Photometry, and Spec-
troscopy: Edwin P. Hubble® Walter
Baade, Milton L. Humason, Rudolph Min-
kowski, Sylvia Burd, Alice S. Beech.

Physical Laboratory: Robert B. King.?

Editorial Division: Paul W. Merrill, editor;
Elizabeth Connor, assgant editor and li-
brarian; Alice S. Beach, Helen S. Stecki,
secretaries and stenographers.

Alfred H. Joy has continued as Secretary
of the Observatory throughout the year.

In addition to the retirement of Dr.
Adams and the appointment of Ira S.
Bowen as his successor, effective January
1, 1946, the following changes in the g&f
have occurred during the year:

After two years of ill health Dr. Adriaan

* On leave of absence until December 1, 1945,
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van Maanen died on January 26, 1946, thus
bringing to a close his thirty-four years
association with the Observatory. His ex-
tensive contributions were chiefly in the
field of stellar motions and parallaxes. Dr.
Gustaf Stromberg resigned to give his full
time to studies and writing of a general
type, his resignation becoming effective
January 1, 1946. Dr. Stromberg joined the
d&ff in 1917 and has devoted his attention
to statistical studies of stellar velocities and
their relation to star streaming and stellar
magnitudes. Dr. Horace W. Babcock
joined the daf on January 1, 1946. His
chief interest will be in stellar spectroscopy
and in the development of instruments
using electronic techniques.

Miss Mary Joyner (Mrs. Frederick H.
Seares) resigned on January 1, 1946, after
thirty-one years' service at the Observatory.
During most of this period she was en-
gaged in statistical studies in stellar pho-
tometry. Miss Ada M. Brayton resigned
from the computing daf of the Division
of Stellar Spectroscopy on July 1,1946, She
joined the ga&ff in 1915. Mr. William H.
Christie resigned on April 1, 1946. Since
coming to the Observatory in 1929, Mr.
Christie has been engaged in spectroscopic
studies. On June 1, 1946, Miss Alice Beach
was transferred from the Editorial Divi-
sion to the Division of Nebular Photog-
raphy, Photometry, and Spectroscopy. On
the same date her position in the Editorial
Division was taken by Miss Helen Stecki.

RESEARCH ASSOCIATES

Walter S. Adams, Pasadena; Sir James Jeans,
Dorking, England; Henry Norris Russdl,
Princeton University; Frederick H. Scares,
Pasadena; Jod Stebbins, University of Wis-
consin.

Since his appointment as Research Asso-
ciate, Dr. Adams has continued his in-
vestigations of the spectra of stars observed

p

with high dispersion with the coudé spec-
trograph, including particularly the be-
havior and structure of the interstellar
lines in the spectra of 300 stars of types
O and B; a detailed investigation, in col-
laboration with Dr. Greenstein, of the
spectrum of u Sagittarii; and further meas-
urement of supergiant M-type stars like
a Orionis, which show shell-like charac-
teristics in their spectra

Dr. Seares, with the collaboration of
Miss Joyner, has continued his studies of
the magnitudes and colors of stars.

Dr. Stebbins spent the summer of 1945
at Mount Wilson in continuation of his
work on photoelectric photometry of stars
and nebulae. He was regjoined for the
summer of 1946 by Dr. A. E. Whitford,
who had been absent for five years on war
service. Dr. Stebbins substituted for Dr.
Walter S. Adams, Vice-President of the
International Astronomical Union, at the
meeting in Copenhagen, March 7-12,1946.

TEMPORARY ASSOCIATES

Dr. C. G. Abbot, of the Smithsonian In-
stitution, spent several weeks at the Observ-
atory in the late summer of 1945, carrying
out tests of an improved radiometer at the
100-inch telescope. Dr. Lawrence H. Ailer,
of the Kirkwood Observatory of Indiana
University, studied spectroscopic plates
from the Mount Wilson Observatory files
in the summer of 1945. In particular, he
investigated the spectra of 10 Lacertae and
of 14 peculiar "silicon A stars. Direct
photographs of several nebulae were taken
by Dr. John C. Duncan, Director of the
Whitin Observatory. Dr. Jesse L. Green-
stein, of the Yerkes Observatory, spent a
few weeks in Pasadena investigating the
spectrum of u Sagittarii in collaboration
with Adams and Merrill. Mr. W. C.
Miller, of Pasadena, has continued his
observations of the spectra of emission-line
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stars with the 10-inch and 6o-inch tele-
scopes. Of speciad value is his series of
spectrograms of the "iron star" XX Ophiu-
chi. Dr. P. Swings has devoted a portion
of his time throughout the year to investi-
gations at the Observatory. These studies
have been concerned chiefly with mole-
cules and their relation to astrophysical
problems. Miss Suzanne van Dijke, Fel-
low of the National Research Council,
spent most of the year at the Observatory
continuing her investigation of the differ-
ences between giant and dwarf stars of
class M with the aid of high-dispersion
coudé plates. In cooperation with Nichol-
son and Miss Richmond, Dr. Oliver R.
Wulf, of the United States Weather Bu-
reau, has made studies of magnetic rec-
ords for possible correlations with storm
patterns.

INSTRUMENT DESIGN AND CONSTRUCTION

Design: Edgar C. Nichols, chief designer;
Harold S. Kinney, draftsman.

Optical Shop: Don O. Hendrix, superintend-
ent; FHoyd Day, optician.

Instrument Shop: Albert Mclntire, superin-
tendent; Elmer Pral, insrument maker;

OBSERVING

Since many of the gaf were ill on
leave for defense activities during the fal
of 1945, it was impracticable to maintain
the full observing schedule with the 60-inch
telescope. The monthly record of observa
tions is; therefore, omitted. Solar photo-
graphs were obtained on 326 days between

Fred Shefif, Oscar Swanson, Albert La
brow, Donald Y eager, machinists; Harry S.
Fehr, cabinet maker.

MAINTENANCE AND OPERATION

Office: Anne McConndl, bookkeeper; Doro-
thea Neuens, stenographer and telephone
operator.

Operation: Ashed N. Bedbe superintendent
of congruction; Kenneth de Huff, Sidney
A. Jones (on leave of aosence for military
service), engineers, Thomas A. Nelson,
Hobart Wright, Clarence HL Daily, Boyd
Thompson, Raph E. Bennewitz, night
assstants, Emerson W. Hartong, truck
driver and machinist helper; Anthony
Wausnock, Mrs. Wausnock, Mrs. Pauline
Byers, stewards; Arnold T. Retzlaff, Homer
N. Joy, Charles Dustman, Irving Angel,
Harry Sering, janitors.

Sidney Jones resigned on January i, 1946,
after fifteen years of efficdent service as
engineer on Mount Wilson.

Severa of those whose names are listed
above have been with the Observatory for
only a part of the year. In addition, nu-
merous temporary employees have assisted
in construction and repair work.

CONDITIONS

July i, 1945 and June 30, 1946. During
the same period, the 100-inch telescope was
used on 283 nights.

The total snowfall was 30.5 inches, and
the precipitation for the year was 3373
inches, as compared with a normal amount
of 38.00 inches.

SOLAR RESEARCH

SOLARPHOTOGRAPHY
N 1 t 1 ;
Solar photographs were made on 326
days between July 1, 1945 .and June 30,
1946, by Hickox, Hoge, Nicholson, and
Richardson. The numbers of photographs
of various kinds were:

Direct photographs .. .. ... ... .. .. 652

Ha, spectroheliozrams of spot groups,
gJTA focus - - - - - - - <3, . 1,000
Ha spcctrohcliogramS) 18-foot focus: - 1>280
ka Spectrohdliograms, 7-foot focus.. . 16,302
K2 spectrohdiograms, 18foat focus. . 1272
....... 1248

K prominences, 18foat focus
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SUNSPOT ACTIVITY

The magnetic classfication and study
of sunspots and related phenomena have
been continued by Nicholson and Mrs.
Mulders. Cooperative programs have been
carried out with the United States Naval
Observatory, the Observatory at Kodai-
kanal, and the Department of Terrestrial
Magnetism of the Carnegie Institution.

During the calendar year 1945, sunspot
activity increased considerably. Observa-
tions were made on 323 days. Only 12 days
were without spots, as compared with 123
in 1944. The total number of sunspot
groups observed in the overlapping new
and old cycles was 220, as compared with
72 in 1944. The number of groups belong-
ing to the new cycle increased from 52 in
1944 to 212 in 1945: the number in the
northern hemisphere increased from 19 to
71; in the southern hemisphere, from 33
to 141. The number of groups belonging
to the waning cycle decreased from 20 in
1944 to 8 in 1945: the number in the
northern hemisphere decreased from 8 to
1, in the southern hemisphere, from 12
to 7. The last spot of the old cycle ap-
peared on August 8, existing for one day

“only.

The monthly means of the number of
groups observed daily during the past two
and one-half years are given in the accom-
panying table.

The outstanding feature of solar activity
was the huge sunspot group which ap-
peared at the east limb of the sun on
January 29, 1946. This group, with an
area of 5400-millionths of a solar hemi-
sphere, was the largest ever photographed.
After February it decreased in area. It
was last seen on May 8, 1946, at the west
limb of the sun. Many excellent direct
photographs of this group were obtained
in addition to exposures with the spectro-
heliograph and the spectrograph.

Since 1800, the amplitudes of the sun-
spot cycles have been aternately high and
low, the last cycle having been an active
one. If this alternation continues, the pres-
ent cycle will be less active than the pre-
ceding one, although during 1945 and the
first half of 1946 spots have been more

DAILY NUMBER
MONTH

1944 1945 1946

January.. ........... 0.3 25 4.2

February............ 0.1 11 7.7

March.... ..........} 11 19 6.7

April. ... ..........] 01 2.8 7.1

May. .. .. ..........] 02 3.6 7.2

June ... ...l 0.7 3.8 7.3
duly. . 06 4.4
August.... . .........{ 21 28
September. .......... 11 36
October.. ...vvvvven, 21 57
November. .......... 13 51
December. .......... 24 29
Yearly average..... 10 34

numerous than during the corresponding
interval after minimum in the preceding
two cycles. During the past century and
a half the average sunspot cycle measured
from minimum to minimum has been 11a
years, although the last three cydes have
been 10.0, 10.2, and 104 years, respectively.

SUNSPOT POLARITIES

Magnetic polarities in each spot group
have, so far as possible, been observed at
least once. The classfication of groups
observed between July 1, 1945 and June
30, 1946 is indicated in the table on page
8. "Regular" groups of the new cycle
in the northern hemisphere are those in
which the preceding gxit has S (south-
seeking) polarity and the following spot
N polarity; in the southern hemisphere
the polarities are reversed. For spot groups
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POLARITY
HEMISPHERE REGULAR IRREGULAR UNCLASSIFIED
Old cycle New cycle | Old cycle New cycle Old cycle New cycle
North ............ ... . .. 1 92 0 0 0 39
South ... ...... ... ... .. 2 124 0 1 1 65
Wholesun .............. 3 216 0 1 1 104

of the old cycle, the distribution of mag-
netic polarities is opposite to that just
described for the new cycle.

Richardson has completed a dtatistical
investigation of spot groups of irregular
magnetic polarity observed at Mount Wil-
son from 1917 to 1944. Spot groups of
irregular polarity consistently include 25
per cent of the whole number classfied
during a cycle. The results indicate that
irregular oot groups are as stable as those
of regular polarity. There is no significant
difference between regular and irregular
groups in sze or duration.

Comparison of the frequency of oc-
currence of regular and irregular groups
throughout the cycde shows that the ir-
regular groups are most frequent six
months after the general sunspot maxi-
mum and that the proportion of irregular
groups is greater after maximum than
before.

For the two cycles. 1923-1933 and 1933-
1944, in both northern and southern hemi-
spheres, the irregular groups first appeared
about 5 farther from the equator than the
regular groups, attained nearly the same
mean latitude when the cycle was 70 per
cent over, and had a mean latitude dightly
lower than that of the regular groups at
the close of the cycle.

It should be emphasized that these re-
sults have been obtained for the most part
from the two cycles 1923-1933 and 1953-
1944. Owing to the unpredictable char-

acter of sunspot activity, it should not be
assumed that irregular spot groups will
necessarily behave this way in future cycles.

FLARES

The great sunspot group first seen on
January 29, 1946 provided an exceptional
opportunity for a study of the spectral
characteristics of solar flares. Of severd
dozen flares observed by Richardson, two
were outstanding for their brilliance and
unusua motion.

The first was observed on February 11
at 0010 GCT at longitude 6™W. The
yellow helium ling, D3, X5876 showed first
as a weak absorption, line but rapidly
changed to emission. Eventually the in-
tensity of D3 emission exceeded by 50 per
cent that in the continuous spectrum of
the surrounding photosphere. The line
was broad, its width corresponding to a
Doppler velocity of 36 km/sec and a dis-
placement of the center equivalent to a
velocity of recession of 7 km/sec.

The other brilliant flare was observed on
February 27, 1946, when the spot group
was approaching the east limb for the
second time. More than 100 emission lines
were observed in the spectrum from A3960
to /50Q0, including lines of ionized iron,
titanium, barium, scandium, and chro-
mium, as well as the more usual hydrogen,
helium, and ionized calcium. The D3 and
/i3 lines had a width corresponding to
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144 km/sec and a mean velocity of ap-
proach of 6 km/sec; the D lines of sodium
had a width of 62 km/sec and a displace-
ment of the center corresponding to a
velocity of approach of 5 km/sec. Theline
A4924.779 of Fe 1, which was representative
of the weaker lines, was narrower (width
about 30 km/sec) and showed a mean
velocity of recession of about 3 km/sec.

PROMINENCES

Five eruptive prominences were mess
ured by Pettit, bringing to 75 the tota
number catalogued. A portion of the erup-
tive prominence of February 28, 1946, con-
nected with the great sunspot of that date,
traveled in a straight-line trgjectory, which
when projected backward missed the solar
surface by 50,000 km.

In addition to these recent observations,
statistical studies have been made of all
eruptive prominences catalogued up to the
present time. The following are the most
significant conclusions: (1) Eruptive
prominences have been found in al lati-
tudes between N 75° and S 76°, with
strong maxima between N20° and N 30°
and between S 20° and S 40°. Forty-one
per cent were found in the northern hemi-
sphere and 59 per cent in the southern.
(2) The observed duration ranges from
less than 10 minutes to more than 8 hours.
(3) The distance traveled has varied from
25,000 km to a solar diameter, with veloci-
ties ranging from 2 to 758 km/sec. (4)
Except for the prominence of February 28,
1946, trajectory angles varied from o to
63° with a strong preference for small
angles.

The Dopplcr effect was first applied to
the determination of the rate of rotation
of a tornado prominence by Pettit and
Richardson on October 4 and 5,1945. The
measurements yield rotational periods of
25 to 35 hours.

THE SOLAR SPECTRUM IN THE
PHOTOGRAPHIC INFRARED

Wave lengths, intensities, and descrip-
tive notes have been completed for the
entire table of infrared solar data, X6600 to
A139%5, by Harold D. Babcock and Char-
lotte E. Moore. The text to accompany the
table is nearly complete and only a few
additional identifications of solar lines
await final settlement.

The scope of this collaborative work,
which was begun in 1925, has been en-
larged to include extensive data from the
Revised Multiplet Table, by Charlotte E.
Moore, and to utilize solar spectrograms
not obtainable until last year. The work
is primarily a description and interpreta-
tion of the spectrum of the center of the
solar disk, with some discussion of inte-
grated sunlight and of light from the solar
limb. A notable addition relates to the
spectra of sunspots in the range AABG00-
11404. Technicalities of interpretation are
dealt with in numerous notes.

The table includes nearly 7350 lines,
more than a third of which are telluric
and thus potentially affect the observation
of al infrared celestia spectra. Since the
solar data are in general superior to exist-
ing laboratory measurements beyond the
visible red, both in richness and in accu-
recy, they may be expected to facilitate the
study of sellar spectra. It even becomes
feasible to improve earlier analyses of some
arc spectra, such as those of carbon, silicon,
and magnesium, by the use of these solar
observations.

Intensities of solar lines from A660 to
A 11000, except those weaker than 1 on the
Rowland scale, are calibrated in terms of
equivaent width.

For several hundred lines of atmos-
pheric oxygen, the isotopic combinations
and the molecular vibrational assignments
are given. Rotational designations are
omitted for lack of space.



10

ULTRAVIOLET SOLAR SPECTRUM

From A2914 to A3060, the identification
of solar linesby Miss Maoore has been made
as definitive as the data permit. Two-thirds
of the 550 lines now tabulated have been
identified, many of them with more than
one element. As would be expected, singly
ionized atoms are well represented, more
than one-haf of the identifications being
of this kind. Since most of the observed
lines are blends, intensity relations in mul-
tiplets are often apparently abnormal and
the solar wave lengths represent "mean"
positions of their components, with result-
ant difficulty of interpretation.

CARNEGIE INSTITUTION OF WASHINGTON

BANDS OF ATMOSPHERIC OXYGEN

Some additions have been made to exist-
ing data on O, bands beyond Aioooo.
With a dispersion of 24 A/mm, new de-
tails have been observed in the 'A<—Z
bands, revealing peculiarities of structure
associsted with this electronic transition.

GENERAL MAGNETIC FIELD OF THE SUN

One sies of spectrograms has been
made with the Lummer plate, using lines
in the green region. Little measurement
of the plates on hand has been possible,
and no fina conclusons are warranted
as yet.

PLANETARY INVESTIGATIONS

The positions of Jupiter's satellites J V1,
VII, VI, IX, X, and XI were measured
by Nicholson on photographs made with
the 60-inch and 100-inch reflectors. Miss
Richmond asssted in the measurement
and reduction of the photographs. The

first visual observation of J XI was made
on May 7, 1946, with the 100-inch tele-
scope, under excellent seeing conditions.
The photographic magnitude was then
188, the visua magnitude perhaps one
magnitude brighter.

STELLAR INVESTIGATIONS

PARALLAXES

Prior to his death in January 1946, van
Maanen completed the measurement of
the parallaxes of 28 stars in 25 fields. In
the ligt, recently published, are two stars
with absolute magnitudes 150 or fainter:
L1305-10, +15.4, and Ross 486B, +15.6.

This work completes the measurement
of parallaxes in 500 fields and brings to a
logical conclusion one of the major pro-
grams of the Observatory during the past
thirty years. This program has been very
fruitful in showing that large reflectors are
useful for exacting astrometric measure-
ments and in extending our knowledge of
the motions, distances, and intrinsic lumi-
nosities of the nearer and fainter stars.
The field, however, is limited, and no
Immediate continuation of this work is
contemplated.

COLOR PHOTOMETRY AND STANDARD
MAGNITUDES

The program for the investigation of the
magnitudes and the colors of stars has
been continued by Scares and Miss Joyner.
The reduction of the Cape basic magni-
tudes to the International system reported
last year has been confirmed by additional
observations made at the Cape Observa
tory. A communication from Dr. R. H.
Stoy states that the corrections required
by the Cape photographic magnitudes are
substantially those found at Mount Wil-
son. Since the spectrum-color relation
based on the Mount Wilson reduction of
the original Cape data is normal and inde-
pendent of magnitude, the reduced photo-
visual magnitudes must also be close to the
International scale. The conclusion that
we now have a reliable photometric con-
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nection of the two hemispheres is hereby
greatly strengthened.

PHOTOELECTRIC PHOTOMETRY

The photoelectric measurements of 238
stars of different spectral types by Stebbins
and Whitford, mentioned in last year's
report, have since been published. About
40 additional stars of spectra G and K
have been measured to provide a better
determination of the effect of absolute
magnitude, which makes supergiants dis-
tinctly redder than ordinary giants. Of the
three characteristics, spectral type, absolute
magnitude, and color index, it is the
spectral type, because of the uncertainty
in the classification, that gives the most
difficulty in determining one of these
characteristics from the other two.

Six-color measurements of the Pole Star
have shown that the amplitude of variation
ranges from 0.17 mag. at 13530A to 0.04
mag. at A10300A, which happens to be
1/9 of the corresponding variation of 8
Cephei, the prototype of this class of varia-
ble star. Similar observations are being
continued of other variables such as vyj
Aquilae and RR Lyrae.

Among the new developments in photo-
cdls in recent years has been the RCA
1P21 multiplier tube, which promises con-
Siderable advance in the measurement of
faint objects. Stars and nebulae of the
fifteenth magnitude which were difficult
to measure with a Kunz potassium-hydride
cell on the 100-inch telescope should now
be easy with the new multiplier.

VISUAL MAGNITUDES OF DOUBLE STARS

The program for the visua measure-
ment of the magnitudes of double stars
with large magnitude differences has beca
continued by Pettit. Double images of the
artificid star formed by the photometer

have been eliminated by the use of a
pellicle 3 microns thick. The equipment
subjects the artificial star to the same scat-
tered light as the component of the double
which is measured. In previous measure-
ments the effect of scattered light has been
to make the faint component appear too
faint. This has led to errors in the cata
logue magnitudes. Thus, Aitken's P.G.C.
No. 15514 with separation i".08 records
magnitudes 94 and 134. The present
measurements give 979 and 12.15. No.
135%6 with separation 275 has catalogue
magnitudes 6.0 and 14.0, whereas three sats
of measurements with the new equipment
give 598 and 11.85. During the year, 148
sets of measurements of double stars, re-
ferred to Harvard Standard Regions, have
been obtained.

VISUAL MAGNITUDES OF NOVAE

Measurements of Nova Puppis (1942)
have been continued by Pcttit with the
revised wedge photometer attached to the
20-inch reflector. The star faded from 1047
mag. on October 18, 1945 to 1084 roag. on
March 8, 1946.

