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@alendar

1935
JANUARY 2 Registration (9 A. M. to 3 P. M.)
JANUARY 19 Examinations for Removal of Conditions
Marcu 1...Last Day for Applications for Fellowships and Assistantships
Marcu 11-16 Term Examinations
DU N T+ - RS End of Second Term (12 M.)
Marca 17-24 Recess
Marca 20........Notifications of Award of Fellowships and Assistantships
Marcu 23 Meetings of Registration Committees
MarcH 25 Registration (9 A. M. to 3 P. M.) -
Aerrir 13 Examinations for Removal of Conditions
ApriL 20 and 27.......... Examinations for Admission to Freshman Class
and for Freshman Scholarships (see page 74)
May 13 Last Day for Removing Senior Deficiencies
May 23......... Last Day for Examinations and Presenting Theses for the
Degree of Doctor of Philosophy
Mayx 30 Memorial Day Recess
JUNE o End of Examinations for Candidates for the Degrees of
Bachelor of Science and Master of Science
Juxe 3-8..... Term Examinations for all Undergraduates except Seniors
JUNE 4 Meetings of Committees on Course in Engineering

and Course in Science (10 A. M.)

Juxne 5 Faculty Meeting (10 A. M.)
JuxEe 6 Class Day
JUNE 7. Annual Meeting of Alumni Association
Cdoxe T2 Commencement _/

JUNE 6-8. e Examinations for Admission to Upper Classes
JUNE 8 End of College Year (12 M.)
Ju~e 17 Meeting of Freshman Registration Committee
June 18 Meeting of Registration Committee
SEPTEMBER 6-7. .o Examinations for Admission to Freshman Class
(See Page 74)
SEPTEMBER 13-14.eeee Examinations for Admission to Upper Classes
SEPTEMBER 19 : Examinations for Removal of Conditions
SepreMsBER 19 Registration of Freshmen (8:30 A.M.)
SeEPTEMBER 19-20... . ... Registration of Students Transferring from
. . other Colleges (9 A. M. to 3 P. M.)

SEPTEMBER 20......0000ceecemmacrrcseneneans General Registration (9 A. M. to 3 P. M. L
SEpTEMBER 23.... Beginning of Instruction
NovemBEr 28-DecEmBER 1 Thanksgiving Recess ™
Decemser 2...Last Day for Announcing Candidacy for Bachelor’s Degree
Decemser 9-14 Term Examinations
DECEMBER T Last Day for Applications for Candidacy for the
. Degree of Doctor of Philosophy in June, 1936
. DECEMBER B AN oo End of First Term (12 M.)
DecemBER 28, . ..Meetings of Registration Committees

‘JAIuUARY 2, 1936, Registration (9 A. M. to 3 P. M.)




Che Board of Trustees

(Arranged in the order of seniority of service)

Hiram W. WADSWORTH

Pasadena

ArtHUR H. FLEMING

Pasadena

Grorce E. Hawe

South Pasadena

Cuarres W. GATES

Fordyce, Arkansas

Hexry M. Ropinsox.....
Harry CHANDLER

Pasadena

Los Angeles

Hexry W. O’MELVENY..
Arrax C. Bancu

Los Angeles
Los Angeles

Louvis D. Rickerrs

Pasadena

Wirrianm L. Hoxxowp....
Harry J. BAUER

Los Angeles

San Marino

Bex R. MEvYER

.................... Los Angeles

Harvey S. Mupp

James R. Pace

_________ Beverly Hills
Los Angeles

Georct E. FARRAND........
Wirriamx C. McDurFIE

Los Angeles
San Marino

MAX B ARRAND. oo San Marino

JouN S. CrAVENS

Pasadena

Artiiuvr H. FLEMING

OFFICERS
President Emeritus

Arrax C. Barcu

President

Hexry M. RoBiNsox.

First Vice-President

Cuarres W. GATEs

Second Vice-President and Treasurer

Hiraym W. WADSWORTH...

Third Vice-President

Epwarp C. BARRETT. ... Comptroller and Secretary

Craries W. GATEs

FINANCE COMMITTEE
Arrawx C. Barcw, Chairman

Witriam L. HoxxoLn

Bex R. Mever
Harvey S. Mubp

T.ouis D. RickerTs



Abdministrative Officers of the Iustitute

EXECUTIVE COUNCIL

RoseErtr A. Mrikax, Chairman Harvey S. Mupp
Arrax C, Bancu WiLriam B. Muxro
Georce E, Hare ArTHUR A. NOYES
Tuomas H. Morcax Hexry M. RopiNsoN

Epwarp C. Barrert, Secretary

CHAIRMEN OF DIVISIONS
Rosere A. Mirrixax.. Physics, Mathematics, and Electrical Engineering

ARTHUR A. NOYES-orioemercacacmrrmeeas Chemistry and Chemical Engineering
Frankriy THoMAS Civil and Mechanical Engineering
Joux P. Buwarpa Geology and Paleontology
Tromas H. Morean Biology
Crixtox K. Jupny Humanities
Rovar W. SoRENSEN.. Physical Education

OTHER OFFICERS

Epwarp C. Barrerr Comptroller
Rrcmarp C. TOLMAN oo Dean of the Graduate School
I'reDpERIC W, HiNRICHS, JR.. Dean of Upper Classmen
JouxN R. MACARTHUR Dean of Freshmen
Harry C, Vax BusgRk Registrar
W. NoerL Bircury Assistant Registrar

Advisory Counril

Gaxo Duxx, President, J. G. White Corporation.

Fraxm B, Jewerr, President, Bell Telephone Laboratorics, Inc., and
Vice-President, American Telephone and Telegraph Company.

Jor~ C. Merriam, President, Carnegie Institution of Washington,

Cuaries L. Reese, Chemical Director, E. I. du Pont de Nemours and
Company.



Officers and Gommitters of the Faculty

OFFICERS
Cuaamrmax, E. T. BeLr
SecreTary, H, C. Van Buskirk

FACULTY BOARD

CaamrmaN, Willlam V. Houston; Secrerary, H. C. Van Buskirk;
C. D. Anderson, E. C. Barrett, S. J. Bates, E. T. Bell, J. E. Bell, H. Bor-
sook, J. P. Buwalda, R. L. Daugherty, F. W. Hinrichs, Jr.,, C. K. Judy,
J. R. Macarthur, W. W. Michael, R. A. Millikan, T. H. Morgan, W. B.
Munro, A. A, Noyes, L. Pauling, W. R. Smythe, R. W. Sorensen,
. Thomas, R. C. Tolman, E. C. Watson,

FACULTY COMMITTEES

Apmission To UppEr Crasses, Chairman, S. J. Bates

Assemery, Chairman, C. X. Judy

ComMmENCEMENT Exercisgs, Chairman, L. W. Jones

Courst 18 Excineering, Chairman, W. W. Michael

Course 1N Sciexce, Chairman, W. R. Smythe

FresgmMAN AbpmissioN AND ReerstraTioN, Chairman, J. E. Bell

GrapvAaTE Courses oF Stupy, Chairman, R. C. Tolman

Hoxor StupExnts, Chairman, C. D. Anderson

LecTurers AND Visits ror QutrsipE OreaNizations, Chairman, R. E.
Untereiner

Musicar Acrivities, Chairman, F. Thomas

PrvsicarL Epvcarron, Chairman, R. W, Sorensen

Pusrications, Chairman, H. C. Van Buskirk

Pugricrry, Chairman, E. C. Barrett

REcisTrATION, Chairman, H. C. Van Buskirk

RevaTions 10 Hica Scumoors, Chairman, E. C. Watson

StupENT A, Chairman, F. W. Hinrichs, Jr.

SrupeENT Bopy Finaxce, Chairman, P. S. Fogg

StupExnT Hrartr, Chairman, H. Borsook

StupeExT ReraTioxs, Chairman, F. Thomas

StroupENT Sociarn Fuxcrioxs, Chairman, 1. W. Jones



Staff of Instruction and Research

RoBerr AxpREWs Mirrikaw, Pu.D,, LL.D., Sc.D., Nobel Laureate

Professor of Physics
Director of the Norman Bridge Laboratory of Physics
Chairman of the Executive Council

A.B., Oberlin College, 1891; A.M., 1893; Ph.D., Columbia University, 1895.
Assistant in Physics, University of Chicago, 1896-1897; Associate,
1897-1899; Instructor, 1899-1902; Assistant Professor, 1902-1907; Asso-
ciate Professor, 1907-1910; Professor, 1910-1921, Sc.D. (hon.), Oberlin
College, 1911; Northwestern University, 1913: University of Pennsyl-
vania, 1915; Amherst College, 1917; Columbia University, 1917; Uni-
versity of Dublin, 1924; Yale University, 1925; Leeds University, 1927;
Princeton University, 1928; New York University, 1929; Harvard Uni-
versity, 1932, University of Rochester, 1934; LL.D., University of Cali-
fornia, 1924; University of Colorado, 1927; University of Michigan, 1929
University of Southern California, 1931; Ph.D. (hon.), King John
Casimir University, Lwoéw, Poland, 1926; University of Ghent, 1927;
Docteur Honoris Causa, University of Liege, 1930; Vice-President,
American Association for the Advancement of Science, 1911; President,
1929; President American Physical Society, 1916-1818; Lieutenant
Colonel, U. S. A., and Chief, Science and Research Division of Signal
Corps, 1917-1919; American Representative, Troisiéme Conseil de Phys-
ique, Solvay, Brussels, 1921; Exchange Professor, Belgium, 1922; Amer-
ican Representative, Committee on Intellectual Cooperation, League
of Nations, 1922-1932. Fellow of the Oberlaendar Trust, 1931. Member,
American Philosophical Society, National Academy of Sciences, Amer-
ican Academy of Arts and Sciences. Corresponding Member, Société
Batave de Philosophie Expérimentale & Rotterdam, Académie des
Sciences de Russie, Institut de France Académie des Sciences, Royal
Accademia della Scienze Dell’ Istituto Bologna, Accademie I.incei,
Rome. Hon. Member, Royal Institution of Great Britain, La Société
Hollandaise des Sciences, Royal Irish Academy, Die Gesellschaft der
Wissenschaften zu Géttingen, Bayeresche Akademie der Wissenschaf-
ten zu Muenchen, Association des Ingénieurs de Liége, Kaiserlich
Deutsche Akademie der Naturforscher. Recipient of Comstock Prize,
National Academy of Sciences, 1913; of Edison Medal of the Amer-
ican Institute of Electrical Engineers, 1922; of the Nobel Prize in
Physics of the Royal Swedish Academy, 1923; of the Hughes Medal of
the Royal Society of Great Britain, 1923; of the Faraday Medal of the
London Chemical Society, 1924; of the Matteucci Medal of the Societa
Italana della Scienze, 1925b; of the Gold Medal of the American Society
of Mechanical Engineers, 1926; of the Messel Medal of the Society of
Chemical Industry of England, 1928; of the Gold Medal of the Society
of Arts and Sciences, 1929; of the Gold Medal of the Radiological
Society of North America, 1930; and of the Gold Medal of Honor,
Roosevelt Memorial Foundation, 1932, Chevalier de I’Ordre National de
la Légion 4’ Honneur, 1931. California Institute, 1916-

1640 OQak Grove Avenue

Tromas Huxt Morcaw, Pr.D., LL.D., Sc.D., Nobel Laureate

Chairman of the Division of Bioclogy, William G. Kerckhoff Laboratories
of the Biological Sciences

Member of the Executive Council

B.S., University of Kentucky, 1886; M.S., 1888; Ph.D., Johns Hopkins Uni-
versity, 1890. Professor of Biology, Bryn Mawr College, 1891-1904;
Professor of Experimental Zoology, Columbia University, 1904-1928.
LL.D., Jchns Hopkins University, 1915; University of Kentucky, 1916;
McGill University, 1921; University of Edinburgh, 1922; University of
California, 1930; Sc.D., University of Michigan, 1924; Ph.D. (Dr. of
Nat. Phil.), Heidelberg University, 1931. Fellow of the American Asso-
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ciation for the Advancement of Science (President, 1930); Member,
American Philosophical Society; President, National Academy of
Sciences, 1927-1931; Member, Linnean Society of London; Royal Society
of Sciences of Denmark; Foreign Member, Royal Society of London;
Finnish Society of Sciences; Associate Member, Société Royale des
Sciences Médicales et Naturelles de Bruxelles; Society Belge de
Biologie, Bruxelles; Société de Biologie de France; Corresponding
Member, Zoological Society of London; Académie des Sciences de
Russie; Bavarian Academy of Sciences; Honorary Member, Royal
Irish Academy; Ordinary Member, Royal Society of Sciences of
Upsala; Foreign Associate, Royal Accademia Nazionale dei Lincei,
Rome; Correspondent, Academie des Sciences, Institut de France.
Recipient of the Nobel Prize in Medicine of the Swedish Royal Acad-
emy, 1933. California Institute, 1928- 1149 San Pasqual Street

Wiiriam Bexxerr Muxro, Pu.D., LL.D., Lirr.D.
Professor of History and Government
Member of the Executive Council

B.A., Queens University, 1895; M.A., 1896; LL.B., 1898; M.A., Harvard

University, 1899; Ph.D., 1900, M.A. (hon.), Williams College, 1904;
LL.D., Queens Umversxty, 1912; Litt.D., University of Southern
Cahforma 1930; Parker Travelmg Fellow, 'Harvard University, 1900~
1901; Instructor in History and Political Science, Williams College,
1901- 1904 Instructor in Government, Harvard Unnermtv 1904-1906;
Assistant Professor of Government, 1906- 1912; Professor of Mumclpal
Government, 1912-1925; Jonathan Trumbull Professor of American
History and Government, 1925-1930; Chairman of the Division of His-
tory, Economics and Government, Harvard University, 1920-1928;
‘Weil Foundation Lecturer, University of North Carolina, 1921; Mc-
Bride Foundation Lecturer, Western Reserve University, 1925; Jacob
H. Schiff Foundation Lecturer, Cornell University, 1926; Marfleet Lec-
turer, University of Toronto, 1929; President of the American Asso-
ciation of University Professors, 1930-1931; President of the American
Political Science Association, 1927; Vice-President and Chairman of
the Section on Historical and Philological Sciences, American Asso-
ciation for the Advancement of Science, 1931. Fellow of the American
Academy of Arts and Sciences. California Institute, 1925~

268 Bellefontaine Street

Arntror Amos Noves, Pa.D., LI.D., Sc.D.
Professor of Chemistry
Director of the Gates Chemical Laboratory
Member of the Executive Council

S.B., Massachusetts Institute of Technology, 1886; S.M.., 1887; Ph.D.,

University of Leipzig, 1890; LI.D., University of Maine, 1908;
Clark University, 1909; University of Pittsburgh, 1915; Se.D. (hon.),
Harvard University, 1909; Yale University, 1913. Assistant and In-
structor in Analytical Chemistry, Massachusetts Institute of Tech-
nology, 1887-1892; Instructor in Organic Chemistry, 1892-1894; Assis-
tant and Associate Professor of Organic Chemistry, 1894-1899; Pro-
fessor of Theoretical Chemistry, 1899-1919; Director of the Research
Laboratory of Physical Chemistry, 1903-1919. Acting President,
Massachusetts Institute of Technology, 1907-1909; President, American
Chemical Society, 1904; President, American Association for Advance-
ment of Science, 1927; Honorary Fellow, Royal Society of Edinburgh;
Member, National Academy of Sciences, American Philosophical
Society, and American Academy of Arts and Sciences. Willard Gibbs
Medal, American Chemical Society, 1915. Davy Medal, Royal Society,
1927; Richards Medal, American Chemical Society, 1932. California

Institute, 1913~ 1025 San Pasqual Street
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Epwarp Cecin BarrerT, B.A,
Comptroller

B.A., State University of lowa, 1906, Assistant Secretary, Board of Re-
gents, 1906-1907; Registrar and Secretary to the President, State
University of Iowa, 1907-1911. California Institute, 1911-

942 North Chester Avenue

Harry BaTEMAN, PH.D,
Professor of Mathematics, Theoretical Physics, and Aeronautics

B.A., Cambridge University, 1903; Smith Prize, 1905; Fellowship, Trinity
College, Cambridge, 1905-1911; Universities of Goéttingen and Paris.
1905-1906; M.A., Cambridge University, 1906; Ph.D., Johns Hopkins
University, 1913. Lecturer in Mathematics, University of Liverpool,
1906-1907; Reader in Mathematical Physics, University of Manchester,
1907-1910; Lecturer in Mathematics, Bryn Mawr College, 1910-1912;
Lecturer in Applied Mathematics, Johns Hopkins University, 1915~
1917. Fellow of the Royal Society of London, 1928. Member, American
Philosophical Society, National Academy of Sciences. California Insti-

tute, 1917~
1107 San Pasqual Street

Stvarr JeErrEry Bates, Pu.D.
Professor of Physical Chemistry

B.A., McMaster University, Toronto, 1907; M. A., 1909; Ph.D., University
of Iilinois, 1912. Chemist, Comfort Soap Works, Toronto, 1307-1908;
Research Assistant, McMaster University, 1809-1910; Fellow in Chem-
istry, University of Illinois, 1910-1912; Research Associate in Physical
Chemistry, 1912-1913. Instructor in Analytical Chemistry, University
of Illinois, 1913-1914; Research Associate in Physical Chemistry,
Massachusetts Institute of Technology, 1922-1923 (on leave from Cali-
fornia Institute of Technology). California Institute, 1914-

2011 Rose Villa Street

Eric TemprE Brrr, Pu.D.
Professor of Mathematics

A.B., Stanford University, 1904; A.M., University of Washington, 1908;
Ph.D., Columbia University, 1912. Instructor, Assistant Professor,
Associate Professor, University of Washington, 1912-1922; Professor,
1922-1926. Bécher Prize, American Mathematical Society, 1924; Vice-
President, American Mathematical Society, 1926-; Colloquium Lec-
turer, American Mathematical Society, 1927. Professor, summer
quarters, University of Chicago, 1924-1928; Visiting Lecturer, Harvard
University, first half 1926. Vice-President, American Association for
the Advancement of Science, 1929-1930; President, Mathematical Asso-
ciation of America, 1931-. Member of National Academy of Sciences.

California Institute, 1926-
434 South Michigan Avenue

James Epcar Bery, Pa.D.
Professor of Chemistry
S.B., University of Chicago, 1905; Ph.,D., University of Illinois, 1913.
Graduate student, University of Chicago, 1908-1910. Instructor in

Chemistry, University of Washington, 1910-1911, 1913-1916. Associate
Professor, California Institute, 1916-1918; Professor, 1918-

R. D. 1, Box 639, Pasadena
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Ira Srracue Bowew, Pu.D.
Professor of Physics

A.B., Oberlin College, 1919; Ph.D., California Institute of Technology, 1926.
Assistant in Physics, University of Chicago, 1920-1921. Instructor,
California Institute, 1921-1926; Assistant Professor, 1926-1928; Asso-
ciate Professor, 1928-1931; Professor, 1931-

1147 Constance Street

Jorx PereEr Buwarpa, Pu.D.
Professor of Geology

B.S., University of California, 1912; Ph.D., 1915. Instructor, University of
California, 1915-1917; Assistant Professor of Geology, Yale University,
1917-1921; Associate Professor of Geology, University of California,
1921-1925; Professor of Geology, 1925; Dean of the Summer Sessions,
1928-1925. Associate Geologist, U. 8. Geological Survey. Member, Fed-
eral Advisory Board for Yosemite National Park, 1928-, California

Institute, 1925-
2103 San Pasqual Street

W. Howarp Crare, E. M,
Professor of Mechanism and Machine Design

E.M., University of Minnesota, 1901. Instructor in Mathematics, Macal-
ester College, 1897-1898. Superintendent and Designing Engineer,
Sherman Engineering Company, Salt Lake City, 1905-1909; Superin-
tendent, Nevada-Goldfield Reduction Company, Goldfield, Nevada,
1909-1910. Instructor, California Institute, 1911-1913; Assistant Pro-
fessor, 1913-1914; Associate Professor, 1914-1918; Professor, 1918-

95 South Mentor Avenue

Rogert L. Davenkrry, M.E.
Professor of Mechanical and Hydraulic Engineering

A. B. in Mechanical Engineering, Leland Stanford Junior University, 1909;
M. E.,, 1914, Assistant in Mechanics, Leland Stanford Junior Univer-
sity, 1907-1908; Assistant in Hydraulics, 19%08-1909; Instructor in
Mechanical Engineering, 1909-1910; Assistant Professor of Hydraulics,
Sibley College, Cornell University, 1910-1916; Professor of Hydraulic
Fngineering, RRensselaer Polytechnic Institute, 1916-191%. Member of
Council, American Society of Mechanical Engineers, 1925-1928; Vice-
President, 1928-1930. Vice-Chairman and Chairman, Board of Direc-
tors, City of Pasadena, 1927-1931. California Institute, 1919-

373 South Euclid Avenue

PavL Sorpuvus EpstEIN, PH.D.
Professor of Theoretical Physics

C.Sec., Moscow University, 1906; M.Sc., 1909; Ph.D., University of Munich,
1914, Assistant in Physics, Moscow Institute of Agriculture, 1906-
1907; Assistant in Physics, Moscow University, 1807-1909; Privat
docent, Moscow University, 1909-1913; Privat docent, University of
Zurich, 1919-1922, Member National Academy of Sciences. California

Institute, 1921~
1484 Qakdale Street
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Bexo GurENsERG, Pu.D.
Professor of Geophysics
Technische Hochschule, Darmstadt, 1907; TUniversitit Gottingen, 1908;
Ph.D., 1911, Assistant Zentral Bliro der Internationalen Seismolo-
gischen Vereinigung, Strassburg, 1913-1914; Reichszentrale fuer Erd-

bebenforschung, Strassburg, 1914-1919; Privatdozent fuer Geophysik,
Universitit Frankfurt A/M, 1924-1926; A. O. Professor, 1926-1930.

California Institute, 1430- .
399 Ninita Parkway

Freperic W. Hinricus, Jr., M.A.
Professor of Mechanics
Dean of Upper Classmen

A.B., Columbia University, as of 1902. M.A. (hon.), Occidental College,
1926. Graduate of the United States Military Academy, West Point,
1902. Assistant Professor, Professor of Applied Mechanics, University
of Rochester, 1910-1919. Assistant Professor, California Institute,

1920-1923; Professor and Dean, 1923-
1071 North Garfield Avenue

Wirrian Veryicrion Housrow, Pa.D.
Professor of Physics

B.A. and B.Sc. in Ed., Ohio State University, 1920; M.S., University of
Chicago, 1922; Ph.D., Ohio State University, 1925, Instructor in
Physics, Ohio State University, 1922-1925. National Research Fellow
in Physics, 1925-1927, Foreign Fellow of the John Simon Guggenheim
Foundation, 1927-1928. National Research Fellow, California Institute,
1925-1927; Assistant Professor, 1927-1929; Associate Professor, 1929-

1931; Professor, 1931-
2428 Ridgeway Road, San Marino

CrintoNn Kervy Jupy, M.A.
Professor of English Language and Literature
A.B., University of California, 1903; M.A., 1907; B.A., Oxford University
1909; M.A., 1913; M.A., Harvard University, 1817. California Institute

1909~
1325 Woodstock Road, San Marino

THrobor voN KArRMAN, Pr.D., Dxr. INa.
Professor of Aeronautics

Director of the Daniel Guggenheim Laboratory
M.H®., Budapest, 1902; Ph.D., Géttingen, 1308. Honorary degree of Doctor
of Engineering, University of Berlin, 1929. Privat docent, Goéttingen,
1910-1913; Professor of Mechanics and Aerodynamics, Director of the
Aerodynamical Institute, University of Aachen, 1913- Member of
Gesellschaft de Wissenschaften zu Géottingen, 1925; foreign member
of the Royal Academy of Sciences, Torino, 1928. California Institute,

1928-
1501 South Marengo Avenue
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WinLias Nosre Lacey, Pu.D,
Professor of Chemical Engineering

in Chemical Engineering, 1911, and Chemical Engineer, 1912, Leland
Stanford Junior University; M.S., 1913; Ph.D., University of Califor-
nia, 1915, Assistant in Chemistry, Leland Stanford Junior University,
1911-1912; Assistant in Chemistry, University of California, 1912-1915;
Research Chemist for Giant Powder Co., San Francisco, 1915; Re-
search Associate, Massachusetts Institute of Technology, 1916. In-
structor, California institute, 1915-1917; Assistant Professor, 1917-1919;
Associate Professor, 1919-1931; Professor, 1931~

2136 Minoru Drive

Graxam Arrax Laixg, M.A.
Professor of Economics and Business Administration

B.A., University of Liverpool, 1908; M.A., 1309; Gladstone Prize in History

and Political Science, Rathbone Prize in Economics, Liverpool Uni-
versity, 1907; Workers’ Educational Association Lecturer in Economic
History for Liverpool University, 1909-1913; Secretary, Department of
Education, Government of British Columbia, 1913-1914; Director of
Technical Education, Vancouver, B. C., 1914-1917; Instructor in Eco-
nomics and History, University of California, 1917-1918; Assistant
Statistician, United States Shipping Board, 1918-1819; Assistant Pro-
fessor of Social Science, University of Arizona, 1919-1921. California

Institute, 1921-
1081 Elizabeth Street

Jou~x Rosertson Macartuur, Pa.D.