T Coronae Borcalis (Nova 1866) has
been measured on 62 nights since it was
found by Armin Dcutsch to have re
entered the nova state recently, its magni-
tude on February 9, 1946 being 3.2. The
interval between primary maximum and
the beginning of the rise to secondary
maximum was the same in 1946 as in 1866,
with a possible error of 2 or 3 days. Both
primary minimum and secondary maxi-
mum seem to be O.I or 0.2 mag. fainter in
1946 than in 1866, and the primary maxi-
mum was also probably fainter in 1946.
When corrected for the companion star of
magnitude 10.2, the light-curve shows that
the primary minimum was actually 1la
between May 8 and May 18, after which
the rise to secondary maximum began and



12

the star increased in light 31 mag., reach-
ing 80 on July 1. Pronounced secondary
maxima of long duration are characteristic
of sow novae. T Coronae Boredlis is the
only fast nova in which a pronounced
secondary maximum has been observed.
Some evidence of short-period fluctuations
in light was found, particularly between
May 30 and June 2, U.T., and on June
15 U.T.

DIAMETER OF A STAR FROM OCCULTA-
TION BY THE MoON

In continuation of his success in 1933,
Whitford has observed an occultation of
a star by the moon with a photoelectric
multiplier and cathode-ray oscilloscope
connected with the 100-inch telescope.
According to theory, a point source at the
moon's edge produces a diffraction pattern
which sweeps by an observer on the earth
in sdmething like one-fiftieth of a second.
A dstar of an appreciable angular diameter
gives deviations from the pattern of a
point source which can be recorded with
the equipment used. At its occultation on
June 6, the fourth-magnitude star v Vir-
ginis, of spectral type Mi, was observed
to have a diameter of 0/008, which, com-
bined with the spectroscopic parallax of
0'.'on, gives a rea diameter of about 3/4
astronomical unit, in good agreement with
the expected diameter of a star of this
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brightness and temperature. The method
is applicable to about a dozen other stars
of similar late spectral type when occulted
by the moon.

MOTIONS OF NEAR-BY STARS

Stromberg has made a study of the mo-
tions of al the stars within 20 parsecs of
the sun having known parallaxes, proper
motions, and radial velocities. The three
velocity components of 444 stars were com-
puted and analyzed. The veocity ellip-
soids showed a general increase in group
motion with the velocity dispersion, a con-
sequence of the now well established asym-
metry in stellar motions.

Attempts were made to establish corre-
lations between the masses of the stars and
their motions. The masses of the stars
were estimated from their bolometric mag-
nitudes. A dlight tendency toward equi-
partition of energy was found in the
velocity components perpendicular to the
gaactic plane. The motions in the galactic
plane showed correlations indicating that
the more massive a star is, the greater is
the chance that it moves in an exact circle
around the center of the galaxy. Thisrela-
tionship has been interpreted as due to the
effect of viscous forces acting when the
gtars in the galaxy were in the process of
formation.

STELLAR SPECTROSCOPY

TAURUS CLUSTER

The spectrographic survey covering all
the stars brighter than 105 visud magni-
tude which have been suggested as mem-
bers of the Taurus cluster has been com-
pleted by R. E. Wilson. Radia velocities
Of 1A stars have been determined. With
the earlier observations at Mount Wilson
and elsewhere, we now have radia veloci-

ties of 260 stars in this region which have
proper motions close in size and direction
to those of the brighter stars defining the
cluster. These studies indicate that 150
stars are cluster members, 13 are probable
members, 26 are possible but doubtful, and
the remainder are definitely not members.

The vertex of motion of the cluster,
derived from General Catalogue proper
motions of 77 of the stars, lies at A =
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9470; D= +776. The stream mation is
442 km/sec. The actual motion of the
cluster within the stellar system is toward
an apex a A = 962$;, D = +277:, with
a speed of 309 km/sec.

The mean distance of the cluster is 41.5
parsees. It is flattened toward the plane of
the Milky Way and elongated in this plane
aong a direction running through the
gaactic center. The absolute magnitudes
of the individual members were computed
from the observed proper motions. The
distribution of absolute magnitude with
spectral type agrees well with that of the
stars with the best-determined trigono-
metric parallaxes.

RADIAL VELOCITIES

An extensive program for observation of
radial velocities has been carried out by
R. E. Wilson with the one-prism spectro-
graph on the 60-inch telescope. About
1000 plates have been taken during the
past year. In addition to the Taurus clus-
ter, already mentioned, groups of objects
observed include stars with appreciable
proper motion, M-type stars, double stars,
and other specia objects.

The determination of the velocities and
spectral classfication of 180 dwarf stars
with proper motions greater than OV3 has
been completed by Joy, and the material is
being prepared for publication.

RADIAL VELOCITIES OF O CETI

A series of plates of O Ceti taken by
Merrill and Joy with the coudé spectro-
graph from October 1945 to February 1946
covered the increase in light from mini-
mum to maximum. Unfortunately, the
light-curve proved to be peculiar in some
respects and the maximum was fainter
than normal. The veocity-curve and
spectral changes dso showed peculiarities
which require further study. It is evident

that a certain cycles the behavior of the
star is quite abnormal.

LONG-PERIOI> VARIABLE STARS

During the past year extensive measure-
ments with a dispersion of 10 A/mm have
been made by Merrill in the spectra of Sx
long-period variable stars of class Me; U
Orionis, R Serpentis, R Aquilae, and R
Cassiopeiae were discussed briefly, R Hy-
drae and R Leonis in more detail.

Dar\ lines. The spectral region from
Hb toward the ultraviolet is especidly
favorable for the study of atomic lines
because it is rich in lines of many metas
and because the interference of molecular
bands is very dight. The spectrum of
R Leonis, a star near the lower end of the
temperature sequence, was photographed
into the ultraviolet as far as A3450.

The spectral lines of the metallic ee-
ments Kig to Nh8, inclusive, were studied
in considerable detail; other elements meas-
ured included Mg, Al, 5r, Y, and Zr. Be
cause of the low temperature, lines arising
from levels with excitation potentials less
than 05 volts are predominant. The dis-
placements of lines from the ground leve
are algebraically smaller by 3 or 4 km/sec
than are those of lines of excitation po-
tential 16 volts. The mean velocity de-
rived from the dark lines seems not to
exhibit characteristic variations with phase
like those in a spectroscopic binary or a
pulsating ster.

Bright lines. The behavior of emisson
lines of hydrogen and severa other ee
ments is of specia interest because the
presence of these lines in a low-tempera-
ture spectrum, although anomalous, has a
bearing on a general problem of consider-
able astrophysical importance, namely, the
widespread occurrence in astronomical
sources of emission lines requiring far
higher excitation than that corresponding
to thermal equilibrium.
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The relative intensities and the general
behavior of the bright lines of several
metals are not essy to understand. In one
instance in the iron spectrum, the depend-
ence on a particular energy level quite
supersedes the ordinary multiplet relations.
In severd stars, after maximum light, dif-
fuse emission lines appear on the short-
wave-length sides of the dark H and K
lines of ionized calcium, and as the cycle
advances become quite striking. They pre-
sent the anomaly that the line at H is
considerably more intense than that at K.

Velocity-curves of various groups of
lines show decided differences. The pat-
terns in o Ceti, R Hydrae, and R Leonis,
however, have much in common. The
complex spectroscopic behavior character-
istic of Me variablesis thus gradually being
determined in greater and greater detail.

Variables of class Se, Spectrograms and
measurements have been obtained for
comparable studies of R Andromedae and
X Cygni.

SPECTROGRAPHIC STUDIES OF
VARIABLE STARS

Observations of AE Aquarii to deter-
mine the period of the velocity changes
have been continued by Joy, but no light-
maxima have been seen.

Observations of RR Lyrae and RV Tauri
variables and the long-period variables In
globular clusters have been continued.
Additional spectrograms of the eclipsing
variables RW Tauri and S Cancri have
been obtained at minimum light.

Sanford has made extensive observations
with the coud6 spectrograph of Cephcid,
cluster-type, eclipsing, and red variables.

SPECTROSCOPIC STUDIES OF NOVAE

Sanford has made systematic observa
tions of the spectrum of Nova T Coronae
Borcalis since it reached its maximum,, in
February 1946. It has been posshle to

obtain spectra with the coudé spectrograph
of the 100-inch telescope even when the
nova was as faint as M, = 9.7; the dis
persion is 10 A/mm in the blue, and 20
A/mm in the red. A number of spectro-
grams extend to A3 in the ultraviolet,
and one spectrogram is well exposed over
the region AA5800-8700. These relatively
high-dispersion spectrograms of Nova T
CrB are especiadly valuable in resolving
close emission lines, in revealing details of
the changes in the absorption components
accompanying emission lines, and in deter-
mining relatively accurate radial velocities
from both emission and absorption lines.
The spectrum is aways complicated and
has undergone many radical changes since
the February maximum. The radial ve-
locity derived from the classM spectrum
increased steadily from about — 46 km/sec
in mid-March to —2 km/sec in mid-June.
Observations will be continued in order to
follow not only the emission-line changes,
but dso the radia-velocity variations for
the classM spectrum.

Studies of the spectra of Nova Puppis
1942 and Nova Aquilae 1945 were com-
pleted by Sanford during the year.

FAINT BLUE STARS

Spectroscopic observations of faint blue
stars of photographic magnitude 125 to
152 found by Zwicky with the Schmidt
telescope on Palomar have now been com-
pleted by Humason. Fourteen of these
stars are in the Hyades and have spectra
types ranging from Bo to B5. From their
proper motions and spectra, four are white
dwarfs; two others have spectra similar to
that of a white dwarf. Spectra of seven
of the remaining stars do not correspond
to that of normal B stars. The peculiarities
may be due to rotational widening or they
may be an indication that the stars are
subdwarfs.
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Thirty-one stars of spectral types Bo and
Ao were observed in the region of the
north galactic pole. Of these stars, 3 seem
to be white dwarfs, whereas the spectra of
the other 28 appear to be normal. If these
28 dars are high-luminosity blue stars,
their distances are exceedingly large; it is
assumed, therefore, that they belong to the
type of gelar population shown in the
Hertzsprung-Russell diagram for globular
clusters and designated as type Il by
Baade. Their absolute magnitudes are then
cdose to 0.0, and we should expect to find
them, like the globular clusters and cluster-
type variables, scattered thinly in all direc-
tions, forming an almost spherical system.

FAINT STARS WITH BRIGHT LINES IN THE
TAURUS CLOUDS

In a search for additional stars with T
Tauri characterigtics, three objective-prism
plates taken by Mr. W. C. Miller with the
10-inch refractor were examined by Joy.
A total of 40 stars with Ha in emission
was found, of which 29 were checked with
dit spectrograms. Their magnitudes, with
two exceptions, were between 115 and
145. Three showed spectra near Ao; 8
resembled the T Tauri stars with very
strong, bright H and Ca 11, together with
bright Fe1 (A4063 and A4132), Fe 11, He 1,
and [Sn]. The other spectra are dKoe-
dM4e with bright H and Call, and occa
sonally show weak Hex and Fen emis
sion. The relation of these stars to the
dMe stars having large proper motion and
low luminosity is not yet clear. Like the
T Tauri gtars, these new bright-line objects
have a tendency to congregate on the out-
skirts of areas of obscuration.

EARLY-TYPE STARS WITH EMISSION LINES

On the objective-prism photographs
taken by Mr. Miller, about 180 additional
bright-line stars have been discovered by

5

Merrill and Miss Burwell, and many others
are suspected. Forty of them have been
observed with a dit spectrograph.

Slit spectrograms of about 40 previously
catalogued Be stars have been obtained by
Merrill and Miller. Observations of severd
of the more interesting stars are being
extended over a term of years.

SPECTRA OF "SILICON" A STARS

Aller has analyzed the spectrograms of
14 "silicon" A stars characterized as "pe-
culiar." In the Aop stars, the 3933 Can
line shows a great range in intensity from
object to object; lines of other elements
show less spectacular variations. Although
the number of hydrogen atoms above the
level of the photosphere appears to be the
same as in the ordinary Ao-type sta, such
as Sirius or y Geminorum, the quantity
of the metals is greater by a factor of 10 or
more. For most of these stars the profiles
of the hydrogen lines are narrower than
in typical dwarfs, but broader than in
supergiants such as a Cygni. The possi-
bility that one may be dealing with shells,
as has been suggested by Weaver for cer-
tain A-type stars in clusters, must be ex-
amined. The profiles of the hydrogen
lines, however, give no clear evidence for
the existence of shells.

WOLF-RAYET STARS

The spectra of Wolf-Rayet stars are
being investigated in the infrared by Min-
kowski. The gpectra of WC stars are
somewhat richer in lines than those of the
WN stars. Both types show with good
intensity the He 11 lines corresponding to
the Pf und series of H with the lower level
n=>5 0. C. Wilson is making a survey
of all readily observable Wolf-Rayet stars
in order to obtain statistical data concern-
ing the percentage of binaries among them,
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SPECTRA OF INDIVIDUAL STARS

The 114-inch camera of the coudé spec-
trograph of the 100-inch telescope yields a
dispersion of 29 A/mm. This high disper-
sion makes possible detailed study of even
the more complex stellar spectra. Severa
such studies are nearing completion.

Adams and Merrill have cooperated with
Dr. Jse L. Greenstein, of the Yerkes
Observatory, in a detailed investigation of
the spectrum of u Sagittarii. A description
of the infrared part of the spectrum is
ready for publication. Adams has made
further measurements of supergiant M-
type stars, such as a Orionis, which show
shdl-like characteristics in their spectra.

Mrs. Locanthi is preparing a complete
table of the wave lengths, intensities, and
identifications of over 10000 lines in the
spectrum of (3 Pegasi in the region AA3400-
8600.

The characteristics of two typical classM
giant and dwarf stars are under investiga-
tion by Miss van Dijke. Differentia line
intensities for the giant and dwarf have
been determined visualy for approxi-
mately one thousand lines. Estimates of
absolute line intensities for the giant star
have been obtained from comparisons with
the gpectra of the sun and Arcturus. A"
study of the behavior of the various atoms
at different excitation potentials is under
way, and curves of growth for the two
dasssM stars are being constructed to de-
termine the relative abundances, tempera-
tures, and electron pressures.

STELLAR SPECTRA IN THE INFRARED

Exposures of a few bright stars have
been made by Sanford in the spectral
range beyond X10000. Setisfactory spectra
were obtained for a Orionis, a Scorpii, and
a Bobtis extending to the region just be-
yond Anooo, where the stellar spectra are
masked by atmospheric bands. Spectro-
grams of even the brightest available early-
type stars will require exposures that are
very long relative to the exposure time for
stars of late type.

GENERAL MAGNETIC FIELD OF
EARLY-TYPE STARS

The large rotational velocity attributed
to A-type stars, in comparison with that
of the sun, suggests the possibility that a
relatively large general magnetic field may
exigt in these objects. Stars of type A show-
ing sharp lines, and therefore probably
having an axis of rotation nearly parallel
to the line of sight to the earth, appear to
be the best objects for a test of this hy-
pothesis. With a right- and left-handed
analyzer on the coudé spectrograph, H. W.
Babcock has obtained a number of spectra
of objects of this type. Preliminary meas-
urements of the spectrum of 78 Virginis
suggest a value of 1600 gauss for the polar
field strength of this star, whereas check
runs on a K-type star show no measurable
field.

GALACTIC NEBULAE AND STAR CLOUDS

SURVEY OF PLANETARY NEBULAE

The search for planetary nebulae by
Minkowski is nearing completion, 75 hav-
ing been found prior to July 1, 1946. The
program consists In locating and classfy-
ing al objects which show Hi emission

with little or no continuous spectrum on
objective-prism plates. It is already evident
that the plemctaries are highly concentrated
toward the center of the galactic sy stern.
This distribution is significantly different
from that of the O- and B-type stars and
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of the Wolf-Rayet stars. Furthermore, the
distribution, together with the fact that a
planetary is known to exist in a globular
system (M15), seems to indicate that
planetary nebulae belong to Baade's star
population of type Il (typical of globular
clusters).

INFRARED SPECTRA OF PLANETARY NEBULAE

Together with L. Aller, Minkowski has
photographed the spectrum of a planetary
nebula, NGC 7027, in the infrared with
the aid of the greatly improved Eastman
IN emulsion. In the region above A6700,
the spectrograms show the continuous
spectrum of the nebula, in addition to
numerous emission lines. A spectrophoto-
metric investigation of the spectrum is
under way.

EXPANSION VELOCITIES OF PLANETARY
NEBULAE

-

A study of the velocities of expansion of
the brighter planetary nebulae is being
made by O. C. Wilson, using the coudé
spectrograph of the 100-inch telescope. In
nearly dl objects observed so far, the lines
have the characteristic shape to be expected
from an expanding shell. Interesting dif-
ferences in the velocity of expansion have
been noted between the lines of various
degrees of ionization and excitation. In
general, the lines of higher excitation have
apparently smaller velocities of expansion.

THE NUCLEAR REGION OF THE
GALACTIC SYSTEM

Knowledge of the nucleus of the galactic
system, including comparison with nuclei
of other stellar systems, is very desirable.
The galactic nuclear region is dimmed by
heavy general obscuration, and the nucleus
itsdf is hidden behind one of the dark
clouds which outline the star clouds" of

the Milky Way. For these reasons, the
identification of a part of the "nuclear
bulge" by Baade represents a significant
advance in the study of galactic structure.

The extremely high stellar densities pre-
viousy found on red exposures of the
Sagittarius star cloud suggested strongly
that this cloud is a part of the galactic
nucleus. In order to test this hypothesis,
the field around the globular cluster NGC
6522 (Gal. long. = 328°; gal. lat. = -49),
about 5° from the presumed position of
the nucleus, has been searched for variable
stars on plates taken with the 100-inch
telescope.

Although the search is still incomplete,
the results confirm the unusual character
of the star cloud. The number of variables
per square degree—more than 400—sur-
passes by a factor of at least 30 the num-
bers found in Milky Way fields previously
investigated. Even more significant is the
fact that the great majority of the variables
are of the cluster type, which normally
contributes only a negligible percentage of
the variables found in low-latitude fields.
Finally, these variables are al at approxi-
mately the same distance. Very few have
maxima as bright as the sixteenth magni-
tude; most of them appear between 165
and 180, after which they fade out rapidly.

A provisional determination of the ap-
parent distance modulus of the cloud leads
tom— M = 17.3. This value, when cor-
rected for absorption as indicated by the
color excess (E = +Q37 on Stebbins' ClI
system, for NGC 6522, which appears to
be a member of the cloud), leads to a true
modulus of m - M = 147, or a distance
of 9 kiloparsecs. The provisional data
make it highly probable that the bright
Sagittarius Cloud is a part of the nuclear
bulge of the galactic system, and that this
nucleus, like the central region of the
Andromeda nebula, is composed of stars
of type IL
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EXTRAGALACTIC NEBULAE

EMISSION NEBULOSITIES IN M31

The detailed study of the Andromeda
nebula (M31), as one of the most accessi-
ble of the neighboring spiras, has been
continued by Baade. As was mentioned in
last year's report, the spiral contains nu-
merous emission nebulosities which, al-
though weak in the photographic region
of the spectrum, are conspicuous on Ha
plates. In view of the importance of these
objects for the study of the rotation—and
hence the dynamics—of the spiral, a system-
atic survey has been initiated, using plate-
filter combinations covering the two neigh-
boring regions of the spectrum, AA6400-
6700 and AA6700-7300. The firs of these
contains Ha, but the second is free from
nebular emission. By "blinking" the pairs
of plates, emission patches are readily iden-
tified even when they appear semi-stellar.

The necessary exposures for the areas
preceding and following the nucleus of the
spiral were obtained during the past year.
On these plates, 150 emission patches have
been recognized, which, it is interesting to
note, are restricted to the spira arms.

DIAMETER OF M31 FROM THE
DISTRIBUTION OF STARS

Baade has dso redctcrmincd the diame-
ter of M 31 from the distribution of indi-
vidual stars, for comparison with the
discordant photometric estimates published
in recent years. An area along the south
preceding major axis, 81" wide, extending
from 45' to 17d from the nucleus, was
covered by one-hour exposures under good
conditions with the 100-inch telescope, a
number of ultraviolet exposures being in-
cluded to check the colors. The results
Indicate that, beyond the area covered by
the well known reproductions of Yerkes
and Lick photographs, three more spira

arms follow, each fainter and less populous
than the preceding one. The last of these
arms crosses the major axis about 116' from
the nucleus. Both scattered groups and
individual blue stars of the nineteenth and
twenty-first magnitudes can be followed
out to about 150' (a very blue, open cluster
at 151" offers a convenient limit marker).

These data indicate that the diameter, as
derived from B stars and open clusters, is
about 5° or in linear measure about 20
kiloparsecs. Since the diameter of the
galactic system, based on the same types of
objects, is about 24 kiloparsecs (distance of
sun from nucleus, 8 kpc; extension of the
system of open clusters from the sun in the
opposite direction, 4 kpc), it is evident that
M31 and the galactic system are closdy
comparable in size.

*RED SHIFTS AND SPECTRAL TYPES

During the year, Humason has obtained
about 70 small-scale (500 A/mm) spectro-
grams of extragalactic nebulae for red
shifts and spectral types. The number
of nebulae observed spectroscopicdly at
Mount Wilson is now 500, for 146 of
which the measures have been published.
It is proposed to publish the data for the
remaining 354 objects in the Immediate
future, together with a general discussion
of the entire collection.

The collection is now considered auffi-
cient for survey purposes, and further
studies will be concentrated on specia
problems* The list is thoroughly represen-
tative of the nebulae brighter than the
thirteenth magnitude, for which it covers
the entire range of the sequence of class-
fication. With diminishing brightness, the
earlier types tend to dominate the list be-
cause of easier observing conditions, until
among the faintest objects the E nebulae
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alone are represented. In brightness, the
list ranges from the Andromeda nebula to
nebulae at the limit of visibility with the
100-inch telescope.

The Virgo cluster is represented by 66
members; the Ursa Major group, by 36;
the Coma cluster, by 21; and severa of the
fainter clusters and smaller groups by 4 to
12 members each.

THE MOUNT WILSON COLLECTION OF
DIRECT PHOTOGRAPHS OF NEBULAE

Andysis of the Mount Wilson collec-
tion of direct photographs of extragalactic
nebulae has been resumed by Hubble, who
has improved the collection by retaking
poor plates. Special attention has been
given to the resolution of late-type nebulae,
to dwarf systems in near-by clusters and
groups, and to variable stars in the nearest
nebulae outside the local group. The major
problems are: (a) the detailed study of
the sequence of classification, including
the correlation between structure and con-
tents; (b) the fainter part of the luminosity
function of nebulae; (c) the luminosity

function of "brightest stars" in nebulae;
(d) the continued search for individual
stars of known luminosities, on which
must rest the fundamental calibration of
all criteria of extra-galactic distances.

Progress has been made on each of these
problems, although, in general, definitive
results must wait on the slow techniques
of precision photometry. The observing
programs have produced various by-prod-
ucts such as supernovae in NGC 3977 and
NGC 4632, normal novae in M81, varia-
bles in M 51 and M 101, and one variable
of especia interest in M33. This last
object, one of the rare blue supergiant
variables, has reached the brightest maxi-
mum attained by any of the four such
variables recorded in the spiral over a
period of 36 years. The star (5"0 south pre-
ceding the nucleus of M 33) has brightened
about 3 mag. over a period of years and is
now about magnitude 14.5, or of the order
of M = —8. It is now possible to study
the spectrum on an adequate scale instead
of on the very small scales used for two of
the variables investigated previously.

LABORATORY INVESTIGATIONS

Work has been resumed by R. B. King
on the measurement of relative / values of
Vi and Nil lines from electric-furnace
absorption spectra.

Additions have been made to the collec-
tion of band spectrograms of compounds
which, when reduced to the scale of stellar

MAINTENANCE, OPERATION,

During the war years most of the new
construction and even the repair work at
the Observatory had to be held in abeyance.
With the close of the war, however, it has
been possible to embark on an extensive
program of repair and modernization to

spectrograms, have been found to aid in
the identification of bands appearing in
spectra of the late-type stars.

An attempt is being made to measure
the relative transition probabilities of the
main band heads in the Swan system of
the carbon molecule C2.

AND NEW CONSTRUCTION

extend over a two-year period. It is hoped
that the completion of this program will
bring the physical plant of the Observatory
into first-class condition at the time when
joint operation with the Observatory on
Palomar Mountain is started.
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The program involves many minor re-
pairs and improvements and painting most
of the Observatory buildings. The follow-
ing maor improvements deserve special
mention:

1. Visitors gallery for the 100-inch tele-
scope. The completion of the paved road
to Mount Wilson, prior to the war, has
brought visitors to the Observatory in such
numbers that it is no longer feasble to
take them onto the floor of the dome of
the ioo-inch telescope. New arrangements
now nearing completion are such that
viditors can enter the dome by a separate
entrance and pass through a glassed-in
vidgtors® gallery. From the gallery they
have a close-up view of the telescope.

2. Modernization of cottages and Monas-
tery on Mount Wilson. Most of the living
guarters on the mountain were completed
early in the history of the Observatory
and many of their facilities have become
antiquated. Extensive improvements are
planned in the plumbing and other
features.

3. Photographic facilities on Mount Wil-
son. Refrigeration units are being placed
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in al darkrooms, and a cold-storage room
for plates is being installed.

4, Direct intensity microphotometer.
This is a microphotometer of a new type
that plots directly the intensity to which
the plate is exposed. This instrument,
which is being designed by H. W. Bab-
cock and Nichols, should greatly facilitate
intensity studies, which are becoming of
increasing importance in astronomical
investigations.

Most of the new equipment for the
Observatory is being designed by Edgar
C. Nichols. The instruments are being
constructed in the machine shop under
the direction of Albert Mcintire and in
the optical shop under the direction of
Don O. Hendrix. The repairs and new
construction on Mount Wilson are being
supervised by A. N. Beebe, with the assst-
ance of Kenneth de Huff, engineer.

By the end of the year the shops had
returned largely to Observatory work, but
for the year as a whole over one-haf of
the shop time was spent on war con-
struction.

THE LIBRARY

During the past year, 174 volumes have
been added to the library, making a total
of 15782 in the collection. Of the gifts,
a large proportion have come from Dr.
Haie's scientific library; 37 volumes have
been purchased, but only 62 volumes were
bound because of difficult conditions till
prevailing in the bindery. The number
of periodicals and publications of observa-
tories and learned societies received Is till
below normal, athough European publi-
cations are arriving again, and some of the

volumes of periodicals for the war years
have come to complete the files. In order
to provide a suitable place for the books
from Dr. Hale's scientific library, an office
adjoining the library has been added to
the library rooms.

Before general distribution of the Ob-
servatory publications was resumed after
the war, a questionnaire was sent in De-
cember 1945 to names on the old mailing
list. A gratifying number of responses has
been received.
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GEOPHYSICAL LABORATORY
Washington, District of Columbia
L. H. ADAMS, Director

After an interruption of more than five
years, the Geophysica Laboratory has be-
gun to turn its attention again to funda
mental science, which during the war was
laid asde completdy in favor of research
and development sponsored by the National
Defense Ressarch Commiittee. Although
the main government contract pertaining
to the long-range project was terminated
a the end of December last year, certain
responghilitiesto NDRC required the serv-
ices of many of the gaff members through

the early months of 1946, and it was not
until near the dose of the "report year,"
ending in June, that the daf members
were able to give proper attention to the
review of past work and the redefining of
aims, as specified by President Bush. Their
joint efforts have now made it possble to
formulate the desirable objectives of future
research at the Geophysica Laboratory;
and it seems appropriate at this time to
present an outline of the proposed pro-
gram.

FRAMEVWORK OF A PROPOSED PROGRAM FOR FUTURE RESEARCH

GENERAL PURPOSE OF THE GEOPHYSICAL
LABORATORY

The original grant that led to the estab-
lishment of the Geophysicd Laboratory
was labded for the "invegtigation of min-
eral fuson and solution under pressure.”
At an ealy date, the objective was some-
what broadened to cover other investiga
tions aimed a establishing the conditions
under which igneous rocks are formed in
the earth. By ingpection of the published
record, it may be seen that, as researches
branched out from one subject to others,
the Laboratory ultimately covered a wide
range of topics—doubtless too long and
varied a lig for effective treatment in one
department of the Ingtitution. What is
cdled for now is a fresh sart, a restate-
ment of objectives, and the outlining of a
compact program.

The fidd of interest of the Laboratory
can be broadly described as experimental
geology; and it is the practicaly unani-
mous feding of those who, in recent
months, have given thoughtful consdera-
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tion to the matter that the Laboratory
should continue in that general field. The
training and experience of its gaff mem-
bers, as well as its background, facilities,
and contacts, make it peculiarly well fitted
for further work in this subject, in which
much remains to be done. Furthermore,
in undertaking origindly to investigate
mineral fuson and solution in a compre-
hensive way, the Laboratory may farly be
considered to have assumed an obligation
to provide a quantitative bess for pe-
trology. But, athough it has provided
something in the way of a foundation on
which an understanding of igneous geology
can be built, the exigting inadequacy of
our knowledge concerning the behavior of
dlicates in the presencé of water and other
volatile components congtitutes an unful-
filled part of the early commitment.

In conformity with what has been agreed
upon in the discusson among daf
members, it is congdered that the general
purpose of the Geophysical Laboratory is
tolearnasmuch aspossibleconcerningthe
composition and nature of the earth as a
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whole and to understand the processes by
which, during geologic ages, it reached its
present state. A quaification that is meant
to be implied in this statement is that
primary attention should be given to the
lithosphere, although, to be sure, the hydro-
sphere and atmosphere involve problems
that touch upon the condition of the solid
earth. It will be understood that, as in the
past, the work of the Laboratory for the
future would be described, in broad terms,
as the application of physics, chemistry,
and mathematics to a variety of problems
involving (a) the genesis of igneous rocks,
(b) metamorphic processes, and (c) the
congtitution of the earth, including its
interior.

PRINCIPAL FIELDS OF INTEREST

For the purpose of translating the gen-
eral program of the Laboratory into a
series of experimental and theoretical pro-
cedures, and in order to permit the sdlec-
tion of the most important parts of the
subject for investigation, it will be useful
to divide the whole area into five major
fields of interest as follows: (i) fusion
relations; (2) thermal quantities; (3) vol-
ume changes; (4) other properties of
minerals and rocks; and (5) volcanological
and other field studies.

1. Sudies of fusion relations of minerals
and of related equilibria

Investigations on this general subject
form one of the fundamental bases for
interpretation of the problems of geology
and geophysics. For convenience, the in-
vestigations may be subdivided in accord-
ance with the geologic processes to which
they pertain. It will be understood that
the individual lines of investigation* con-
sisting mainly of studies of equilibrium
relations, cannot be dassfied strictly in
these categories.

Orthomagmatic processes. The term
orthomagmatic refers to processes that
take place within a crystallizing magma,
which may be treated as merely a complex
silicate solution containing the principal
rock-forming oxides. In addition to water
—and exclusive of titanium oxide, which is
not of primary significance in petrogenesis
—the oxides present to the extent of 1 per
cent or more in the earth's crust are eight
in number, viz., SC2 Al203, Fe20s, FeO,
Ca0, Na,O, MgO, and K20. It has been
found possible at the Geophysical Labora-
tory to acquire a considerable amount of
information on the effect of temperature
on the behavior of simple to moderately
complex anhydrous combinations of the
principal rock-forming oxides. It is essen-
tial to have additional data on "dry" silicate
mixtures in order to complete our informa-
tion on the composition of olivines, pyrox-
enes, and certain other minerals, and on the
mutual stability relations of al the simpler
rock-forming minerals. Further studies of
anhydrous silicates also are an essential
base from which to expand our knowledge
of the effects of pressure and of volatile
components. Experimentation that in the
past has dealt mainly with melting and
crystallization should, moreover, be ex-
tended to include the mutual stability rela
tions at temperatures below which liquid
is present.

Some results also have been obtained on
the effect of pressure on single mineral
substances and on a few mixtures;, but
most of this work has been carried out
only at room temperature, and should be
extended to elevated temperatures, if we
are to approach the conditions existing in
Nature.

Development of experimental techniques
for the study of phase relations in mineral
systems with water as a component has
been dow, but progress has been made
with a few substances at moderate temper-
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atures and pressures. Unless these investi-
gations can be extended to cover mixtures
of the principal rock-forming oxides with
water, we cannot hope to have a satisfying
explanation of the origin of a large part
of the igneous rocks. The amphiboles and
micas generaly contain water, and they are
important rock-forming minerals. There
is inadequate information on the composi-
tion ranges of these minerals, and little or
no information exists as to the conditions
of stability with respect to temperature and
pressure, and the exact relations of these
minerals to olivines, pyroxenes, mdlilites,
feldspars, and feldspathoids, and to the
liquids from which they crystalize.

Experimentation would consgt in the
determination of the effet of volatile com-
ponents (at first water and later other
volatiles), a a series of pressures, on the
melting and mutual stability relations of
slicate minerals and on a series of synthetic
melts consisting of few components and
having compositions varying from basic to
acidic rock types, that is, from those in
which slica and alumina predominate to
those high in iron oxide and magnesia
Measurements would aso be made of the
solubility of water a a series of pressures
in melted natural rocks of a wide range of
composition, and studies would be made
on crystalization in these hydrous melts.

Pneumatol yticprocesses. Mineralsformed
wholly or in part from gaseous compounds
or gaseous solutions derived from the
crystalizing magma are sad to be of
pneumatolytic origin. Knowledge of their
equilibrium relations and their reactions
with previousy formed minerals would
provide a much better understanding of
this complex group of phenomena that lie,
in time and temperature, between ortho-
magmatic processes and the hydrothcrmal
formation of veins and ore deposits.

The pertinent laboratory experimenta
tion would condgt initidly in the deter-

mination of the effect of temperature and
pressure on equilibria in gaseous mixtures
containing two or more of the following
gases. hydrogen, oxygen, sulfur, carbon
dioxide, chlorine, fluorine, hydrogen sul-
fide, and water vapor. Solubility measure-
ments of nonvolatile components of vein
minerals in highly compressed gases, espe-
cidly water and water-rich mixtures,
should be made; aso exploratory studies
of the effect of various gases singly and in
combination on natural and synthetic
minerals.

Hydrothermal processes: veins and ore
formation. Hydrothermal processes are
limited, by definition, to those involving
hot aqueous solutions (liquid, not gase-
ous). In nature, there is a continuous
gradation between pneumatolytic and hy-
drothermal processes; and the same grada-
tion will naturally be found in laboratory
studies. As a matter of fact, in a complete
study of a pertinent system, such as, for
example, a slicate-water one, al types of
phenomena, from those analogous to ortho-
magrnatic through those analogous to
hydrothermal, can be encountered.

So many veins and ore deposits are defi-
nitely of hydrothermal origin that it is
worth while to concentrate a certain
amount of attention on hydrothermal
phenomena as such. Experimental work
bearing on these problems would include
studies of conditions of formation and
determinations of stability ranges for sli-
cates and other vein minerals in agueous
solutions.

Metamorphic processes, A large propor-
tion of the rocks as we see them today
have been profoundly altered by heat and
by pressures, usualy in combination with
the effects of liquid or gaseous materials.
This important aspect of rock formation
could be approached by experiments such
as the determination of the mechanical and
chemical effects of high pressures on rocks
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and minerals, first without and then with
water present, over the probable tempera-
ture range obtaining in Nature during
rock deformation.

2. Measurement of thermal quantities

Existing information on specific heats,
latent heats of fusion, heats of solution,
and heats of reaction of rock-forming sub-
stances is wholly inadequate. Without
reliable thermal data, it is difficult to make
satisfactory progress toward the complete
interpretation of rock-forming processes.
Some of the important questions that have
been raised in this connection are: What
is the thermal mechanism of cooling and
crystallization in a differentiating magma?
Why do abrupt changes in the rate of cool-
ing occur ? What kinds of extraneous solid
rock can a magma assimilate, and under
what conditions? What thermal factors
are important in metamorphism? What
is the source of heat for igneous activity?
What part does radioactive heat play?

The program should include measure-
ments of specific heats and latent heats of
melting and of transformation for silicate
minerals; heats of solution and reaction of
mixtures of two or more rock-forming
oxides, and the measurement of specific
heats, especidly at very low temperatures®

* of silicate minerals and constituent oxides
S0 as to determine indirectly (by thermo-
dynamic principles) various equilibrium
relations® including the conditions of tem-
perature and pressure at which the min-
erals can exig as stable phases.

3. Determination of volume and polutne
changes

la order to take full advantage of some
useful thermodynamic principles, It is
necessary to have further determinations
of the densities of minerals and of the vol-
ume changes duriag melting and other
phase reactions, as functions of tempera-

ture and pressure, for the more important
minerals and their mixtures.

4. Investigation of other properties of
minerals and roc\s

Consideration would need to be given
from time to time to the measurement of
a variety of properties that are involved
in the formation and present condition of
the earth. Some of the experimental in-
vestigations that need ultimately to be
carried out are: further determination of
elastic constants of minerals and rocks,
especiadly at high temperatures and pres-
sures; a study of the effects of temperature,
pressure, and composition on the magnetic
properties of minerals and rocks; measure-
ment of the viscodties of liquid slicate
mixtures; and the determination of ionic
diffusion in minerals, and permeability of
rocks and minerals to gases at various
temperatures and pressures.

5. Volcanological and other field studies,
and related laboratory experimentation

Among the field studies to which atten-
tion could profitably be given are: an
exploration of subcrustal material by pro-
ducing an artificia "earthquake" on an
adequate scale, applying modern seismic
techniques to obtain precise time-distance
data and combining the derived veocity-
depth results with information obtained
from laboratory measurements on the
elastic properties of rocks, so as to obtain
a better knowledge of the constitution of
the earth in the important range of fifty
to one hundred miles below the surface;
volcanological studies, including chemical
Investigations and the application of seis
mic* magnetic, electrical, and gravimetric
methods to the study of the material under-
lying an active volcano; and the measure-
ment of thermal gradients in a deep bore
hole in an anctent crystalline complex. In
addition, it is important to determine the
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thermal conductivities and densities of the
various rock specimens obtained from such
a bore hole, and to make a similar study
in a bore hole situated in a recent vol-
canic area.

These and other investigations involving
fidd work, such as the collection of core
samples from the ocean bottom in the
deepest parts of the ocean, and gravimetric
surveys in select areas on land and sea, are
of vital concern to us in connection with
other parts of our program; but many of
the projects will require more facilities and
manpower than this Laboratory is able to
muster. As indicated below, some of the
projects should, therefore, be on a cooper-
ative basis, and for others we would act
merely in an advisory capacity.

PRIORITY OF SPECIFIC PROJECTS

In the general field of geophysics, the
possible kinds of researches are so numer-
ous that an organization of the size of the
Geophysical Laboratory can deal ade-
quately with only a relatively smiall part
of the whole area. A careful selection of
problems is therefore essential. For pur-
poses of orderly attention, it will be con-
venient to divide the enterprises of prin-
cipal concern to the Laboratory into three
main groups, as follows:

Group 1. Projects particularly suitable for
carrying out by the Geophysical La bo-
ratory at an early date—those-that most
nearly meet the criteria of being worth
while and of not being readily under-
taken elsewhere, and those that per-
haps may justify a claim of being proj-
ects that the Laboratory is uniquely
qualified to pursue.

It is hereby proposed that in this high-
priority group we place investigations of
two general kinds. The first may be de-
scribed as consisting in laboratory studies
bearing on magmatic processes. Some of

the fundamental problems in this field
have already been solved by the Labora-
tory, but others of great importance await
solution. A concerted effort by more than
one experimental approach should be
made to define the conditions of equilib-
rium between crystals and liquids in the
presence of volatile components, usually
under pressure, and at first with water
vapor and later with carbon dioxide and
other gases. These investigations need to
be carried on concurrently with the deter-
mination of solubility of water or water
vapor in a variety of silicate magmas, tem-
peratures being carried down to the point
where crystalline phases appear. The melts
should include those ranging in silica con-
tent from acidic to basic types. In addi-
tion, some further dry-melt studies should
be undertaken, partly to form a foundation
for the "wet" slicate determinations and
partly to throw light on some important
unanswered questions concerning mag-
matic processes, particularly those involv-
ing iron oxides. It will be especiadly impor-
tant to find better means of controlling the
state of oxidation of iron in mixtures con-
taining ferrous and ferric silicates.

A major objective of this class of studies
would be the elucidation of the conditions
under which hornblende and mica, as well
as other hydrous and anhydrous sub-
stances, separate from magmas. Investiga-
tions involving mineral formation from
relatively dilute aqueous solutions should
not be neglected. Although, for practical
purposes, the investigations on (a) solu-
bility of water in magmas, (b) crystal-
liquid equilibria, and (c) formation of
minerals from dilute solutions might be
somewhat independent, they should be
continually coordinated, because the hydro-
thermal solutions that deposit ore minerals
are the solutions that deposit also the asso-
ciated silicate and other gangue minerals.
Studies of hydrothcrmal solutions are a
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natural follow-up of studies of "wet" melts,
just as in Nature the hydrothermal solu-
tions come from "wet" magmas. Although
referred to as a follow-up, studies of hydro-
thermal solutions in autoclaves would not
need to await the results of studies of wet
melts in "pressure furnaces." Indeed, the
opposite might sometimes be true. That is,
it might be advantageous to approach the
study of the formation of hornblende and
biotite from wet melts through investiga-
tions of the formation of simpler amphi-
boles and micas in autoclaves.

As a necessary adjunct to this part of the
program, it is vitally important to measure
specific heats, latent heats, and volume
changes (including those produced by
pressure) in order properly to interpret
and utilize results of the measurements on
dlicates. Furthermore, past experience
shows that it is not possble to make satis-
factory progress in laboratory investiga
tions involving certain synthetic minerals
unless we have adequate means for the
identification of products too finely crystal-
line for microscopic determination, and for
this reason X-ray and eectron diffraction
techniques should be made available.

The second kind of investigation of
prime importance and worthy of early
implementation is the prospecting of the
interior of the earth by "seismic" meth-
ods, using aufficient explosve to obtain
clear records at the required distances.
This is a large project, and it appears that
it could be most effectivdly undertaken
jointly with the Department of Terrestrial
Magnetism and in cooperation with other
interested agencies. The firg objective
would be to determine with high precision
the wave velocities within the earth at
depths in the range between, say, thirty
and one hundred miles. Such measure-
ments, in conjunction with adequate deter-
minations of the eastic properties of typi-
ca rocks, would help to identify, in a

chosen locality, the materials below and
just above the major discontinuity that
marks the lower surface of what is com-
monly caled the earth's crust. The ex-
periment would need to be repeated in
other locdlities, including eventually the
ocean basins, and in volcanic regions the
work might well be coordinated with other
kinds of prospecting and with chemical
and other studies.

For the two classes of investigation that
should form the Laboratory's main pro-
gram, a theoretical treatment of certain
problems is desirable. Such transforma-
tions as melting or change of crystalline
form depend upon the forces between
atoms and molecules. It is quite likely that
rapid progress in our understanding of
both the conditions of mineral formation
and the state of the earth's interior would
be facilitated by successful theoretical
studies of intermolecular and interatomic
forces in sdected crystaline and liquid
materials.

Group Il. Other projects of great impor-
tance, some of which should probably
be ta\en up by the Laboratory when
the opportunity presents itself. In
some instances, these investigations
need further defining and delimita
tion, and in some instances they
naturally grow out of the projects pre-
ferred for earliest attention.

There are severa types of investigation
logically belonging in the main program
that should be high on a list of projects
arranged in order of importance, and that
are relegated to group Il only because of
the limitations imposed by the amount of
space and facilities readily available at a
laboratory of the size of the Geophysica
Laboratory.