Professor of Languages
Dean of Freshmen

B.A., University of Manitoba, 1892; Ph.D., University of Chicago, 1903.

T.ecturer in Modern Languages, Manitoba College, 1893-1898; Professor
of English, New Mexico Agricultural College, 1903-1910, 1911-1913;
Professor of English, Kansas State Agricultural College, 1914-1920.
Agent of International Committee of Young Men’s Christian Asso-
ciation, Ellis Island, 1910-1911. Associate Professor, California Insti-
tute, 1920-1923; Professor and Dean, 1923-

866 South Pasadena Avenue

Romeo Raour MarrEr, S.B.
Professor of Structural Engineering

Brown University, 1812, Instructor in Civil Engineering, Rhode
Island State College, 1913-1914; Instructor in Civil Engineering,
Mechanics Institute, 1914-1915. With Sayles Finishing Plants, Sayles-
ville, R, [., 1915-1918; with Atchison, Topeka and Santa Fe Railway,
Amarillo, Texas, 1918; Resident Engineer, California Highway Com-
mission, Willits, California, summer of 1921. Consulting Engineer on
Bridge Design for City of Pasadena, 1921-1924. Representative of
Southern California Council on Earthquake Protection at Third Pan-
Pacific Science Congress, Tokyo, 1926, and at the World Engineering
Congress at Tokyo in 1929. Instructor, California Institute, 1918-1920;
Assistant Professor, 1920-1921; Associate Professor, 1921-1930; Pro-

fessor, 1930-
690 South Mentor Avenue
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Lixvus Pavirixeg, Pu.D,, Sc.D.
Professor of Chemistry

B.S., Oregon State Agricultural College, 1922; Ph.D., California Institute
of Technology, 1925. Sec.D. (hon.), Oregon State Agricultural College,
1933, National Research Fellow in Chemistry, 1925-1926. Foreign
Fellow of the John Simon Guggenheim Memorial Foundation, 1926-1927.
Liecturer in Physics and Chemistry, University of California, 1928-,
Massachusetts Institute of Technology, 1932. Langmuir Prize of the
American Chemical Society, 1931. Member of National Academy of
Sciences. Assistant in Chemistry, California Institute, 1922-1923;
Teaching Fellow, 1923-1925; Research Fellow, 1926-1927; Assistant Pro-
fessor, 1927-1929; Associate Professor, 1929-1931; Professor, 1931-

1245 Arden Road

Freperick Lesiie RawsonmEi, Pr.D.
Professor of Economic Geology

B.S., University of California, 1893; Ph.D., 1896. Assistant in Mineralogy
and Petrography, Harvard University, 1896-1897; Assistant Geologist,
U. S. Geological Survey, 1897-1900; Geologist, 1900-1923; in charge of
sections of western areal geology, 1912-1916, and of metalliferous de-
posits, 1912-1923; Professor of Kconomic Geology, 1923-1927, and Dean
of the Graduate College, 1926-1927, University of Arizona. Fellow,
Geological Society of America, American Association for the Advance-
ment of Science; Member, National Academy of Sciences, National
Research Council; President, Geological Society of Washington, 1913;
President, Washington Academy of Sciences, 1918; Corresponding
Member, Societe Géologique de Belgique; President, Society of Eco-
nomic Geologists, 1928. Cahforma Institute, 1927-

543 South San Marino Avenue

Turovore Gerarp Soarrs, Pir.D.,, D.D.
Professor of Ethics
A.B., University of Minnesota, 1891; A.M., 1892; Ph.D., University of Chi-
cago 1894: D.B., 18987; D.D., Knhox College 1901. 'Professor of Homi-
letics, Umversn:y of Chicago, 1906-1908; Professor of Religious Educa-
tion and Head of the Department of Practical Theology, 1908-1930.
President, Religious Educatior. Association, 1921-1924. California In-
stitute, 1927- 1542 Morada Place, Altadena

Rovar Wassox Sorexsex, E.E.
Professor of Electrical Engineering

B.S., in Electrical Engineering, University of Colorado, 1905; E.E., 1928.
Associated with General Electric Co., Schenectady, N. Y., and Pitts-
field, Mass., 1905-1910; Consulting Engineer, Pacific Light and Power
Corporation, 1913-1917. Consulting Engineer, U. S. Electrical Manu-
facturing Company, 1917-1929, 1930-32. Consulting Engineer, Circuit
Breaker Research Department, General Electric Company, 1929-1930.
Member, Board of Consulting Engineers, Metropolitan Water District
of Southern California, 1931-. Associate Professor, California Institute,

1910-11; Professor, 1911- 384 South Holliston Avenue

CrEestEr Stock, Pu.D,
Professor of Paleontology

B.S., University of California, 1914; Ph.D., 1917; Research Assistant, De-
partment of Paleontology, University of California, 1917-1919; In-
structor, 1919-1921; Assistant Professor, Department of Geological
Sc1ences 1921-1925. Research Associate, Carnegie Institution of Wash-
ington. Curator of Vertebrate Paleontology, Los Angeles Museum.

California Institute, 1926- 1633 Linda Vista Avenue
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Avrrep Hexxy StorRTEvanT, PH.D.
Professor of Genetics

A.B., Columbia University, 1912;: Ph.D., 1914, Research Assistant, Car-
negie Institution, 1915-1928. Member of National Academy of Sciences.

California Institute, 1928-
761 Lakewood Place

Fraxxrixy Tuomas, C.E,
Professor of Civil Engineering

B.E., University of Iowa, 1908; C.E., 1913. Graduate work at McGill Uni-
versity, Montreal. Instructor in Descriptive Geometry and Drawing,
University of Michigan, 1910-1912. Construction Foreman, Mines
Power Company, Cobalt, Ontario, 1909-1910; Designer, Alabama Fower
Company, Birmingham, Alabama, 1912-1913. Assistant Engineer, U. S.
Reclamation Service, 1919. Member and Vice-Chairman, Board of
Directors, City of Pasadena, 1921-1927; Member and Vice-Chairman,
Board of Directors, Metropolitan Water District, 1928-; Director,
American Society of Civil Engineers, 1930-. Associate Professor, Cali-
fornia Institute, 1913-1914; Professor, 1914-

685 South El Molino Avenue

Ricmarn Cuaace Tormawn, Pu.D,
Professor of Physical Chemistry and Mathematical Physics
Dean of the Graduate School

S.B. in Chemical Engineering, Massachusetts Institute of Technology,
1903; Ph.D., 1910; Student, Berlin and Crefeld, 1903-1904. Dalton Fel-
low, Instructor in Theoretical Chemistry, and Research Associate in
Physical Chemistiry, Massachusetts Institute of Technology, 1905-1910;
Instructor in Physical Chemistry, University of Michigan, 1910-1911;
Assistant Professor of Physical Chemistry, University of Cincinnati,
1911-1912; Assistant Professor of Chemistry, University of California,
1912-1916; Professor of Physical Chemistry, University of Illinois, 1916-
1918; Chief, Dispersoid Section, Chemical Warfare Service, 1918; Asso-
ciate Director and Director, Fixed Nitrogen Research Laboratory,
Department of Agriculture, 1919-1921, Member of National Academy
of Sciences, American Philosophical Society, and of American Acad-
emy of Arts and Sciences. California Institute, 1921~

345 South Michigan Avenue

Harry Crark Vax Buskirx, Pu.B.
Professor of Mathematics
Registrar
Ph.B., Cornell University, 1897. Associate Professor, California Institute,

1904-1915; Professor, 1915-
390 South Holliston Avenue

Earxest Crarres Warsox, Pa.B.
Professor of Physics

Ph.B., Lafayette College, 1914; Assistant in Physics, University of Chicago,
1914-1917. Assistant Professor, California Institute, 1919-1920; Asso-
ciate Professor, 1920-1930; Professor, 1930-

1124 Mar Vista Avenue
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Joux Aveust AxpersoN, Pu.D.
Research Associate in Astrophysics*
Executive Officer of the Observatory Council

B.S., Valparaiso College, 1900; Ph.D., Johns Hopkins University, 1907.
Associate Professor of Astronomy, Johns Hopkins University, 1908-
1916; Physicist, Mount Wilson Observatory, 1916-. California Insti-

tute, 1928- 994 Poppy Street, Altadena

SAMUEL JacksoN Barnerr, Pu.D.

Research Associate in Physics

A.B., University of Denver, 1884; Ph.D., Cornell University, 1898. Instruc-
tor in Physics and Biology, University of Denver, 1894-1895; Assistant
in Astronomical Observatory, University of Virginia, 1895-1896; Uni-
versity Scholar and President White Fellow, Cornell University, 1896-
1898; Instructor in Physics and later Professor of Physics, Colorado
College, 1898-1900; Assistant Professor of Physics, Stanford University,
1900-1905; Professor of Physics, Tulane University of Louisiana, 1905-
1911; Assistant Professor of Physics, 1911-1912, and Professor of Phys-
ics, 1912-1918, Ohio State University; Physicist, Carnegie Institution of
Washington, 1918-1926 (Research Associate, 1924-1926); Professor of
Physics, University of California at I.os Angeles, 1926-. Recipient of
Comstock Prize, National Academy of Sciences, 1918; Fellow of the
American Academy of Arts and Sciences. California Institute, 1923-

939 Thayer Avenue, Westwood Hills, Los Angeles

Goprrey Davies, M. A.
Associate in History

B.A., Honour School of Modern History, Oxford University, 1914; Secre-
tary to C. H Firth, then Regius Professor of Modern History, Oxford
University, 1914-1916; Tutor in the School of Modern History, 1919-
1924; Assistant Professor of History, University of Chicago, 1925-1930.
Visiting Scholar of the Xuntington Library, 1830-1931; Member of
Research Staff, 1931-. California Institute, 1930-

Athenzum

Jesse WiLriam MoxroE DuMoxb, Pu.D.
Research Associate in Physics

B.S., California Institute of Technology, 1916; M.S. in E.H., Union College,
1918; Ph.D., California Institute, 1929. Teaching Fellow, California
Institute, 1921-1925; Research Fellow, 1925-1931; Research Associate,

i 1585 Homewood Drive, Altadena

Hovr Horewert Hupsox, Pu.D.
Associate in English

B.A., Huron College, 1911; M.A., University of Denver, 1913; Ph.D., Cornell
University, 1923, Instructor in Public Speaking, Cornell University,
1920-1923; Assistant Professor of English and Public Speaking, Swarth-
more College, 1923-1925; Professor of English, University of Pittsburgh,
1925-1927; Associate Professor and Professor of Public Speaking,
Princeton TUniversity, 1927-1933; Professor of Rhetoric and Oratory,
and Chairman of the Department of Knglish, 1933-. Research Asso-
ciate, Huntington Library, 1931-. California Institute, 1934-

864 North Holliston Avenue

*Member of the staff of the Mount Wilson Observatory of the Car-
negie Institution of Washington. Associated with the California Institute
by special arrangement with the Carnegie Institution.
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JoserH Braxe Koeerrr, D.PuiL.
Research Associate in Chemistry

A.B., Leland Stanford Junior University, 1924; M.A., 1925; D. Phil,, Oxford
1Iniversity, 1928, Research Fellow in Organic Chemistry, California
Institute, 1928-1929. Instructor in Pharmacology, Johns Hopking Uni-
versity School of Medicine, 192%9-1931. California Institute, 1932-

342 S. Mariposa Avenue, Los Angeles

Crype Sranrey McDowerr, Captain U. S. N.*
Supervising Engineer for the 200-inch Telescope

Graduate U. S. Naval Academy, 1904; promoted Commander, 1918; Captain,
1926. Sc.D. (hon.), University of Wisconsin, 1921. In charge of Physical
and Electrical Laboratories, New York Navy Yard, 1912-1915; Staff
Commander, U. S. Submarine Forces, 1915-1918; member and executive
secretary, U. S. Anti-Submarine Board, 1917-1918; command Naval
Experiment Station, New London, Connecticut, 1917-1918; Staff Com-
mander, U. 8. Naval Forces in European waters, 1918-1919; Naval
Inspector of Machinery and Inspector of Ordnance, General Electric
Company, Schenectady, 1919-1921; New Construction Superintendent,
New York Navy Yard, 1921-1922; Staff Commander, Base Forces, U. S.
Fleet, 1922-1924; Chief Engineer, Mare Island Navy Yard, 1924-1927;
Manager, Navy Yard, Pearl Harbor, T. H., 1929-1930; Inspector of Naval
Material, San Francisco, 1930-1932; Inspector of Machinery, Westing-
house Electric and Manufacturing Company, 1932-1934; Inspector of
Machinery, New York Shipbuilding Corporation, Camden, N. J., 1933~
1934. Awarded Navy Cross for war work. California Institute, 1934~

Atheneum

RoserT THOMAS MOORE, A.M.
Associate in Vertebrate Zoology

A.B., University of Pennsylvania, 1903; A.M., Harvard University, 1904.
University of Munich, 1904-1905. Fellow of the Royal Geological
Society (l.ondon), American Geological Society; member of American
Ornithological Union. California Institute, 1929-

Meadow Grove Avenue, Flintridge

SexrLey G. Muop, M.D.
Research Associate in Radiation

B.S., Columbia TUniversity, 1917; M.D., Harvard University, 1924. Cali-
fornia Institute, 1931- 1550 Oak Grove Avenue

Fraxcis Grapurim Pease, D.Sc.
Associate in Optics and Instrument Design#®%

B.S., Armour Institute of Technology, 1901; M.S., 1924, D.Sc., 1927. Opti-
cian and Observer, Yerkes Observatory, 1901-1904; Instrument De-
signer, Mount Wilson Observatory, 1904-1913; Astronomer, 1911-, In
Charge of Instrument Design, 1913-. Chief Draftsman, National Re-
search Council, 1918, Fellow of Royal Astronomical Society, London.

California Institute, 1928- 824 North Holliston Avenue

*0On leave of absence from the U. S. Navy.

**Member of the staff of the Mount Wilson Observatory of the Car-
negie Institution of Washington. Associated with the California Institute
by special arrangement with the Carnegie Institution.
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RusseLr, Wirriams Porter, M.S.
Associate in Optics and Instrument Design

M.S. (hon.), Norwich University, 1917. Made eight trips to Arctic Regions
with Peary, Fiala-Ziegler, and Baldwin-Ziegler as artist, astronomer,
topographer, surveyor, or collector for natural history; three trips into
Alaska, British Columbia, and Labrador, Instructor in architecture,
Massachusetts Institute of Technology, 1916-1917; optical work, Bureau
of Standards, Washington, D. C., 1917-1918; Optical Associate with the
Jones & Lamson Machine Co., 1918-1928. California Institute, 1928-

615 South Mentor Avenue

Cary Crapp Tuomas, M.E.
Associate in Engineering Research

Stanford University, 1891-1894; M.E., Cornell University, 1895. Engaged
in Design and Construction of Marine Machinery for Merchant and
Naval Vessels, 1895-1904, Professor of Marine Engineering, Cornell
University, 1904-1908. Chairman, Department of Mechanical Engi-
neering, University of Wisconsin, 1908-1913; Head of Department of
Mechanical Engineering, Johns Hopkins University, 1913-1920. Man-
ager, Machinery Design and Fabrication, United States Government,
Hog Island Shipyard, 1817-1919 (on leave from Johns Hopkins Uni-
versity). Vice-President, Dwight P. Robinson & Company, Inc.,
Engineers and Constructors, 1923. Member American Engineering
Council, 1923-. Longstreth Medalist, Franklin Institute, for work on
measurement of gases, 1912, California Institute, 1925-

165 Linda Vista Avenue

Casey Arert Woon, M.D., D.C.L., LL.D.
Research Associate in Vertebrate Zoology

C.M., M.D., University of Bishop’s College, 1877; D.C.L., 1803; M.D., C.M.,
McGill University, 1906; LL.D., 1921. Professor of Chemistry, Univer-
sity of Bishop’s College, 1878-1881; Professor of Pathology, 1881-1885;
Clinical Professor of Ophthalmology and Head of the Department,
University of Illinois, 1898-1906; Professor of Ophthalmology and Head
of Department, Northwestern University, 1906-1%08; Emeritus Pro-
fessor of Ophthalmology, University of Illinois since 1914; Honorary
Collaborator on Birds, Smithsonian Institution, 1927; ILecturer on
Ornithology, Stanford University, 1928. California Institute, 1932-

Athenseum

Harry Oscar Woob, M.A.
Research Associate in Seismology

A.B., Harvard University, 1902; A.M., 1904, Instructor in Mineralogy and
Geology, University of California, 1904-1912; Research Associate in
Seismology, Hawaiian Volecano Observatory of the Massachusetts In-
stitute of Technology, 1912-1917; Research Associate in Seismology,
Carnegie Institution of ‘Washington, 1921-, California Institute, 1931-

220 North San Rafael Avenue



20 CALIFORNIA INSTITUTE OF TECHNOLOGY

Louts Booker WricHT, PH.D,
Associate in English

A.B., Wofford College, 1920; M.A., University of North Carolina, 1924;
Ph.D., 1926. Instructor in English, University of North Carolina, 1923~
1927; Johnston Research Scholar, Johns Hopkins University, 1927-1928;
Guggenheim Research Fellow in England and Italy, 1928-1929; Visiting
Professor, Emory University, winter quarter, 1929; Assistant Professor
of English, University of North Caroclina, 1925-1930; Associate Profes-
sor, 1930-1932. Visiting Scholar of the Huntington Library, 1931-1932;
Member of the Research Staff, 1932-. California Institute, 1931~

589 South Berkeley Avenue

ErxEst GUstaAF ANDERsON, Pu.D,
Associate Professor of Genetics

B.S., University of Nebraska, 1915; Ph.D., Cornell University, 1920. Re-
search Associate, Carnegie Institution, 1920-1922; Instructor in Biology,
College of the City of New York, 1922-1923. Fellow of the National
Research Council, University of Michigan, 1923-1928. California Insti~

tute, 1928~
831 Sunset Boulevard, Arcadia

Iax Campseryr, Pu.D.
Associate Professor of Petrology

B.A., University of Qregon, 1922; M.A., 1924; Ph.D., Harvard University,
1931, Assistant Professor of Geology, Louisiana State University, 1925-
1928; Instructor in Mineralogy and Petrology, Harvard University,
1928-1931; Geologist, Wisconsin Geological Survey, 1924; Petrologist,
Vacuum Oil Company, 1926-1927; Petrologist, Panama Corporation,
1927-1928; Junior Geologist, United States Geological Survey, 1929-.
Assistant Professor, California Institute, 1931-1934; Associate Pro-

fessor, 1934~
627 Drexel Place

Roscoe GrLkey Dicxinsow, Pu.D.
Associate Professor of Physical Chemistry

S.B., Massachusetts Institute of Technology, 1915; Ph.D., California Insti-
tute of Technology, 1920. Assistant in Theoretical Chemistry, Massa-
chusetts Institute of Technology, 1915-1916; Research Assistant in
Physical Chemistry, 1916-1917. National Research Fellow in Chemis-
try, 1920-1923. Fellow of the International IEducation Board in Europe,
1924-1925. Instructor, California Institute, 1917-1920; National Research
Fellow, 1920-1923; Research Associate, 1923-1926; Assistant Professor,
1926-1928; Associate Professor, 1928- .

530 Bonita Avenue

HoraceE NaruHANIEL GILBERT, M.B.A.
Associate Professor of Business Economics

A.B., University of Washington, 1823; M.B.A., Harvard University, 1926.
Instructor in Business Policy, Harvard University, 1926-1928; Instruc-
tor in Business ITconomics, 1928-1929. Assistant Professor, California
Institute, 1929-1930; Associate Professor, 1930~

1340 East Orange Grove Avenue
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ArLExXaxNDER Gokrz, Pu.D.

Associate Professor of Physics
Ph.D., University of Qottingen, 1921; Habilitation, 1923. Assistant Pro-
fessor of Physics, University of Goéttingen, 1923-1927; a.o. Professor,
1929-. Fellow in Physics of the International Education Board, 1927-
1928. Visiting Professor, Imperial Universities of Japan and University
of Tsin-Hua, China, 1930. Research Fellow of International Education
Board, California Institute, 1927-1928; Research Fellow, 1928-1929;

Associate Professor, 1929-
1980 Meadowbrook Road

ArtaUur Louis KrLEivy, Pu.D.
Associate Professor of Aeronautics
B.S., California Institute of Technology, 1921; M.S., 1924; Ph.D., 1923.
Teaching Fellow in Physics, California Institute, 1921-1925; Research
Fellow in Physics and in Aeronautics, 1927-1929; Assistant Professor,
1929-1934; Associate Professor, 1934-
2771 Glendower Avenue, Los Angcles

CuarLEs CHRISTIAN LaAuritsew, Pu.D.
Associate Professor of Physics

Odense Tekniske Skole, 1811; Ph.D., California Institute of Technology,
1929. Assistant in Physics, California Institute, 1927-1930; Assistant
Professor, 1930-1931; Associatz Professor, 1931-

1444 Blanche Street

Howarp Jomnsox Lucas, M.A,
Associate Professor of Organic Chemistry
B.A., Ohio State University, 1907; M.A., 1508; Assistant in Organic Chem-
istry, Ohio State University, 1907-1909; Fellow in Chemistry, Univer-
sity of Chicago, 19%09-1910; Chemist, Bureau of Chemistry, United
States Department of Agriculture, 1910-1912. Chemist, Government
of Porto Rico, 1912-1913. Instructor, California Institute, 1913-1915;

Associate Professor, 1915-
97 North Holliston Avenue

SamueL StuarT MAckEowy, Pu.D.
Associate Professor of Electrical Engincering
A.B., Cornell University, 1917; Ph.D., 1923. Instructor in Physics, Cornell

University, 1920-1923, National Research Fellow in Physics, California
Institute, 1923-1926; Assistant Professor, 1926-1931; Associate Professor,

1931-
1240 Arden Road

Grorge Rurertr MacMixw, A.B,
Associate Professor of English Language and Literature

A.B., Brown University, 1905. Instructor in English, Brown University,
1907-1909; Towa State College, 1909-1910; University of California,
1910-1918. Manager of the University of California Press, 1912-1913.
Xditor, University of California Chronicle, 1915, Member of the Fac-
ulty, Summer Sessions, University of California at ILwos Angeles,
1920-1931. California Institute, 1918-

255 South Bonnie Avenue
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Witniadx W, Micraew, B.S.

Associate Professor of Civil Engineering

S., in Civil Engineering, Tufts College, 1909. With New York City on

topographic surveys, 1909-1911; with The J. G. White Engineering
Corporation, 1912- 193 and 1915 Instructor, Department of Drawing
and Design, Michigan Agr]cultural College, 1914; Office Engineer with
The Power Construction Company of Masxachusetts, 1‘)14 1915; in
private engineering practice, 1916-1918. Ingineer, Palos Verdes Es-
tates, summer of 1922; Associate and Consulting Engineer with County
Engineer, Ulster County, N. Y., summers of 1925, 1928-1932. California

Institute, 1918-
388 South Oak Avenue

AristorrE D. MicHAaL, Pu.D.
Associate Professor of Mathematics

A.B., Clark University, 1920; A.M., 1921; Ph.D., Rice Institute, 1924.

Teaching Fellow in Mathematics, Rice Institute, 1921-1924; Instructor
in Mathematics, Summer Quarter, University of Texas, 1924; Instruc-
tor in Mathematics, Rice Institute, 1924-1925; National Research Fel-
low in Mathematics, 1925-1927; Assistant Professor of Mathematics,
Ohio State University, 1927-1929. Associate Professor of Mathematics,

California Institute, 1929-
2002 Oakdale Street

Crarx Bravcwarp Mmixax, Pa.D.
Associate Professor of Aeronautics

A.B., Yale University, 1924; Ph.D., California Institute of Technology,

1928. Assistant in Physics, California Institute, 1925-1926; Teaching

Fellow in Physics and in Aeronautics, 1926-1929; Assistant Professor,

1929-1934; Associate Professor, 1934- .
1500 Normandy Drive

J. RoBeErT OPPENHEIMER, Pa.D.*
Associate Professor of Aeronautics

B.A., Harvard University, 1925; Ph.D.. University of Gottingen, 1927,

Associate Professor of Theoretical Physics, University of California,
1930-. California Institute, 1928-

GENNADY W. PorapExxo
Associate Professor of Physics

Dipl. in Phys., University of Moscow, 1917; Habilitation, 1920. Assistant in

Physics, Moscow Institute of Petrographie, 1914-1916; Research Fel-
low, Unjversity of Moscow, 1917-1920; Docent of Physics, 1920-1932,
Professor of Physics, University of Iaroslawl, 1924-1926; Associate Pro-
fessor, Mining Academie of Moscow, 1917-1927. Professor of Physics
and Director of the Physical Institute, Mining Academy of Moscow,
1927-1932. Professor of Physics and Director of the Physical Institute,
Agriculture Academie of Moscow, 1929-1981. Research Associate, Uni-
versity of Berlin, 1927; VlSltlng Lecturer, University of Géttingen,
1929. Recipient of Silver Medal, University of Moscow, 1914; of the
Prize in Physics, Russian Scientific Council, 1928, Fellow of the
Rockefeller Foundation, California Institute, 1930-1931; Research Fel-
low, 1931-1932; Associate Professor, 1932-

786 South Mentor Avenue

*In residence third term.
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WirLiam RareH SMyYTHE, Pu.D.
Associate Professor of Physics

A.B., Colorado College, 1916; A.M., Dartmouth College, 1919; Ph.D., Uni-
versity of Chicago, 1921. Professor of Physics, University of the
Philippines, 1921-1923. National Research Fellow, California Institute,
1923-1926; Research Fellow, 1926-1927; Assistant Professor, 1927-1934;
Asgsociate Professor, 1934- .

674 Manzanita Avenue, Sierra Madre

Wirniam L. StaxToxN, B.A.
Physical Director

B.A., Dickinson College, 1903. Assistant Director of Physical Education,
Pratt Institute, 1903-1904; Director of Athletics and Physical Educa-
tion, Morristown School, 1905-1906; Professor of English and Director
of Athletics, Hamilton Institute, 1906-1908; Graduate student of En-
glish, Columbia University, 1907; Director of Athletics and Instructor
in Dramatics, Pomona College, 1908-1916; Director of Athletics and
Instructor in English and Dramatics, Occidental College, 1916-1917,
1919-1921. California Institute, 1921-

515 Manzanita Avenue, Sierra Madre

Luruer Ewine Wear, Pu.D.

Associate Professor of Mathematics
A.B., Cumberland University, 1902; Ph.D., Johns Hopking University, 1913.
Instructor in Mathematics, University of Washington, 1913-1918. Cali-

fornia Institute, 1918-
2247 Lambert Drive

Frirz Zwicky, Pa.D.
Associate Professor of Theoretical Physics

Graduate, Eidg. Technische Hochschule, Zurich, 1920; Ph.D., 1922. Assis-
tant in Physics, Eidg. Technische Hochschule, 1921-1925. Fellow of
International Education Board, California Institute, 1925-1927; Assis-
tant Professor, 1927-1929; Associate Professor, 1929-

1260 Loraine Road, San Marino

Cart, Davip ANDERsoN, Pa.D.

Assistant Professor of Physics
B.S., California Institute of Technology, 1927; Ph.D., 1930. Assistant in
Physics, California Institute, 1927-1930; Research Fellow, 1930-1933;

Assistant Professor, 1933-
520 South Lake Avenue

Rricuaarp McLeEaAN Bapcer, Pu.D.
Assistant Professor of Chemistry

B.S., California Institute of Technology, 1921; Ph.D., 1924, International
Research Fellow in Chemistry, 1928-1929. Assistant in Chemistry, Cali-
fornia Institute, 1921-1922; Teaching Fellow, 1922-1924; Research Fel-
low, 1924-1928; Assistant I’rofessor, 1929-

503 California Terrace
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Arxorp OrviLLE BeEckMAN, Pu.D.
Assistant Professor of Chemistry
B.S., University of Illinois, 1922; M.S.', 1923; Ph.D., California Institute of
Technology, 1928, Research Associate, Bell Telephone Laboratories,
1924-1926. Teaching Fellow, California Institute, 1923-1924; 1926-1928;
Instructor, 1928-1929; Assistant Professor, 1929-
1970 Crescent Drive, Altadena

WirLiam Noer Bircusy, M.A.
Assistant Professor of Mathematics
Assistant Registrar

A.B., Hope College, 1899; M.A., Colorado College, 1905. Instructor, Colo-
rado College, 1405 and 1807; Instructor in Physics, University of South-
ern California, summer session, 1916. Instructor, California Institute,
1918-19831; Assistant Professor, 1931- .

251 South Catalina Avenue

Hexry Borsoox, Pu.D,
Assistant Professor of Biochemistry

B.A., University of Toronto, 1921; M.A., 1922; Ph.D.,, 1924; M.B., 1927,
Fellow, Regearch Fellow, and Lecturer in Biochemistry, University of
Toronto, 1920-1929. California Institute, 1929-

1121 Constance Street

Frep J. Conversg, B.S.
Assistant Professor of Civil Engineering

B.S. in Mechanical Engineering, University of Rochester, 1914. Appraisal
Engineer, Cleveland Electric Illuminating Company, Cleveland, Ohio,
1914-1815. Student Engineer, General Electric Company, Liynn, Massa-
chusetts, 1915-1916. Instructor in Applied Mechanics, University of
Rochester, 1916-1917. Engineer in Charge of Materials Tests, General
Laboratories, Bureau of Aircraft Production, U. S. A., 1917-1%18.
Assistant Production Engineer, Gleason Gear Works, Rochester, New
York, 1919. Designer, Bureau of Power and Light, Los Angeles City,

1920. California Institute, 1921- X
239 South Sierra Bonita Avenue

THEODOSIUS DOBZHANSKY
Assistant Professor of Genetics

Diploma, University of Kiev, 1921. Assistant in Zoology, Polytechnic
Institute of Kiev, 1921-1924. Lecturer in Genetics, University of
Leningrad, 1924-1927. Research Fellow, Bureau of Genetics, Russian
Academy of Sciences, 1925-1927. Research Fellow in Biology of the
International Education Board, Columbia University, 1927-1928; Cali~
fornia Institute, 1928-1929; Assistant Professor, 1929~

360 South Wilson Avenue

Harvey Facreson, Pu.D.
Assistant Professor of English Language and Literature
Resident Associate in Blacker House
B.A., Reed College, 1520; M,A., Leland Stanford University, 1922; Ph.D.,
Princeton University, 1928. Instructor in English, University of Texas,

1922-1926. California Institute, 1928-
Blacker House
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Rosert EmErsoN, Pa.D.
Assistant Professor of Biophysics
A.B., Harvard University, 1925; Ph.D., University of Berlin, 1927, National

Research Fellow in Biology, Harvard University, 1927-1929. Instructor
in Biophysics, Harvard University, 1929-1930. California Institute,
1930-

1175 Woodbury Road

SterLing H. EmersoN, Pu.D.
Assistant Professor of Genetics
B.S., Cornell University, 1922; M.S., University of Michigan, 1924; Ph.D.,
1923. Instructor in Botany, University of Michigan, 1924-1928. Cali-
fornia Institute, 1928- 391 South Wilson Avenue

Puivr Suearer Foce, M.B.A.
Assistant Professor of Business Economics
Resident Associate in Fleming House

A.B., Stanford University, 1925; M.B.A., Harvard University, 1929. Cali-
fornia Institute, 1430- Fleming House

Huen Martin Hurrmawn, Pu.D.
Assistant Professor of Biochemistry

A.B., Leland Stanford Junior University, 1925; M.A., 1926; Ph.D., 1928.
Instructor in Chemistry, San Jose Teachers College, 1925-1927; Fellow
of the American Petroleum Institute, Leland Stanford Junior Univer-
sity, 1927-1931. California Institute, 1931-

3280 Mount Curve Avenue, Altadena

WitLiam Husg, Jr.,, M.A.
Assistant Professor of English Language and Literature

A.B., Stanford University, 1921; M.A., Princeton University, 1928. Instruc-
tor in English, Washington University, 1921-1923; Instructor in En-
glish, Princeton University, 1923-1924; Assistant Professor of English,
University of Kansas, 1927-1929. California Institute, 1929-

1131 Lura Street

Rosert Tarsor Kxare, Pu.D.
Assistant Professor of Mechanical Engineering

B.S., Massachusetts Institute of Technology, 1920; Ph.D., California Insti-
tute of Technology, 1929. Designer with C. M. Gay & Son, Refrigerat-
ing Engineers, 1920-1921; Consulting Engineer, Riverside Cement Com-
pany, 1927-1929; American Society of Mechanical Engineers Freeman
Scholar in Europe, 192%-1930. Instructor, California Institute, 1922-

1930; Assistant Professor, 1930- 2526 North Roosevelt Avenue

Freperick Cmaries Linovarn, Pua.D.
Assistant Professor of Electrical Engineering

B.S., University of Illinois, 1924; Ph.D, California Institute of Technology,
1928. Electrical Engineering Department, L.os Angeles Railway Corp-
oration, 1924-1925; Engineering General Department, General Electric
Company, Schenectady, 1928-1930. Assistant in Electrical Engineering,
California Institute, 1925-1927; Teaching Fellow, 1927-1928; Instructor,

1930-1931; Assistant Professor, 1931- 1860 Allen Drive, Altadena
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Georce Eser MacGixirie, M.A.
Assistant Professor of Biology

A.B., Fresno State College, 1925; M.A., Stanford University, 1928. In-
structor in Biology, Fresno State College, 1925-1928; Instructor in
Zoology, Hopkins Marine Station of Stanford University, 1928-1929;
Assistant Professor of Zoology, 1929-1932. California Institute, 1932-

Corona del Mar

Francis WiLLiam Maxsrtaor, Pa.D,
Assistant Professor of Electrical Engineering

M.E., Cornell University, 1916; Certificate of E.E., 1916; M.S., California
Institute of Technology. 1925; Ph.D., 1931. Draftsman and Designer,
Otis Elevator Company, 1916-1917. Assistant in the Electrical Research
Division, Interborough Rapid Transit Company, 1917-1919. Assistant in
the Thomas A. Edison Laboratories, 1919. California Institute, 1919-

1666 North Grand Oaks Avenue, Altadena

Artiivr Emmoxs Ravaonp, M.S.
Assistant Professor of Aeronautics

S.B., Harvard University, 1920; M.S. in Aeronautics, Massachusetts Insti-
tute of Technology, 1921, Assistant Chief Engineer, Douglas Aircraft
Co., Santa Monica, 1925-. California Institute, 1927-

820 Stanford Street, Santa Monica

RoceEr StanTon, PH.D.
Assistant Professor of English Language and Literature

B.S., Colgate University, 1920; M.A., Princeton University, 1924; Ph.D.,
1931. Instructor in English, Colorado College, 1924-1925. Instructor,
California Institute, 1925-1931; Assistant Professor, 1931-

277 Pleasant Street

Ernest Haywoop Swirr, Pu.D.
Assistant Professor of Analytical Chemistry
B.S. in Chemistry, University of Virginia, 1918; M.S., California Institute

of Technology, 1920; Ph.D., 1924, Teaching Fellow, California Insti-
tute, 1919-1920; Instructor, 1920-1928; Assistant Professor, 1928-

3140 East California Street

Ray Epwarp UNTEREINER, J.D., Pir.D.
Assistant Professor of Economics and History

A B., University of Redlands, 1920; A.M., Harvard University, 1921; J.D.,
Mayo College of Laws, 1925; Ph.D,, Northwestern University, 1932.
Instructor in Economics, Harvard University, 1921-1923; Professor of
Public Speaking, Huron College, 1923-1924; Instructor in Economics
and Social Science, Joliet Junior College, 1924-1925. Member of Cali-
fornia Bar. Instructor, California Institute, 1925-1930; Assistant Pro-

fessor, 1930-
1089 San Pasqual Street
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Moreaxy Warp, Pu.D.*
Assistant Professor of Mathematics

A.B., University of California, 1924; Ph.D., California Institute of Tech-
nology, 1928, Assistant in Mathematics, California Institute, 1925-1926;
Teaching Fellow, 1926-1928; Research Fellow, 1928-1929; Assistant Pro-

fessor, 1929-
241 South Holliston Avenue

Frits Warmorr WENT, P1.D.
Assistant Professor of Plant Physiology

A.B., Utrecht, 1922; A.M., 1925; Ph.D., 1927. Assistant in Botanical Labo-
ratory, 1924-1927; Assistant, Lands Plantentuin, Beutenzorg, Java,
1927-1930; Director, Foreigners’ Laboratory, Java, 1930-~1932. Corre-
spornding Member, Koninklijk Akademie van Wetenschappen te
Amsterdam. California Institute, 1932~

200 South Catalina Avenue

CornELs A. G. WiERsma, Pua.D.
Assistant Professor of Physiology

B.A., University of Leiden, 1926; M.A., University of Utrecht, 1929; Ph.D.,
1933. Assistant in Comparative Physiology, University of TUtrecht,
1929, 1931; Dondersfonds Rescarch Fellow, 1930-1931; Chief Assistant
Medical Physiology, University of Utrecht, 1932-1934. California Insti-

tute, 1934-
252 Bella Vista Avenue

Dox M. Yost, Pu.D.
Assistant Professor of Chemistry

B.S., University of California, 1923; Ph.D., California Institute of Tech-
nology, 1926. Instructor in Chemistry, University of Utah, 1923-1924;
duPont Fellow, California Institute, 1924-1925; Teaching Fellow, 1925-
1926; Research Fellow, 1926-1927; Instructor, 1927-1929; Fellow of the
International Education Board, 1928-1929. California Institute, 1924-

1971 Rose Villa Street

Evwarp Duxster KrREmERs, M.D.
Consulting Physician

M.D., University of Michigan, 1903; Graduate, Army Medical School,
1910. Lt. Col. U. S. Army, Retired. California Institute, 1330-

2315 Mar Vista Avenue, Altadena

Doxawp Sarrvwax Crarg, Pu.D.

Instructor in Mechanical Engineering
13.8., California Institute of Technology, 1929; M.S., 1930; Ph.D., 1934.
Assistant and Teaching Fellow, California Institute, 1929-1934; Instruc-

tor, 1934-
Athensgeum

*On leave of absence 1934-1935,



28 CALIFORNIA INSTITUTE OF TECHNOLOGY

Frovyp L. Haxes, D.O.
Physical Trainer
D.O., College of Osteopathic Physicians and Surgeons, Los Angeles, 1921,

California Institute, 1923-
2115 Layton Street

Lovuis Wivcmester JoxEes, A.B.
Instructor in English Language and Literature
A.B., Princeton University, 1922. California Institute, 1925-
351 California Terrace

Irving Parxmrcrst Krick, Pa.D.
Instructor in Meteorology

A.B., University of California, 1928; M.S., California Institute of Technol-
ogy, 1933; Ph.D., 1934. California Institute, 1932-

1650 North Holliston Avenue

Joun HaviLanp Maxsow, Pu.D.
Instructor in Geology
B.S., California Institute, 1927; M.S., 1928; Ph.D., 1931. Assistant in
Geology, California Institute, 1927-1928; Teaching Fellow, 1928-1931;

Instructor, 1931-
653 South Oak Knoll Avenue

‘WarpEmar ALexanper Krixorr, B.S,
Instructor in Aeronautics

B.8. in Naval Architecture and Marine Engineering, Masgachusetts Insti-
tute of Technology, 1923. Structural and Aerodynamic Analysis Engi-
neer with several aircraft manufacturers (now with the Douglas
Alireraft Co., Inc.), 1924-1934; Lecturer in Aerostatics (part time), Uni-
versity of Detroit, 1930-1582. California Institute, 1934-

1065 Princeton Street, Santa Monica

Harowp Z. MusseLmaxN, A.B.
Instructor in Physical Education and Manager of Athletics

A.B., Cornell College, 1920. Instructor in Science and Athletic Director,
Sterling (Illinois) High School, 1920-1921. California Institute, 1921~

824, East California Street

Hexry Vicror Neuer, Pa.D.
Instructor in Physics

B.A., Pomona College, 1926; PPh.D., California Institute of Technology,
1931. Assistant in Physics, California Institute, 1928-1931; Research
Fellow, 1931-1933; Instructor, 1933-

1773 Oakdale Strect
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Erxest Epwin SecniLer, M.S.
Instructor in Engineering Drawing

B.S., California Institute, 1928; M.S., 1929. Assistant in Engineering, Cali-
fornia Institute, 1928-1930; Instructor, 1930-

2199 Cooley Place

Fraxces Hawsey Spinineg

Librarian
California Institute, 1914-
1067 North Catalina Avenue

Wirriam Lavrox Stantox, Jr., Pr.D.
Instructor in Physical Education

B.S., California Institute of Technology, 1927; Ph.D., 1931, California
Institute, 1927-
1136 Irwin Avenue

Avunre L. Stoxe, B.S.
Director of Band and Glee Club
B.S., University of Southern California, 1932. California Institute, 1931-
80 North Bonnie Avenue

Kex~NeTH Vivian TaiMmany, Pa.D.
Instructor in Bacteriology

B.Sc., University of London (Imperial College), 1924; A.R.C.S., 1924;
Ph.D., 1928. Frank Hatton Prizeman in Chemistry, 1924. Demon-
strator in Bacteriology, London University, 1925-1927. Beit Memorial
Research Fellow in Biochemistry, 1927-1929, California Institute, 1930-

355 Fast Las Flores Drive, Altadena

Awrsrrr Tyrer, Pa.D.
Instructor in Embryology

A B., Columbia University, 1926; A.M., 1927; Ph.D., California Institute of
Technology, 1929. National Research Fellow in Biology in Berlin and
Napies, 1932-1933; California Institute, 1928-

772 South Lake Avenue

NarmanieL W. Wirncox
Instructor in Engineering Drawing
A.B.,, Harvard University, 1917, California Institute, 1932-
156 South El Molino Avenue

Georee Harorn AXDERsoN, Pr.D.
Curator in Geology

A.B., Stanford University, 1917; A.M., 1920; Ph.D., California Institute of
Technology, 1933. Instructor in Geology, University of Colorado, 1928-
1929; Teaching Fellow in Geology, California Institute, 1929-1933;
Resecarch Fellow, 1933-1934; Curator, 1934-

2021 Santa Anita Avenue, Altadena
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Fraxcis Dasawoon Booe, Pu.D.
Assistant Curator in Vertebrate Paleontology

B.S., California Institute of Technology, 1930; M.S., 1931; Ph.D., 1834.
Assistant and Teaching Fellow in Geology, California Institute, 1930-
1934. Assistant Curator, 1934-

45 Fast Laurel Avenue, Sierra Madre

Evsrace L. FurrowNe
Curator in Vertebrate Paleontology

Assistant in Paleontology, 1903-1910; Curator of Vertebrate Paleontology,
University of California, 1915-1927. California Institute, 1927-

270 South Roosevelt Avenue

Wiris Parxixsox PopeExok, B.S.
Curator in Invertebrate Paleontology
B.S., George Washington University, 1930; California Institute, 1931-
466 South Hudson Avenue

Joux L. Rineway
Scientific Illustrator in Vertebrate Paleontology

Chief Illustrator, United States Geological Survey, 1898-1820; Artist, Car-
negie Institution of Washington, 1910-. California Institute, 1929-

635 North Pacific Avenue, Glendale

RESEARCH FELLOWS
JouN Franx Avriexw, Pa.D.
National Research Fellow in Physics

B.A., University of Manitoba, 1928; M.A., University of Toronto, 1930;
Ph.D., 1933. California Institute, 1933-
663 South Lake Avenue

Haxs MarTin Axrtz, Dien. IxNe.
International Exchange Fellow in Aeronautics

Dipl. Ing., Technische Hochschule Darmstadt, 1932; Massachusetts Insti-
tute of Technology, 1933-1934. Californija Institute, 1934-1935.
Athenzum
Grorge W, Beanre, Pu.D.
Research Fellow in Biology

B.Sc., University of Nebraska, 1926; M.Sc., 1927; Ph.D., Cornell University,
1930. Assistant in Agronomy, Cornell University, 1926-27; Experimen-
talist in Plant Breeding, 1928-30. California Institute, 1930-

863 North Sunset Boulevard, Arcadia

Wirriam McCuesNEy BreaxNEy, P, D.
Research Fellow in Physics
B.S., Whitman College, 1926; Ph.D., California Institute of Technology,

1932. California Institute, 1929- X
225 South Holliston Avenue
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Tox WiLxersox BoxxNEer, PH.D.
National Research Fellow in Physics
B.S., Southern Methodist University, 1931; M.A., The Rice Institute, 1932;
Ph.D., 1934. California Institute, 1931-
Athenzum
Lawgrexce Ovixy Brocxway, Pu.D.
Research Fellow in Chemistry

B.S., University of Nebraska, 192%; M.S., 1930; Ph.D., California Institute
of Technology, 1933. California Institute, 1930-

3821%, South Flower Street, Los Angeles

Horace Ricmarp Craxg, Pu.D.
Research Fellow in Physics

B.S., California Institute of Technology, 1930; Ph.D., 1934, California Insti-
tute, 1933-
Athenzum

Pavr C. Cross, Pu.D.
National Research Fellow in Chemistry
B.S., Geneva College, 1928; M.S., University of Wisconsin, 1930; Ph.D.,

1982, California Institute, 1933- .
529 South El Molino Avenue

Gorrreiep DATwyLER, Dr. ING.
Research Fellow in Aeronautics
Mech. Eng., Eidgendssische Technische Hochschule, Ziirich, 1929; Dr. Ing.,

1934. California Institute, 1934~
1447 East Las Lunas Street

Frawx Grass DuywiNeroN, PH.D.
National Research Fellow in Physics

B.S., University of California, 1929; Ph.D., 1932, California Institute, 1932~
338 Adena Street

Por Duwez, D.Sc.
Fellow in Aeronautics of the C. R. B. Educational Foundation
Eng. School of Mines, Mons, Belgium, 1932; D.Sc. in Physical and Mathe-
matical Sciences, University of Brussels, 1933. <California Institute,

1933~
Athenzum

Crype K. EmEry, M.D.
Research Fellow in Radiology

B.A., University of California, 1923; L.R.C.P., London, 1928, M.R.C.S.,
England, 1928. (California Institute, 1931-
3111 Waverly Drive, Los Angeles

Cuaries Stacy Frexcwm, Pu.D.
Research Fellow in Biology

B.S., Harvard University, 1930; M.A., 1932; Ph.D., 1934. California Insti-
tute, 1934-
Athenzeum
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Bruct Horxsroox Sace, Pu.D.
Research Fellow in Chemistry

B.S., New Mexico State College, 1929; M.S., California Institute of Tech-
nology, 1931; Ph.D., 1934. California Institute, 1930-

1567 North Holliston Avenue

MorTox D. Scawerrzer, Pu.D.
Research Fellow in Biology
B.A., Columbia College, 1929; M.A., Columbia University, 1932; Ph.D., 1834.