One of the important fields for experi-
mentation is that of the production and
control of ultra-high pressures. Among
the possible applications of such techniques
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are some of great interest and value to
geophysics, such as determinations of vol-
umes of solids a pressures far beyond the
present experimental range, and the ob-
taining of further information on the effect
of pressure on magnetism. This kind of
research could profitably be undertaken
in cooperation with the Department of
Terrestrial Magnetism.

Studies on subjects such as the viscosities
of liquids and the rates of crystal growth
could aso profitably be made. The latter
might connect up with the determination
of the conditions for production of large
gynthetic crystals of quartz and other
minerals.

In this same category would be placed
the study of vein formation and a compre-
hengve investigation of equilibrium rela-
tions in sulfide solutions for the purpose of
obtaining basic information on solutions
involving water, hydrogen sulfide, sulfuric
acid, and metallic sulfides.

In the past, the Geophysica Laboratory
has made definite contributions to volcan-
ology, a branch of science that, in view of
the information on the earth's interior that
may be reveded by active volcanoes, de-
saves more attention than it has received
from those interested in geology and geo-
physics. It will be worth while to formu-
late spedific plans for further observations
of volcanoes and the determination of sub-
surface structure in volcanic aress.

Group I1l. Projects of real interest in geo-
physics, but less closely related to the
main project. Some of these might
eventudly be undertaken on a closed-
project basis;, but in general they
might well be promoted, or encour-
aged, at other institutions.

Among the types of investigation that,
athough they are of vita concern to us
because they help to attain the main objec-
tive, cannot (as it appears now) be under-
taken by us in the near future, without

diluting our efforts to an unprofitable ex-
tent, are; measurement of radium in rocks
for the purpose of determining the genera-
tion of heat in the crust and of making
further estimations of the age of the earth;
measurement of temperature gradients in
deep bore holes; measurement of thermal
conductivity of rocks; ocean-bottom sam-
pling, especidly in the deepest parts of the
ocean; studies on the plastic deformation
of .rocks with directed pressures superim-
posed on hydrostatic pressure; and various
kinds of measurement relating directly to
alteration and replacement.

For all these subjects, it would be advan-
tageous to find means, in one way or
another, to encourage universities, research
institutions, and other organizations to
carry out investigations related to the cen-
tral program, with such assistance by the
Geophysical Laboratory as the circum-
stances may justify. This is one phase of
the cooperation mentioned below.

In addition to the specific projects that
bear in an important way upon our central
problem, there are many others with which
it is not practical to concern ourselves at
this time, because the projects would over-
load our facilities for even indirect atten-
tion. If deemed to be of sufficient general
importance they will, sooner or later, be
taken up esewhere. It may be of interest
to note a few samples of suggestions re-
ceived from various sources and faling in
this category: use of scade models to study
intrusion,, extrusion, joints, faults, shearing,
flowage, doming, and other aspects of
tectonophysics; investigation of colloidal
phenomena pertaining to the formation in
sediments of minerals such as glauconite
and hematite; experiments bearing on the
stability of roofs in batholiths, on the cause
of shattering at batholithic contacts, and
on the validity of the stoping hypothesis;
experiments on what appears to be Na-
ture's mode of extending dike fissures; and
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investigations of the behavior of fine-
grained rock aggregates in contact with
various materials in the presence of water.

COOPERATIVE UNDERTAKINGS

It should be quite evident that the gen-
eral problem is one of formidable com-
plexity and that any existing group of in-
vestigators can be expected to cover prop-
erly no more than a small portion of the
field. The staff of the Geophysical Labora-
tory can make their best contribution by
pursuing actively a strictly limited number
of lines of investigation and by cooperat-
ing with other individuals and groups on
problems of mutual interest. As was stated
above, two subjects, namely the "seismic"
prospecting of the earth's interior and the
study of the properties of materials under
extreme pressure, seem especidly suitable
at this time for joint attention by the
Department of Terrestrial Magnetism and
the Geophysical Laboratory.

Other opportunities should be sought,
both within the Institution and without,
for the pooling of interests and efforts. It
may be found that there are facilities in
various academic and commercial organi-
zations that for a limited period could be
brought to bear on important projects in
the program of experimental petrology, to
the advantage of al concerned. The Insti-
tution, by its very nature, isin a peculiarly
favorable position to enlist the cooperation
of other agencies on a mutual-benefit basis.
Furthermore, it will often be practicable to
engage specialy qualified men on a fellow-
ship basis, and to have the benefit of their
sarvices and their points of view during
the tenure of their appointment, after
which in a new environment they may
spread such new ideas and implant such
specidized techniques as they may have
absorbed. In this way, our efforts can be
made Nwre effective in solving the prob-
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lems we attack, and the results of our in-
vestigations will perhaps have an earlier
and wider utilization. _
We therefore consider that, as an inte-
gra part of the proposed program for
research at the Geophysical Laboratory,
we should, in the future, take more ad-
vantage of all opportunities for close and
frequent contact with investigators having
interests similar to ours, and we should
more earnestly seek to augment the Labo-
ratory's own efforts by encouraging, sup-
porting, and working with chosen allies.

GENERAL PROBLEMS IN EARTH SCIENCES
THAT WILL BE ILLUMINATED BY THE
PROPOSED INVESTIGATIONS

It is reasonable to inquire as to what
would be the end result of the program as
broadly outlined here—what great or small
problems in geology and general geo-
physics it would illuminate. The first
answer that might be made would refer
back to the 1902 Report of the Institution's
Advisory Committee on Geophysics. That
report, which may be said to have led
eventually to the establishment by the In-
stitution of a department devoted to some
aspects of geophysics, and thus to have
constituted the first step in launching the
Geophysical Laboratory on a thirty-year
program of researches, enumerated a series
of problems of which some have been satis-
fyingly if not completely solved and some
have scarcdy been considered. As was
stated in Year Book No. 3, the originally
suggested program, involving a wide range
of subjects, was narrowed down and
focused on an investigation of melting
phenomena with emphasis 011 "the simul-
taneous application of pressure and tem-
perature to the rock-forming minerals in
the presence of water." This wasto be the
preferred line of attack on the great prob-
lems td which attention had been directed
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Therefore, we might answer the inquiry
by saying that the present purpose of the
Laboratory does not differ in essence from
what it was in the beginning; that our
intention is to complete, as far as may be
practicable, the task to which the Labora-
tory dedicated itsdlf in the early days of
its existence; and that the problems in
earth science on which the results will shed
light are to be found among those enumer-
ated by the Advisory Committee of 1902.

But it can be urged that after many
years of work in the field we should be
required to plan more specificaly than was
possible at the outset and that we should
be prepared to answer such questions as:
What form have the great unsolved prob-
lems of the earth's interior now taken?
What important gaps in the theory of the
evolution of igneous rocks remain? How
may the proposed experimental and theo-
retical investigation aid in the solution of
these problems, and to what extent?

Very briefly, it may be said that the pro-
posed investigations should help to solve
such biroad fundamental problems as the
source of deep-focus earthquakes, the na-
ture of the forces giving rise to mountain
building, the source of the earth’'s magnet-
ism, the reason for the existence of vol-
canic regions, the genetic relationships of
rocks, and the composition and physica
state of the earth's interior.

As for the application to the problems
dealing with the origin of rocks and to
other problems that are uppermost in the
minds of petrologists, the following are
some of the more important considerations.
The "wet" silicate program would tell us
the conditions under which hornblende
(amphiboles) and micas are formed. A
study of melts containing volatile com-
pounds is important also because in general
these compounds increase fluidity, lower
the temperature of crystallization, alter the
course of crystallization, and may even
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produce different minerals at various stages
in the crystallization sequence. There
exists little real evidence as to the original
water content of rock magmas. Data on
the amount of water that may be dissolved
by molten silicate mixtures at a range of
temperatures and pressures will apply to
a variety of important geologic problems.
Furthermore, a study of the role of water
in magmatic processes should throw light
on "granitization,” which some geologists
consider to be a major problem of igneous
and metamorphic geology. The study of
wet silicates would naturally grade into
studies of highly aqueous residues which
would bear on pegmatite and vein forma-
tion; and the latter would include much-
needed investigations on the formation of
sulfide minerals. Furthermore, |aboratory
studies on silicate and on sulfide mixtures,
with volatile components, would con-
tribute information useful in the interpre-
tation of volcanic phenomena. Finally, in
the opinion of one of the most eminent
American geologists, thermal measure-
ments, of the kinds described in preceding
sections, are of prime importance because
the amount, origin, and distribution of the
earth's internal heat control the ultimate
solution of all geologic problems.

INTEGRATION OF EFFORTS

It is essentia that the broad problems of
earth history be broken down into a series
of simpler problems, the solution of which
contributes to the solution of the major
problem. Unless the variables are isolated
one by one and their individual and col-
lective importance is evaluated by experi-
mentation, progress will inevitably be dow
and unsatisfactory. Furthermore, the in-
vestigations require the best efforts of
physicists, chemists, and geologists work-
ing in very close collaboration.

Physicists and chemists, as a rule, have
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little knowledge of geology, and although
the geologica members of the gaff would
in most cases need to have had good train-
ing in laboratory experimentation, it can-
not be expected that they would have a
cdose acquaintance with many fields of
physics and chemistry. On taking up a
new phase of the work, it will be profitable
for the investigator to keep in mind the
broad objective and at frequent intervals
to exchange ideas with his colleagues. Fre-
guent discussions and the ironing-out of
divergent points of view are particularly
important among those working on the
various parts of a program aimed at im-
proving our knowledge of the earth. It is
also important that such a program should
retain a certain amount of fluidity and that
it should be reviewed now and then for
the purpose of improving its unification by
abandoning unprofitable lines of attack and
devising suitable new ones.

In this connection, it may be worth
while to emphasize the desirability of en-
couraging saff members, including physi-
cists and chemists as well as petrologists,
to take part occasiondly in geologica field
expeditions. For the experimental petrolo-
gist, this is important because he needs to
renew his interest in field problems and
to have an opportunity for evaluating by
personal observations the applicability of
mechanisms suggested by laboratory ex-
perimentation. For the chemist and the
physiciss working on fundamental prob-
lems in experimental geology, field trips
under competent guidance arc of equal or
even greater importance. One cannot ex-
pect to inspire an investigator with an
interest in the ultimate goal, which is a
better understanding of the earth's chemi-
cad and physica state, unless the investi-
gator Is now and then brought close to the
earth by being given a firghand view of
slected features. Laboratory workers in
the field of earth hdenecs tend to become

dogmatic; but after a visit to Nature's
laboratory, they more readily appreciate
the redlities of geology, and because of a
better grasp of the problems and their
complexity can more effectively plan the
experiments.

It has been the practice at the Labora-
tory in the past to encourage daff mem-
bers to take part in suitable field trips or
expeditions when favorable opportunities
arose. These at times took the form of
joining in with geological parties engaged
in studies of certain areas, for the mutual
benefit that might accrue. To the extent
that suitable arrangements can be made,
this practice should be continued in the
future.

RESUME

Originally the Geophysical Laboratory
undertook to determine by quantitative
methods the conditions under which the
various igneous rocks could have been
formed and the possible interreactions of
such rocks under varying conditions of
temperature and pressure. During some-
what more than thirty years of activity in
this field, the Laboratory has produced a
variety of significant results on the melting
relations of rocks and conclusions as to
their origin. Furthermore, as may be seen
from an inspection of the more than one
thousand technical and scientific publica-
tions of the Laboratory, it gradually
branched out into a variety of problems
more or less directly related to the main
one. After a review of past work by the
gaff and a careful consideration of the
most suitable problems for the Laboratory
to attack in the future, and after seeking
advice from a number of leading geolo-
gists and geophysicists, it appears that the
Laboratory's domain should not be drasti-
cdly changed from what it has been in the
past, but that the program should be nar-
rowed down and refocuscd on a well oo*
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ordinated and relatively small group of
problems. Our field in the past may be
described as experimental geology, and in
all probability the Laboratory will make
its best contribution to science in the future
by remaining essentially in that same field
—at least in the sense that we agree to
consider geology a three-dimensional do-
main and not to confine our interests
merely to the surface layers of the earth.

It is therefore proposed, first, that the
general objective of the Geophysical Labo-
ratory be to investigate the composition
and nature of the earth as a whole, and, by
the application of physics, chemistry, and
mathematics to specific problems involv-
ing the genesis of igneous rocks, the
changes that take place in them, and the
congtitution of the earth, including its in-
terior, to obtain a better understanding of
the processes by which, during geologic
ages, it reached its present state.

Consistently with this general purpose,
we suggest a program the framework of
which consists of a few lines of attack on
the main objectives. If, from the long list
of specific problems in the large field, we
sect those that best meet the criteria of
having fundamental importance, of collec-
tively forming a compact and workable
program, and of being the type that can
most .effectively be carried out by, or in
some cases sponsored by, an organization
with the peculiar advantages of this Insti-
tution, we note that the selected specific
problems may advantageously be divided
into three groups as follows:

In the first group we place those projects
that should be taken up now by the Geo-
physical Laboratory. A major part of its
effort would be directed toward the in-
vestigation of the melting and solubility
relations of silicates, and later other com-
pounds, in the presence of water and other
volatile components under pressure. As an
integral part of this phase of the program,

measurements of thermal quantities and
volume changes would be carried out,
some pertinent theoretical studies would
be made, and necessary techniques for the
experimentation and for the identification
of products would be applied. Another
project for the near future would consist
in prospecting the interior of the earth
by seismic methods, presumably in co-
operation with the Department of Terres-
trial Magnetism.* Furthermore, sufficient
"slack" in the program would be alowed
for a limited number of exploratory in-
vestigations on especialy promising sub-
jects. It will be readily understood that
among the matters to which a high priority
must be attached are the preparation for
publication of the results of investigations
completed but not written up before the
war, and the "salvaging" of some other
previous efforts by completing certain proj-
ects regardless of their position in our
present list, if their intrinsic importance
justifies spending a limited amount of time
on them.

Next we have a group of projects, aso
of great importance, some of which should
probably be taken up by the Laboratory at
as early a date as it becomes practicable to
do so, consistently with available facilities,
daff, and the completion of other prob-
lems. In this group would be investigation
of the development of methods for obtain-
ing and using ultra-high pressures, investi-
gation of sulfide solutions in relation to
ore deposition, measurements on the vis-
cosities of liqutds, experimentation on the
growth of crystals, and field studies of
active volcanoes by the application of
chemical and physical methods.

In the third group we place problems
that, although of real interest in geo-
physics, are less closdly related to the main
project. Some of these might eventually
be taken up by the Laboratory on a short-
term basis, but most of them arc of such
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a nature that they could presumably be
carried out advantageously by other organ-
izations, with the Institution remaining in
close contact with the work. Examples of
this class are radioactivity of rocks, temper-
ature gradients in the earth, thermal con-
ductivity, ocean-bottom sampling, studies
on the deformation of rocks, and system-
aic determinations of crysta structure by
X-ray and electron diffraction methods.
It has been pointed out that the com-
plexity of the broad problem is such that
it will be particularly desrable to take
advantage of opportunities for cooperation
with other groups, both within and with-
out the Institution. Because the Labora-
tory's own work, as carried out in the past
and as proposed in the future, is a mixture
of chemistry, physics, and geology, it is

necessary for the gaff to consist of special-
ists in each of these fields and to arrange
for an effective integration of their efforts.

We believe that the family of preferred
investigations outlined in this report are
the ones best suited to the Geophysical
Laboratory; that, although difficult, they
can be carried out successfully; that the
solution of the specific problems will ad-
vance materially our knowledge of the
earth as a whole; and that the results of
such investigations, together with the con-
clusions to be drawn from them, might
well be aufficiently fundamental to influ-
ence the thinking of those who ponder the
mysteries of earth sciences.

During the year two articles were pre-
pared for publication.

SUMMARY OF PUBLISHED WORK

(1085) Temperature measurements at Parlcutin
Volcano. E. G. Zies. Trans. Amer. Geo-
phys. Union, vol. 27, pp. 178-180 (1946).

The temperature of the Aguan flow of
basdtic lava which issued during December
1944 from the volcano Parfcutin in Mexico
was estimated to be 1200° C and thus lies in
the same range as that of other basdtic lavas.
This vaue was obtained by means of an
adequately protected chromd-aume thermo-
couple connected to a portable potentiometer.
Evidence is presented which shows that the
gases emitted at this temperature did not burn
when they came into contact with air. This
indicates that if combustible gases are present
their percentage concentration must be small.
Measurements were dso made of the tem-
perature of the gases excaping from the
fumaroles located oa the older Zapichu flow;
a maximum of 640° C was recorded,

(1086) Phese rdations in the system sufu—
dlver and the trangtions in diver sulfide
F. C, KLraxk Trans. Amor. Geophys
Union, val. 27, pp. 364-374 (1946).

This paper presents the melting relations for

the entire system sulfur—silver, together with
a study of the transition behavior of slver
aulfide. Silver sulfide melts a 838 + 2° C
and undergoes two transitions in the solid
state, each of which occurs a variable tem-
peratures over a limited range of composition.
The mean temperatures for the lower transi-
tion (AgS Il = Ag,S Il) are 177.8° C in
sulfur-rich and 176.3° C in slver-rich prepa-
rations; for the upper transition (Ag.S Il =
AgS ) they are, respectively, 622° C and
586° C. A discusson of a possible mech-
anism for the incorporation of alimited excess
of sulfur or dlver into the lattice is given,
based on the semiconducting properties of the
substance and |attice disorder.

The mdts of slver aulfide form two liquid
layers in sulfur-rich melts at 740° C; and in
slver-rich melts at 906° C. The two liquid
layers a 740° C have the composition 0.035
and 64.0 atomic per cent Ag, and those a
N6° C, 689 and 94.2 atomic per cent Ag,
respectively. There are two cutectlcs in the
system: one, of slver sulfide and sulfur at
119.3° C, containing less than oxa atomic per
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cent Ag; the other, of slver sulfide and silver  aulfide has a very low solubility in molten
a 804° C, containing 680 atomic per cent sulfur at temperatures below 740° C.

Ag. As will be seen from these results, siver  (1087) Annua Report for 1945-1946.
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SUMMARY

The surrender of Germany in 1945 and
of Japan early in the report-year (July 1,
1945, to June 30, 1946) brought to an end
the long struggle since 19397 which has
diverted dmog al sdentific investigators
and organizations into paths bearing on
the grim business of war. This Depart-
ment's personned and program, as briefly
summarized below, have asssted our own
government by taking over the deveop-
ment of many problems whose solutions
have involved fidds of its research and
world-wide data it has acquired since 1904.
Happily most of our developments for de-
fense have involved the results not only of
old lines of approach to theoretica and
experimental studies, but dso of new lines
in our fields of research. Naturaly the
work required to complete contractud
commitments—some undertaken only a
few months before cessation of hodlilities—
with various war agencies, athough in
large measure done before June 30, 1946,
will make some demands on administra-
tive resources and scientific personnd  of
the Department for the remaining months
of the cdendar year 1946. It is do in-
evitable that more time will be needed for
full consideration and decision regarding
the reconversion from wartime to a normal
peacetime program of research; memo-
randa toward solution of this problem
have been under way snce November 1945
(see pp. 38-39). The long period of con-
siderable interruption in the Department's
normal program furnishes opportunity to
asess the dedrability of continuing or
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abandoning certain activities maintained
during the years before 1942 and of pursu-
ing new ohjectives suggested by an exami-
nation of the dtatus of science a the end
o the war.

All members of the scientific Saff were
requested, therefore, to prepare memo-
randa on background of investigations
completed or in progress, interrelations of
programs of our sections and of those of
other research organizations, and recom-
mendations for future studies, facilities,
and extent of personnel. Significant and
thoughtful congtructive and critical state-
ments on reorganization of activities and
related research were submitted in the
latter part of 15 and were thoroughly
discussed in severd daff-conferences. The
subjects so consdered were as follows:
(@) geomagnetism by Vegine, McNish,
Rooney, Forbush, Scott, Parkinson, and
Ledig; (b) geodectricity by Gish, Wait,
Torreson, Rooney, and Sherman; (c) iono-
sphere by Berkner, Wells, and Seaton;
(d) laboratory and nuclear physics by
Tuve, Hafstad, Roberts, Berkner, Abelson,
Cowie, and Heydenburg; (t) automatic
caculaion by machine in geophysica
analyses and reductions by McNish, Ves
tine, Forbush, aad Shapley. Brief extracts
only from each of these statements are in-
cluded under the appropriate items in the
review of the year's work below. The
many vauable suggedtions of these com-
plete and voluminous memoranda must be
caefully considered before decision as to
the extent to which, in the coming years,
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programs may be profitably pursued, tak-
ing account of available resources of per-
sonnel, equipment, and funds, and pos-
sibility of exchange of scholars and of co-
operation with other organizations active
in the various fields.

Professor Sydney Chapman (Queen's
College, Oxford), long expert counselor
and contributor in the Department's oper-
ations and a pre-eminent world authority
in geophysical research, who reviewed a
complete file of the memoranda, com-
ments as follows (January 1946):

| found the file extremdy interesting, full
of good idess and plans, and showing clesrly
what an able, aert, and wdl-assorted gt
DTM has gathered together. . . .

As regards nuclear and biophyscs and
DTM, the former is now "well dug in" and
has a highly successul record in the Depart-
ment. There is obvioudy a great fidd of
highly vauable work in front of this Section;
but there is a danger of this work gradually
ousting the geophysicd side. That, | think,
would be lamentable, because the nuclear and
biophysics is in no danger of neglect from
universities and their research ingtitutes, but
the geophysica side of DTM needs greater
resources and longer continuance of a stable
policy than most universities could or would
devote to such a subject; if CIW dlowed this
work to languish, a Stuation (as regards geo-
magnetic and associated research) that DTM
has largely rescued from cheos and neglect
would dump badly once more, whereas what
Is needed is a big new advance. The field of
work is one that demands a condderable
group of research teams led by men of firg-
class sientific and technical gifts, whose prob-
lems would fully dretch their powers. | like
the full-blooded defence of this fied in the
majority of the proposs—I think it thor-
oughly fudtified; in fact, the papers in many
of the proposds ssem to me to outline an
Inspiring program of technica studies so
closdly agreging, except in relative detall or
omisson here and there, with what 1 would
have proposed, that | fed it unnecessary to

add anything to it in such a general letter
asthis.