California Institute, 1934~
48 North Catalina Avenue

Jacx Hexry SHERMAN, Pi.D.
Research Fellow in Chemistry

B.S., University of California, 1929; Ph.D., California Institute of Tech-
nology, 1932. California Institute, 1929-
: 266 South Chester Avenue

Hamprox Smira, Pr.D,
Research Fellow in Geology
B.8., California, Institute of Technology, 1928; Ph.D., 1934. California

Institute, 1928-
653 South Oak Knoll Avenue

ArTHUR VERYAN STEPHENS, M.A.
Fellow in Aeronautics of St. Johns College, Cambridge
B.A., Cambridge University, England, 1930; M.A., 1934. California Insti-
tute, 1934- .
Athenzum
Joux DoNovax Stroxe, Pa.D.
Research Fellow in Astrophysics

A.B., Kansas University, 1926; M.S., University of Michigan, 1928; Ph.D.,
1930. California Institute, 1930-
382 East California Street

Jamrs HoLmes Sturpivant, Pa.D.
Research Fellow in Chemistry

B.A., University of Texas, 1926; M.A., 1927; Ph.D., California Institute of
Technology, 1930, California Institute, 1928-
Athenzum

Lresvie Erxesr SurroN, D.PaiL
International Research Fellow in Chemistry of the Rockefeller Foundation
B.A., Oxford University, 1927; M.A., 1931; D.Phil, 1932. California Insti-

tute, 1933-
365 South Wilson Avenue
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Daxiern Dwicrrt Tavror, Pu.D.
Research Fellow in Physics
A.B., Colorado College, 1924; Ph.D., California Institute of Technology,

1933. California Institute, 1924-
189 North Oakland Avenue

GeorceE Frreveric Tavior, Pu.D.
Research Fellow in Geology
B.S., California Institute of Technology, 1929; M.S., 1931; Ph.D., 1933.

California Institute, 1929-
1354 North Western Avenue, Glendale

Axnprew Davip Traackeray, B.A.
Commonwealth Fund Fellow in Astrophysics

B.A., Cambridge University, 1932. California Institute, 1934-
Athenzum

Guy Wabpixeron, Pa.D.
Research Fellow in Chemistry
B.A., University of British Columbia, 1928; M.A., 1929; Y’h.D., California
Institute of Technology, 1932. California Institute, 1929-

417 South Hudson Avenue

Fraxk LesrLie Warrenporr, Pa.D.
Research Fellow in Aeronautics

B.A., Harvard University, 1926; M.A., Massachusetts Institute of Tech-
nology, 1928; Ph.D., California Institute of Technology, 1933, California
Institute, 1930~ . .

Young Men’s Christian Association, Pasadena

Swxey WriNBav™M, Pr.D.
Research Fellow in Chemistry
B.S., California Institute of Technology, 1924; Ph.D., 1933. California

Institute, 1929~
1046 East Del Mar Street

Groree Wirrarp WueLaAND, Pa.D.
Research Fellow in Chemistry
B.S., Dartmouth College, 1928; A.M., Harvard University, 1929; Ph.D,

1932, California Institute, 1932-
306 South EI Molino Avenue
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Aiserr Enwarnp WHITFORD, PH.D.
National Research Fellow in Physics

B.A., Milton College, 1926; M.A., University of Wisconsin, 1928; Ph.D.,
1932, Research Assistant, Washburn Observatory, 1932-1933; National
Research Fellow, Mount Wilson Observatory, Summer of 1935, Cali-
fornia Institute, 1933~

Emory Leox Eivis, Pu.D.
Research Assistant in Biology
B.S., California Institute of Technology, 1029; M.S., 1932; Ph.D., 1934

California Institute, 1930-
406 South Chester Avenue

Loweirs Forrest GrEEw, B.S,
Research Assistant in Biology

B.S., California Institute of Technology, 1931. California Institute, 1932-
406 South Chester Avenuc

ANTHONIE vAN Harraverp, M.D.
Research Assistant in Physiology

B.A., Amsterdam Universn{ 1925; 1528; “VLD,, 1929. Assistant in
Physiology, Amsterdam mvermtv ]926 1932; Chicf Assistant in Phys-
iology, Utrecht University, 1932- 1934 California Institute, 1934-

252 Bella Vista Avenue

Cecrn. Epwarp Prurrr JEFFREYS, Pr.D.
Research Assistant in Biology

DB.A.. University of Texas, 1925; M.A., 1927; Ph.D., California Institute of
Technology, 1931, California Institute, 1928-
3311 Oakdale Street

MarstoN Creaves Sarcext, Pr.D.
Research Assistant in Biclogy

AR, Harvard University, 1928; Ph.D., California Institute of Technology,
1934. California Institute, 1930-
866 North Holliston Avenue

Jorran~Nes vax Overseex, Pr.D.
Research Assistant in Biology
B.Sc., University of Leyden, 1928; M.S., University of Utrecht, 1932; Ph.DD.,
1935, Assistant in Botany, University of Utrecht, 1933-1934. Californja

Institute, 1934-
1187 Orangewood Street
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TEACHING FELLOWS AND GRADUATE ASSISTANTS

Epwarp Day Arncock . . . . .« . . . Physics
A.B., University of Cahfornla dt Los Angele< ’30; M.S., California
Instltutc ’33.

Cuarres Kmrxkwoop AreExaxper* . . . . . . . . . . . DPhysics
resident Associate in Dabney House.
A.B., Oberlin College, "32.

TrHonmas Foxex ANDERSON . . . . . . . . . . . . . Chemistry
B.S., California Institute, 32,

Harrsox Srtour Backes*™ . . . . . . . . . . . . . Chemistry
B.S., California Institute, ’33.

Joux Youxes Beacm . . < v« v« +« « .+« .« . Chemistry
B.S., University of Callforma ’33.

Davip Former Bexper . . . . . . . . .+ « . . . Physics

B.S., California Institute, '33; M.S., '3,

Wirrrtam Raysonp BeErcreNx . . . . . . . . . . . . . Biology

Conductor of Orchestra.
B.S., California Institute, ’32.

Epwarp Avustex BeErmram** . . . . . . . . . . . . Chemistry
B.S., University of Illinois, ’34.

Crrarpes MELviNy Bram* . . . . . . . . . . . . . . Chemistry
B.A., Rice Institute, '31; M.A., '32. .

Romert DeVore Bocre . . . . . . . . . . . . . . . Biology
B.S., California Institute, *34.
Woriam Borray © . . . . . . . . . . . . . . . Aeronautics
B.S., Northwestern University, ’33; M.S., California Institute, ’34.
Veryox Leroy Borrmax . . . . . . . . . . . . . . Physics
B.S., University of Nebraska, ’31; M.S., '33.

Yoxwacio Bonmiras .« . . e s e o v o o o o v v . Geology
B.S., California Instltute ’33.

Lyymax Gayrorp Boxxer . . . . . . . . . . . . . Chemistry
B.A., University of Utah, ’32.

Wiritam Harowo Bowey . . . . . . . . .. Aeronautics
B.S., University of California, ’28; M. 5 Callf()llll’i Institute, '82,

Ricuarp Twrosorp Brrce* . . . . . . . . . . . . . . Physics
B.S., Emory University, ’31; M.S., '32.

Twmomas Evererr Brownyr, Jr. . . . . . . . Electrical Engineering

8., North Carclina State College of Agriculture and Ingineering,
’28; M.S., University of Iittsburgh, ’23.

Henry Laws Fellow,
American I’ctroleum Institute.
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Witsox Marcus BruBaxer** . . . . . . . . . . . . . Physics
A.E., Miami University, '32.

EveeNe Mrrrer BRoNNER . . . . . . . . . . . . . Physics
B.S., California Institute, ’33; M.S., ’34.

James LEox Carrico* . . . .« « + . . Chemistry
B.A., North Texas State Teachers College '27; B.S., ’28; M.A., Uni-
versny of Texas, ’31.

ALEXANDER CRANE CHARTERS, JR. . . . . . . . . . . Aeronautics
B.S., California Institute, ’34.

Nepu: ALserr CHRISTENSEN . . . . . . . Civil Engineering
B.S., Brigham Young University, 25 B.S.C.E., University of Wiscon-
sin, ’28; M.S., California Institute, '34.

Crarence Witttam Craxcy . . . . . . . . . . . . . Biology
B.S., University of Illinois, "30; M.S., ’32,

Witriam Gieeerr CLaRk . . . . . . . . . . . . . . DBiology
B.A., University of Texas, ’'31.

Lovar Crarxe . . . .« + « .+« . . .« . . Chemistry
B.8., Oregon State College, 27,

Rorerr ALma Crarke .o . Physics
B.S., Brigham Young Univ erxlt}, 39 M S, '33.

Fraxcis Hegrrivcer Cravser” . . . . . . . . . . . Aeronautics
B.8., California Institute, *34.

Mmwrox Ure Cravser . . . . . . . . . . . . . . Aeronautics
B.S., California Institute, '34.

Witriam Mavrice CogEx . . . . . . . . . . . . . . Geology
B.S., California Institute, ’31; M.S., '33.

Dovatp Kexnepy CorLes . . . . . . . . . . . . . Mathematics
B.S., Illinois Wesleyan University, 32,

Cuarrtes DuBoms Coryern . . . . . . . . . . . . . Chemistry
B.S., California Institute, ’32.

Kexyera CarL Crummizg®* . . . . . . . . . . . . . Physics

A.B., University of Kansas, '32; M.A., ’33.

Epwarp Busm~ern Dorn*** . ., . . . . . . Electrical Engineering
B.S., California Institute, ’34.

Mavurice Guirrar DoNNELLY . . . .« . . Geology
E.M., Colorado School of Mines, ’29 MS C%l]forma Institute, '33.

*Henry Laws Fellow,
**High Potential Radiation Research Fund.
***Tau Beta Pi Fellow.
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CLARI‘\'CL‘ TLixcory Duxy . . . . . . . . . . . . . Chemistry
3.8., University of Washington, '32; M.S., "33.

Victor ErcoNiy . . . . . . . . . . . . . . . . Mathematics
B.S., California Institute, '33.

Rosert DawsoNy Freremer . . . . . . . . . . . . Meteorology
B.S., California Institute, '33; M.S., '34,

Witniam Arrrep Fowrner®™ . . . .. . . . . . . Physics

B.Eng. Physics, Ohio State Univ er51ty, '33.

Ropert BrRamax Freesax . . . . . . . . Mechanical Engineering
B.8., California Institute, ’32; M.S., ’33

Ruery Harowp FRIEMAN . . . . . . . . . . « . . . Chemistry
B.S., California Institute, '33; M.S., ’34

Carrer Hour GREGoRY . . . . . . . . . . . Modern Languages
B.S., California Institute, '31.

Newsmax Arvorp Hatr, . . . . . . . . . . . . . Mathematics
A.B., Marietta College, ’'34.

Davip HARKI‘R .. + o« v« « « o « « . . Chemistry
B.8., University of C,ahfoxnm *28.

PavrL Freperick Hawrey . . . . . . . . Electrical Engineering
B.S., University of Arizona, ’32; M.S., California Institute, '33.

Suerwoop KrmsaLn Haywnes . . . . . . . . . . . . . Physics
A.B., Williams College, '32.

Ivar Epmuwp HicaBere . . . . . . . . . . . . . Mathematics
B.A., Whitman College, '32; A.M., *33.

JEessE Epwaro Hossox . . . .« +« . . FElectrical Engineering
B.S.E.E., Purdue Unlvelslty, M S.E.E., '33.

Erxesr Russert Howaro . . . . . . . . Mechanical Engineering
B.S., California Institute, '34.

Roperr Apriaxy Howaro . . . . . . . . . . . . . . Physics
B.S., California Institute, ’34.

Cooper Hypz . . . . .« . . . .« . . . Geology
A.B., Stanford Umversnv ’30

ArrHUR THOMAS IPPEX . . . . . . Mechanical Engineering
Diplom-Ingenieur, Techmsche Hochschule Aachen, Germany, ’31.

Oscar B. Jacksox . . . .+« « .+ . . . . . Physics
B.S., Texas Christian Umversny, '34.

Psvr Lovrs KarTzke . . . . . . . . . . . . Civil Engineering
B.S., California Institute, ’34.

*High Potential Radiation Research Fund.
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Maxwerr KeLem . . .o . . . . . . . Physics
A.B., University of Ca11f01 nia at Los Angeles, "33.

Vixcext Coorer KELLEY . . . . v+« « « « .« . . Geology
A.B., University of California at T.os Angeles, "31.

Epwarp Lucas Keris . . .+« . . . Mechanical Engineering
Bachelor Mechanical Enfrmeern*g, University of Minnesota, ’34.

Roperr Comps Kexvazr . . . . . . . . . . . . . . . Physics
B.A., Dellauw University, '32; M.S., California Institute, ’33.

EpwiNn Russgrr Kexxepy . . . . . . . . . . . . . Chemistry
B.S., California Institute, '33; M.S., "34.

Arsert Arrtiior Kocz . . . . . . . . . . . Civil Engineering

B.S., Armour Institute of Technology, ’32; M.S., California Institute,
’33.

Epwin Nicmors LassertRe . . . . . . . . . . . . . Chemistry
B.S., Montana State College, ’33.

James Evererr Lave . . . . . . . . . . Mechanical Engineering
B.S., California Institute, '32; M.S., ’34.

Cumarres MackixTosg . . . . . . . . . . . . Civil Engineering
B.S., Colorado College, *33; M.S., '34

Fraxx Josepm Mavina . . . .+« .+« . . Mechanical Engineering
B.8., A. & M. College of ’T‘exas, 34,

James Wirson McRae . ., . . . . . Electrical Engineering

Resident Associate in Ricketts Houqe
B. App. Sc., University of British Columbia, '33; M.S., California Insti-

tute, "34.

‘Wirriam Vircin MepLiy . . <« « « .« « .« . . Chemistry
B.S., University of California, 32

Witriam Arvixy MERSMAN . . . . . . . . . . . . Mathematics
B.S., California Institute, ’33; M.S., ’34.

Harowp Davip MrceENER . . . . . . . . . . . . . . DBiology
B.S., California Institute, ’34.

Roscoe Happax Mizts . . . . . . . . . . . . . . Aeronautics
B.A., Pomona College, '28.

Ersurr Fraxxoixy Ossorx** . . . . . . . . . . . . . Geology
B.A., DePauw University, ’32; M.S., Northwestern University, '34.
Cary F. J. Overmace . . .+ . .+ . .+ . . . . Physics

B.S8., California Instltute, ’°1 \I b 134,
FEowiy Woormax Paxsox® . .« .« . . . . . . . Mathematics

B.S., California Institute, ’34.

denry Laws Fellow.
Slacker IRellow,
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Rayyoxp Avrrep Perersox*** . . . . . . . . . . . . Geology
B.S., California Institute, '31.

Wirtiax Haywarp Prexerixe . . . . . . . . . . . . Physics
B.S., California Institute, '32; M.S., ’33

Wirriam MorrLey Prcxies, Jr. . . . . . . . . Physics

B.S.. School of Mines and JMetallurgy, Missouri, 32, MS Cahforma
Institute, ’33.

Jou~ Roprysox Pmree . . . . . . . . . Electrical Engineering
B.S., California Institute, ’33; M.S., '34.
Avisert RosErts Poorr® . | .« . . . . . Mathematics

B.A., Universgity of British Columbla ’29; M.A., '31.

Eeor Pavr. Pororr . . . . . . . . . . . . . Civil Engincering

B.S., University of California, ’33; M.S., Massachusetts Institute of
Technology, '34.

Doxarp Freprrick Povisox . . . . . . . . . . . . . Biology
B.8., California Institute, ’33.

ArTHUR N1coras PraTtex . . . . . . . . .+ . . Chemistry
A.B., University of California at Los An"eles, ’32; M.S., California
Instltute, ’33.

Russexr Warsox Rarer . . . . . . . . . . . . . . . Physics
B.S., California Institute, '29; M.S.,

Smroxn Ramo . . . . . . . . . . . . . Electrical Engineering
B.S., University of Utah, ’33.

ArBerT Craix Regep . . . . . . . . . . . . . . . Aeronautics
B.S., California Institute, '29.

Stermex Oswarp Rice . . . . .« +« . . . .+ « . Muathematics
1B.S., Oregon Agricultural Coll(" '29.

Lovuws Nicor Rmexour, Jr** . . . . . . . . . . . . . DPhysics
1B.S., University of Chicago, ’32.

Wirriam Curris Rockererzer . . . . . . . . . . . Mecteorology
B.S., California Institute, '32; M.S., '34

SwxEY SCHAFER . . .. o .o o o . . . . . Geology
B.A., University of VVISCO]"L%IH 730,

Warrer ScuoLtz . . . . . . . . . . . . . . Civil Engineering
B.S., California Institute, '33.

Joury Russerr Scuavrrz . . . . .« . Geology

A.B., University of Illinois, ’31; M. S Northwestern University, *33.

*Henry Laws Fellow.
High PPotential Radiation Research Fund.
Blacker Fellow.
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Wrirtam Rees Sears . . . . . « « « « « « « . Aeronautics
B. Aero. E., University of Minnesota, '34.

Howarp STANLEY SEIFERT . . . . . . . . . . . . . . Physics
B.S.,, Carnegie Institute of Technology, ’32; M.S., ’'34.

Sruarr LEwis SEyMmovr . . . . . . . . . . Physical Education
B.S., California Institute, ’26.

Roperr Prurrre Smare . . . . . . . . . . . . . . . Geology
B.S., California Institute, ’34.

Forxe KarL Skxooe . . . . . . . . . . . . . . . . Biology
B.S., California Institute, '32.

Ricmarp ErviN SLAUGHTER . . . . .+ . Aeronautics
B.S., Southern Methodist Lmverﬂty ’33; M.S., California Institute, '34.

Darrerr. Haves Scover . . . . . . . . . . . Civil Engineering

B.S., California Institute, ’34.

JosHUuA LAWRENCE Soske . ., ., . . , . . .« . . Geology

Geological Engineer, Colorado School of Mines, '29; M.S., California
Institute, *32.

Frep Bears Strer . . . .« +« . . . . Chemistry
B.S., Carnegie Institute of Te(hnology, 2; M.S., ’33.

Axcus BErris Taveor . . . . . . . . . . . . . . Mathematics
B.S., Harvard University, '33.

Lroxarp Freperick UnRic . . .+« +« . . . Geology
Geological Engineer, University of Cincinnati, ’34.

Viro Aversr Vaxoxt . . . . . . . . . . . . Civil Engineering

B.S., California Institute, '26; M.S., ’32

Joun Erwin WaLstROM . . . . . . . Physics
]gS University of New Hampshlre, 32, MA VVeslesan University,

Brrxarp Bewwerr Warson . . . . . . . . . . . . . Physics
A.B., Temple University, '32.

Rareir Mavuew Warsoxn . . . . . . . . Mechanical Engineering
B.S., California Institute, ’27; M.S., ’28.

Doxarp Loomis Wess . . . . . . . . . . Mathematics
B.S., University of Arlzona ’31; M.S., ’33.

Hexry Jou~xy Wezge . . . . . . . . . . . . . . . Chemistry

B.S., University of Illinois, '29; M.S., California Institute, ’32.

Merrr PExNivaxy Woarme . . . . . . . . Civil Engineering
A.B., Dartmouth College, ’30; C L, ’31; M.S., California Institute, ’32,
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Roraxp Jayes WHITE . . . . .« « . « . « Aeronautics
B.S., University of Callforma ’33 MS California Institute, ’34.
Moses B. WmEss . . . .+ « « . . . Electrical Engineering

B.S., California Instxtute, ’33. M.S., '34
Kexserm Aroxzo Wittar . . . . . . . . . . . Meteorology

B.S., Northwestern University, ’33; M.S., California Institute, ’34.

Cuester Eveexe Wixson . . . . . . . . . . . . . Chemistry
B.8., California Institute, ’32; M.S.,

Romerr WarRReN WirsoN* . . . . . . . . . . % . . . Geology
B.S., California Institute, '30; M.S., ’32.

Warren Ervin Wimsoxy . . . .+ . . . Civil Engineering
C.E., Lehigh University, ’'28; M. C E., Cornell University, ’32.
Harrey Worre . . . . . . . . . . . . Electrical Engineering

B.S., California Institute, ’32; M.S., ’34

Carvos Cravoe Woop . . . . . . . . . . . . . . Aeronautics
A.B., College of the Pacific, ’33; M.S., California Institute, ’34.

Deax Evererr WoOOLDRIDGE . . . . . . . . . . . . . . Physics
B.A., University of Oklahoma, '32; M.S., '33

*Blacker Fellow.




Stafl of Instruction and Research
Summary

DIVISION OF PHYSICS, MATHEMATICS AND
ELECTRICAL ENGINEERING
R. A. MirrikaxN, Chairman

. PROFESSORS
Harry Bareman, Mathematics, Theoretical Physics, Aeronautics
Eric T. Berr, Mathematics
Ira S. Bowexw, Physics
Pauvr 8. Eesrein, Theoretical Physics
Wiiriax V. Housrox, Physics
RoBert A. MrLLixax, Physics
Rovar W. Sorexsew, Electrical Engineering
Ricuarp C. Tormaw, Physical Chemistry, Mathematical Physics
Harry C. Vax Busxirk, Mathematics
Earxesr C, Warson, Physics

RESEARCH ASSOCIATES
Samuer J. Barwerr, Physics
Jesse W. M. DuMoxp, Physics
Seerey G. Mupp, Radiation

ASSOCIATE PROFESSORS

Arexaxper Gorrz, Physics

Cuarres C. Lauritsen, Physics

S. Stuarr Mackrowx, Electrical Engineering
Anristorte D. MicaaL, Mathematics

J. Roeerr OpPENHEIMER, Theoretical Physics
Genxapy W. Porarenko, Physics

WiLLiam R. SyyraEg, Physics

Luruer E, WEear, Mathematics

Frrrz Zwicky, Theoretical Physics

ASSISTANT PROFESSORS
Carr D. Anpersox, Physics
Wrirriam N. Bmrcrigy, Mathematics
Freperrck C. Laxovary, Electrical Engineering
Fraxcis W. Maxsraor, Electrical Engineering
Morcax Warp, Mathematies*

INSTRUCTOR

H. Vicror NEHER

*0On leave of absence 1934-1935,
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FELLOW IN PI[YSICS OF JOTIN SIMON GUGGENHEIM MEMORIAL FOUNDATION
Raxox Exrique Gaviora

FELLOW IN PITYSICS OF TIIE ROCKEFELLER FOUNDATION
Crao-ving MExG

NATIONAT RESEARCH FELLOWS IN PHYSICS
Fraxk G. DUNNINGTON
AvseErt E. WHITFORD

Joux FrRANK ALLEN
Torm WILKERsON BONNER

VELLOW IN ELECTRICAL ENGINEERING OF THE C. R. B. EDUCATIONAL
FOUNDATION
PavL F. GENACHTE

RESEARCH FELLOWS
Wirciam M. BreaxNey, Physics Mavurice F. Hasrer, Physics
Ricmarp D. CranE, Physies Ruporerr M. Laxckr, Physics
Crvoe K. Emery, Radiology Dwieat D. Tayror, Physics

COMMON WEALTH FUND FELLOW IN ASTROPIIYSICS
AxDREW D. THACKERY

TEACHING FELLOWS AND ASSISTANTS

Epwarp D. Arcock
CiiarLes K. ALEXANDER¥
Davio F. BExDER
Vernox L. Borrmawx
Ricaarp T. Brice*
Tiiomas E. BrowxE, Jr.
Wirson M. BRUBAKER**
EvcENE M. BRUNNER
Roeerr A. CLARKE
Doxarn K. Corrs
Kevxere C. CRUMRINE®
Epwarp B. DorLp**¥
Vicror ErcoNin
Wirtriam A, FowLer**
Newmanx A, Harn
Pavr F. Hawiey
Suerwoon K. HaxyNEs
Ivar E. HicuBErG
Jesse . HorsoN
Roserr A. Howarp
Oscar B. Jacksox
MaxweLL KELCH

*Henry Laws Fellow.

Rosert C. KENDALL
James W. McRax
Wirtiam A. MERrsdaN
Carr F. J. OvERBAGE
Eowin W. Paxsox*

- Wirrtiam H. Pickerine

Witriam M. Pickies, Jr.
JouN PIierce

Avreert R. PooLE¥
RusseLr W. Rarrr
Simox Ramo

StepreN O. Rice

Lovis N. RipExour, Jr.**
Howarn S. SEIFERT
Axcus E. TavLor

Joux E. WoLstROM
Berxarp B. Watsow
Doxarn I.. Wess

Moses B. WibDEss

Harrey WoLre

Deax WoO0LDRIDGE

**High Potential Radiation Research Fund.

*+*+Tau Beta Pi Fellow.
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DIVISRION OF CHEMISTRY AND CHEMICAL ENGINEERING
A. A. Noves, Chairman

PROFESSORS
Stuarr J. Bates, Physical Chemistry
Jaxes E. Berr, Chemistry
‘WirLiam N, Lacey, Chemical Engineering
ArTHUR A, Noves, Chemistry
Lixus Pavring, Chemistry
Ricuarp C. Tormaxw, Physical Chemistry, Mathematical Physics

ASSOCIATE PROFESSORS
Roscor G. Dickinson, Physical Chemistry
Howarp J. Lucas, Organic Chemistry

RESEARCH ASSOCIATE
Josepu B. Koerrir, Organic Chemistry

ASSISTANT PROFESSORS
Ricuarp McL. Bancer, Chemistry
Arxorp O. Beckmaxw, Chemistry
Erxest H. Swirr, Analytical Chemistry
Dox M. Yosr, Chemistry

INTERNATIONAL RESEARCH FELLOW OF THE ROCKEFELLER FOUNDATION
Lesvie E. Svrrow
NATIONAL RESEARCII FELLOWS

Paur C. Cross Luno K. Frever
Linpsay HELMHOLZ

COMMONWEALTH FUND FELLOW

H. O. JENkiNs
RESEARCH FELLOWS
Lawrexce O. Brockway James H. SturvivaNt
Luciexn LaCostE Guy WADDINGTON
Bruce H. Sace SinxEY WEINBAUM
Jacx H. SuprMAN GeoreE 'W. WHELAND

TEACHING FELLOWS AND ASSISTANTS

Tiromas F. ANDERsON Crarexce L. Duxw
Harrisox S. Backus** Rusin H. FRiIEMAN
JouxN Y. Bracm Davip HARKER
Fowarp A, BErRTRAM*¥ E. Russein KENNEDY
CuarLEs M. Bram* Epwix N. LaAsseTTRE
Lymax G. BoxNER Witriam V. MEDLIN
James L., Carrico* Arrrur N. PraTer
LovAL CLARKE Frep B. Strrr
CrrarLes D. CoRYELL Hexry WELGE

Cuester E. WirLsox
*Henry Laws Fellow.
** American Petroleum Institute.
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DIVISION OF CIVIL AND MECHANICAL ENGINEERING

Fraxxriy Tuaomas, Chairman

PROFESSORS
Harry Baremaxn, Mathematics, Theoretical Physics, Aeronautics
W. Howarn Crapp, Mechanism and Machine Design
Roserr L. Davenerry, Mechanical and Hydraulic Engineering
Freperic W. Hixricus, Jr., Mechanics
Turopor vox Karmaxn, Aeronautics
R. R. MarteL, Structural Engineering
Fraxkriny Tromas, Civil Engineering

ASSOCIATE
Carr C. Tromas, Engineering Research

ASSOCIATE PROFESSOR

Artaur L. KvLEIN, Aeronautics
Wirrtam W. Micuaer, Civil Engineering
Crarx B. MirLixaxN, Aeronautics

ASSISTANT PROFESSORS
Frep J. Coxverse, Civil Engineering
Rozsert T. Kxapp, Mechanical Engineering
Artraur E. Ravmonp, Aeronautics

INSTRUCTORS

Doxarp S. Crarx, Mechanical Engineering
W. A. Krixorr, Aeronautics

Irvixe P. Kricx, Meteorology

Erxest E. SECHLER, Drawing

Narmanter W. Wrrcox, Drawing

RESEARCH F¥FELLOWS

Gorzrriep DArwyrer, Aeronautics
Ar~xorp M. Kvuerne, Aeronautics
Norrox B. Moorg, Aeronautics
Frank L. WarTENDORF, Aeronautics

C. R, B. FELLOW IN AERONAUTI(S

Por Duwez
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EXCHANGE FELLOW

Haxs MarTixy ANTz, Aeronautics

FELLOW IN AERONATUTICS OF ST. JOIINS COLLEGE

ArTHTUR V. STEPIIENS

TEACHING FELLOWS AND ASSISTANTS

Wirtiam Boinay
Wirriam H., Bowex

Arexaxper C. CHARTERS, JR.

NrpuI A. CHRISTENSEN
Fraxcis H. CLATSER
MirtoN CLAUSER
RoserT D, FLETCHER
Ronerr B. FrEEMAN
Erxest R. Howarp
Artuur T. IrPEN
Pavr L. KarrzKE
FEowarp L. KerLs
Argerr A. KocH
James E. Lirp
CrrarLEs MACKINTOSI
Fraxx J. MarLiNa

Roscoe H. M1ris

Eaeor P. Pororr
Arpert C. REED

W. Curtis ROCKEFELLER
‘Warter ScHOLTZ
Wirriam R. Sears
Ricuarn E. Sravcirrer
Darrerr H. Scroer
Viro A. VaxoxNt
Rarra M. Watsox
Merir P. WaIirte
Roraxp J. Wnrtn
KexxNgrim A. Wirnarn
Warrex F. WriLsox
Caxros C. Woon
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DIVISION OF GEOLOGY AND PALEONTOLOGY

J. P, Btwarpa, Chairman

PROFESSORS
J. P. Buwavrpa, Geology
Bexo Gurenzsere, Geophysics
F. L. RaxsomE, Economic Geology
CuestER Stock, Paleontology

RESEARCEH ASSOCIATES
Rosert T. Moore, Vertebrate Zoology
Casey A. Woob, Vertebrate Zoology
Harry O. Woob, Seismology

ASSOCIATE PROFESSOR

Iax Camrnery, Petrology

INSTRUCTOR
Jorx H. Maxsox, Geology

CURATORS
Groree H. Axperson, Geology
Francis D. Booe, Vertebrate Paleontology
Eustace L. Furioxe, Verteprate Paleontology
‘WiLLis P. Porexor, Invertebrate Paleontology

SCIENTIFIC TLLUSTRATOR
Joux I. Rmmcway

INTERNATION AL RESEARCIT FELLOW
Sitanc Paxe Ler, Seismology
RESEARCH FELLOWS
Haxrron Sxrrm, Geology

W. LayTtox Srtaxron, Geology
Georce F. Tavror, Geology

TEACHING FELLOWS AND ASSISTANTS

Yoxacio BoxNinras Raymoxp A. Pererson®
Wirriaym M. CoceEx SIDNEY SCITAFER
Macvrice G. DoNNELLY Joux R. ScuuLrTz
Coorrr Hype Roperr P. Smarp

Josuta L. Soske
Lroxarn F. Uiric
Rosert W. Wrirsox*

Vixcext C. Kerrry
FErvvrr F. Osporx™

*Blacker IFellows,
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DIVISION OF BIOLOGY

Truoxmas Hryt Monrcan, Chairman

PROFESSORS
Tuoxmas Huxrt Moreax, Biology Axrrrep H. SrurtEvavT, Genetics

ASSOCIATE PROFESSOR
Erxest G. ANperson, Genetics

ASSISTANT PROFESSORS
Hexry Borsoox, Biochemistry
Trueovosivs DoszraNsky, Genetics
RoserT EMmerson, Biophysics
Sterrine H. EmMErson, Genetics
Huer M. Hurrmax, Biochemistry
George E. MacGinrriE, Biology
Frrrs W. WexT, Plant Physiology
CorNerrs A. G. Wiersyma, Physiology

INSTRUCTORS

Kexwera V. Turmannw, Bacteriology
Arsert TyrLer, Embryology

RESEARCH FELLOWS

Grorce W. BEADLE ALFRED MARSITAK
Crraries S. Frexcu MorTox D. SCHWEITZER

RESEARCH ASSISTANTS

Emory L. Eruis Cecir E. P. JEFrREYS
LoweLL GREEN MarsToN C. SARGENT
ANTHONIE VAN HARRAVELD Jax vaN OVERBEEK

KELLOGG (UNIVERSITY) RESEARCH FELLOW
Puivip Truman Ives

TEACHING FELLOWS AND ASSISTANTS

Wirtniam R. BERGREN Harorp D. MICHENER
RoserT pEV. BocHE Doxarp F. Poursox
Crarence W. Craxcy Forxe K. Skooc

Wirriam G. CLARK
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DIVISION OIF ASTROPHYSICS

OBSERVATORY COUNCIL

Grorce E. Harg, Chairman RoserT A. MILLIKAN
‘WarLter S. Apams ARTHUR A. NOYES
Hexry M. RoBixson

JouN A. AnpersoN, Executive Officer
Epwarp C. BarrerT, Secretary

ADVISORY COMMITTIEE

Warrer S. Apams, Chairman Eowixy HussLe
Crarres G. ABBor Hexry N. RusseLL
Ira S. Bowex Freperick H. SEares
Pavur S. ErstEIN Ricmarp C. Torman

RESEARCH ASSOCIATE
Joux A. ANDERsON

SUPERVISING ENGINEER FOR THE 200-INCH TELESCOPE

Carpraix C. S. McDowery, U.S.N.

ASSOCIATES IN OPTICS AND INSTRUMENT DESIGN

Francis G. Pease Russerr, W. Porrer

RESEARCH FELLOW
Joux D. Stroxe

51



52 CALIFORNIA INSTITUTE OF TECHNOLOGY

DIVISION OF THE HUMANITIES
C. K. Jupy, Chairman

PROFESSORS
Crixtox K. Jupy, English Language and Literature
Graman A. Laixe, Economics and Business Administration
Jorux R. MacarTHUR, Languages
Wirriam B. Muxro, History and Government
THEeovORE G. Soares, Ethics

ASSOCIATES
Goorrey Davirs, History
Hovr H. Hupsox, Literature
Lovis B. Wricwrr, Literature

ASSOCIATE PROFESSORS

Horace N. Giusert, Business Economics
Georce R. MacMinw, English Language and Literature

ASSISTANT PROFESSORS
Harvey Eacresow, English Language and Literature
Pumir S. Foce, Business Economics
Wirtriam Huse, Jr., English Language and Literature
Rocer Staxrton, English Language and Literature
Ray E. U~teRrEINER, Economics and History

INSTRUCTOR
L. Wincazsrer Joxes, English Language and Literature

GRADUATE ASSISTANT
Carter H. Grrcory, Modern Languages
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Edurational Foliries

In pursuance of the plan of developing an institute of science
and technology of the highest grade, the Trustees have adopted
the following statement of policies:

(1) The Institute shall offer two four-year Undergraduate
Courses, one in Engineering and one in Science. Both of these
Courses shall lead to the degree of Bachelor of Scicnce and
they shall also possess sufficient similarity to make interchange
between them not unduly difficult.

(2) The four-year Undergraduate Course in Engineering
shall be of a general, fundamental character, with a minimum
of specialization in the separate branches of engineering. It
shall include an unusually thorough training in the basic sciences
of physics, chemistry, and mathematics, and a large proportion
of cultural studies; the time for this being secured by eliminating
some of the more specialized technical subjects commonly in-
cluded in undergraduate engineering courses. It shall include,
however, the professional subjects common to all branches of
engineering. It is hoped in this way to provide a combination
of a fundamental scientific training with a broad human outlook,
which will afford students with engineering interests the type of
collegiate education endorsed by leading engineers—one which
avoids on the one hand the narrowness common among students
in technical schools, and on the other the superficiality and the
lack of purpose noticeable in many of those taking academic
college courses. '

(8) Fifth-year Courses leading to the degree of Master of
Science shall be offered in the various branches of engineering—
for the present in civil, mechanical, electrical, aeronautical, and
chemical engineering. In these Courses the instruction in basic
engineering subjects shall be maintained at the highest efliciency
so that the graduates from them may be prepared with especial
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thoroughness for positions as constructing, designing, operating,
and managing engineers.

(4) The four-year Undergraduate Course in Science shall
afford, even more fully than is possible in the Engineering
Course, an intensive training in physics, chemistry, and mathe-
matics. In its third and fourth years groups of optional studies
shall be included which will permit either some measure of
specialization in one of these basic sciences or in geology, paleon-
tology, biology, astrophysics, or in the various branches of engi-
neering. This Course shall include the same cultural studies as
does the Engineering Course, and in addition, instruction in the
German and French languages. Its purpose will be to provide a
collegiate education which, when followed by one or more years
of graduate study, will best train the creative type of scientist
or engineer so urgently needed in our educational, governmental,
and industrial development, and which will most effectively fit
able students for positions in the research and development de-
partments of manufacturing and transportation enterprises.

(5) Fifth-year Courses leading to the degree of Master of
Science shall be offered in the sciences of physics, astrophysies,
mathematies, chemistry, geology, geophysics, paleontology, and
biology. A considerable proportion of the time of these Courses
shall be devoted to research. These will continue the training
for the types of professional positions above referred to.

(6) Throughout the period of undergraduate study every
effort shall be made to develop the character, ideals, breadth of
view, general culture, and physical well-being of the students
of the Institute. To this end the literary, historical, economic,
and general scientific subjects shall continue to be taught by a
permanent staff of men of mature judgment and broad experi-
ence; the regular work in these subjects shall be supplemented
by courses of lectures given each year by men of distinetion from
other institutions; and the weekly assemblies, addressed by lead-
ing men in the fields of education, literature, art, science, engi-
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neering, public service, commerce, and industry, shall be main-
tained as effectively as possible. Moderate participation of all
students in student activities of a social, literary, or artistic
character, such as student publications, debating and dramatic
clubs, and musiecal clubs, shall be encouraged; and students shall
be required to take regular exercise, preferably in the form of
intramural games or contests affording recreation.

(7) In all the scientific and engineering departments of the
Institute research shall be strongly emphasized, not only because
of the importance of contributing to the advancement of science
and thus to the intellectual and material welfare of mankind,
but also because research work adds vitality to the educational
work of the Institute and develops originality and creativeness
in its students.

(8) In order that the policies already stated may be made
fully effective as quickly as possible, and in order that the avail-
able funds may not be consumed merely by increase in the
student body, the registration of students at any period shall
be strictly limited to that number which can be satisfactorily
provided for with the facilities and funds available. And stu-
dents shall be admitted, not on the basis of priority of applica-
tion, but on that of a careful study of the merits of individual
applicants, so that the limitation may have the highly important
result of giving a select body of students of more than ordinary
ability. A standard of scholarship shall also be maintained
which rapidly eliminates from the Institute those who, from
lack of ability or industry, are not fitted to pursue its work to
the best advantage.



Edurational Buildings and Farilities

THROOP HALL

Throop Hall, named for Amos G. Throop, founder of Throop
Polytechnic Institute, out of which the California Institute de-
veloped, is the central building on the campus. It was erected
in 1910, with funds supplied by a large number of donors. It
now contains the offices of administration, the class rooms and
drafting rooms of the engineering departments, and some of the

engineering laboratories.

NORMAN BRIDGE LABORATORY OF PHYSICS

The Norman Bridge Laboratory of Physics, the gift of the
late Dr. Norman Bridge of Chicago, consists of two units of
five floors each, connected at the north by a third unit of two
floors, so as to form three sides of a hollow square. One of these
units has in addition a special photographic laboratory on a
partial sixth floor, and each has on its large flat roof excellent
facilities for outdoor experimentation. The building contains the
Norman Bridge Library of Physics, to provide for which Dr.
Bridge gave $50,000.

The east unit contains a lecture room seating 260 persons, two
large undergraduate laboratories with adjoining dark rooms and
apparatus rooms, three class rooms, three laboratories for ad-
vanced instruction, nine offices, a stock and chemical room, the
graduate library of physies, and twelve research rooms, besides
shops, machinery, switchboard, and storage battery rooms.

The west unit is used primarily for research. It contains
forty-five research rooms as well as a seminar room, photographic
dark rooms, a chemical room, fourteen offices, and switchboard.
storage-battery, electric furnace and machinery rooms. On the
second and third floors of this unit of the Norman Bridge Labora-
tory, is housed, temporarily, the Division of Geology and Paleon-

tology.
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The central unit has in the basement eight more research
rooms, thus bringing the number of rooms devoted exclusively to
research up to sixty-five. On the first floor is the general library
and the engineering library of the Institute.

THE HIGH-POTENTIAL RESEARCH LABORATORY

A high-potential laboratory, provided by the Southern Cali-
fornia Edison Company, forms a companion building to the first
unit of the Norman Bridge Laboratory, which it closely re-
sembles in external design and dimensions. The equipment in
this laboratory includes a million-volt transformer specially de
signed by R. W. Sorensen, which has a normal rating of 1,000
kilovolt amperes but is capable of supplying several times the
rated load at the above potential, with one end of the winding
grounded. It is available both for the pursuit of special scientific
problems connected with the structure of matter and the nature
of radiation, and for the conduct of the pressing engineering
problems having to do with the improvement in the art of trans-
mission at high potentials. It also provides opportunities for
instruction in this field, such as are not at present easily obtain-
able by students of science and engineering.

GATES CHEMICAL LABORATORY

The first unit of the Gates Chemical Laboratory, the gift of
C. W. Gates and his brother, the late P. G. Gates, includes
laboratories used for undergraduate instruction in Inorganic
Chemistry, Analytical Chemistry, Organic Chemistry, Physical
Chemistry, and Instrumental Analysis.

The remainder of this unit is devoted to facilities for research
work. There are six unit laboratories for physico-chemical re-
search; organic and biochemical research laboratories; and re-
search laboratories of photochemistry and radiation chemistry.
In separate rooms special research facilities are also provided,
including a well-equipped instrument shop, a students’ carpenter



EDUCATIONAL BUILDINGS AND FACILITIES 61

shop, a glass-blowing room, a storage battery room, and large
photographic dark rooms.

The second unit of the laboratory adjoins the first unit on the
west, and is two stories in height. It contains a lecture room,
seating 150 and completely equipped for chemical demonstrations
of all sorts; a seminar room, a chemistry library, a small lecture
room seating about 80 persons, class rooms, four research labora-
tories, professors’ studies, a storeroom for inflammable chemicals,
and the usual machinery, switchboard, and service rooms.

RESEARCH LABORATORY OF APPLIED CHEMISTRY

With the Gates Chemical Laboratory is associated the Re-
search Laboratory of Applied Chemistry, which is located in the
Engineering Research Building. This research laboratory is
equipped for carrying on chemical reactions on a fifty or a
hundred pound scale. The machinery is as nearly like commer-
cial plant equipment as is consistent with its size. It includes
apparatus for grinding and pulverizing, melting, mixing, dissolv-
ing, extracting, pumping, decanting, centrifuging, filtering (by
gravity, pressure, suction, plate and frame, and leaf filters),
evaporating under pressure or vacuum, fractionating, condensing,
crystallizing, drying under pressure or vacuum, and absorbing
gases and vapors.

ENGINEERING RESEARCH LABORATORY AND HEATING PLANT

Through funds provided in part by the late Dr. Norman
Bridge, and in part from other sources, the Institute has erected
an engineering building 50 by 140 feet in size. One section of
this is occupied by the boiler plant which supplies all the steam
for both heating and laboratory purposes. The equipment con-
sists of two Babcock and Wilcox Sterling boilers, each of 800
boiler horse-power capacity and capable of operation at 200 per
cent of rating and with a steam pressure of 250 pounds per
square inch. The plant is also fully equipped with all the auxil-
iary equipment necessary for comprehensive tests of all portions
of the installation. There are also heat exchangers in which
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water is heated by steam, and centrifugal pumps driven by steam
turbines to circulate the hot water for heating some of the build-
ings on the campus.

The other half of the building is devoted to an engineering
research laboratory, and is equipped with water, gas, direct and
alternating current, compressed air, and steam, so as to provide
both space and facilities for a variety of engineering work. Some
space is also given over to the research section of chemical

engineering.
STEAM, GAS ENGINE, AND HYDRAULIC LABORATORIES

The undergraduate laboratory work in the fields of thermo-
dynamies and hydraulics is provided for in a building of tempo-
rary construction. Facilities are there available for the customary
tests of steam engines, turbines, gas and oil engines, air com-
pressors, blowers, centrifugal and other pumps, hydraulic
turbines, and for various experiments on the flow of fluids.

Adjoining the hydraulic laboratory is a model basin of about
40 feet square in which river flow and similar experiments can
be made. This equipment, which was provided by the Los Angeles
Gas and Electric Corporation and the Los Angeles County Flood
Control District to study the effect of proposed changes in the
outlet of the San Gabriel River into Alamitos Bay, is now used

for studies of other problems of similar nature.

HYDRAULIC MACHINERY RESEARCH LABORATORY

The hydraulic machinery laboratory of the Metropolitan Water
District of Southern California, installed at the Institute,
offers unique opportunities for research on centrifugal pumps
and hydraulic turbines and for various other investigations in
hydrodynamics. Included in the facilities are an electric dyna-
mometer of special design capable of absorbing or delivering
500 h.p. and operating at speeds up to 5,500 r.p.m.; main service
pumps capable of delivering 16 cu. ft. of water per sce. and
developing heads up to 750 ft. of water; two pressure tanks of
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1,000 cu. ft. capacity each and designed for a working pressare
of 300 Ibs. per sq. in.; two accurately ealibrated volumetric meas-
uring tanks of 800 and 1,000 cu. ft. capacity; and other smaller
pumps and miscellaneous apparatus. Instrumental equipment
designed by the Institute staff provides means for measuring
pressures, rates of flow, torques, and speeds with a precision of
approximately 0.1 per cent. Included in this is a system of speed
regulation for the dynamometer which insures constant speed
independent of the load in steps of 14 revolution per minute from
500 r.p.m. to 5,500 r.p.m. To insure precision of measurements
an independent time standard of the quartz crystal type has been
installed. This laboratory is available for the use of the staff and
qualified students at all times when it is not being used for the
purposes of the Metropolitan Water District.

DANIEL GUGGENHEIM AERONAUTICAL LABORATORY

Funds for the construction of the Daniel Guggenheim Aero-
nautical Laboratory and to aid in its operation for a period of
ten years have been provided through a gift of $3850,000 from
the Daniel Guggenheim Fund for the Promotion of Aeronautics.
The building is 160 feet long by about 55 feet wide, and has
five floors. The largest item of equipment js a wind tunnel
of the Gottingen closed circuit type with a working section
10 feet in diameter. Provision is made for using the working
section either as an open or closed type. A 750 horse-power,
direct-current motor drives a 15-foot propeller, and a wind
velocity of considerably more than 200 miles per hour has been
produced. A complete set of aerodynamical balances permit
testing and research work of all kinds to be performed in the
wind tunnel. An aerodynamics laboratory contains three small
wind tunnels and a considerable amount of auxiliary apparatus
for the study of the basic problems connected with turbulent
flows. A large structures laboratory has been ecquipped with
specially designed testing machines with which a series of re-
searches is now in progress, dealing chiefly with the problems
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connected with the modern use of stressed skin or monocoque
structures. A completely equipped photoelasticity laboratory in
the basement is being used for researches on the distribution of
stresses in various complicated types of structure. On the first
floor are the observation room of the wind tunnel, a wood shop
large enough for the building of complete airplanes, and the
structures laboratory. On the second floor are offices, a group of
six small laboratories for research, and a large meteorological
classroom and laboratory. The third floor contains the balance
room in which the wind tunnel measurements are made, a seminar
room, library, drafting room, aerodynamics laboratory, and five

offices.
DABNEY HALL OF THE HUMANITIES

Through the generous gift of Mr. and Mrs. Joseph B. Dabney,
a Hall of the Humanities was completed in September, 1928. It
is a three-story building, located to the east of the Gates Chemical
Laboratory, with its main entrance facing the plaza. The build-
ing contains provision for various undergraduate activities, lec-
ture rooms, a treasure room for the exhibition of pictures and
other works of art, a library-reading room, conference rooms and
studies, and in the east wing a very attractive lounge, on the
north side of which a series of windows open out upon a tiled
patio and an ornamental garden.

CULBERTSON HALL

Culbertson Hall, an auditorium seating 500 persons, erected

in 1922, provides facilities for the Institute assemblies, lectures,

and concerts, as well as for various social functions both of stu-

dents and faculty. It was named in honor of the late Mr. James

A. Culbertson, who was a trustee of the Institute and Vice-
President of the Board during the years 1908 to 1915.

SEISMOLOGICAL RESEARCH LABORATORY

The Seismological Research Laboratory is located about four
miles west of the Institute on a granite ridge affording firm bed-
rock foundation for the instrument piers. The investigations at



EDUCATIONAL BUILDINGS AND FACILITIES 65

the laboratory rclate mainly to earth movements originating
within a radius of about two hundred miles. The seismograms
from six branch stations, built and maintained with the aid of
cooperating agencies in Southern California, contribute greatly
to these studies.

While devoted mainly to research, the laboratory is open to
qualified students registered at the California Institute who
desire advanced training in Seismology.

The laboratory is operated jointly by the California Institute
and the Carnegie Institution of Washington. The general pro-
gram of research is outlined by a committee of which Dr. Arthur
L. Day is chairman and consisting of Messrs. J. A. Anderson,
H. O. Wood, Beno Gutenberg, and J. P. Buwalda.