There is, however, one considerable pro-
posa in this field that |1 would like to make,
namely, that DTM should prepare a draft
plan (or perhaps more than one, as dterna
tives) of the organization that would be
needed to put the world magnetic survey
(mainly by air, and with its due complement
of magnetic observatories) on a reasonably
satisfactory and permanent footing. DTM s,
| think, the organization best fitted by its
own varied experience and knowledge to do
this, though other candidates for the job
might be the Coast and Geodetic Survey or
our British Meteorologica Office, whose com-
ments on a DTM plan should in any case be
veay hepful. It seems to me clear that the
world, for civil aviation and shipping, should
have this job of magnetic survey done prop-
erly and regularly, and probably some UN
organization (perhaps under UNESCO) is
the only means of ensuring that. To bring
the matter effectivdly before UN it is neces
sary to have a draft plan and tentative budget
such as | suggest DTM should prepare; but
| think DTM and CIW should not only
make the plan, but dso collect a committee
of men with those talents and experience—in
politics, government, and diplomacy—needed
to bring the plan dfectivdy before UN so
that the plan should be likely to be adopted
and put into execution. That would indeed
be a grand achievement, and should result in
a lightening of some of the burdens that
DTM has perforce undertaken in the past—
land and ocean magnetic surveys and ob-
sarvatory work—freeing energies for work in
other directions. Certainly such a UN organi-
zation if st up would not leave DTM free
from ajob; the continued existence of a "free"
research ingtitution dongside the international
organization with its fixed tasks would be of
great importance in providing independent
critical assessment of the organization's work,
and continual aid by the development of
improved methods and instruments. And in
any cae pure geomagnetic research (in its
broadest sense, as outlined in three of the
proposds above referred to) would remain
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the fidd mainly of DTM and individual
workers elsawhere, as now.

A summary of war activities during the
report-year is given later (see pp. 44-48) as
part of a general statement for the period
1940-1946.

REVIEW OF YEAR'S ACTIVITIES

Geomagnetic  investigations.  Isoporic
charts based on secular-change results at
about 2000 stations were completed for
epochs 1912.5,1922.5, 19325, and 19425 for
seven geomagnetic elements at ground
levdl and for three elements throughout
the atmosphere up to 5000 km. Included
aso were charts for the potential and
vertical gradients of secular change at
ground level.

Main-field isomagnetic world charts for
declination (P), horizontal intensity (H),
and vertical intensity (Z) based on results
at about 10,000 stations since 1905, in 17
sections each, were completed for epoch
1945.0. Corresponding charts for the north-
ward (X), eastward (Y), and total (F)
components of intensity and for inclina-
tion (7) are roughed out preparatory to
final inking.

Spherical harmonic analyses of the
secular-change charts at four epochs were
completed. It is inferred that secular
change is likely to originate mainly in the
mantle of the Earth in the presence of a
region of extremely high electric conduc-
tivity. Spherical harmonic analyses of the
main-field charts and of various geomag-
netic variations are under way.

Attention has been given to the problem
of magnetic surveys by air, in which it is
expected that sufficient accuracy may be
attained to make the data important for
sientific investigation of such problems in
geomagnetism as the separation of the
internal and external fields of the Earth
and the determination of the existence or

nonexistence of the so-caled nonpotential
portion of the field. Though it cannot be
expected that aerial observations will be as
precise as ground observations, the superior
coverage obtained from the air will make
data so obtained more significant for ana-
lytical purposes than the present ground
observations. Observing at isolated points
on the Earth's surface, one is continually
confronted with the "sampling problem,"
that is, whether or not the data obtained
from a given region adequately represent
the magnetic field over that region; aso
the ground observer is often unable to con-
duct observations in certain places. These
conditions are present particularly over
oceanic and polar regions.

Investigations have been conducted to
improve the reliability of prediction of
magnetic storms on the basis of their re-
currence-tendencies, employing the prin-
ciple of multiple correlation, a method
which has recently been generalized by
the work of Wiener. Sufficient improve-
ment in results is obtained to make the
method worth while.

Methods for analyzing measurements of
total intensity obtained with airborne
magnetometers in which the field of
anomalies being measured is resolved into
a vector-field by the total intensity of the
undisturbed field have been developed and
experimentally applied.

The third biennial award of the Charles
Chree Medal and Prize of the Physical
Society of London, "awarded for distin-
guished research in Terrestrial Magnetism,
Atmospheric Electricity, and related sub-
jects, branches of knowledge in which
Charles Chree, ScD., F.R.S., Past Presi-
dent of the Society, was especialy inter-
ested,” was made by the Society's Council
on March 16, 1945, to the Director "in
recognition of his work in Geophysics."
The medal and prize with certificate dated
November 16, 1945 were presented in
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person at the Society's meeting in London
on December 6, 1945. In acknowledging
this recognition of the vaue of investiga-
tions which he and his colleagues at the
Department of Terrestrial Magnetism had
found it possible to make during a period
of more than four decades with the sup-
port of the Carnegie Institution of Wash-
ington, on behalf of himsalf and colleagues
the Director presented an address entitled
"Geomagnetic secular variations and sur-
veys." The abstract of the address sum-
marizes in more general terms the past
and recent work above noted, as follows:

The secular variations of the Earth's fidd
cdl for frequent determinations of the geo-
magnetic dements & many Sdected sations
on land and & sea So far, generad world
magnetic surveys have of necessity been re-
dricted to the surface of the Earth. Previous
surveys, including those of the Department of
Terrestriadl Magnetism of the Carnegie Insti-
tution of Washington, have led to great im-
provement in our knowledge of the distribu-
tion of the fidd, egecidly during the past
few decades. During the war, much attention
has been devoted to the study and anaysis of
data wel distributed over the Earth's entire
urface a more than 10000 dations. These
have resulted, for the first time, in the prepa
ration of accurate isoporic charts, that is, charts
of equa annual rate of change for magnetic
declination, inclination, and the horizontd,
vertica, eastward, northward, and total com-
ponents of the fidd for the four epochs a
intervals of ten years from 19125. The mo-
tions of the maximum and minimum isoporic
fod during these four epochs indicate the
complexity of the secular changes and in-
terpretations.

Isomagnetic charts basad upon surface ob-
servetions must dways be limited, so far as
faithful depiction of the fidd is concerned,
because of the impracticability of obtaining
observations a an infinite number of dations
and of deductions for both the regular and
Irregular changes in the fidd. Progress in
instrumentation during the war on the appli-

caions of the geomagnetic field of the Eartl
have produced improvements which mek<
feasble the early redization of magnetic sur
veys by arplanes a severa different level
proposed by Professor Sydney Chapman ir
the first Charles Chree Medd Address. Some
of the potentidities, possibilities, and nesd?
for intense national and international coordi-
nation in magnetic surveys by plane ae
reviewed.

Among the suggestions for geomagnet-
ism may be noted the following: "Geo-
magnetic researches, including associated
researches in cosmic rays and earth-cur-
rents, conform to the indicated purpose of
the Department.” The main problems of
geomagnetism "are as follows: (1) main
field—(a) cause, origin, and maintenance,
(b) properties of magnetic field of large
bodies, (c) effect of main field on iono-
sphere; (2) secular variation—{a) cause,
origin, and maintenance, (b) secular varia-
tion in past history of Earth, (c) relation to
main field; (3) magnetic storms—(a)
mechanism of magnetic storms, (b) elec-
tric current-systems responsible, (c) solar
causes of magnetic storms, (d) prediction
of magnetic storms, (<7 relations to aurora,
cosmic rays, and ionosphere; (4) solar and

lunar daily variations—(a) relation to
ultraviolet radiation of Sun, (b) electric
conductivity of atmospheric region in

which dectric currents responsible flow,
(c) relation to ionospheric phenomeng;
(5) short-period geomagnetic fluctuations
—(@) mechanism responsible, (£) relation
to solar and allied phenomena; (6) cur-
rents induced in Earth by geomagnetic
variations—(a) morphology of earth-cur-
rents, (b) inferences respecting Earth's in-
terior, () relation to magnetic variations.
The previous policy of emphasis upon
observational and descriptive aspects of
geomagnetism should now be reorientated
toward greatly increased emphasis upon
interpretations of material on hand. In
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these researches it is now possible to make
use of automatic machines such as those of
the International Business Machines Cor-
poration for simple processes, and the more
erudite devices for more difficult analytical
problems are highly recommended to ex-
pedite all Department work of this type."

Cosmic relations. Provision for the
maintenance and operation of cosmic-ray
meters at five widely distributed locations,
as noted in last year's report (Year Book
No. 44, p. 22), was continued. Delay in
reconversion to a peacetime program pre-
vented any dtatistical investigations of
avallable cosmic-ray data. The Institu-
tion's Committee on Coordination of
Cosmic-Ray Investigations was disbanded
June 30,1946, and its work was transferred
to the Department (see pp. 91 ff.).

The Department continued to act until
June 30, 1946, as a clearing house for sun-
spot-data obtained by many observers of
the American Association of Variable Star
Observers and to receive and compile in-
dices of geomagnetic activity from mag-
netic observatories. It is hoped that these
responsibilities may once more be assumed
by the International Unions of Astronomy
and of Geodesy and Geophysics.

Terrestrial electricity. A reconnaissance
study was made of lightning and associated
electric phenomena at the Paricutin Vol-
cano in Mexico to determine whether elec-
trical studies under the unique conditions
there would advance understanding of
generation of electricity in thunderstorms.
It was found that changes in the electric
field associated with the volcano-cloud
were much smaller than those in thunder-
storms.

Continuing tests and discussion on data
regarding pollution of the Earth's lower
atmosphere demonstrated that pollution is
gradually accumulating over the ocean
near industrial land areas, near principal
ocean trade-routes, and also over the more

isolated regions of the ocean; this accumu-
lation has increased pollution 100 per cent
or more in 15 years and raises a question
as to increase in the amount of foreign
gases in the air.

Study on the rate of atmospheric ioniza-
tion reveded (&) diminution when the
soil is wet as compared with that when soil
isdry, and (b) definite annual and diurnal
variations.

"In the future investigations of atmos-
pheric electricity at the Department it is
recommended that attention be given
chiefly to problems which involve much
less in the way of amassing data and bur-
densome statistical analyses than has been
the case in the past.

"Investigations of this character which
are deemed most appropriate and impor-
tant fall in the three following categories:
(a) electrical phenomena and properties of
the higher troposphere and of the strato-
sphere; (b) testing specific hypotheses re-
garding the maintenance of the Earth's
negative charge; (c) testing specific hy-
potheses regarding the generation of the
electricity in storms.”

lonosphere. By means of a new tech-
nique for recording phenomena in the
upper layers of the Earth's atmosphere
(the ionosphere), it was found, for the
first time, that during magnetic storms—
intervals when the ionosphere undergoes
marked fluctuations which result in the
fading or even the disappearance of radio
signals—rapidly moving clouds of charged,
or ionized, matter rush to the ionosphere,
moving in from long to short range and
out again at intervals of a few minutes.
The clouds are of fundamental significance
in their influence on radio transmission,
and travel at a speed of about a mile per
second. The new photographic panoramic
ionospheric recorders developed at the
Kensington lonospheric Laboratory permit
obtaining individual photographs of iono-
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spheric activity at short intervals of 5 to
30 seconds; thus it is now possible by pro-
jection of the film-records as a motion
picture to have visua presentation of the
results, making for easier interpretation
and study and broad applications in re-
search and education.

A review of the relation of ionospheric
research to the purpose of the Department,
of the results already accomplished, and of
the present status of the theoretical and
experimental developments readily reveals
many problems remaining to be solved
with particular reference to fundamental
progress within the scope of the Depart-
ment's facilities. These problems may be
listed in four general categories, namely,
(1) continuous recording and observation,
(2) fundamental analyses, (3) basic experi-
ments, (4) specific engineering and pre-
diction services. Programs of particular
interest to the Department in future lie
particularly in (2) and (3), and are sug-
gested "with the following criteria in view:
(8) They must be of fundamental impor-
tance to the science as a whole; (b) they
should endeavor to avoid duplication of
the work of others; (c) they should sup-
plement the work of others in the Depart-
ment; (d) they must be within the limit
of material resources which can reasonably
be made available; (e) they should fit
other geophysical programs of the Depart-
ment to permit the maximum of organized
research on geophysical problems of gen-
eral interest without completely subordi-
nating the importance of individual re-
searches; (/) they should visualize definite
answers within reasonable time-limits, with
at least a sprinkling of experiments which
lead to a definite conclusion in not more
than a few months; (g) they should be
auffidently flexible to provide facilities to
follow through quickly on a new or spec-
tacular discovery.””

The suggested objectives arc "funda-
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mental, experimental, analytical, and theo-
retical investigations of: (a) the ionized
regions of the upper atmosphere and of
the space beyond; (b) the sources of this
ionization; (c) the effects of this ioniza-
tion; (d) related geophysical or extrater-
restrial processes whose investigation is
made possible by the presence of these
ionized regions, or by the methods and
techniques developed for their investiga-
tion; (e) the related morphology of the
atmosphere.”

Nuclear physics. The 1,000,000-volt elec-
trostatic generator was reconditioned. Pre-
liminary investigations were made on the
angular distribution of the protons from
the reaction O*(d,p). Progress is being
made on revision of the electrostatic pres-
sure-generator and tube to improve per-
formance and reliability.

The 60-inch cyclotron was operated satis-
factorily throughout the year, especialy for
bombardments for application to biophysi-
cal research. There was aso produced one
large sample of beryllium as a by-product
providing a source of Be™, the radioactivity
of which presents problems as to the theory
of the structure of light nuclei and that of
beta decay.

The outstanding comment in the memo-
randum on the laboratory program is
recognition of the scientific importance of
past and current laboratory progress in
nuclear physics and biophysics with the
reservation that a more general program
in laboratory physics is a vital part of any
over-al program. The relations of such a
program to the highly developed specia
interests "may roughly be classified as (a)
systematics and relations of terrestrial mag-
netism and dectricity™ (Jb) experimental
geophysics (including ionosphere), (c)
laboratory physics. . . . The most out-
standing and immediate need is for a
Section on Theoretical Physics™

Observatory- and field-wor\. The com-
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plete geomagnetic, atmospheric-electric,
ionospheric, seismic, and meteorological
programs were maintained at the Wath-
eroo, Huancayo, and College magnetic
observatories. Speciad studies relating to
geomagnetic, atmospheric-electric, and
ionospheric problems were made by the
ddfs a each observatory. The atmos
pheric-dlectric  program in cooperation
with the United States Coast and Geo-
detic Survey at its Tucson Magnetic Ob-
sarvatory was continued. We cooperated,
through loan of instruments and other-
wise, with eight observatories abroad.

Maintenance of International Magnetic
Standards at the Cheltenham Magnetic
Obsarvatory of the United States Coast
and Geodetic Survey was effected through
the Division of Geomagnetism and Seis
mology of the Survey.

Though no field-work other than that
at the observatories could be undertaken,
it was posshle to assst various govern-
ments, through loans of magnetic instru-
ments, in undertaking new magnetic sur-
veys and obtaining repeat-observations at
established stations.

In view of the desideratum that the
Department concentrate increasingly on
theoretical matters and discussions of its
accumulated geophysical data, considerable
progress was made toward the transfer of
the Watheroo and Huancayo magnetic
observatories to agencies capable of main-
taining the programs at the high standards
set since they were established in 1919 and
1922. To this end preliminary arrange-
ments have aready been effected as re-
gards the transfer of dte, buildings, and
equipment at Watheroo to the technical
and administrative control and operation
of the Australian Bureau of Mineral Re-
sources, Geology, and Geophysics. That
Bureau has now been established on a
permanent basis by the Australian govern-
ment and has been charged with the re-
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sponsihility for the magnetic survey of
Australia. The Bureau has aready taken
over the Toolangi Observatory, near Mel-
bourne. It will be recaled that we have
cooperated for many years with the Aerial,
Geological, and Geophysical Survey, now
absorbed in the Bureau, in magnetic obser-
vations in Australia. It is contemplated
that the transfer will be concluded on
July 1, 1947.

Miscellaneous. One suggestion, many
times emphasized in the memoranda sub-
mitted on organization of our activities,
relates to arrangements for exchange of
scholars and graduate students qualified in
geophysics. This has been carried on for
many years by extending the privilege to
such men of being guest-investigators, fel-
lows, and research associates of the Depart-
ment at Washington. During the report-
year arrangements were concluded with
the Institut de Physique du Globe of
France, the University College of Dublin,
Ireland, the Academia Sinica of China, and
the Research Council of India for their
representation by graduate students who
will pursue geophysical research and train-
ing at the Department during the coming
report-year. The Department, through its
aready established widespread connections
and prestige in foreign lands resulting
from its geophysical activities, iswell suited
for such international cooperation.

In 1946 the Journal of Terrestrial Mag-
netism and Atmospheric Electricity began
its fifty-first annual volume. Many of the
original papers of members of the dg&ff
were published, as heretofore, in that jour-
nal, which continued to be effective in the
world-wide promotion and diffusion of
geomagnetic and geoelectric knowledge
and progress.

The continued sarvices of two retired
members of the daff, J. W. Green and
W. F. Wallis, have been most useful in the
emergency.
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Henry Freeborn Johnston was retired
June 30, 1946, because of ill health. He
was active in the Department for over
thirty years and took part in practically
every branch of our program including the
survey on land and sea and the work at
observatories and at Washington. He did
arduous field-work in South America and
Africa and was for nearly dx years Ob-
server-in-Charge of the Watheroo Mag-
netic Observatory. From 1931 to 1946 he
was Chief of the Section of Observatory-
Work. His record is one of devotion and
efficiency during his many years of scien-
tific activity in the Department.

Fleming, who joined the d&f as Chief
Magnetician on May 1, 1904, was retired
as Director on June 30, 1946. Tuve, a
member of the daff snce 1925, was ap-
pointed Director effective from July 1,
1996—a most suitable recognition of his
proved outstanding ability as a scholarly
investigator and of his splendid record in
national-defense problems.

The appended bibliography lists papers
published and specia volumes on investi-
gational results which have appeared dur-
ing the report-year.

REVIEW OF WAR APPLICATIONS, 1940-1946

It was possble to complete by or before
June 30, 1946, all but three of the contracts
undertaken by the Ingtitution at the De-
partment. These were (1) with the Signal
Corps of the Army for establishing and
operating lonospheric stations and develop-
ing apparatus, (2) with the Bureau of
Ships of the Navy for compass improve-
ments, aod (3) with the United States
Maritime Commission for work on com-
passes; dl these will terminate within two
to sx months, and much of the time after
June 30, 1946, Is required for preparation
of fina reports, accounts, and inventories
and disposal of property.

CARNEGIE INSTITUTION OF WASHINGTON

During the report-year the total number
of progress-reports and final statements on
results obtained under nonprofit cost con-
tracts since 1940 was nearly 150. The con-
tractual obligations, though not so heavy
as in the preceding year, gill took at least
80 per cent of the services of the available
full-time and part-time regular geff of 64
in Washington and at the observatories.
One hundred and sixty-four temporary
employees (including physicists, engineers,
mathematicians, computers, tabulating-
machine operators, machinists, clerks, and
guards) were necessary, and the total
peak number of all persons engaged at the
Department during the year was thus 228.
Besides these, eleven of our regular and
two of our temporary personnel continued
on leave of absence either in the armed
sarvices or in governmental war agencies
for part or al of the report-year; of these,
four returned to duty at the Department
in January, two in February, and two in
May. In spite of the unrest of temporary
personnel, hired for work on commitments
to various war agencies, and their desire to
secure permanent employment as soon as
possible, these obligations have been essen-
tially completed during the report-year.
Many of the temporary personnel were
again made available by various universi-
ties and individual organizations through
generous granting of leaves of absence.

In view of the declassification of the de-
velopments at the Department on military
problems, largely concerned with applica-
tions of geophysics, it is how appropriate
to give a brief summary of operations for
the years 1940 to 1946.

Most of the work at the Department
was done under nonprofit, nonoverhead,
cost contracts of the Institution with the
Office of Scientific Research and Develop*
ment and its National Defense Research
Committee, various bureaus and labora-
tories of the departments of War, Navy,
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Interior, and Agriculture, the Maritime
Commission, the National Institute of
Health, and, more recently, the Office of
Research and Invention of the Navy De-
partment. Through June 30, 1946 (at
which time all contracts except three had
been completed), the total of costs was
$2,359,89545. In addition, the Institution
made available at the Department during
1940 to 1946, and without charge, all serv-
ices of the regular scientific and adminis-
trative saff and use of al buildings and
equipment there; a very conservative esti-
mate of these contributions is well over
$500,000. Besides these, again at its own
expense, the Institution built an addition to
the instrument-shop of its main laboratory
and made many structural changes in
its severd buildings at the Department—
al necessary because of contractual re-
sponsibilities.

The outstanding accomplishments are:

Navy Bureau of Ordnance. Compilation
and preparation of world isomagnetic
charts of seven components of the Earth's
magnetic field (Vestine); establishment of
the Kensington Magnetic Laboratory and
experimental studies and tests (Ramsay,
of the temporary staff) of magnetic mines
and torpedoes (see p. 50); experimental
magnetic and radio field-research (Seaton)
at the College Observatory, Alaska; vari-
ous magnetic investigations at Washington
and in the field (McNish, Forbush, and
E. A. Johnson). The earliest of these con-
tracts, some of which were continuations
of earlier contracts with the National
Defense Research Committee, began in
August 1940.

Navy Bureau of Ships. Work on im-
provement of ship's compasses (McNish)
from April 1945 was largely completed*
but the contract does not terminate until
September 1946.