THE WILLIAM G. KERCKHOFF LABORATORIES
OF THE BIOLOGICAL SCIENCES

The first unit of the William G. Kerckhoff Laboratories of the
Biological Sciences, the present quarters of the department,
contains over 60 rooms, including lecture rooms, seminar rooms,
undergraduate laboratories, private research rooms, and four
constant temperature rooms. For work in plant genetics there is
a ten-acre farm with greenhouses located at Arcadia, about five
miles from the Institute. In addition there is land in the imme-
diate vicinity available for plant work.

A marine station has also been established at Corona del Mar.
The building that has been acquired contains four large rooms
and several smaller ones which give ample opportunity for
research work in experimental biology in general. The proximity
of the marine station to Pasadena (about 50 miles) makes it
possible to supply the biological laboratories with living materials
for research and teaching. The fauna at Corona and at Laguna
Beach, which is near-by, is exceptionally rich and varied, and
is easily accessible.
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W. K. KELLOGG LABORATORY OF RADIATION

The facilities for research in the field of radiation have been
greatly increased by the erection of a building designed and
equipped especially for high potential X-ray work. The building
and its special equipment are the gift of Mr. W. K. Kellogg of
Battle Creek, Michigan. It is located south of Throop Hall and
adjacent to the High Potential Laboratory, which it resembles
closely in architecture. The principal feature of the new building
is the large equipment room, 60 feet long, 80 feet wide, and
68 feet from floor to ceiling. In this room the high potential
X-ray tube is located, together with the transformers and other
high potential accessories. The room is surrounded by heavy
concrete walls and all operation and observation is carried out
in adjoining rooms thoroughly protected from the radiation. In
addition there are twenty-five rooms located on five floors, used
as research rooms and offices for the staff and graduate students.

The major portion of the work carried on in this laboratory
during the past three years has been therapeutic research under
the direction of Dr. Seeley G. Mudd. Irradiation is used in the
treatment of selected cases of inoperable cancer. The potential
first used in this treatment was 550,000 volts, but since June,
1983, this has been increased to 850,000 volts.

The research on the purely physical phases of high-voltage
X-Rays is conducted under the direction of Dr. C. C. Lauritsen.

LIBRARIES

The library of the Institute comprises the General Library
and six departmental libraries: for Physics, Chemistry, Geology,
Biology, Aeronautics, and the Humanities.

ASTROPHYSICS LABORATORY AND SHOPS

Statements concerning these buildings will be found on pages
102 to 105.



Athenaeim

The Athenzum, a handsome structure in the Mediterrancan
style of architecture, fittingly furnished and equipped, with
grounds attractively landscaped and planted, is the gift of Mr.
and Mrs. Allan C. Balch.

The purpose of the Athenzum is to provide a place and oppor-
tunity for contact between the distinguished foreign scientists
and men of letters temporarily in residence from time to time at
the California Institute, the Mount Wilson Observatory and the
Henry E. Huntington Library and Art Gallery, the staffs and
graduate students of those institutions, and the patrons and
friends of science and education in Southern California making
up the California Institute Associates.

The Athenzum contains on the first floor a large and beautiful
lounge, a library, a main dining-room, three small dining-rooms,
and, adjoining the main dining-room-—and planned so that the
two rooms can be thrown together for large banquets—a room
for scientific and other lectures, known as the “Hall of the Asso-
ciates,” in addition to a completely-equipped kitchen and the
necessary service rooms. On the upper floors are very attractively
furnished rooms and suites, each with private bath, for visiting
professors, members of the staffs and graduate students of the
three institutions named, and other members of the Athenszum.
An attractive writing room and lounge are provided on a mezza-
nine floor for the exclusive use of women.



Student Houses

On the California Street side of the Institute campus, four
student houses have been erected and are known as Dabney
House, Ricketts House, Blacker House, and Fleming House. The
first three are the gifts of the late Mr. Joseph B. Dabney and
Mrs. Dabney, Dr. and Mrs. L. D. Ricketts, and the late Mr. R. R.
Blacker and Mrs. Blacker, respectively. The last is the gift of
some twenty donors and is named Fleming House, in recognition
of Mr. Fleming’s great part in the development of the California
Institute.

These four houses in Mediterranean style harmonizing with the
Athenszeum, were, like the latter building, designed by Gordon B.
Kaufmann. While built in a unified group, each house is a
separate unit providing accommodations for about seventy-five
students; each has its own dining-room, reading room, and
lounge, but all are served from a common kitchen.

All four houses have attractive inner courts surrounded by
portales. Most of the rooms are single rooms, but there are a
limited number of rooms for two. All the rooms are plainly but
adequately and attractively furnished. The plans of the build-
ings are such that within each of the four houses there are
groupings of rooms for from twelve to twenty students, with
separate entries for each group. ’

The completion of this first group of residence halls marks
the first step in a plan to meet the housing and living problems
of the students in such a way as to develop a series of eight
residence halls, “each to have its own distinctive atmosphere,
each to be the center about which the loyalties developed in
student days and the memories of student life shall cluster.”

By action of the Board of Trustees, all undergraduate students
are expected to live in the Student Houses unless permission is
given by the Dean to live elsewhere, which will commonly be
granted when the student is living at home.



Extra-Cuerienlar Opportunities

LECTURE AND CONCERT COURSES

Through a cooperative arrangement with the Pasadena Lec-
ture Course Committee there are given at the Institute assemblies
a number of lectures on science, literature, current events, and
other subjects of general interest, by speakers of national and
international note brought to Pasadena by the Committee.
Weekly public lectures in science, illustrated by experiments, are
given by the members of the Institute faculty in the lecture rooms
of the Norman Bridge Laboratory of Physics and the Gates
Chemical Laboratory. Lectures given from time to time at the
Institute under the auspices of Sigma Xi and of the Astronomical
Society of the Pacific are open to the students. They may also
arrange to visit the Huntington Library and Art Gallery, and
members of the Institute staff give talks to small groups of stu-
dents preceding the visits to the art gallery on the pictures there

exhibited.
STUDENT ORGANIZATIONS AND ACTIVITIES

The students are organized into an association known as the
Associated Student Body, of which all are members, to deal with
affairs of general concern to the students, and with such matters
as may be delegated to them by the faculty. The Student Body
elects its officers and a board of control, which investigates
breaches of the honor system, or cases of misconduct, and recom-
mends disciplinary penalties to the faculty.

Coordination in regard to campus affairs between faculty and
students is obtained through periodic conferences of the Faculty
Committee on Student Relations and the Executive Committee
of the Student Body.

The Taculty Committee on Student Relations, in conjunction
with the Executive Committee of the Student Body, arrange each
year a series of lectures for the freshmen emphasizing (a) social
usage and Institute traditions; (b) the value of undergraduate
activities and the recognition by the business world of the char-
acter and qualities developed through participation in those
activities; (¢) the fact that studies need not keep students from
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a reasonable participation in extra-curricular interests; and (d)
the fact that every student can find at the Institute a wide range
of activities from which to choose.

The Associated Students exercise general direction of matters
of undergraduate concern in cooperation with the faculty.
Athletic contests are managed by the Athletic Council, composed
of faculty and student representatives. The student body,
through its elected representatives, manages THE CaLIFORNIA
Tecu, a weekly paper, and the Bic T, the annual. A glee
club, an orchestra, and a band are maintained, with assistance
from the Institute. There are at the Institute student branches
of the American Institute of Electrical Engineers, the American
Society of Mechanical Engineers, and the American Society of
Civil Engineers. A Chemists’ Club and a Geology-Paleontology
Club include men interested in these particular fields. Other
organizations are the Dramatic Club, the Press, the Throop,
the Varsity, the Walrus, the Cosmopolitan, the Photo, the Radio,
the Aero and the Newman Clubs.

The Astronomy and Physics Club, while composed of mem-
bers of the faculty, graduate students of the Institute, and
members of the staffs of mneighboring scientific institutions,
admits to its meetings undergraduate students who may be in-
terested in its discussions.

Sigma Xi is represented at the Institute by an active chapter.
Graduate students who have demonstrated their ability to prose-
cute research are eligible for membership. Undergraduate stu-
dents who have shown particular interest and aptitude in research
are elected to associate membership.

A chapter of Tau Beta Pi, the national scholarship honor
society of engineering colleges, is maintained at the Institute.
Elections are made each year from the highest eighth of the
Jjunior class, and from the highest quarter of the senior class.

A chapter of Pi Kappa Delta, national forensic honor society,
elects to membership students who have represented the Institute
in intercollegiate debate, oratorical or cxtempore speaking contests.
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The forensic interests of the Institute include also member-
ship in the Southern California Public Speaking Association.
Under the auspices of this association the Institute debaters
engage in an annual schedule of six debates with other Southern
California colleges, and in annual oratorical and extempore con-
tests. Debates are also scheduled with near-by colleges, and fre-
quently with eastern teams traveling through California. On the
Pi Kappa Delta trips to the National Conventions, debates are
scheduled with the best of the institutions that can be met en

route.

To train the Institute speakers for these various intercollegiate
contests, a debate course is offered by the English department,
and much individual coaching is given the members of the teams.
During the second and third terms a special class for freshmen
gives the members of that class an opportunity to prepare for
the freshman debates, in which the first-year men of six other
colleges are met. A number of intramural practice debates, and
the annual contest for the Conger Peace Prize, afford all men
interested in public speaking an opportunity to develop their
abilities.

Exceptional facilities in dramatic work are afforded the stu-
dent. Each year a classical play, Greek or Roman, is presented
under the auspices of Pi Kappa Delta, participation in it, how-
ever, being open to the whole student body. A modern play is
given under the auspices of the English Department, open like-
wise to all students. Both of these plays are produced under
the direction of Professors Fagleson and Stanton of the English
department.

A Young Men’s Christian Association has its office in Dabney
Hall and performs many valuable services. Receptions for new
students, hikes, bi-weekly luncheons, meetings, classes for the
study of life and other problems are conducted by this organiza-
tion. Its program and membership are open to all students at no

expense.



Student Health and Physiral Eduration

In 1929 the Institute inaugurated a student health program
consisting of three principal features. The first is a thorough
physical examination of all students entering the Institute by
specialists on the staff of the Pasadena Hospital. The second
feature of the program is the appointment of a consulting physi-
cian, Dr. E. D. Kremers, who is in his office on the campus in
the William G. Kerckhoff Laboratory of the Biological Sciences
each day, and may be consulted by the students without charge.
The third is the provision by the Institute of an insurance fund,
through the payment of an annual fee of $3 by every graduate
and undergraduate student, to assist in the defraying of expenses
in cases of emergency requiring hospitalization.

The program of physical education is designed to give physi-
cal development to all undergraduate students and to provide
graduate students with opportunity for recreational exercise.
The required work is divided into three parts: (1) corrective
exercises for those physically deficient; (2) group games; (3)
fundamentals of highly organized athletics. This work is modi-
fied by various activities designed to encourage voluntary recrea-
tional exercises, including intercollegiate and intramural games
and sports.



Kequirements for Admission fo
Undergraduate Standing

ADMISSION TO THE FRESHMAN CLASS

Each applicant must be thoroughly prepared in at least fifteen
units of preparatory work, each unit representing one year’s
work in a given subject in an approved high school at the rate
of five recitations weekly. Each applicant must offer all of the
units in group A, three or more units selected from group B,
and the rest from group C.

English 3
Algebra 2
Plane and Solid Geometry 1y,
Group A Trigonometry LA
Physics 1
Chemistry 1
United States History and Government ......oeoeeeeee. 1
Foreign Languages, Shop (up to 1 unit); additional En-
Group B: % glish, Mathematics, Laboratory Science, or History.

Group C:  Drawing, Commercial subjects, additional Shop, etec.

Applicants who offer for entrance a total of fifteen recom-
mended units, but whose list of subjects is not in accord with
this table, may be admitted at the discretion of the faculty, if
they are successful in passing the general entrance examinations;
but no applicant will be admitted whose preparation does not
include English 2 units, Algebra 114 units, Geometry 1 unit,
Trigonometry 15 unit, Physics 1 unit. All entrance deficiencies
must be made up before registration for the second year.

Each applicant is expected to show that he has satisfactorily
completed the above-stated required preparation, by presenting
a complete scholastic record from an approved school.

Incomplete scholastic records may be supplemented by examinations
in particular subjects taken at the Institute. The scope of subject matter
for these examinations is the same as that covered by standard high
schools. Applicants taking examinations in Physics, Chemistry, or United
States History and Government must present their notebooks at the time
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In addition to the above credentials, all applicants for admis-
sion to the freshman class are required to take entrance examina-
tions. These examinations do not take the place of the high-
school credentials, but serve to supplement them. The subjects
covered are Chemistry, Physics, Mathematics, and English. The
examinations are general in character; they are intended to show
the applicant’s ability to think and express himself clearly, and
his fitness for scientific and engineering training, rather than to
test memorized information. Specimens or samples of the exam-
ination questions for admission to the freshman class of the
Institute are not available for distribution.

Regular entrance examinations will be held at the Institute
Saturday, April 20th, and Saturday, April 27th, 1935. Appli-
cants should report in the Lounge of Dabney Hall April 20th, at
8:30 A.M. The examinations on April 20th will be Chemistry
and Physics and on April 27th, Mathematics and English. These
examinations will also be given September 6th and 7th if a suffi-
cient number of duly qualified applicants is not selected from
among those taking the spring examinations.

Students living at a distance from Pasadena may, upon re-
quest, be allowed to take the entrance examinations under the
supervision of their local school authorities®; or they may, if
they prefer, take the New Plan (Plan B) College Board ex-
aminations in Comprehensive English, Comprehensive Mathe-
matics (Elementary and Advanced), Physics, and Chemistry.
No candidate will be registered by the College Entrance Ex-
amination Board under this plan unless he is at the end of his
high school course.

of the examination. The schedule for 1935 is as follows: Wednesday, Sep-
tember 18, 9:00 A.M., Mathematics; 2:00 P.M., English., Thursday, Septem-
ber 19, 2:00 P.M., History and Foreign Lianguages.

These examinations may also be taken under the direction of the
College Entrance Examination Board. The examinations are held at
various points in the United States on June 17-22, 1935, Application
for these examinations must be addressed to the College Entrance Ex-
amination Board, 431 West One Hundred and Seventeenth Street, New
York, N. Y., and must be received by the Board on or before May 20, 1935.

*Arrangements for examinations in absentia should include a letter
to the Registrar from the individual directing the tests stating that the
required supervision will be given.
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Each applicant must pass a physical examination showing that
he is able to do the work of the Institute. These examinations
will be conducted for the Institute by the staff of the Pasadena
Hospital on September 16-18, 1935, If reports of these examina-
tions are delayed until after registration, it will be understood
that registrations are tentative pending such reports, and are
subject to cancellation if the reports are unsatisfactory. Students
living at a distance are advised to consult their family physicians
before coming to Pasadena in order to avoid unnecessary expense
if physical defects exist which would prevent successful schol-
astic work. All students entering the Institute for the first time
are required to be vaccinated or to submit satisfactory evidence
of recent vaceination.

Application for admission to the Institute may be made at
any time, but there is a distinct advantage in doing so by the
first of April, or even earlier. This enables the Institute to make
full use of all information available from high school sources.
Applicants whose preparatory work is finished should submit
their complete scholastic records before taking the entrance exam-
inations. Applicants who expect to complete their preparatory
work at the close of the year will be admitted to the examina-
tions if such a request is received from their principals. The
schélarship records of students who have taken the examinations
under the above arrangement should be forwarded to the Institute
as soon as possible after the completion of the preparatory work.

No decision can be reached as to the admission of a student
until his complete scholastic record is received.

Blanks for application for admission to the Institute will be
provided upon request.

Applicants who comply with these conditions not later than
June 22nd will be notified by the Begistrar as to their acceptance
on or about July Ist.

Upon receipt of the registration fee of $10.00 (which will be
deducted from the first-term tuition), each accepted applicant
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will be sent a registration card which will entitle him to register,
provided his physical examination is satisfactory. The registra-
tion card should be presented at the Dabney Hall Lounge Sep-
tember 19, 1935, at 8:30 A.M.

Checks or money orders should be made payable to the Cali
fornia Institute of Technology.

The number admitted to the freshman class is limited to 160,
by action of the Trustees.

ADMISSION TO UPPER CLASSES

For admission to the upper classes of the Institute applicants
who have been students at other institutions of collegiate rank
must present letters of honorable dismissal, together with state-
ments showing in detail the character of their previous training,
and the grades which have been received. It is advisable for stu-
dents planning to transfer to send their credentials to the regis-
trar at an early date. A personal interview is desirable; during
the summer months it is well to arrange for this in advance.
These students take examinations in Mathematics, Physics, and
Chemistry ; except that the examination in Chemistry is required
only of those desiring to pursue the course in Science. Students
must offer courses, both professional and general, substantially
the same as those required in the various years at the Institute
(see pages 130-143) or as soon as possible after admission make
up their deficiencies. In case there is a question regarding either
the quality or the extent of the previous work, examinations in
the subjects concerned may be arranged.

The examinations in Mathematics, Physics and Chemistry
taken by students planning to transfer to the third and fourth-
year classes are the comprehensive review examinations required
of all students of the Institute before they undertake the work
of the third year, and are taken at the same time by students in
the Institute and those desiring to transfer from other institu-
tions. For men planning to enter the sophomore year similar
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review examinations covering the work of the freshman year are
required. A representative set of previous examination papers
will be sent to approved applicants upon request. From a study
of these and of the content of the courses at the Institute, pros-
pective students may judge for themselves which examinations
they are prepared to take. Students are not required to take all
of the examinations for admission to the classification of a given
year as junior, sophomore, or freshman, but may take examina-
tions in one or more subjects for admission to one class and in
others for admission to the work of another class. Their ultimate
classification will be determined by the committee on the basis of
the results of all the examinations taken.

The examinations may be taken either in June or in September.
The schedule for 1985 is as follows: Thursday, June 6, 9 A.M.,
Chemistry; Iriday, June 7, 9 A.M., Mathematics; Saturday,
June 8, 9 A.M., Physics; Friday, September 13, 9 A.M., Mathe-
matics; Saturday, September 14, 9 A.M., Physics; 1:00 P.M.,
Chemistry. ‘

Applicants are advised to take the examinations in June if
possible. Those residing at a distance may take the June ex-
aminations under the supervision of their local college authorities,
provided definite arrangements are made well in advance. Ar-
rangements for examinations in absentia should include a letter
to the registrar from the person directing the tests stating that
the required supervision will be given.

Applicants for admission to the third and fourth years whose
credentials have been approved may take advantage of the sum-
mer review courses in Mathematics and Physics to prepare for
their examinations. These courses are offered during the three
weeks preceding the opening of the fall term. The fee is $20
for each course.

Applicants are advised to read the deseriptions of the freshman
and sophomore Physics, Mathematics, and Chemistry courses,
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and to note especially that the work in freshman Mathematics is
chiefly calculus.

Because of the very thorough, intensive study of these subjects
required in the first two years, students from other colleges, unless
of ability above the average of Institute students, can not hope
to transfer to the higher years of the Institute courses without
incurring loss of time and difficulty in the pursuit of the more
advanced subjects. Students intending to complete the Institute
courses are therefore recommended, as far as possible, to take
their freshman and sophomore work also at the Institute.

Physical examinations and vaccination are required as in the
case of students entering the freshman class. If reports of these
examinations are delayed until after registration it will be under-
stood that registrations are tentative pending such reports and
are subject to cancellation if the reports are unsatisfactory.



£ xpenses

TUITION

The tuition fee for undergraduate students is three hundred
dollars ($800) a year, payable in three installments of $100 each
on registration day at the beginning of each term.

Students who attain honor standing at the end of their Fresh-
man or Sophomore years are awarded prize scholarships carrying
half tuition for the ensuing year, as described on page 89 of
this Catalogue.

For tuition for graduate students, see page 109.

ASSOCIATED STUDENT BODY FEE

The Associated Student Body fee, payable by all under-
graduate students, is $11.00 a year, payable in three installments
on registration day at the beginning of each term. This fee is
used for the support of athletics and of other student activities.

EMERGENCY HOSPITALIZATION FEE

There is an emergency hospitalization fee of $3.00, payable
by each student at the beginning of each year, to provide a cer-
tain amount of hospitalization, medical and surgical care, in
accordance with regulations prescribed by the Board of Trustees
and administered by the Institute Physician and the Faculty
Committee on Student Health.

DEPOSITS AND LOCKER RENTAL

In the Division of Chemistry and Chemical Engineering an
annual deposit of $15.00 is required (payable on registration
day at the beginning of the first term) to cover breakage and
loss of laboratory materials. There are also small deposits for
locker keys, and for padlocks issued in the drawing rooms. De-
posits, in amounts specified by the departments concerned, are
also required to cover the expenses of inspection trips taken by
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students in various courses. Lockers in Throop Hall may be
rented by those who desire them at 50 cents a term.

BOOKS AND SUPPLIES

The cost of books and supplies for the first year is about
$65.00. In the upper classes the cost is generally less than this,
but varies in different courses.

STUDENT HOUSES
Expenses in the Student Houses are as follows:

For room and 15 meals a week $328.00 a year, payable in six
installments during the academic year, as specified in the contract
which is signed by each applicant for accommodations in the
Houses. For room and 21 meals a week, $382.50 a year, payable
as in the case of the above specified rate.

There is also a charge of $1.00 a term for telephone service;
long distance toll charges being billed monthly.

Students in the Houses must supply their own blankets, bed
linen and towels. Laundry service, including the supplying of
bed linen and towels, is provided, however, at a charge of 25
cents a week if desired.

House dues of $2.00 a term are payable with other fees on
registration day. These dues are collected by the Institute for
the House organizations in the four Houses and are used by them
to cover the expenses of their social and other House activities.

There is a deposit of $10.00 payable by each student making
reservation for accommodations in the Student Houses, this pay-
ment, upon occupancy of the room, constituting a deposit against
breakage and loss. This deposit is not refunded if a student
leaves the House during the year.

Application for rooms in the Student Houses may be made by
addressing the Secretary of the Institute.
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LOAN FUNDS

The Cleveland Loan Fund was established by Miss Olive
Cleveland for the purpose of aiding students to obtain an educa-
tion. The income is lent without interest to worthy students who
may need such assistance.

In 1923, Mr. Howard R. Hughes, of Galveston, Texas, gave
$5,000 to constitute an additional fund for loans to students.
Mr. Raphael Herman, of Los Angeles, has provided a like sum
to establish the Raphael Herman Loan Fund, which may be used
for loans or for scholarships at the discretion of the Institute.
A further gift of $5,000 has been made by Mr. and Mrs. Arthur
Noble of Pasadena to establish the Noble Loan and Scholarship
Fund.

In 1932, Mr. and Mrs. Willard C. Jackson established at the
Institute, the Thomas Jackson Memorial Loan Fund in memory
of their son, a member of the sophomore class of that year, who
died during the fall term, at the beginning of a very promising
career. The original gift for this fund was $10,000 and the
donors have since added $5,000 to this amount. Loans from the
fund are made to undergraduate or graduate students of superior
ability who are in need of such assistance to meet the expenses
of their education.

Applications for loans may be made to the Comptroller of the
Institute.

STUDENT EMPLOYMENT

The Institute endeavors to be of assistance in aiding students
to find suitable employment when it is necessary for them thus
to supplement their incomes in order to continue their education.
The requirements of the courses at the Institute are so exacting,
however, that under ordinary circumstances students who are
entirely or largely self-supporting should not expect to complete
a regular course satisfactorily in the usual time. Students wish-
ing employment are advised to write to the Secretary of the
Institute Y. M. C. A. in advance of their coming to the Institute.



Kegistration and General Kegulations

Registration for the second term, 1931-1935, will take place
January 2, 1935 (9 AM. to 3 P.M.); for the third term, March
25, 1935 (9 AM. to 8 P.M.). Registration for the first term,
1935-1936, will take place, for freshmen, September 19, 1935
(8:80 A.M.), for transfers from other colleges, September 19, 20,
1985 (9 A.M. to 3 P.M.), and for other students, September 20,
1935 (9 A.M. to 3 P.M.). A special fee of two dollars is charged
for registration after these dates.

The schedule of studies for each student is made out by the
Registration Committee, and the student, after payment of his
tuition and fees, is enrolled by the Registrar. No student is
admitted to classes without an assignment card from the Regis-
trar’s office.