Navy Bureau of Supplies and Accounts.
One contract caled for investigations
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(Wells, Seaton, Fleming) of the iono-
sphere, wave-propagation, geophysics, and
solar and cosmic relations at Washington,
at College, and at many cooperating astro-
nomical observatories, and was effective
from July 1942 to June 1946; another
concerned detection appliances by means
of marine and land electric currents
(Rooney), and was completed during
March 1942 to December 1943;  third con-
tract concerned isomagnetic charts (Ves-
tine) during February to June 1942, and
was superseded by a contract with the
Bureau of Ordnance (see above).

Navy Bureau of Aeronautics. A contract
concerning methods of aircraft navigation
(McNish) was completed during the year
ending in June 1946.

Navy Medical Center. Specia radio-
active isotopes by cyclotron bombardments,
for biophysical investigations (Cowie),
were supplied from June 1944 to June 1946
(for details of experimental work with
these see previous annual reports of the
Department and pp. 63-66).

Naval Research Laboratory. An espe-
cidly valuable research on separation of
uranium isotopes (Abelson) was com-
pleted during October 1940 to June 1941,
in anticipation of the atomic-bomb devel-
opment. During October 1944 to June
1945, special  studies, design* and con-
struction of atmospheric-electric recording
equipment for use on airplanes and dirigi-
bles were carried out (Rooney, Sherman).

Army Air Forces. Research and tests on
applied methods of magnetic navigation
for aircraft (McNish) were completed
during the year ended May 1946.

Army Engineer Board. The successful
design and construction of severa mag-
netic devices for detecting surface and
marine mines (McNish) was accomplished
during November 1944 to July 1946, in
continuation of a contract with the Office
of Scientific Research and Development
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beginning in August 1941. Altigraphs
were designed, constructed, and tested
(McNish) under a second contract during
July 1945 to May 1946.

Army Sgnal Corps. The establishment
and operation of widely scattered stations
in the Atlantic and Pecific areas and de-
velopment, construction, and tests of spe-
cia recording and manual eguipment for
observations and discussions of ionospheric
phenomena and their effects on radio-wave
propagation (Wells, Fleming, Berkner,
Seaton, and asociaes) have congtituted a
major war activity. This work was set up
originaly under a contract with the Office
of Scientific Research and Development in
July 1942, and wes transferred to the Signal
Corps auspices from February 1943; the
present contract will terminate in De-
cember 1946, by which time authorized
transfer of the ionospheric stations to the
new Central Radio Propagation Labora-
tory will have been completed.

The lonospheric Section, in the Allied
program for improved knowledge of radio-
wave-propagation  conditions, installed,
operated, and/or equipped fifteen iono-
spheric stations. These included: (a) an
expanded schedule at the CIW Huancayo,
Watheroo, and College magnetic observa-
tories, (£) new stations with civilian per-
sonnel at Clyde (Bdfin Island), Maui
(Territory of Hawaii), Trinidad (British
West Indies), Reykjavik (Iceland), Christ-
mas Island (South Pacific), and Adak
(Aleutian Idands, Alaska); (c) apparatus
for new dations and training of civilian
personnel for Lcyte, Guam* Okinawa,
Lodlian (China)* and one proposed (China
—equipment now stored in Shanghai);
(d) apparatus for St. Johns (Newfound-
land) under Canadian auspices. A co-
ordinated solar observing program was
organized and maintained providing a
basis for forecasting of ionospheric disturb-
ances. A developmental program was

conducted at the Kensington (Maryland)
lonospheric Laboratory to provide a new
technique for ionospheric investigations
which has broad applications in research
and education. (For more details see pp.
59-60.)

Practically al the many classified reports
on this activity under contracts with the
Army, Navy, and Office of Scientific Re-
search and Development, originaly dis-
tributed to a limited list of authorized and
interested parties, are now declassified. Al-
ready revision of the material where neces-
say is under way to prepare it in form
suitable for publication in recognized tech-
nical journals.

The program set up by the Wave Propa-
gation Committee has demonstrated in its
results the urgent need of continuation in
the postwar future in the general national
interest, and it is apparent that continued
obtaining of data from widespread stations
is essential to military, commercial, and
research postwar responsibilities and activi-
ties. Certainly the stations in Hawaii, in
Alaska, on Christmas Island, on Trinidad,
in the Aleutians, and in the Philippines
should be placed on a permanent postwar
bass and the ionospheric programs at
Watheroo and Huancayo should be main-
tained for some years.

Army Service Forces (Supply Division,
Camp Detricf(). Radioactive materials,
produced by the cyclotron (Cowie), were
supplied in January 1945.

Bureau of Plant Industry (Agriculture).
During January and August 1945, special
radioactive isotopes were supplied (Cowie).

Geological Survey (Interior). During
June to August 1946, an earth-current re-
corder was supplied, installed, and set in
operation (Rooncy) at Umnak Island,
Alaska

National Institute of Health. During
August 1944 to June 1946, considerable
quantities of radioactive elements and
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compounds, for biophysical research, were
supplied (Cowie).

Maritime Commission. The study of
compass-behavior and improved compass-
design (McNish, with Gingerich of the
temporary daff) are the subjects of ayear's
contract, to terminate in August 1946.

Office of Sientific Research and De-
velopment (including National Defense
Research Committeg). Some of the most
important contributions by the Depart-
ment were completed on contracts with
the Office of Scientific Research and De-
velopment and the National Defense Re-
search Committee; others initiated by that
Office and that Committee were S0 impor-
tant as to be transferred later to military
agencies for further development, as indi-
cated above.

Outstanding among these were the de-
velopment and tests proving practica fees-
bility of the radio proximity fuse (Tuve,
Hafstad, Roberts), which were transferred
by March 1944, with 100 gaf members
and equipment, for find arrangement of
mass-production design and manufactur-
ing to the Applied Physcs Laboratory of
Johns Hopkins Universty, especidly in-
augurated for that purpose. The develop-
ment of the fuse began in August 1940,
and was completed at the Department in
March 1944. For some months prior to

April 1943, the new Johns Hopkins group -

maintained operaions at the Department
pending completion of reconstruction of
buildings to house it a Silver Spring.
Another development of prime impor-
tance was begun in April 1941 and com-
pleted in May 1945, on development of the
odograph—an automatic route-drawing de-
vice, true in direction and scde, for use on
tanks and on land, air, and ocean vehicles
of dl kinds—and the pedograph (a light-
weight version of the odograph for use by
individual soldiers), which involved exten-
sve study of compensation and design of

7
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compasses and eectronic circuits (McNish,
with Dalke, Tuckerman, Agy, Duffin, and
associates, of the temporary taff).

The development of magnetic mines
(McNish) was carried on for the Office of
Scientific Research and Development dur-
ing three years ended in August 1944; this
work and that on the odograph were later
made parts of contracts with the Army
Engineer Board.

As above indicated, the ionospheric in-
vestigations in Alaska, subsequent to the
ingtallations and the first year of operation
at College, on funds provided by the Insti-
tution, were supported by contracts with
the Office of Scientific Research and De-
velopment during March 1941 to June
1943, when transfer to Navy auspices was
made. That Office dso supported by two
other contracts the original work done
(Wells, Seaton) during August 1943 to
June 1944 on the direction-finder program
a College, and during July 1942 to No-
vember 1943 on agpects of solar and geo-
magnetic investigations (Wells) at Wash-
ington.

An important contribution was that re-
lating to fission of uranium (Heydenburg)
during September 1941 to September 1943,

Office of Research and Invention. The
Department has kept dosdy in touch with
the recently formed Office of Research and
Invention of the Navy Department. It has
attended many conferences of that Office
and has furnished advice on many geo-
physical  subjects—including Operation
Crossroads—within the province of the
Department's activities.

All the dbove contractua obligations,
though interrupting the regular scientific
program, have yielded by-products and
improved techniques applicable not only
to geomagnetic surveys and experiments,
but aso for mass reductions, anadyses, and
correlations by machine methods. Peace-
time applications of these must serve both
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the continuation of surface magnetic sur-
veys and the initiation of aerial ones by our
several governments, as well as interpreta-
tive investigations of the vast existing stock
of data, and the potentially much greater
stock which may be available in the near

INVESTIGATIONAL AND
TERRESTRIAL

The investigators and their assistants at
Washington chiefly concerned with geo-
magnetic research included Miss Balsam,
Chemosky (from February), Mrs. Crow
(to February 14), Fleming, Forbush (from
January), J. W. Green, Harradon, Hen-
drix, E. A. Johnson (from May), Miss
Lange, McNish, Scott, Sherman, Vestine,
Miss Walburn (from February 25), Wallis,
and Wells, with Bernstein (to Octaober 4),
Miss Cooper, Dalke, Davids (to October
4), Duffin, Gingerich, Miss Laporte, Ram-
say, Sdltarelli (to September 15), Shapley,
and Tuckerman (to October 15) of the
temporary gaff. In addition, some 30 tem-
porary professiona and associate workers
were engaged for part of the year under
terms of various cost-contracts having to
do with geomagnetic applications to de-
fense problems. The major effort of the
daff was devoted to the near completion
of contractual work concerned directly or
indirectly with the war. During the year
a major part of the classfied reports, of
large sclentific value in geomagnetic re-
search, was declassfied, and some of the
reports have aready been published in
technical journals.

GEOMAGNETIC INVESTIGATIONS

Permanent field and isomagnetic charts.
Spherical harmonic analyses of the north
and cast components of secular change
were effected for each of the epochs 19125,
19225, 1932*5, and 19425 (Vestine). These
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future. It is hoped that a long period of
amity and cordial relations among al na
tions is now on the horizon, affording firm
foundation for forwarding and coordinat-
ing future large activities in Earth physics.

EXPERIMENTAL WORK
MAGNETISM

were successfully used as an aid in con-
structing isoporic charts in vertical inten-
gty which were less accurately defined
from direct observation in many regions.
This procedure also ensured that the iso-
poric charts for vertica intensity were
mutually consistent with those for the
horizontal component.

Isoporic charts were also derived for the
potential and for the vertical gradients in
the north, east, and vertical components of
secular change. Isoporic charts for the
latter components of field were likewise
constructed for various levels (100, 200,
300, 500, 1000, and 5000 km) of the
atmosphere.

Current-functions  which could repro-
duce secular change were computed for
spherical sheets concentric with the Earth
a severa vertical depths (0, 1000, 2000,
and 3000 km beneath the Earth's surface)
for the four epochs indicated above. Those
for depth 3000 km are thought unreason-
ably complex. These complexities in cur-
rent-pattern may arise in part from inac-
curacies in the charts analyzed, but it seems
more reasonable to interpret this result as
indicating that secular change originates at
depths not in excess of about 3000 km. The
marked changes in pattern of current-flow
from one decade to the next seem com-
patible only with the supposition of ex-
tremely high éectric conductivity in the
crystalline mantle at the level of current-
flow rather than with great changes per
decade in electromotive driving forces.
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Similar analyses have been begun for the
new charts of the Earth's main field, using
automatic machines and punch-card tech-
niques. A discussion of the foregoing
work, along with similar analyses of vari-
ous newly derived geomagnetic variations,
was largely completed for publication in
volumes of the "Researches of the Depart-
ment of Terrestrial Magnetism."

The new isomagnetic world charts of
the main field for the epoch 1945 “©'¢
completed.

DEVELOPMENT OF INSTRUMENTS FOR AERIAL
SURVEYS AND DELINEATION OF
MAGNETIC ANOMALIES

Design and fabrication of test equip-
ment (McNish, Steiner, and associates)
for measurement of the geomagnetic field
on an airplane, for two war contracts, were
completed. Final tests had not been made
at termination of the contracts. Because
of the Department's basic interest in this
project and its future significance in mag-
netic surveys, present plans call for con-
tinuation of this work at the Department
in cooperation with the armed forces on
a noncontractual basis.

This development focuses attention on
new ways to interpret magnetic observa-
tions in connection with geological struc-
ture through aerial observation over regions
of geomagnetic anomaly. The success of
the magnetic airborne detector during the
war and its release by the armed forces for
research purposes afford a means of rapid
and extensive magnetic surveying. The
present form of this detector is capable of
measuring only the total component of
magnetic force, and it does not appear
likely that any adaptation will permit
measurement of vertical intensity or any
other vectorial component of the force with
any comparable degree of precision. Theo-
retically, no interpretation of total-force
measurements is possible unless the direc-

tion of the force is aso given; if the
anomalies being measured are small with
respect to the normal magnetic field of the
Earth, however, a satisfactory approxima-
tion can be made in that the total magnetic
field resolves the field of the anomaly into
the component of the anomalous field
which is parallel to the total-force vector,
and this is the component that the detector
measures. The direction of the normal
field may be assumed constant over the
area under investigation. If the field of the
anomaly is only 100 gammas, the error
introduced by this approximates to only
one part in 250,000 in middle latitudes.
Thus, the observed anomaly may be re-
garded as a vector-field in the direction of
the total magnetic vector and as such is
analytic. By the method of harmonic
analysis, this vector-field is readily sepa-
rable into its components in the vertical
direction and in the horizontal direction
toward magnetic north. Methods for han-
dling data of this sort were developed.

GEOMAGNETIC DISTURBANCES AND
COSMIC RELATIONS

Attention was given to improvement of
methods for predicting magnetic storms
on the basis of magnetic activity observed
during previous solar rotations. Employ-
ing auto correlation coefficients of the
magnetic character-figure, C, for the period
1890-1945, as obtained by Shaplcy, using
punch-card calculating machines of Inter-
national Business Machines (IBM) type, a
different method for predicting magnetic
disturbances was devised which makes use
of the observed value of magnetic activity
i, 26, 27, 28, and 54 days before the day to
be predicted. For a sample year on which
a test was run, the correlation between pre-
dicted and observed values was 056 as
compared with 0.32 using the 26-day re-
currence tendency alone.
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Correlative study of magnetic disturb-
ance and microseismic activity at Huan-
cayo by Chernosky was made using the
seismograms for a two-year period. The
maximum daily amplitudes of microseisms
apparently show correlation with the mag-
netic character-figures, depending upon the
time-lag introduced. Analyses thus far have
been performed principally by the super-
posed-epoch method; correlation-coefficient
analysis for some of the data is in progress
on IBM equipment.

Because of needs of reconversion and
ddlays in return of personnel from assign-
ment to defense problems, only small prog-
ress was made (Forbush and Lange) in
correlative research on cosmic-ray and geo-
magnetic phenomena. As will be noted
under the annual report (pp. 95-96 of this
volume) of the Committee on Coordina-
tion of Cosmic-Ray Investigations, this
progress involved development of methods
for computational improvements by calcu-
lating-machine techniques.

WAR ACTIVITIES AT KENSINGTON MAGNETIC
LABORATORY, 1942-1946

One part of the nonprofit services con-
tract with the Naval Ordnance Laboratory
under which the isomagnetic-chart work
(see p. 48) was done caled for a group of
facilities to provide that Laboratory with
fundamental information regarding mag-
netic fields and measurements on magnetic
mines and torpedoes. Following negotia-
tions in July 1942, and &fter certain pre-
liminary work, the first construction of
four specid buildings was provided in
April 1943, and a fifth building was added
in the following November. These labora-
tories, after it was determined that the site
of the Department's Kensington lono-
spheric Laboratory (KIL) was sufficiently
uniform magnetically, were built on a part
of that site and the group was called collec-

tively the Kensington Magnetic Laboratory
(KML). KML was used continuously
until experimental work was discontinued
on May 17, 1946, when the whole area of
the Kensington installation was purchased
for real-estate operations and became un-
avallable for use of the Institution after
June 30, 1946. During May and June all
the buildings of KML were either dis
mantled or cut in sections by the Depart-
ment and transferred to the permanent ste
of the Naval Ordnance Laboratory at
White Oak, Maryland; three of the build-
ings were later re-erected by the Naval
Ordnance Laboratory at White Oak as a
part of the permanent group of structures
there.

The original five laboratories at KML
were designated by names indicative of the
facilities which they housed or the purpose
for which they were used. (1) The Sole
noid House provided shelter for two sole-
noids large enough in cross-section for
measurements on ground mines and tor-
pedoes and long enough to produce uni-
form magnetic fields. (2) The Helmholtz
House contained square Helmholtz cails,
20 feet on edge and arranged to produce
uniform magnetic fields in each of three
perpendicular directions; it was used for
magnetic-needle mines, large induction
mines which could not be tested in the
solenoids, and other devices such as those
operating on total field for which simul-
taneous control of the three field-compo-
nents was necessary. (3) The Gradhelm
House contained a somewhat smaller three-
dimensional Helmholtz and a gradhelm
for producing uniform gradients used in
testing gradient-actuated depth charges.
(4) The Shop-and-Office housed dffice fa-
cilities, lead storage-batteries for supplying
currents for the magnetic generators, and
facilities for special measurements; during
the last year of operation, a 40-foot solenoid
was located in this building for measure-
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ments on torpedoes. (5) The Phorage
House provided a photographic darkroom,
an immersion tank, a dropping pier, and
goace for storage and assembly of ordnance
components.

From May 1943, al magnetic test-work
done on magnetic mines, depth charges,
torpedoes, and other underwater ordnance
was conducted at KML. The g&f which
participated in this work consisted of (1)
persons employed by the Department of
Terrestrial Magnetism (DTM), (2) per-
sons employed directly by the Naval Ord-
nance Laboratory, and (3) officars and
enlisted men of the United States Naval
Reserve. At firdt, the s&ff of 12 operated
the facilities of the laboratory three shifts
a day, seven days a week; before the end
of the war, the total number on the daff
was tripled, and greater efficency and
closr supervision were achieved by elimi-
nating part of the night work. The satis-
factory manner in which the magnetic
characteristics of underwater ordnance
were predicted was due largely to the care-
ful and exhaustive tests carried out by this
Laboratory in simulating the service con-
ditions under which the weapons were
employed.

Throughout its operation, KML per-
formed services under the contract with

TERRESTRIAL

War research in the Section of Terres-
trial Electricity continued on a reduced
scde from that of the three previous years.
Gish continued as Chief of the Section,
assiged by Rooney, Wait, and Sherman.
Torreson completed editing, compiling,
organizing, and preparing material and
discussions relating to the atmospheric-
eectric work done a sea on the Carnegie
in 1928 and 1929 (see p. 83). Rooney, hav-
ing completed his war researches, compiled
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large freedom from the encumbrances of
red tape because of the appreciative under-
standing by DTM of the scientific objec-
tives sought and the operating conditions
necessary for achieving them. Thus KML
could coordinate its work so closdy with
that of the Naval Ordnance Laboratory as
to be in a practica sense an integral part
of it. A large reason for the success of
KML was the manner in which al rela-
tions between the two organizations were
handled by Dr. George H. Shortley, who
was Technical Representative of the Naval
Ordnance Laboratory on the contract for
most of its duration, and by Dr. B. P.
Ramsey, who (generoudly granted leave of
absence from the University of Kentucky)
was in charge of operations for DTM.

Miscellaneous. Numerous progress-re-
ports were prepared as the work of the
Section developed. With the decdlassfica
tion of practically al contractual work,
papers bearing on research of scientific
value may be published, and this is already
being done (see bibliography). Severd
memoranda particularly concerned with
problems of reconversion and replacement
of magnetic instruments and laboratories
wholly or partially destroyed during the
war were prepared.

ELECTRICITY

and discussed accumulated earth-current
data

ATMOSPHERIC ELECTRICITY

Lightning and associated electric phe-
nomena at the Paricutin Volcano. On the
invitation of the Committee of the Ameri-
can National Research Committee for the
Study of Paricutin Volcano, Gish made a
reconnaissance (July 8 to August 9, 1945)
in the region of the volcano to determine
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whether a program of electrica studies
there seemed advisable and especidly
whether the understanding of generation
of electricity in thunderstorms would be
advanced by such studies. In a conference,
following the trip, with representatives of
the United States Weather Bureau it was
agreed that the contemplated program
under the unique conditions at Paricutin
offered a good prospect of advancing
understanding of the mechanism by which
electricity is generated in storms. Some
reasons for this conclusion are: (a) The
occurrence of lightning at Paricutin, if
present activity continues, is sufficiently
frequent so that long periods of waiting
for the occurrence of lightning would not
be involved, (b) The displays of lightning
are not too elaborate for satisfactory meas-
urements and photographs, (c) The vol-
cano is fairly approachable, (d) Volcano-
clouds can be conveniently viewed from
severa angles, (e) The volcano is re-
stricted in position and, in this and some
of the foregoing respects, is much more fa-
vorable for observations than is a thurider-
storm. (/) Some of the factors involved
in the generation of dectricity in the
volcano-cloud doubtless differ from corre-
sponding ones in the thunderstorm; such
a circumstance is often turned to advan-
tage in investigations of complex natural
phenomena. It was decided, however, not
to undertake the proposed program.

The lightning flashes observed in the
volcano-cloud during Gish's visit and not
attributable to general thunderstorm con-
ditions were of two distinct typess nhamely:
(a) flashes about iooo feet long extending
roughly parallel with the axis of the pillar
of the volcano-cloud, usually between a
point near the base of the pillar and the
tip of the volcanic cone; and (b) flashes so
skirt that many appeared as merely bright
points of light. Theflashesobserved under

(b) were chiefly in the upper half of the
pillar and none was seen in the crown or
the curtain of the volcano-cloud. No dis-
charges of any kind issued from the
roughly horizontal curtain cloud even
though the streamers of falling ash were
often conspicuous. A striking luminous
effect around the border of the curtain
was seen severa times at night; this, how-
ever, was not a diffuse electrical discharge
(St. EImo's fire), but was definitely due to
illumination from the lightning flashes of
thunderstorms in progress beyond the
horizon.