Any change of schedule is made by the Registrar, and after
the first week of the term involves a fee of one dollar, unless
made at the suggestion of officers of the Institute.

Every student is required to attend all class and assembly
exercises for which he is registered, and to satisfy the require-
ments in each of the subjects in such ways as the instructors
may determine.

Students are held responsible for any carelessness or wilful
destruction or waste, and at the close of the year, or upon the
severance of their connection with any part of the work of the
Institute, they are required to return immediately all locker
keys, and other Institute property.

It is taken for granted that students enter the Institute with
serious purpose. The moral tone is exceptionally good; and the
honor system prevails in examinations, and in all student affairs.
A student who is known to be exercising a harmful influence on
the student life of the Institute may be summarily dismissed,
whatever be his scholastic standing.



Schnlastic Grading aud Kequirements

SCHOLASTIC GRADING

The following system of grades is used to indicate the charac-
ter of the student’s work in his various subjects of study:

4 denotes Marked Distinction,
8 denotes Above Average,

2 denotes Average,

1 denotes Below Average,

C denotes Conditioned,

F denotes Failed,

inc denotes Incomplete.

In giving the grade incomplete the “inc” must be followed by
a number indicating the grade of work and by another number
in parenthesis indicating approximately the percentage of the
work completed. When so reported the grade of “inc¢” may, in
summing grades, be provisionally considered to correspond to
such a number of credits as the Registrar shall determine; but
if reported without these specifications it shall not be counted.
The instructor’s reason for giving the grade and the manner by
which the incomplete may be removed must be entered in the
space provided for that purpose.

When an incomplete is given because of absence from examina-
tions it may be removed by examinations, only if the student has
a leave of absence issued by one of the deans and covering the

examinations missed.

It is recommended that the grade incomplete be given only in
the case of sickness or other emergency which justifies the non-
completion of the work at the usual time.

Conditioned indicates deficiencies other than incomplete that
may be made up without actually repeating the subject. A grade
of 1 is given when the work is completed.
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Failed means that credit may be secured only by repeating
the subject.

Term examinations will be held in all subjects unless the in-
structor in charge of any subject shall arrange otherwise. No
student will be exempt from these examinations. Leave of ab-
sence from examinations may be obtained only from the Deans,
and will be granted only in the case of sickness or other emer-
-geney.

A condition in any term’s work must be removed during the
next term in residence on the date fixed for the removal of condi-
tions. Each student should consult with his instructor at least a
week in advance of this date. Any condition not so removed auto-
matically becomes a failure, unless otherwise recommended by
the instructor at the time the condition is given.

SCHOLASTIC REQUIREMENTS

The number of credits allowed for any subject is the number of
units multiplied by the grade received. The number of units as-
signed to any subject in any term corresponds to the total num-
ber of hours per week devoted to that subject, including (1) class-
work, (2) laboratory, drawing, or field work, and (8) estimated
outside preparation. For fulfilling scholastic requirements set
forth in the following paragraphs, not less than 90 per cent of
the credits required must be received in subjects other than
Assembly and Physical Education.

1. Freshmen or sophomore studentst who do not receive at
least 80 credits at the end of any term will be placed on pro-
bation.*

tA student who has transferred to Junior or Senior standing is subject
to the same scholastic requirements as are Freshmen and Sophomores
until he has satisfactorily completed three full terms of residence at the
Institute.

*At the end of the first term of his first year at the Institute a student
who has failed to secure 80 credits may be refused registration (instead
of being placed on probation), if it has become clear that he has not the
qualifications required for the successful prosecution of an engineering or
scientific course.
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Any student placed on probation must withdraw from student
activities or from outside employment, or must reduce the number
of subjects he is taking, to a sufficient extent to enable him to
meet the requirements. Any such student must report to the
Dean of Freshmen in case he is a member of the freshman class,
or to the Dean of Upper Classmen in case he is a member of a
higher class, before entering upon the work of the ensuing term,
and must arrange his schedule of studies and limit his outside
activities in accordance with the advice of his Dean.

2. A freshman or sophomore student is ineligible for registra-
tion: (a) if in the preceding term he did not receive at least 60
credits ; (b) if he has already been on probation in any preceding
term and did not receive at least 80 credits in the term just com-
pleted; (c¢) if during the preceding school year he did not receive
300 credits (corresponding to an average of 100 credits per term).

8. A student ineligible for registration because of failure to
meet the requirements stated in the preceding paragraph may, if
he desires, submit immediately to the Registrar a petition for re-
instatement, giving any reasens that may exist for his previous
unsatisfactory work and stating any new conditions that may
lead to better results. Each such application will be considered
on its merits. A student so reinstated who again fails to fulfil
the scholastic requirements for registration will be granted a
second reinstatement only under very exceptional conditions.

4. After a student has completed three full terms of residence
at the Institute and has been registered for his Junior year, he
shall not be placed on probation nor shall he be refused regis-
tration on account of failure to receive a prescribed number of
credits during the preceding term or terms.

5. Tor graduation a student must complete the prescribed work
of some one Option of the Course in Engineering or of the Course

in Science with an average grade of at least 1.9.
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6. At the close of each school-year the Committee on Honor
Students awards honor standing to approximately 16 students
who have completed the freshman year, and to 12-16 students who
have completed the sophomore year. To each of these students is
also awarded a prige scholarship carrying half tuition. These
awards are based primarily on the scholastic records of the
students. Any holder of such a scholarship who in any subse-
quent term fails to maintain a scholastic standard set by the
Committee automatically loses his honor standing and scholarship
for the remainder of the school-year.

Honor standing entitles the student to special privileges and
opportunities, such as excuse from some of the more routine
work, instruction in “honor sections,” and admittance to more
advanced subjects and to research work. But a student in honor
standing may not be admitted to an honor section in a particular
subject unless he has obtained a grade of 8 or better in the work
prerequisite to that subject.

7. A student will be graduated with honor who has received
on the average throughout his course, 145 credits per term, 1380
of which result from grades 8 and 4 in subjects other than
Physical Education and Assembly, provided also that he main-
tains such an average through the three terms of the senior year.
In addition, a student may be graduated with honor under joint
recommendation of his department and the Honors Committee,
and approval of the Faculty.

If for any -reason a student is carrying less than 40 units,
the credits required (as stated in paragraphs 1 and 2 on pages
84-85) shall be prorated on the basis of 40 as a standard. For
example, a man carrying 82 units of work shall be expected to ob-
tain four-fifths of 80, or 64 credits, to remain off probation.

Applications for registration in excess of the prescribed num-
ber of units, or for less than 25 units, must be approved by the
Registration Committee.
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Prolonged leave of absence must be sought by written petition
to the faculty, and the student must indicate the length of time,
and the reasons, for which absence is requested. In case of brief
absences from any given exercise, arrangements must be made
with the instructor in charge.

Freshmen should make application, shortly before the close
of the school year, for admission to the second year of the Course
in Engineering or of the Course in Science.

CANDIDACY FOR THE BACHELOR’S DEGREE

A student must file with the Registrar a declaration of his
candidacy for the degree of Bachelor of Science on or before
the first Monday of December preceding the date at which he
expects to receive the degree. His record at the end of that
term must show that he is not more than 21 units behind the
requirement in the regular work of his course. All subjects
required for graduation, with the exception of those for which
the candidate is registered during the last term of his study, must
be completed by the second Monday of May preceding com-

mencement.



Scholarships and Hrizes

FRESHMAN PRIZE SCHOLARSHIPS

Twelve or more freshmen scholarships carrying $150 or $300
are awarded by the Institute upon the basis of a competition
open to properly qualified male students in the senior classes of
high schools or college preparatory schools. A group of competi-
tors for these scholarships is selected by the committee from
among the regular candidates for admission who take the spring
entrance examinations givén by the Institute. There is no special

application blank for these scholarships.

The scholarships are awarded on the basis of all the infor-
mation available in regard to the applicants—the results of their
examinations, their high-school records and recommendations,
the statements submitted as to their student activities and outside
interests, and results of personal interviews. The awards are
made ‘without reference to financial need; but any successful
student with adequate resources may relinquish the money pay-
ment in favor of the next most deserving competitor, while
retaining the scholarship as an honorary recognition. The win-
ners of these scholarships will be designated Blacker Scholars
or Drake Scholars, in recognition of the donors, Robert Roe
Blacker and Nellie Canfield Blacker, or Mr. and Mrs. A. M.
Drake.

Popular scientific lectures were given last year in San Diego,
Santa Barbara, and Santa Ana by members of the Institute staff,
the entire proceeds of which were devoted to providing scholar-
ships for students of high standing in these communities who were
in need of financial assistance. It is expected that these lectures
will be continued this year and cxtended to other localities.
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DRAKE SCHOLARSHIPS

In addition to the foregoing, Mr. and Mrs. A. M. Drake of
Pasadena have made provision for an annual scholarship avail-
able for a graduate of the high schools of St. Paul, Minnesota,
and a similar annual scholarship available for a graduate of the
high school of Bend, Oregon.

SOPHOMORE AND JUNIOR PRIZE SCHOLARSHIPS

The Institute has established about thirty scholarships known
as the Sophomore and Junior Prize Scholarships. These scholar-
ships, which carry half tuition, are awarded at the end of each
school-year to those students who as the result of their work,
during the freshman and sophomore years, were granted honor
standing on the basis described in paragraph 5 on page 85 of
this Catalogue. In addition, a smaller number of tuition grants
may be awarded to students of high standing who are in need of
financial assistance.

It is expected that all students awarded scholarships or tuition-
grants will maintain high scholastic standing. Failure to do so
at any time during the school year may result in the termination

of the award.

THE CONGER PEACE PRIZE

Everett L. Conger, D.D., for the promotion of interest in the
movement toward universal peace and for the furtherance of
public speaking, established in 1912 the Conger Peace Prize.
The income from one thousand dollars is given annually as a
prize for the composition and delivery in public of the best essay
on some subject related to the peace of the world. The general
preparation for the contest is made under the direction of the
Department of English.



Study and Regearch at the California Institute

PHYSICS

Mathematics, Physics, and Chemistry are universally recog-
nized as the fundamental sciences the development of which has
supplied the main-spring of modern civilization. Accordingly,
these subjects have been given an outstanding place in the pro-
gram of the Institute.

Further, since the best education is that which comes from
the contact of youth with creative and resourceful minds, the
staff of the Norman Bridge Laboratory of Physics has been from
the beginning a group of productive physicists rather than merely
a group of teachers. The entering freshman makes some contact
in his first year with practically all of the members of that staff,
and he has the opportunity to maintain that contact throughout
his four undergraduate years, and his graduate work as well, if
he elects to go on to the higher degrees.

It is the combination of a large graduate school of physics
and a limited number of undergraduate students which makes
the distinctive feature of the work in physics at the Institute.
The instruction is done by the small group method, twenty to
a section, save for one rather elaborate demonstration lecture
each week throughout the freshman and sophomore years. All
of the members of the staff participate in giving these lectures.
The undergraduate student who elects physics is usually given
opportunity to participate as early as his junior or senior year
in some one of the from thirty to sixty researches which are
always under way in the laboratory. The average yearly output
of the laboratory during the past five years has been from fifty
to sixty major papers. There are three general seminars per
week, which are regularly attended by all research workers, and
all graduate students. In addition there is a weekly theoretical
seminar conducted for the benefit of those interested primarily in

mathematical physics.
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The main outlets for the graduates in physics of the Institute
are positions in colleges and universitics, and in the increasing
number of industrial research laboratories of the country.

MATHEMATICS

Work in pure mathematics leading to the Ph.D. degree was
initiated by the Institute in 1926-1927. Candidates for the degree
are expected to acquire a reasonable familiarity with some of the
major applications of mathematics to the physical sciences. The
attention of those intending to take advanced courses in mathe-
matics is particularly directed to the foreign language require-
ments of mathematical work beyond the Bachelor’s degree.

CHEMISTRY AND CHEMICAL ENGINEERING

In the last two years of the Undergraduate Course of Science
there are offered to students an Option in Chemistry and an
Option in Applied Chemistry. These Options, especially when
followed by the Fifth-Year Courses in these subjects, prepare
students for positions as teachers and investigators in colleges
and universities, as research men in the government service and
in industrial laboratories, as chemists in charge of the operation
and control of manufacturing processes, and, in the case of the
fifth-year Chemical Engineering Course, for the management and
development of chemical industries on the chemical engineering
side. For students who desire to enter the field of chemical re-
search, for which there are now unusual professional opportuni-
ties both on the scientific and applied sides, more specialized
study and research leading to the degree of Doctor of Philosophy
is provided at the Institute in the fields of inorganic, physical,
organic, and biological chemistry.

The character of the instruction in chemistry may be briefly
described as follows: The freshman course, which is taken by all
students of the Institute, differs much from that usually given
in American colleges in that it consists in intensive work in cer-
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tain important fields of the subject, rather than in an attempt
to give a general survey of the subject, which has been in some
measure already afforded by the required high-school course.
Thus the freshman work begins with instruction in accurate
volumetric analysis, since the student appreciates chemical princi-
ples and can effectively deal with their applications in the labo-
ratory only after he has learned to think and work quantitatively.
In the first term, along with the volumetric analysis, there are
taken up stoichiometry and the principles relating to reactions
in aqueous solutions, such as mass-action, solubility effects, neu-
tralization, indicators, strength of acids and bases, hydrolysis of
salts, and distribution between phases. The second term is de-
voted to exact qualitative analysis, where these principles and
those relating to oxidation and reduction are further applied to
solutions; and the third term is devoted to a laboratory course in
selected inorganic preparations and to a survey, in the lectures
and class exercises, of descriptive inorganic chemistry.

The second-year work in chemistry, which is taken by all stu-
dents in the Course in Science, consists on the laboratory side
of gravimetric and volumetric, advanced qualitative, and electro-
metric analysis; but the class work is largely devoted to the
discussion of the principles relating to mass-action, the ionic
theory, oxidation, and the periodic law. In the second and third
terms, and also in the subjects of physical and organic chemistry
taken in the later years, the abler students, after a few weeks of
introductory work, undertake minor researches in place of the

regular work.

The chemical subjects of the junior and senior year consist
of courses in physical, advanced inorganic, organic, and applied
chemistry. The junior and senior courses in physical chemistry,
here known as “Chemical Principles,” are not descriptive courses
of the usual type; but from beginning to end are presented as a
series of problems to be solved by the student. Also in the sub-
Jects of organic and applied chemistry problems are a feature.
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The supervision of the research work of graduate students is
distributed among the whole staff of the Division of Chemistry.
Each staff member takes charge of only three to five students
who desire to work in his special field, so that each student re-
ceives a large amount of attention. Thus in physical chemistry
the lines of research now being actively pursued by graduate
students in cooperation with the staff are: equilibria and free-
energies at high temperatures; reduction-potentials in solution,
especially of the rarer elements; the rates of homogeneous gas
reactions; the photochemistry of reactions; band spectra in their
chemical relations; erystal and molecular structure determined by
X-rays and correlated with the newer quantum theories. In
organic chemistry the researches in progress deal with problems
of isomerism, oxidation, and hydration of unsaturated compounds.

ENGINEERING

Courses are offered at the Institute in Civil, Mechanical and
Electrical Engineering. There are also courses in Chemical and
Aeronautical Engineering and Applied Chemistry, which are de-
scribed under the respective heads of Aeronautics and Chemistry.

The plan of instruction embodies a four-year course for the
degree of Bachelor of Science, and a fifth year of graduate study,
quite definitely outlined within the selected ficld, leading to the
degree of Master of Science. Additional work is offered leading
to the Ph.D. degree. The Civil, Mechanical and Electrical Engi-
neering groups are not separated until the third year, all follow-
ing the same program of the fundamental subjects, mathematies,
physics and chemistry, supplemented by their general applica-
tions in surveying, mechanism, mechanics, strength of materials,
direct and alternating currents, heat engines and hydraulics. The
divergence between the different branches occurs in the third and
fourth years when the study of the professional subjects of
specialized nature is introduced. Courses in the Humanities—
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English, history, and economics—are included in each year of the

curriculum.

The four-year undergraduate courses in engineering are well
balanced foundations for entrance into many opportunities within
the respective fields. However, those students who wish to pre-
pare for careers in the more intensive technical phases of engi-
neering and have shown capacity to do advanced work are ex-
pected to take the fifth year, which represents additional profes-
sional subjects and work in both design and research. While the
work of the fifth year is prescribed to a considerable extent, it
offers time and encouragement for the student to engage in re-
search in a field of his own selection under the guidance of a
staff representing a wide range of experience and current activity.

CIVIL ENGINEERING

The branches of Civil Engineering in which advanced work
is offered include the control, development and conservation of
water; the analysis of structures with particular reference to
those types achieving economy through continuity of arrange-
ment; the study of earthquake effects and means of resisting
them; investigation of stresses in dams and the design of different
types of dams; the study of the increasingly important problems
of sanitation, sewage treatment and disposal works; the location,
design, construction and operation of railroads and highways.

MECHANICAL ENGINEERING

Advanced work in Mechanical Engineering is offered in the
following fields: machine design, involving the properties of ma-
terials and the processes of production; metallography, the struc-
ture of metallic alloys and effects of heat treatment; thermo-
dynamics and power plant design and analysis; internal com-
bustion engines; refrigeration; heating and ventilating; air con-
ditioning ; hydrodynamics; and hydraulic machinery.
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ELECTRICAL ENGINEERING

The science of eclectrical engineering in its use of networks,
complicated circuits and many types of intricate machinery,
affords opportunity to apply to the analysis of the phenomena
occurring therein many of the recent advances in physics and
mathematics. To do this work electrical engineers must be quali-
fied to conduct researches involving a knowledge of mathematics,
physics, and electrical engineering far in excess of that obtainable
in an undergraduate engineering course. To meet this need the
Institute has provided courses of graduate study and research in
electrical engineering which may be taken by students who have
completed the five-year engineering course at the Institute, or by
students from other colleges who have substantially the same
preparation. These courses provide for advanced work in the
application of mathematical analysis and physical laws to
mechanical and electrical problems incident to electrical design
and research, electric transients including lightning phenomena,
high voltage production and transmission, electrical engineering
problems involving the use of vacuum tubes, and problems relat-
ing to the generation and distribution of electrical power for
lighting and industrial purposes.

Students desiring to become research men, college teachers or
professional experts in electrical engineering may continue their
work for the degree of Doctor of Philosophy.

This graduate school of electrical engineering also greatly
strengthens the undergraduate courses by bringing students, who
feel the five and four-year courses are best adapted to their
needs, in close touch with research men and problems, and by
providing special work for undergraduate students wishing to do
a limited amount of research work.

AERONAUTICS
" With the aid of the Daniel Guggenheim Fund for the Promo-
tion of Aeronautics, the California Institute of Technology has
established a Graduate School of Aeronauties and has constructed
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The Daniel Guggenheim Laboratory of Aeronautics containing a
ten-foot, high-speed wind tunnel. This laboratory is under the
direction of Dr. Th. von Karman, who is in charge of the experi-
mental and theoretical researches. The Daniel Guggenheim
Fund has also provided funds for the Daniel Guggenheim Air-
ship Institute located at Akron, Ohio, which contains a six-foot
wind tunnel and other experimental facilities for lighter-than-air
research. There is a close cooperation between the two institu-
tions, the director of the Pasadena laboratory serving as adviser
for the Akron Institute.

The following program of instruction and research is now in
progress:

1. A comprehensive series of theoretical courses in aerodynam-
ies, hydrodynamics, meteorology, and elasticity, with the under-
lying mathematics and mechanics, taught by Professors Theodor
von Kdrmin, Harry Bateman, Frie T. Bell, Paul S. Epstein,
Beno Gutenberg, Clark B. Millikan, and Arthur L. Klein.

2. A group of practical courses in airplane design conducted
by the Institute’s experimental staff in cooperation with the engi-
neering staff of the Douglas Company, with the aid of the facili-
ties now provided at the Institute combined with those of the
Douglas plant.

3. A course in meteorology, with special reference to the
problems of weather forecasting for acronautical operations. The
course includes an introduction to modern dynamic meteorology
and to the theory and practice of weather forecasting and map-
ping, using the “air mass analysis’” methods.

4. Experimental and theoretical rescarches on

(a) the basic problems of flow in real fluids with regard to
the scientific foundations of technical hydro- and aero-
dynamics;
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(b) the basic problems of Applied Mechanics which relate
to the properties of materials and the theory of
elasticity ; ’

(¢) practical problems in aerodynamics and structures,
especially as applied to aeronautics;

(d) meteorological problems dealing in particular with the
properties and behavior of American air masses.

The facilities of the Institute are available for students desir-
ous of taking higher degrees, and for qualified workers who wish
to carry out researches in the fields detailed above. A few fellow-
ships can be granted to selected men.

As in the older departments of physies, chemistry, and mathe-
matics, emphasis is placed primarily upon the development of
graduate study and research; but provision has also been made
in the Four-Year Undergraduate Course in Engineering for a
definite option leading to such graduate study and research. This
affords a broad and thorough preparation in the basic science and
engineering upon which aeronautics rests, and includes an intro-
ductory survey course in aeronautics in the senior year.

As in the other branches, there are offered in aeronautics
definite graduate courses leading to the degree of Master of
Science. Since not less than two years of graduate work are re-
quired to attain reasonable proficiency in aeronautic design, there
is awarded at the end of the first year the degree of “Master of
Science for the completion of a Course in Mechanical Engineer-
ing” and at the end of the second year, the degree of “Master
of Science for the completion of a Course in Aeronautical Engi-
neering.” The degree of “Master of Science for the completion
of a Course in Meteorology” may be awarded to students com-
pleting at least one year of graduate work in this field.

The graduate courses may be taken either by students who
have completed a four-year course at the Institute, or by students
from other colleges who have had substantially the same prepara-
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tion. The field of aeronautical engineering is so many-sided that
a student who has completed the Undergraduate Course either in
Engineering or in Science will be admitted to the Fifth-Year
Course. The sixth-year work, however, may be taken only by
students who have completed the Fifth-Year Course at the Insti-
tute or who have had substantially the same preparation else-
where. v

Still more advanced study and research is offered for the
degree of Doctor of Philosophy. This degree is given under
the same general conditions as those that obtain in the other
courses offered at the Institute.

GEOLOGICAL SCIENCES

Through the generosity of Mr. and Mrs. Allan C. Balch, there
has been established at the California Institute the Balch Grad-
uate School of the Geological Sciences. The work of this school
at the present time comprises the instruction and research being
carried on in the various branches of geology, in vertebrate and
invertebrate paleontology, in geophysics and geological pros-
pecting, and in seismology, the last named in cooperation with
the Carnegie Institution of Washington.

Graduate courses may be taken either by students who have
completed the four-year course at the Institute, or by students
from other colleges who have substantially the same preparation.
Properly qualified graduates from other colleges may also pursue
as graduate students the geological studies of the senior year of
the undergraduate course.

The curriculum outlined for undergraduate study provides a
broad and thorough preparation in the related basie sciences and
an introduction to the fundamental principles of geology and
paleontology. Fifth year courses lead to the degree of Master of
Science. During the senior year of the undergraduate course and
throughout the fifth year courses in geology and paleontology,
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much time will be devoted to investigation, but students desiring
to become research men or professional geologists and paleon-
tologists will continue their work at least two years more for
the degree of doctor of philosophy.

INSTRUCTION IN GEOLOGY AND PALEONTOLOGY

The elementary geological subjects are given (1) to convey
a broad concept of the constitution and structure of the earth,
of its origin and history, and of the evolution of life upon it,
(2) to afford to engineering students a knowledge of geology
required by them in professional practice, and (8) to furnish
the basis for advanced work and research in the geological
sciences.

Students who complete the Fifth-Year Course in Geology are
prepared for geological positions with oil and mining companies
and on government and state geological surveys, but further
graduate work (leading to the Doctor’s degree) is very desirable
for those who are preparing themselves for university and
museum positions in geology and paleontology and for service as

professional geclogists.

OPPORTUNITIES FOR RESEARCH IN GEOLOGY AND PALEONTOLOGY

Within convenient reach of Pasadena occurs an almost un-
rivaled variety of rock types, geologic structures, and physio-
graphic forms. Field studies can be conducted comfortably
throughout the entire year, and this constitutes an important
part of the department program.