The changes of electric field associated
with discharges in the volcano-cloud, ob-
served with the aid of the electrometer,
were much smaller than those accompany-
ing the lightning flashesin thunderstorms.
This is not surprising and doubtless de-
pends upon the restricted dimensions of
the volcano-cloud. The dimensions of the
pillar, as well as the "activity" in it, ap-
peared to be involved in some way in
determining whether or not electrical sepa-
ration would occur to the extent or in the
manner necessary for discharge to occur.
Separation of charge occurred at dl times,
as indicated by the response of the dec-
trometer, but discharges were noted only
in eruptions where the pillar had a cross
sectional diameter equal to, or greater than,
three-fourths that of the crater (about
iooo feet).

The flashes, preponderantly of the small
type with short flashes, occurred at an aver-
age rate of nearly one per minute for a
period of two to four hours July 29, 1945.
In general the relative rate at which the
electric field was re-established, after a dis-
charge In the volcano-cloud, was some-
what greater than in a thunder-cloud, but
the contrast in this respect was not striking.

Gradual pollution of the Earth's lower
atmosphere. The air about us is apparently
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becoming increasingly polluted with for-
eign gases. These gases owe their origin
to varied industrial operations and to
erupted gases -from volcanoes. The pol-
luted atmosphere is not confined to the
land areas, but extends far out to sea. The
products of pollution are especialy preva-
lent along the main trade-routes of the
oceans. These conclusions (Wait) are
based on results derived from measure-
ments of condensation-nuclei during Cruise
VIl and of atmospheric eectricity during
al cruises of the Carnegie. The nuclei-
content of the air over the ocean but near
the land areas on which industrial activi-
ties are great was much higher than that
at considerable distances from land. That
near the main oceanic trade-routes likewise
was relatively high—some ten times as
great as that in more isolated localities.
The nuclei-content of the air over the ocean
in the volcanic region between Guam and
the Japanese islands was nearly four times
that near the main trade-routes or about
forty times that over the more isolated
oceanic areas.

The products of pollution appear to be
gradually accumulating in the air over the
ocean near industrial land areas, near the
principal ocean trade-routes, and also over
the more isolated regions of the ocean, as
judged from the data on the electrica
conductivity of the air on the various
cruises of the Carnegie; for example, this
pollution over the oceans during 1929 was
apparently about double that during 1914.
The added industrial activities of nations
since 1929 in the preparation for war, and
the rdease of vast quantities of foreign
gases through the various war activities,
give rise to speculation as to the extent to
which such accumulation in the atmos-
phere has been augmented, particularly in
the war zones themselves. Evidence from
air-conductivity data at both Tucson (Ari-

zona) and Watheroo (Western Australia)
indicates that large increases in the amount
of foreign gases in the air have occurred
during the past few years even in remote
regions of the Earth.

Rate of atmospheric ionization. An
andyds (Wait) of results obtained in 1935
with a thin-walled ionization-chamber lo-
caed in the free atmosphere in Washing-
ton, D. C, shows considerable diminution
in the rate of ionization when the soil is
wet as compared with that when the oil
is dry, and dso when the soil is covered
with snow as compared with that when
the ground is uncovered. These results are
consstent with those obtained by various
invegtigators on the rate of exhaation of
radioactive gases from the soil, namely, a
decrease in the rate when the soil is wet
or covered with snow. Moisture in the
s0il capillaries acts to inhibit the escape of
the radioactive gases from the oil, and a
smilar effect is brought about by a blanket
of snow over the soil; thus the reduced
rates of ionization with a thin-walled
chamber can be accounted for. The analy-
ss a0 reveds an annual variation in the
rate of ionization, with a maximum in
summer and a minimum in winter. There
is ds0 a diurna variation, with the maxi-
mum during the early morning and a
minimum during the evening. In winter
both the maximum and the minimum are
flat and indistinct, whereas in summer
they are reatively sharp and pronounced.
The diurnal variation is probably due to
the combination of two factors, namely,
the rate of exhaation and the rate of dis-
appearance of the radioactive matter from
the atmosphere, for each of which the
variation is such as to produce a morning
maximum and an evening minimum in
the diurnal-variation curve representing
the rate of ionization of the atmosphere.

Development of instruments and meth-
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ods. In addition to reduction of atmos-
pheric-electric records obtained at the ob-
servatories, considerable development of
instruments was continued, including elec-
tronic equipment (a) to measure intense
electric fields in the atmosphere and (i>)
for use with ionization-chambers.

In cooperation with the program of the
Navy Department for Operation Cross-
roads, Sherman and Wait supervised the
design, construction (by the Navy), and
tests of sx ionization-meters with elec-
tronic detecting systems.

Other instrumental work was concerned
with tests and remodeling of some of the
instruments used by Dr. V. F. Hess in his
investigations .of ionization at Fordham
University.

The portable magnetograph of the type
developed by Sherman and Vestine (see
Year Book No. 43, p. 27) was used as con-
trol at a base-station near Point Barrow
(Alaska) in the aerial survey of Navy ail
reserves. Sherman effected the installation
and adjustment there during July 1945.

GEOELECTRICITY

Rooney kept current all reduction and
tabulation of the earth-current records from
Watheroo and Huancayo. He dso made a
study of all available earth-current data to
determine the effect of length of lines used
and the consistency and magnitude of
recorded values. The deeper penetration
effected by the use of long lines suggests
that more uniform results should be ob-
tained with installations of long lines. The
results of the study were somewhat incon-
clusive, chiefly because of the scarcity of
data from redly long lines. There is some
indication, however, that the magnitudes
recorded on long lines such as those used at
Berlin (120 km, 262 km) and Tucson (57
km, 90 km) are in better agreement than
those found in comparing the results from
stations using lines only 1 or 2 km long.
Some of the differences which appear in
the short-line records may be due to loca
structural variations, and such differences
too should be expected to be lessened when
longer lines are used.

THE IONOSPHERE AND ITS RELATIONS TO GEOMAGNETISM

SUMMARY OF WAR ACTIVITIES, 1942-1946

Because of the reduction in security re-
quirements it is now possible to present
an outline of the wartime activities of the
lonospheric Section. The wartime demand
on communications showed a dire need,
in the early phases, for a detailed knowl-
edge of ionospheric characteristics over the
world in order to provide a sound scientific
basis upon which to alocate frequencies
for communications and to prepare fore-
casts of usable frequencies for all seasons
of the year, times of day, and parts of the
world. The Wave Propagation Commit-
tee (WPC) which was organized under
the Joint Communications Board, Joint
Chiefs of Staff, acted as the principal spon-

soring agency. It included representatives
from Army, Navy, National Bureau of
Standards, and the Carnegie Institution of
Washington (CIW).

The WPC, through its Army and Navy
representatives, sponsored an expanded
United States ionospheric program in co-
ordination with other expanded plans by
alied governments. The Interservice Radio
Propagation Laboratory (IRPL) was estab-
lished at the National Bureau of Standards
(NBS) for the purpose of collecting radio-
wave-propagation data and disseminating
them to our armed forces. CIW assumed
the task of implementing the expanded
United States program in so far as addi-
tional overseas ionospheric stations were
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involved. The nucleus of the plan of
WPC for expanded ionospheric facilities
was the dlocation of four type-249 multi-
frequency ionospheric recorders from the
British Admiralty. After the apparatus
was received and tested at the Kensington
Laboratory, it was modified so as to make
it more suitable for field-station operation.
After an extensive search for qualified per-
sonnel, a number of young engineers and
scientists were employed to provide the
basic gaf for the new stations. The first
four expeditions were sent to the following
locations: (1) Clyde, Béfin 1dand, North-
west Territory (Canada); (2) Kihe,
Maui, Territory of Hawaii; (3) Fort Read,
Trinidad, British West Indies; and (4)
Camp Waterloo, Reykjavik, Iceland.

The Hudson's Bay Company of Winni-
peg, Manitoba, cooperated cosdy in the
establishment of the Clyde Station. With-
out its assistance this would have been a
much more difficult undertaking. Some
equipment and supplies were packed at
the Department and shipped to Montreal
for loading aboard the icebreaker Nascopie
of the Hudson's Bay Company; other
building supplies, foodstuffs, fue, and
materials were loaded on the vessd at
Churchill, Canada. Specid arrangements
were made to have the Nascopie stop on
its northward voyage to discharge cargo
a Clyde. On its southward voyage ap-
proximately two weeks later, in September
1943, it picked up the carpenters, who, by
then, had practically completed the con-
struction work. The ionospheric data from
this station were of unusua significance
because of its location inside the auroral
zone. In general, the ionosphere was
found to be much less disturbed than had
been anticipated. The operation of the
Clyde Station was taken over by the
Canadian government in 1945, and the
members of the Department's personnel
were returned for other assignment.

The Maui lonospheric Station was estab-
lished early in 1944. Personnel and equip-
ment were forwarded as a unit under
United States Army travel orders. Follow-
ing a survey by Wells, the ste for the
station was sdected a an abandoned
United States Navy installation near Kihei.
A building was dready available for con-
version into an ionospheric laboratory and
another building available for quarters for
personnel. Arrangements were made for
erection of vertica rhombic antennas in
preparation for arrival of the field-party.
Close cooperation and a great dea of ma

terial assstance were obtained from the -

Central Pecific Base Command at Fort
Shafter (Oahu) and the Office of the
Naval Commandant at Maui. The type-
249 recorder is ill in operation, and iono-
spheric data from this location continue to
be of great interest because of the unusu®
aly high values of ionization recorded in
the F-region. These values were found to
be greatly in excess of any predicted ones,
and early data from this station caused a
considerable revision in forecasts of com-
munication conditions in some Pecific
aress.

The station at Fort Read, Trinidad, was
aso put into operation early in 1944. Dur-
ing a survey by Wells in 1943 it had been
determined that an abandoned radio-range
station was available at Fort Read and
could be readily adapted for the iono-
spheric work. Arrangements were made
with the Trinidad Sector and Base Com-
mand for the use of this building and for
the erection of the required antenna sys-
tem, which was essentidly completed on
arrival of the dation's personnel. The
ionospheric apparatus at Fort Read de-
teriorated rapidly because of the high
humidity. Steps were taken to air-condi-
tion the laboratory, but the 249 recorder
became completely inoperative in 1945. At
present ionospheric data are gathered with
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manually operated equipment which is
run on a 24-hour-aday schedule with the
assistance of locd help. The ionospheric
results from this location have been help-
ful in determining the extent of the equa-
torial dip in critical frequency and in filling
the gap between Huancayo and Puerto
Rico for latitude distribution.

The station near Reykjavik, Iceland, was
put into operation early in 194 The site
was selected following a survey by Wells,
at which time arrangements were made
for erection of the necessary buildings and
antennas near Camp Waterloo. The suc-
cessful establishment and operation of this
station was due, to a large extent, to the
close cooperation and assistance which our
saff received from the Iceland Base Com-
mand. After the opening of the European
campaign, withdrawal of our forces left
the d&ff isolated from immediate military
facilities. Operations were continued, how-
ever, athough under a severe handicap,
especidly during the winter. The iono-
spheric data from Iceland were of special
significance because of its location along
the auroral zone and its proximity to the
great-circle path for radio communications
between the eastern United States and
European countries. After this station had
operated for a year simultaneously with
the College (Alaska) Observatory, it be-
came apparent that average ionospheric
characteristics for Iceland were very simi-
lar to those for College. It is interesting to
note that for the first time in the expand-
ing program an equivalence of stations had
actually been obtained. The two stations
had similar geomagnetic and geographic
latitudes athough widely separated in
longitude. The Iceland Station was dis-
continued July 31, 1945, and the equip-
ment was disposed of in accordance with
instructions froin the WPC.

In 4 it became increasingly apparent
from the more extensive ionospheric data

that F-region ionization was distributed
more uniformly along geomagnetic lati-
tudes than along geographic latitudes. To
clarify this important observation a station
was needed at or near the intersection of
the geographic and geomagnetic equators
in the Pacific. Christmas Island was se-
lected as the best possible approach to this
condition, and the Department was re-
guested to establish a station on the island.
Since no additional automatic ionospheric
recorders were available in the United
States, the Signal Corps made arrange-
ments to procure from Australia one of the
automatic recorders being constructed for
the Australian Radio Wave Propagation
Committee at the Radiophysics Laboratory
of the University of Sydney. Because it
was urgent to get immediate data from
Christmas Island, Wells and Huebsch pro-
ceeded thither by ar with a manually
operated DTM recorder; Watts joined the
group in the Hawaiian Islands. Following
the group's arrival at Christmas Island late
in November 1944, regular ionospheric
observations were begun December 1,1944.
Wells then proceeded to Sydney, Australia,
to test and inspect the Australian appa
ratus; he adso attended meetings of the
Australian Radio Propagation Committee
and visited the Watheroo Magnetic Ob-
servatory.

Following acceptance and packing of
the Australian equipment, Wells returned
to Christmas Island by air with the entire
shipment of nearly two tons; after training
and indoctrination with the gt&ff there, he
returned to Washington in February 1945.
lonospheric data from this station have
been valuable in outlining world-wide
characteristics of the ionosphere. Similar-
ity to the results at Huancayo supported
the conception of F-layer distribution with
geomagnetic latitudes. Other ionospheric
features a Christmas Island, such as ab-
normal or sporadic-!T ionization, show
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characteristics which are greatly different
from those a Huancayo.

To fill the need for ionospheric data
from arctic regions, especialy in the North
Pecific, a station in the Aleutian Island
chain was judged to be essentid. A pre-
liminary survey of available Stes was made
by Lieutenant Commander O'Brien of the
Bureau of Aeronautics; on the basis of this
survey a Ste was selected near the Naval
Air Base on Adak. Arrangements were
completed for the use of certain existing
facilities and the construction of additional
buildings which were required. Civilian
personnel were trained for the station and
supplied with a DTM model 3 manual
ionospheric recorder together with a full
complement of spare parts, tools, and other
accessories.  Arrangements were made to
obtain the necessary gasoline-engine gen-
erators locdly through the armed services
on the island.

Operation of the station was delayed
appreciably because of the irregular ship-
ping schedules. Operations were com-
menced, however, on October 8, 1945. A
schedule covering approximately 18 to 20
hours a day was maintained by the two
civilian observers under adverse conditions
which were aggravated by the necessty
of living severa miles from the station.
Under the adverse wesather conditions the
operating schedule was occasondly dis-
rupted by failure of transportation. In the
spring of 1946 it was possible to transfer
the station to a more centrally located site
on the idand with the advantages of hav-
ing the laboratory and quarters together
and with a dependable source of power
from the adjoining air base.

lonospheric data from Adak have proved
to be helpful in filling in some gaps in the
world-wide distribution pattern. The re-
sults, although satisfactory, were subject to
the limitations of a manual recorder oper-
ated by a q&ff of two men. Because of the

importance of ionospheric data from arctic
regions, it is consdered desrable that
future plans for operation of the station
be based on the installation of automatic
recording apparatus at an early date.

Under the immediate sponsorship of the
Communication Liaison Branch of the
Radio Propagation Section, United States
Army Signal Corps, steps were taken to
establish additional ionospheric observing
stations at Leyte, Guam, and Okinawa.
Separate Army crews, each consisting of
one officr and a detail of enlisted men,
were trained for each station. Manually
operated apparatus of DTM design was
modified to incorporate a larger indicator
unit facilitating the manual operation. At
the same time a program of instrumental
development was initiated which led to the
construction by Sergeant Sulzer of the first
working model of a wide-band panoramic
ionospheric recorder with only one moving
part. In addition to the manual apparatus,
each of the teams was supplied with com-
plete components and accessories to pro-
vide for the field-construction of a Sulzer
model recorder.

The above-mentioned Signal Corps
teams conducted ionospheric measure-
ments at Hollandia (New Guinea), Leyte,
Guam, and Okinawa. Results of their
observations have conclusively established
the F-region variation with geomagnetic
latitudes especidly in the equatorial belt.
Local services by each group dso func-
tioned to provide up-to-the-minute infor-
mation on radio-propagation conditions to
the Army and Navy Commands in their
immediate theaters of operation.

A cooperative arrangement with the
Army Air Forces resulted in the loan of
manually operated stand-by equipment
from the Maui Station for a scries of sam-
pling ionospheric rmeasurements in the
Southwest Pecific by Bramhall. The re-
sults of the measurements at Kwajaein
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and Eniwetok have been reported in a
separate communication by the Air Forces.

Under the auspices of the United States
Navy, two complete manual ionospheric
recorders were constructed for installation
in China. Dr. Paul T. Kwei and his asso-
cigte, Dr. E. T. Shu, were trained in the
operation and maintenance of the first
equipment. It was subsequently installed
at Loshan, China, the temporary location
of National Wuhan University. Personnel
and apparatus wereflown over the "hump"
from Calcutta to Chungking, and thence
carried by truck to their destination, where
recordings were started early in 1946.
Naval authorities in China rendered co-
operation and assistance in the establish-
ment of this station.

Naval enlisted personnel were trained in
the operation of the second apparatus,
originally intended for instalation in
northern China. The completion of plans
was interrupted, however, by cessation of
the Japanese war; according to reports re-
ceived in July 1946, the apparatus was then
in storage at Shanghai.

Another manually operated ionospheric
DTM recorder was loaned to the Canadian
Radio Wave Propagation Committee for
installation at St. Johns, Newfoundland,
by the Royal Canadian Air Forces. A
complete manual DTM recorder was aso
assigned to IRPL of the National Bureau
of Standards for training of personnel to
take over the DTM-operated overseas
stations.

The continued operation of our three
prewar ionospheric observatories was an
Important contribution because of their
strategic locations and long scries of data.
Activities at the Huancayo Magnetic Ob-
servatory, under the direction of Ledigs
were expanded to include the operation of
four complete field-intensity recorders.
Parkinson continued to operate the Wath-
croo Magnetic Observatory with some

assistance from the Royal Australian Air
Forces. The large-scale operations at the
College Observatory, under the direction
of Seaton, were further extended by the
addition of a continuous direction-finder
program using Navy model DAB-3 direc-
tion-finder as part of a large network or-
ganized to determine ionospheric effects
on direction-finder bearings.

The Department aso organized and
maintained a coordinated program for col-
lection and dissemination of solar data
under the immediate supervision of Shap-
ley. Regular reports of solar observations
were received from the United States
Naval Observatory, Mount Wilson Ob-
servatory, McMath-Hulbert Observatory,
and the Climax (Colorado) Corona Ob-
servatory of Harvard University. Other
organizations contributed additional use-
ful information on solar activity and sun-
spot-observations. The solar data were
used to provide a basis for short-term fore-
casts of magnetic and ionospheric condi-
tions. These forecasts were closaly coordi-
nated with IRPL and subsequently dis-
tributed to the armed forces through IRPL.

‘With the cessation of hostilities the spe-
cid wartime activities of this Section are
rapidly being transferred to the newly or-
ganized Central Radio Propagation Labo-
ratory (CRPL), which supersedes |IRPL
at the National Bureau of Standards. Ac-
tivities under the Navy contract which
provided for operation of the College Ob-
servatory, the coordinated solar program,
and some aspects of special operations at
Huancayo and Watheroo were terminated
on June 30, 1946. The control of the pro-
gram at the College Observatory was
transferred wholly from the Department
to the University of Alaska for continua-
tion under a contractual arrangement
directly with CRPL from July 1, 1946.
The coordinated solar observing program
bus been completely transferred to the
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CRPL. The Huancayo and Watheroo
magnetic observatories continue for the
present to operate under the Department.
The overseas ionospheric stations operated
under Army contract have been transferred
adso to the CRPL. It is anticipated that
performance under special war contracts
will be completed by August 31, 1946, al-
though some time thereafter will be re-
quired to complete reports and accounts.

RESEARCH AND DEVELOPMENT

Electronic clouds. A motion-picture
technique of ionospheric recording which
was developed in connection with the
Signal Corps program resulted in the dis-
covery (Wells, with Watts and D. E.
George of the temporary dtaff) of rapidly
moving electronic. clouds during magnetic
storms—a discovery of considerable note—
which are thought to be closdly related to
the corpuscular emissions from the Sun
which result in magnetic and ionospheric
storms. Such ionospheric clouds were de-
tected in the Earth's outer atmosphere
(ionosphere) during the magnetic storm
March 25-26,1946, at the Kensington lono-
spheric Laboratory. The clouds move in
from long to short range or out again at
intervals of a few minutes. They are first
detected at maximum ranges of 800-900
km. They are tracked inward at velocities
of 1 to 2 km per second to F-layer levels
(300-400 km). Occasiondly they are seen
to move out again at about the same rate.
They are observed both during the night
when background ionization is low and
during the day when background ioniza-
tion is high. The angle of arrival of the
signals cannot be ascertained by the
method employed.

These clouds were observed repeatedly
during March 25 to 27, 1946—the first
opportunity for application of the new
recording technique to observation of
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magnetic-ionospheric storms. The observa-
tions were made with the new "panoramic”
ionospheric recorder, which was developed
with support of the United States Signal
Corps and which sweeps over the range
15 to 20.0 Mc/sec at adjustable intervals
of 5 to 30 seconds. Repetition at such short
intervals registers ionospheric fluctuations
of short duration which have been missed
by earlier instrumentation. The technique
has been perfected to the extent that suc-
cessive records can be projected as motion
pictures. Compression of the time-scale as
a result of projection provides a sense of
continuity which simplifies visualization
and interpretation of an otherwise long
succession of events.

The principal effects of influx of the
clouds are: (1) sudden changes in F-layer
ionization; (2) rapid changes in F-layer
heights indicating turbulence which is
often progressive from high to low heights
and from high to low frequencies; (3)
rapid fluctuations of echoes at the lower
frequencies with occasiona temporary dis-
appearance indicating high absorption.

These clouds may be attributed to an
inflow of corpuscles which are bombard-
ing the atmosphere irregularly during
magnetic disturbance. These probably are
the first direct quantitative observations of
such bombardment. They are interpreted
as establishing the fact that corpuscular
radiation contributes to the net ionization
of the F-region. The equivalent maxi-
mum electronic density is estimated from
magneto-ionic theory to be 2 X 10° to
4 Xio° electrons per cubic centimeter.
Much of the uninterpreted scatter of the
disturbed F-region previously seen on slow
recorders can doubtless be traced to chance
registration of various aspects of rapidly
moving clouds. It is considered probable
that other higher-velocity cloud-movements
exist which will be detected by even faster
recordings.
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The new technique of ionospheric re-
cording and presentation provides a power-
ful tool for study of specid ionospheric
features which occur during magnetic
storms, eclipses, radio fade-outs, sporadic
E, F2-scatter, and abnormal stratifications.
Projection makes possible quick scanning
of an enormous weslth of data, selection of
portions for critical study, and visualiza-
tion of dynamic events of short duration.

Activities at the Kensington lonospheric
Laboratory were devoted exclusively to
contract performance. With termination
of the Kensington lease, the buildings and
facilities were moved to the new Derwood
Experimental Laboratory (see below).

Discussions of some of the investigations
conducted in connection with the solar
program included the following: correla
tion of solar and geomagnetic observations
with conditions of the ionosphere; effects
on the ionosphere of the solar eclipse of
January 1944 a Huancayo, Peru; eclipse-
effects in the F2-layer; application of solar
and geomagnetic data to short-term fore-
casts of ionospheric conditions; correlation
of magnetic disturbances with intense
emission-regions of the solar corona; obser-
vations of the green corona line made at
the Fremont Pass Station of the Harvard
College Observatory at Climax, Colorado,
during August 1942 to July 1945. Other
data are now being processed. In general,
the forecasting of magnetic and ionospheric
storms for a period of severd days in ad-
vance of the disturbance was successful. A
greater percentage of success was achieved
—as may be expected—during periods of
pronounced recurrences of magnetic ac-
tivity at 27-day Intervals.

Kensington lonospheric Laboratory and
Derwood Experimental Laboratory. The
Kensington lonospheric Laboratory (K1L)
has served since 1935 an increasingly valu-
able purpose; the Kensington Magnetic

Laboratory (KML) for speciad magnetic
research for the Navy's Bureau of Ord-
nance was aso established in 1943 on the
KIL dste (see p. 50). Late in 1945 the
owner of this site advised that the lease
could not be extended beyond June 30,
1946, because of sdle to red-estate devel-
opers. Because of past record of accom-
plishment (see Year Books Nos. 33 to 44),
both before and during the war, KIL has
been essential to our ionospheric and re-
lated researches, which depend heavily on
availability of a field-station free from
interference of a closdy settled neighbor-
hood. It was necessary, therefore, to pro-
vide certain minimum facilities not only
for ionospheric work but aso for other
experiments of the Department where ac-
cessihility outside the immediate urban
area is essential.

A dite of 28.7 acres near Derwood, Mary-
land, about 16 miles north of the Depart-
ment's main laboratory, was purchased by
the Institution in April 1946, to replace
KIL. The new station is called the Der-
wood Experimental Laboratory (DEL).
Three buildings and equipment have been
moved from KIL, two Quonset huts have
been erected and foundations placed for a
main laboratory at DEL, and experimental
work was under way there before June

20, 1946,
COOPERATIVE ACTIVITIES

Active participation was maintained In.
the work of the Wave Propagation Com-
mittee and the Executive Council of the
Central Radio Propagation Laboratory, as
well as close liaison with Army and Navy
representatives interested in communica-
tion or related problems, and with other
scientific organizations. Information and
ideas were exchanged with the Australian
and Canadian Radio Wave Propagation
Committees. Basic ionospheric data are
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received regularly from the Union of
Soviet Socialist Republics.

Personnel. Berkner, upon completion of
nearly five years of active duty as Head
of the Electronic Material Branch of the
Navy's Bureau of Aeronautics, returned to
the Department on January i, 1946. He
was actively engaged in planning and con-
struction of the Derwood Experimental
Laboratory until June, when he was loaned
to the Services on an important temporary
assignment. Wells continued through the
report-year as Acting Chief of the lono-
spheric Section and with the responsibility
for performance under Army-Navy con-
tracts. Seaton remained as Physicist-in-
Charge of the College Observatory, Col-
lege, Alaska, and returned to Washington
early in July 1946 (see p. 80).

Activities of the temporary daff were as
follows: Shapley remained in charge of
the solar research program until its transfer
to the Central Radio Propagation Labora-
tory (CRPL) of the National Bureau of
Standards, June 30, 1946. Peavey returned
from Christmas Island early in 1946 and
transferred to CRPL. Watts was replaced
at Maui by Eadley, after the latter's return
from two years at Clyde, Bdafin Island.
D. E. George continued instrumental work
at Kensington and Derwood, later assisted
by Watts. Sullivan and Ventre were as-
signed to the Trinidad Station to continue
operations after return of Johnson. Pender-
gast went to Christmas Island to assist
Huebsch. Gammon was assigned to Maui
to assis Easley. Halpin and Stansbury in-
stalled and operated the manual iono-
spheric station at Adak. Goldman accepted
commercial employment after his return
from Clyde. Members of the College Ob-
servatory gaff included Wolff, Wilder,
West, St. Amand, Atkinson, and Rolfe.
At the office, Miss Follin continued specia

investigational work, and Miss Puffer, and
subsequently Miss Kospetos, acted as secre-
tary for the Section.

REPORTS AND PAPERS

Published reports by members of the
Section are listed in the bibliography. In
addition, technical papers were delivered
at the convention of the Institute of Radio
Engineers in New York, the URSI-IRE
meeting in Washington, the IRE meeting
at Red Bank, New Jersey, and the Depart-
ment of Commerce lecture series on elec-
tronics at Washington, D. C. Extra copies
of the film "Motion pictures of the iono-
sphere" illustrating the discovery of rapidly
moving clouds were circulated to several
cooperating laboratories.

The lecture by Berkner on “Navy air-
borne radar" presented before the Winter
Technical Session of the Institute of Radio
Engineers in New York on January 25,
1946, and that on "Military and naval
electronics equipment" presented in the
Department of Commerce series on elec-
tronics, were based on a comprehensive
paper by Berkner entitled "Naval airborne
radar." That paper is being published in
the Journal of the Ingtitute of Radio
Engineers. It discusses military and naval
electronics equipment, with particular
emphasis on aircraft radar. Certain types
of equipment which played an important
part in World War 1l are described, with
especial attention to microwave design.
The wide variety of applications of air-
borne radar is illustrated, and the funda-
mental elements of such systems arc de-
scribed. The basic radar range and beam-
width equations are discussed briefly in the
light of their controlling influence on de-
sign, as well as some operational require-
ments affecting design.
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NUCLEAR PHYSICS

Tuve returned to duty as Chief Physicist
late in February 1946, after his service
as Director of the Applied Physics Labora-
tory of Johns Hopkins University at Silver
Spring, Maryland. His time since then
has been spent in reviewing the activities
of the nuclear-physics program and in
study of the Department's general postwar
program, preparatory to becoming Director
on July 1, 1946. Cowie had charge of the
60-inch cyclotron with the assistance of
Ksanda, P. Johnson, and Buynitzky. Hey-
denburg of the nuclear-physics group re-
sumed his place on the gaf in February
after having been engaged at the Applied
Physics Laboratory in war research. The
continued absence of Roberts, Hafstad, and
G. K. Green on war problems throughout
the report-year greatly reduced the nuclear-
physics program. Little, of the Instrument-
Shop, was assigned to assis Heydenburg
after the latter's return. The nuclear-
physics group included part-time guest in-
vestigators as follows: C. L. Critchfield
(from May 27); David R. Inglis (from
February 18); and E. Ney and R. Nieset
(June 5-18).

ELECTROSTATIC HIGH-VOLTAGE GENERATORS

Beginning in February 1946, activities
were resumed in nuclear-physics research
and related work looking toward the post-
war program. Heydenburg and Little,
assisted two days a week by Dr. David
" Inglis, of the Department of Physics of
Johns Hopkins University, undertook the
task of bringing the Department's high-
voltage equipment back into operation
during February.

Instead of undertaking a program of re-
finement of apparatus, it seemed desirable
to start making actual measurements in
nuclear physics as soon as possible, so the
xGoo>000fvdt  electrostatic  generator was

reconditioned immediately. Preliminary
measurements were begun on the angular
distribution of the disintegration protons
from the reaction O'® + D yields O’ -f p.
Angular distribution experiments on the
lighter elements are important in the study
of the energy-levels of the nucleus. In the
reaction above, there are two main proton
groups which are being carefully examined
with monoenergetic bombardment beams.
The purpose of these studies is to seek
effects which may arise from spin-orbit
coupling of the "extra" neutron in the O*’
nucleus. The short-range-proton group
shows a marked angular dissymmetry.

During avisit to the Physics Department
of the University of Wisconsin, Heyden-
burg discussed at length with Professor
R. G. Herb and others the difficulties en-
countered with the Department's pressure-
type high-voltage generator. As a result
the following important features are being
considered:

(1) Increase in a given tank pressure
beyond the point of failure in the column
supporting the high-voltage electrodes does
not usually improve the behavior.

(2) The column corona-point system
for voltage-distribution must be carefully
made, probably by using needle points
accurately spaced from the discharge plate.
The voltage-distribution down the column
may probably be improved by installing a
new corona-point system which would
draw a current of a least 200 micro-
amperes; it is important that none of this
current be lost from the column to the
outer wall It is desirablethat the accelerat-
ing tube be tied into the corona-ring system
at every tube-section (not possible on our
tube because tube-section lengths are not a
multiple of the ring-separation). Herb
does not use ring-shields near the charging
belt, but shields the belt opening to the
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high-voltage electrode and requires that
the charge carried in and out of the elec-
trode by the belt be equal. Since our
corona-rings are not spaced to limit the
maximum voltage by spark-over, small
sphere-gaps set at proper spark-over dis-
tance should be installed; this can be done
with 25-inch hemispheres mounted on
plates near the porcelain columns. Such
gaps would offer a lower impedance path
for spark-over and would protect the
corona-points from being burned from
sparks.

(3) Regarding our accelerating tube, it
was concluded that it would be a mistake
to use porcelains of smaller diameter than
we have, because of consequent reduction
of pumping speed. If our tube will not
withstand the voltage required after im-
provement of the voltage-distribution along
the column, then are-entrant-type electrode
of design similar to that at Wisconsin, but
with a larger inner diameter of electrode—
sy 10 inches—should be designed; there
is no indication that the diameter of the
electrode is at al critical in the design of
the tube. Because of difficulty in securing
porcelain tube-sections at present, tube-
sections made of Micalex (a General Elec-
tric product which is made of bound mica
and glass and can be machined) are being
tried, and give good promise of being equal
or superior to porcelain.

Future usefulness of pressure high-volt-
age machines apparently liesin greater pre-
cison in beam energy. The machine at
Wisconsin is equipped with an electro-
static deflector-type stabilizer in which the
molecular beam is deflected electrostati-
caly and alowed to fdl on a set of split
plates. The current to these plates controls
the corona-current from a set of points
directed at the high-voltage electrode, in
such a way that when the beam energy is
too high the corona-current is increased to
lower the voltage; this system permits

8

maintaining accuracy of beam-energy of
0.1 per cent. By designing a larger electro-
static analyzer system which will bend the
beam through 90°, the Wisconsin group
hopes to improve accuracy by another
order of magnitude, namely, to 0.01 or
even 0.005 P¢" ¢*"* A control system simi-
lar to the one at Wisconsin should be in-
stalled on our pressure-generator; it would
be profitable to install a somewhat simpler
version on the 1,000,000-volt machine, using
the current from our resistance voltmeter
as the controlling source and the large
corona-arm now present as the corona-
system to be controlled.

It appears that the Department's pres-
sure-generator should be one of the most
useful machines in the country if it can be
made to operate reliably at four or five
million volts, which might be accomplished
with a better voltage-distribution down the
insulating column.

Improvements are aready in progress
on the pressure-type electrostatic gener-
ator. These improvements include a new
vacuum safety system (completed), an ad-
justable corona rod to control the voltage,
and a new generating voltmeter. Tests so
far on the modified accelerating tube
(which was completed in 1941) indicate
that it is not a great improvement over the
original tube. A new tube, patterned after
the Wisconsin type, may be necessary be-
fore reliable operation above 3,000,000 volts
is possible.

CYCLOTRON

During the year the cyclotron continued
its steady operation, and over 1300 hours
of target bombardment provided materials
for numerous research programs.

It was possible during the year to pro-
duce one sample of beryllium as a by-
product that had more than 100,000 micro-
ampere hours of deuterons on it, providing
a source of Be'™, probably the largest in the



6, CARNEGIE INSTITUTION OF WASHINGTON

world. The radioactivity of this isotope
presents problems both as to the theory of
the structure of light nuclei and as to the
theory of beta decay. Chemical separation
of this target has resulted in a sample of
beryllium hydroxide that seems to have
enough of the extremely long-lived Be™
to be readily detectable by the Geiger
counter, and Dr. Charles Critchfield, of
George Washington University, collaborat-
ing with Tuve and Cowie, will attempt to
determine some of the physica character-
istics of this isotope.

Asin the past year, most of the bombard-
ments were applied to biophysical research;
some of the more interesting details are
outlined here.

Collaborative studies by the Division of
Zoology of the United States Public Health
Service, the Moore General Hospital of the
United States Army, and this Department
produced significant results. Six Army
men, infected with Schistosoma japonicum,
were given single doses of tartar emetic
prepared with radioactive antimony. The
excretion rates by urine and feces and the
blood levels were determined over a 7-day
interval Anayss of the data obtained
showed that the process of transfer of the
tartar emetic after intravenous injection to
other body fluids and tissues, and aso the
excretion mechanism, are linear functions
of the initial antimony blood levels. A sys
tem of linear differential equations is thus
defined that describes the number of proc-
esses of antimony transfer, the rates of
transfer, and the capacity of the severa
parts of the mechanisms involved. The
rates of excretion were found proportional
to blood levels for the sx individuas
studied. Three mechanisms were found
in the elimination of the antimony from
the blood stream. Five minutes after injec-
tion 90 per cent of the antimony had left
the blood stream. Ten per cent of the anti-
mony injected is excreted in the urine or

feces in 24 hours, and the rest is excreted
at such a rate that haf of the remaining
antimony is eliminated in about four
weeks. More data on the initial rapid
transfer of antimony from the blood stream
would provide a means of predicting to
what extent blood levels could be con-
trolled by the rate of injection.

Repeated dosage of tartar emetic to a
single patient, following the schedule of
Army treatment for Schistosoma japoni-
cum, showed that, although a large per-
centage of the antimony injected is re-
tained in the body (mainly in the liver),
this retained antimony is not physiologi-
caly active, else repeated doses would have
approximately the same toxicity as large
single doses. It can be postulated, there-
fore, that the antimony does not exist as
tartar emetic, which is soluble and diffus-
ble, but has been converted very shortly
after its injection to some new compound
of antimony.

The studies on laboratory animals have
similarly shown a very rapid removal of
antimony from the blood stream. Other
studies have shown that the adult parasites
have a specific uptake of antimony, and
it is reasonable to assume that the thera-
peutic value of antimonials is due to the
high antimony level in the blood soon
after injection. The rapid drop in blood
levels suggests that antimony should be
given in more frequent doses rather than
by the customary three injections per week,
this technique permitting the maintenance
of a higher residual antimony leve in
the blood.

Anomalously, white rats have shown a
marked difference from humans in the
uptake of both antimony and arsenic.
When sodium arsenite is injected intra-
peritoneally into a large number of white
rats, the arsenic concentration rises rapidly
after the first few hours and in 24 hours
reaches a concentration 100 times greater
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than that found in any other animal, in-
cluding man. Even 14 days later this con-
centration is not greatly reduced and the
arsenic is retained by the red blood cells.
Liver tissues after perfusion were an order
of magnitude lower in arsenic concentra-
tion, indicating that the arsenic concentra-
tion in the blood was responsible for the
greater part of the arsenic found in the
liver. It appears that the sodium arsenite,
as the arsenical injected, is rapidly con-
verted to some unknown arsenic com-
pound by the chemical constituents of the
red blood cell and is not eliminated very
rapidly in this new form. Some of the
initial tartar emetic, however, is probably
eliminated as such in the first few minutes
after the injection, since liver and other
tissues showed a dlight initial uptake of
arsenic which dropped rapidly after a few
hours. It was found that the blood of the
white rats would account for amost 100
per cent of the injected dose 24 hours after
its administration. The significance of the
anomalous blood leved is obvious, namely,
that conclusions from therapeutic and
physiological studies on arsenic and anti-
mony based on similarity of a white rat's
physiology to that of the human will prove
€rroneovus.

The above studies were made by a co-
operating team consisting of Drs. Fred J.
Brady, Fred C. Bartter, and Arthur T.
Ness of the United States Public Health
Service, and Cowie and Forbush of the
Department.

The Naval Medical Research Institute in
collaboration with the Department com-
pleted severa studies on the distribution of
antimony inhaled as stibine. Radioactive
antimony administered as stibine gas
(SbHs) to chicks both normal and in-
fected with Plasmodium gallinaceutn\, and
to normal guinea pigs, was measured in
the blood and tissues at successive time-
intervals following administration. Sig-

nificant differences were not apparent be-
tween distributions in normal and infected
groups. The concentration of antimony in
the blood stream exhibited a smoothly
decaying curve, decreasing more rapidly
in the guinea pig than in the chick. The
red cells contained a much higher concen-
tration of antimony than did the plasma.
The concentration-curves for antimony in
lung, brain, muscle, and fat were generally
similar to that for blood, whereas those for
the liver, and to a lesser extent the spleen,
passed through a maximum about one
hour following treatment. Concentration-
curves for the kidney and heart were of
variable shape. Approximately 4 hours
after treatment, the tissue antimony levels
became constant with respect to order of
rank; liver, spleen, and kidney were higher
than whole blood; al other tissues showed
less than the blood but as much as or more
than the plasma.

It appears that stibine during the gaseous
exchange in the lungs of these animals is
taken up almost entirely by the red cells.
This stibine is amost instantaneously de-
composed, the antimony being trapped
within the red blood cells in the colloidal
form as metallic antimony. This rapid
decomposition in the red blood cells is
catalyzed by the hemoglobin and the
methemoglobin, which converts the me-
tallic antimony to Sb20s, which in turn
dowly dialyzes out of the cel into the
plasma. This accounts for the low plasma
and tissue levels as contrasted with the early
red-blood-cell concentrations of antimony.

Further studies were made on the distri-
bution of radioactive antimony in hamsters
infected with Schistosoma mansoni, with
particular reference to the accumulation in
the thyroid. A scries of hamsters infected
with Schistosoma mansoni, and a scries of
normal control animals, were injected
intraperitoncally with a single dose (0.S
mg/kg) of tartar emetic into which radio-
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active antimony in tracer amounts had
been synthesized. A marked accumulation
of antimony occurred in the liver and sub-
sequently in the thyroid in both controls
and infected animals. In the parasites, the
concentration of antimony was greatest
within an hour &fter the injection. The
relative order of tissue and parasite con-
centrations at 48 hours was similar to that
found by others in dogs infected with
Dirdfilaria immitis, reported by the United
States Public Health Service workers.
These results suggest that perhaps the
toxic symptoms of antimony therapy are
related to its accumulation in the thyroid
as wdl as in the liver.

Drs. Louis A. Flexner and Walter S.
Wilde, of the Department of Embryology
of the Carnegie Institution of Washington,
collaborated with Cowie and the cyclotron
group in the continued study of the perme-
ability of the placenta to various isotopes.
It has been shown by Flexner and his
coworkers that in the case of sodium the
fetus receives across the placenta about 50
times as much as is incorporated in the
growing tissues of the fetus, and in the
cae of water about 150 times as much.
Inorganic phosphate, in sharp contrast, is
supplied to the fetus in quantities approxi-
mately equivalent to the total phosphorus
needed for growth, and there is no evi-
dence of a safety factor of any considerable
magnitude such as was found with the
sodium and water. These findings suggest
the hypothesis that maternal phosphorus
stores are essential in the maintenance of
growth during pregnancy, and that these
stores may be organic molecules from
which phosphorus can be liberated as
needed by enzyme activity. Studies of
radioactive chlorine are now under way to
determine its permeability with the same
type of placenta.

Ksanda* Buynitzky, and P. Johnson
spent full time on the operation and main-

tenance of the cyclotron during the entire
year. Buynitzky was responsible for the
daily operation and the general improve-
ments in the cyclotron. Ksanda was in
charge of the cyclotron shop and asssted
in the radioactivity measurements of nu-
merous biological and chemical samples as
the problems progressed. P. Johnson spent
some time on electronic instrumentation,
in the improvement of radioactive measur-
ing equipment, and in the maintenance of
the radio-frequency supply for the cyclo-
tron. A report was prepared by Roberts
and Cowie on the radio-frequency supply
for this cyclotron. Attempts are now under
way to get a deflected beam out of the
cyclotron, looking forward to future bio-
logical and nuclear-physics problems as
members of the gaff return from their
various war activities.

During the year numerous bombard-
ments were made for many organizations,
both governmental and institutional, in or
about Washington: the Department of
Agriculture, the National Bureau of Stand-
ards, Catholic University, Camp Detrick,
United States Army, Public Health Serv-
ice, and others.

MISCELLANEOUS

The Ohio Postwar Planning Commis-
sion was supplied on request with detailed
description and plans of the 60-inch cyclo-
tron and its special laboratory together
with data on cost of construction at the
Department; the Commission had under
consideration provision of such facilities
under Ohio State University to serve the
large region of educational, industrial, and
medical and surgical centers in and adjoin-
ing the state of Ohio.

Dr. J. D. Cockroft was supplied, also on
reguest, with 85 drawings and photographs
showing the CIW cyclotron in detail, as
well asits building, for use by the National
Research Council of Canada.
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To assist in completion of the new 210-
cm cyclotron at the University of Upsda
(Sweden), Dr. T. Svedberg, following
severa ingpections at the Department by
himself and colleagues, was provided with
over 100 drawings showing details of
congtruction of the cyclotron and its
appurtenances.

Publications on nuclear-physics research
are liged in 