Stratigraphic and faunal studies may be pursued in the
Cenozoic and Mesozoic sedimentary rocks of the Southern Coast
Ranges, in which oil fields are located, and in the Mojave Desert
region. Thick sections of Paleozoic sediments in southeastern
California remain almost unexplored. Structural and physio-
graphic problems in the Coast and Basin Ranges and along the
coastal front await critical investigation and frequently involve
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an interpretation of folding and faulting on a large scale. The
presence of many productive oil fields, of large Portland cement
plants, and of gem-producing districts in Southern California
afford exceptional opportunities to students interested in economic
geology. Moreover, the gold, silver, quicksilver, and copper de-
posits of the Sierra Nevada and Coast Ranges of California are
within comparatively easy reach, and the varied metalliferous
deposits of Arizona and Southern Nevada are also available for
visit and research.

Researches in geophysics, both theoretical and as applied to
prospecting and other structural geology problems, are being
prosecuted vigorously, and participation by students in these
activities affords extensive instruction in these fields.

Excellent opportunities exist for studies in physical and geo-
logical seismology. A {fully equipped Seismological Research
Laboratory is situated on a site west of the Arroyo Seco in
Pasadena. The laboratory is devoted to researches conducted
both by the Carnegie Institution of Washington and the Cali-
fornia Institute of Technology, and graduate students in the
Division of Geology and Paleontology will be received in the
Laboratory for the purpose of taking part in the researches or
of becoming acquainted with seismological methods.

Collections available from many invertebrate and vertebrate
faunal horizons in the sedimentary record of western North
America permit the student interested in paleontology to secure
an intimate knowledge of the history of life. Attractive field and
laboratory problems are presented by the sequence, correlation,
and ccologic relationships of western faunas, their significance in
an interpretation of geologic history, and by the structure, rela-
tionships, and evolution of specific groups of fossil organisms.

TEACHING AND RESEARCH FELLOWSHIPS
Fellowships are available for properly qualified students who
desire to pursue advanced work in geology and paleontology, as

in other branches of science; see page 123.



STUDY AND RESEARCH AT THE CALIFORNIA INSTITUTE 101

BIOLOGICAL SCIENCES

A Department of Biology, rather than the traditional depart-
ments of Botany and Zoslogy, has been established, in order to
emphasize the unity of the phenomena of living organisms rather
than their manifold diversities. That there are many properties
common to the two great branches of the living world has become
abundantly manifest in recent years. For example, the same
principles of heredity that obtain among flowering plants apply
also to human traits, and in their response to light, animals and
plants conform to common laws of physies. It is true that, at
what may be called the biological level, an immense diversity of
form and function manifests itself, but enough insight has al-
ready been gained to make evident that this diversity is in Jarge
part due to permutations and combinations of relatively few
fundamental and common properties. It is in the search for these
properties that the zoologist and botanist may profitably pool
their interests. In the development of modern physiology the
fundamental chemical processes in animals, higher plants, yeasts
and bacteria are so similar that discoveries in one field elucidate
or suggest interpretations in others. The geneticist who works
with animals will know only half his subject if he ignores the
work on plants, and both plant and animal geneticists will fail
to make the most of their opportunities if they overlook the ad-
vances in cytology and embryology. It is, then, with the intention
of bringing together in sympathetic union a group of investi-
gators whose interests lie in the fundamental aspects of their
subjects, that a department of Biology has been organized.

As in the other departments of the Institute, emphasis is
placed primarily on research and graduate study; and, even
in these directions, no attempt is made to cover at once the
whole science of biology, but rather efforts are concentrated on
the development of those of its branches which seem to offer
the greatest promise as fields of research. It is proposed to
organize groups of investigators in general physiology, bio-
physics, biochemistry, genetics and developmental mechanics.
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The choice of these fields of modern research implies that em-
phasis will be laid on the intimate relations of bioclogy to the
physical sciences. That a closer association of these sciences
with biology is imperative is becoming more and more apparent
as indicated by the development of special institutes for such
work.

An experimental farm for plant genetics has been established
near the Institute; a special laboratory, equipped for work in
plant physiology, has been built; and a marine station at New-
port Bay gives an opportunity for work in experimental embryol-

ogy and biology.

ASTROPHYSICS

The General Education Board has provided for the con-
struction by the Institute of an Astrophysical Observatory,
equipped with a 200-inch reflecting telescope and many auxiliary
instruments. A prime purpose of the gift is to secure for the
new Observatory the advantage, in its design, construction, and
operation, of the combined knowledge and experience of the
strong group of investigators in the research laboratories of the
Institute and in the neighboring Mount Wilson Observatory of
the Carnegie Institution of Washington. Such cooperation has
been cordially promised by the President of the Carnegie Insti-
tution with the approval of its Executive Committee and of the
director of the Mount Wilson Observatory and his associates.
Formal approval was thus given to the continuation and exten-
sion of the cooperation which has been in progress between the
California Institute and the Mount Wilson Observatory for sev-
eral years, especially in the study of the astronomical, physical,
and chemical aspects of the constitution of matter.

The purpose of the Astrophysical Observatory is thus to sup-
plement, not to duplicate, the Mount Wilson Observatory. The
increased light-collecting power of the 200-inch telescope will
permit further studies of the size, structure and motion of the
galactic system; of the distance, motion, radiation, and evolution
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of stars; of the spectra of the brighter stars under very high
dispersion; of the distance, motion, and nature of remote nebule;
and of many phenomena bearing dircctly on the constitution of

matter.

The new observatory will consist of two main features. One
of these will be the 200-inch telescope, with its building, dome,
and auxiliary equipment, to be erected on the most favorable
high-altitude site that can be found within effective working
distance of the associated groups of investigators and their ex-
tensive scientific equipment. The other will be an Astrophysical
Laboratory located on the Institute campus, which will serve as
the headquarters in Pasadena of the Observatory Staff and of
the Graduate School of Astrophysics. Its equipment will include
instruments and apparatus for the measurement of photographs,
the reduction and discussion of observations, and for such astro-
physical investigations as can be made there to the best advan-
tage. Its instruments for the interpretation of astrophysical
phenomena will be designed to supplement those of the labora-
tories of the Institute and the Pasadena laboratory of the Mount
Wilson Observatory. Well-equipped shops for the development
of new instruments have been erected on the campus, and the
Astrophysical Laboratory has been completed, though some of
its chief instruments are still in process of construction.

The value of a telescope depends as much upon the efficiency
of the instruments and apparatus used to receive, record, and
interpret celestial images as upon its optical and mechanical per-
fection and its light-collecting power. In the present plan,
especial emphasis is therefore laid upon the development of all
forms of auxiliary apparatus, such as spectrographs and their
optical parts; photographic plates of the various types required
for astrophysical and spectroscopic research; radiometers, ther-
mocouples, and photoelectric cells; recording microphotometers
and other forms of measuring machines; and laboratory appara-
tus for reproducing or interpreting celestial phenomena.
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An Observatory Council, comprising four members of the
Executive Council of the Institute, and also including Dr. Walter
S. Adams, has been placed by the trustees in full charge of the
design, construction, and operation of the Astrophysical Observa-
tory and Laboratory. With the approval of the Carnegie Insti-
tution of Washington, Dr. John A. Anderson, of the Mount
Wilson Observatory, has been appointed by the Observatory
Council as its Executive Officer, in direct charge of design and
construction. An Advisory Committee, including the Director
and Assistant Director of the Mount Wilson Observatory and
many other prominent astronomers and physicists, aid the Ob-
servatory Council in determining matters of policy. The organi-
zation of the Observatory Council and the personnel of its
Advisory Committee are shown on page 51 of this Catalogue.

Any great increase in the size of telescopes requires a long
study of the most promising methods of making large parabo-
loidal mirrors. A new form of Pyrex glass has been chosen as
the best available material, after much experimental work, and
it is hoped that the rough disk for the 200-inch mirror, which has
just been cast at the Corning Glass Works, will be completely
annealed by the end of 1935. A 120-inch Pyrex mirror, cast in
1984, is now being ground and figured in the Optical Shop.

The extensive investigation of primary and auxiliary instru-
ments, which forms such a vital part of the general scheme, has
also made marked progress, through the active cooperation of
the Warner & Swasey Company, Dr. Frank E. Ross, the Bausch
& Lomb Optical Company, the British Scientific Instrument
Association, Sir Charles Parsons, the Philips Lamp Works, Pro-
fessor Joel Stebbins, and others. The Rescarch Laboratory of
the Eastman Kodak Company has generously agreed to deal with
many of the special photographic problems. A Zeiss recording
microphotometer has been obtained, and is being used in a com-
parative study of various forms of this instrument. The radio-
meter recently used very successfully by Dr. C. G. Abbot, of
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the Smithsonian Institution, in measuring the distribution of
energy in the spectra of stars of several types has been materially
improved and Dr. Sinelair Smith has completed an exhaustive
investigation of radiometers of the most sensitive type. The short
focus spectograph objective devised by Rayton has greatly in-
creased the range of the 100-inch telescope and made possible
the recent researches of Hubble and Humason on the expanding
universe. A new objective of still shorter foecal length has just
been completed by Beck after the design of the British Scientific
Instrument Research Association. The new photo-electric ampli-
fier will also extend very greatly the range of the 100-inch
and 200-inch telescopes for other classes of work. A site for the
200-inch telescope has been purchased on the summit of Mount
Palomar.

It is expected that, after the Astrophysical Laboratory on the
campus has been completely equipped, the Institute will offer to
competent students the opportunity of pursuing advanced courses
of study and research in astrophysics, leading to the degrees of
Master of Science and Doctor of Philosophy. Undergraduate
students who desire to prepare themselves for such graduate work
should take the Physics Option of the Course in Science.

It should be remembered that the number of positions open to
able young men well trained in astrophysics and its related sub-
jects is small. Tor this reason only those exceptionally well
qualified for such work should undertake graduate study and
research.

THE HUMANITIES

One of the distinctive features of the California Institute is
its emphasis upon the humanistic side of the curriculum. In the
degree and genuineness of this emphasis the Institute has differ-
entiated itself from other American schools of science, most of
which accord little more than a gesture of recognition to the
liberal arts. As a rule, in schools of engineering, the professional
studies monopolize nearly all the available time and money,
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leaving the humanities to take what is left, which usually turns
out to be very little.

This has been particularly unfortunate. It has recruited into
the engincering profession large numbers of young men with
inadequate cultural backgrounds, lacking in social sympathy, in
breadth of outlook, and in their acquaintance with those im-
ponderable forces which even engineers have to take into ac-
count. It has crowded into the lower ranks of the engineering
vocation too many unimaginative routineers who get no farther
than the drafting-room. That should not be the case, for there
is no good reason why engineers should be more limited in their
intellectual versatility, or in the range of their human interests,
than men of any other profession. Many of them are not. On
the contrary, there are those who have shown, time and again,
that scientific erudition can be illuminated by humanism, and
technical skill vivified by imagination. It is to men of this type
that the world must continue to look for leadership in all branches
of science, and it is to the training of such men that the energies
of the California Institute are primarily directed.

Hence the Institute, from the very outset, has recognized the
desirability of making a place in its undergraduate curriculum
for a generous amount of instruction in the humanities. The
faculty, in thorough sympathy with this aim, has cooperated by
eliminating some of the more specialized technical subjects com-
monly included in undergraduate engineering courses. As a re-
sult, it has been found possible to require every student to take,
in each of his four undergraduate years, at least one course of a
humanistic character. These courses in the Division of the
Humanities cover the ficld of English and Foreign Literatures,
European and American History, Philosophy and Social Ethics,
Economics and Government. All of them are so planned and
articulated that the student obtains a solid grounding, and not
merely the superficial acquaintance which is too often the out-
come of a free elective system. The standards of intellectual
performance in these studies are maintained on the same plane
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as in the professional subjects. Every effort is made to impress
upon undergraduates the fact that there is an essential unity to
all knowledge, and that no man can master science if he sets out
to master science only. The history of human achievement has
but a single page.

One of the largest and most attractive buildings on the Insti-
tute campus is devoted to the work in Literature, Languages,
Philosophy, Economics, History, and Government. This Hall
of the Humanities, erected in 1928, was given by Mr. and Mrs.
Joseph B. Dabney, of Los Angeles. In connection with the ac-
ceptance of this gift, a special endowment fund of $400,000 was
raised for the support of instruction in the humanistic fields, this
amount being subscribed by several friends of the Institute.

In addition to the regular staff of the Institute, several schol-
ars from other institutions are giving instruction in the Division
of the Humanities during the current year. Among these are
Professor Godfrey Davies, formerly of the University of Chicago,
Professor Louis B. Wright, formerly of the University of North
Carolina, and Professor Hoyt H. Hudson of Princeton Univer-
sity. It is anticipated that with the opportunities for research in
English Literature and American History which are afforded by
the proximity of the Huntington Library, the instruction given at
the Institute in these fields will be steadily strengthened by the
association of visiting scholars.



Information and Regulations
for the Guidance nf Graduate Students

A. GENERAL REGULATIONS
I. REQUIREMENTS FOR ADMISSION TO GRADUATE STANDING

1. The Institute offers graduate work leading to two higher
degrees, the degree of Master of Science, and the degree of
Doctor of Philosophy. To be admitted to graduate standing at
the Institute an applicant must in general have received a
Bachelor’s degree representing the completion of an undergrad-
uate course in science or engineering substantially equivalent to
one of those courses offered by the Institute. He must, moreover,
have attained such a scholastic record and, if from another insti-
tution, must present such recommendations as indicate that he is
fitted to pursue with distinction advanced study and research.

2. Application for admission to graduate standing at the Insti-
tute for work toward either the Master’s or the Doctor’s degree
should be made upon a form which can be obtained from the
Registrar. The applicant should state the degree for which he
wishes to work. If the applicant’s preliminary training in science,
mathematics, and engincering has not been substantially that
given by the four-year undergraduate courses at the Institute, he
must pursue such undergraduate subjects as may be assigned.
Since admission to graduate work will be granted to only a limited
number of students of superior ability, applications should be
made as long as possible before the opening of the school year,
preferably by the first of March. Students applying for assis-
tantships or fellowships need not make separate application for
admission to graduate standing. See Section DI.

8. Admission to graduate standing does not of itself admit to

candidacy for the degree of Master of Science or Doctor of
Philosophy. As to this, see pages 109, 111, 118-123.
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II. TUITION FEES

In the school yecar 1984-35 and thereafter the tuition fee for
graduate students pursuing courses of more than 32 units will be
8800 a year, payable in threc equal installments of $100 at the
beginning of each term.* Graduate students who continue their
researches during the summer are not required to pay tuition fees
therefor.

An annual fee of $8 to assist in the defraying of expenses
in cases of emergency requiring hospitalization is required.**
No other fees are required of graduate students; but charges
may be made for breakage and supplies. Students working in the
chemical laboratories are required to make a deposit of $15 at the
beginning of the school year to cover these charges. No degrees
are awarded until all bills due the Institute have been paid.

In regard to fellowships and assistantships, see page 123 of
this Catalogue. In addition there are available for students with
high scholastic attainments graduate scholarships covering one-
half or the whole of the tuition fee. For such students loans also
may be arranged, for which application should be made to the
Student-Aid Committee.

B. REGULATIONS AND REQUIREMENTS CONCERNING WORK
FOR THE DEGREE OF MASTER OF SCIENCE

I. GENERAL REQUIREMENTS

To receive the degree of Master of Science, the student must
complete in a satisfactory way the work indicated in the schedule
of one of the I'ifth-Year Courses, as well as in the schedule of
the Four-Year Course in Science or in Engineering (see pages
129-147), except that in the case of students transferring from
other institutions equivalents will be accepted in subjects in
which the student shows by examination or otherwise that he is

*Except that the tuition fees of students who began their graduate
work at the Institute prior to September, 1933, and have since been
continuously in residence will be at the rates described in the 1932
Catalogue.

**See page 9.
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proficient, and except in so far as substitutions may be approved
by special vote of the Committee in charge.

Senior students at the Institute desiring to return for a fifth
year will file an application with the representative of the depart-
ment in which they expect to do their major work, and such ap-
plication will be passed upon by the Engineering or the Science
Course Committee. Such students will be expected to present
satisfactory scholarship qualifications, and to have demonstrated
a capacity for doing advanced work.

All programs of study, and applications for candidacy for the
degree of Master of Science, shall be in charge of the Com-
mittee on Courses in Science (in case the advanced work is to be
in Physics, Chemistry, Chemical Engineering, Mathematics,
Geology, Paleontology, or Biology), or of the Committee on
Courses "in Engineering (in case the work is to be in Civil,
Mechanical, Electrical, or Aeronautical Engineering); and rec-
ommendations to the Faculty for the award of that degree shall
be made by one of these Committees, all such actions being taken
in general after consideration and recommendation by the de-
partment concerned.

A student before entering upon work for the degree of Master
of Science should, after consultation with the department con-
cerned, submit a plan of study (together with his previous record
if he transfers from another institution), and make application
to the Committee in charge for acceptance as a candidate for
that degree. Application forms for admission to candidacy for
the degree of Master of Science may be obtained from the Regis-
trar, and must be submitted not later than the end of the first
week of the first term of the year in which the degree is to be
granted.

II. REGISTRATION

1. The regulations governing registration and student respon-
sibilities as given for undergraduate students on page 82 of the
Catalogue apply also to Fifth-Year students.
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2. Before registering, the graduate student should consult
with members of the department in which he is taking his work
to determine the studies which he can pursue to the best ad-
vantage.

3. A student will not receive credit for a course unless he is
preperly registered, and at the first meeting of each class should
furnish the instructor with a regular assignment card for the
course, obtained from the Registrar’s office.

4. Applications for registration in excess of the prescribed
number of units must be approved by the Committee on Courses
in Science or by the Committee on Courses in Engineering and
will be conditioned upon the quality of work done in the preced-

ing term.
IT1. SCHOLASTIC REQUIREMENTS

1. Scholastic Requirements given on page 84 of the Catalogue
for undergraduate students, with the exception of paragraphs
5 and 6, also apply to Fifth-Year students.

2. In the case of a student registered for a Master’s Degree
and holding an Assistantship or Teaching I'ellowship, the actual
number of hours per week required by the teaching shall be
deducted from the total number of units for which the student

may register.
IV. THESIS

In the Division of Geology and Paleontology, a complete
first draft of theses presented in partial fulfillment of the re-
quirements for the degree of Master of Science must be submitted
to the supervising instructor by the first of May. Two final copies
of theses must be filed with the Division by the first of June.

C. REGULATIONS CONCERNING WORK FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

I. GENERAL REGULATIONS
The degrece of Doctor of Philosophy is conferred by the Insti-
tute in recognition of breadth of scientific attainment and of
power to investigate scientific problems independently and effi-
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ciently, rather than for the completion of definite courses of
study through a stated term of residence. The work for the
degree must consist of scientific research and the preparation
of a thesis describing it, and of systematic studies of an advanced
character in science or engineering. In addition, the candidate
must have acquired the power of expressing himself clearly and
forcefully both orally and in written language, and he must have
a good reading knowledge of French and German.

Subject to the general supervision of the Committee on Grad-
uate Study, the student’s work for the degree of Doctor of
Philosophy is specifically directed by the department in which
he has chosen his major subject. Each student should consult
his department concerning special divisional and departmental
requirements. See Section VI for special requirements for the
Doctor’s degree in Mathematics, Physics and Electrical Engi-
neering, Section VII for special requirements in Chemistry,
Section VIII for special requirements in Geology and Paleontol-
ogy, and Section IX for special requirements in Aeronautics,

Civil and Mechanical Engineering.
ted fal

With the approval of the Committee on Graduate Study, any
student studying for the doctor’s degree whose work is not satis-
factory may be refused registration at the beginning of any
term by the department in which the student is doing his major
work.

II. REQUIREMENTS FOR ADMISSION TO WORK FOR THE

DOCTOR’S DEGREE

With the approval of the Committee on Graduate Study, stu-
dents arc admitted to graduate standing by the department in
which they choose their major work toward the Doctor’s de-
gree. In the case of insufficient preparation, applicants for the
Doctor’s degree may be required to register for the Master’s
degree first. The Master’s degree, however, is in no sense a pre-
requisite for the Doctor’s degree.
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I1I. REGISTRATION

1. Students are required to register and file a program card in
the Registrar’s office at the beginning of each term of residence,
whether they are attending regular courses of study, or only car-
rying on research or independent reading, or writing a thesis or
other dissertation.

2. Before registering, the student should consult with mcembers
of the department in which he is taking his major work to de-
termine the studies which he can pursue to the best advantage.

3. A student will not receive credit for a course unless he is
properly registered, and at the first meeting of each class should
furnish the instructor with a regular assignment card for the
course, obtained from the Registrar’s office. The student himself
is charged with the responsibility of making certain that all
grades to which he is entitled have been recorded.

4. One term of residence shall consist of one term’s work of
not less than 45 units in which a passing grade is recorded. If
less than 45 units are successfully carried the residence will be
regarded as shortened in the same ratio, but the completion of a
larger number of units in any one term will not be regarded as
increasing the residence. Students who are permitted to carry
on research during the summer will be allowed credit, but in
order to obtain such credit they must register therefor in ad-
vance. .

5. The number of units allowed for a course of study or for
research is figured on the basis that one unit corresponds roughly
to one hour a week of work throughout the term.

6. In registering for research, students should indicate on
their program card the name of the instructor in charge, and
should consult with him to determine the number of units to
which the proposed work corresponds. At the end of the term
the instructor in charge shall decrease the number of units for
which credit is given, in case he feels that the progress of the
research does not justify the full number originally registered.

7. Graduate students studying for the Doctor’s degree who
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are devoting their whole time to their studies will be allowed to
register for not more than 60 units in any one term. Students
on part time teaching appointments will not be allowed to regis-
ter for so many units. Teaching Fellows and Assistants will be
allowed to register for not more than 45 units.

IV. GRADES IN GRADUATE COURSES

1. Term examinations are held in all graduate courses unless
the instructor shall, after consultation with the chairman of the
division, arrange otherwise. No student taking a course for
credit shall be exempt from these examinations when held.

2. Grades for all graduate work are reported to the Registrar’s
office at the close of each term.

3. The following system of grades is used to indicate class
standing in graduate courses: 4 denotes marked distinction, 3
denotes above average, 2 denotes average, 1 denotes below
average, C denotes conditioned, I denotes failed. In addition
to these grades, which are to be interpreted as having the same
significance as for undergraduate courses, the grade P, which
denotes passed, may be used at the discretion of the instructor,
in the case of seminar, research, or other work which does not
lend itself to more specific grading.

V. REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

1. Major and Minor Subjects. The work for the Doctor’s
degree must consist of scientific research and advanced studies
in some branch of science or engineering, which will be termed
the “major subject” of the candidate. In addition, as “minor
subject” (or subjects), studies which will give a fundamental
knowledge and rescarch point of view must be pursued in at
least one other branch of science or engineering.

The choice and scope of the minor subject must be approved
by the departments in charge both of the major and minor sub-
jects, and must involve not less than 45 units of advanced study.

2. Residence: At least three years of work in residence sub-
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sequent to a baccalaureate degree equivalent to that given by the
Institute are required for the Doctor’s degree. Of this at least one
year must be in residence at the Institute. It should be under-
stood that these are minimum requirements, and students must
usually count on spending a somewhat longer time in residence.

Graduate students are encouraged to continue their research
during the whole or a part of the summer, but in order that such
work may count in fulfillment of the residence requirements, the
student must comply with the above regulations and file a regis-
tration card for such summer work in the office of the Registrar.

A graduate student who, by special arrangement, is permitted
to conduct a“portion of his research in the field, in government
laboratories, or elsewhere off the campus, must file a registration
card for this work in the office of the Registrar, in order that it
may count in fulfilment of residence requirements. The number
of units to be credited for such work shall be determined by the
Dean of the Graduate School in consultation with the Chairman
of the Division in which the student is carrying his major work;
and a recommendation as to the proportion of the full tuition to
be paid for such work shall be made by the Dean to the Execu-
tive Council.

A student whose undergraduate work has been insuflicient in
amount or too narrowly specialized, or whose preparation in his
special field is inadequate, must count upon spending increased
time in work for the degree.

8. Admission to Candidacy: Any student admitted to work
for the Doctor’s degree who has been in residence one term or
more, who has satisfied the several departments concerned by
written or oral examination or otherwise that he has a compre-
hensive grasp of his major and minor subjects as well as of
subjects fundamental to them, who has satisfied the department
of modern languages that he can read scientific German and
French with reasonable facility, who has shown ability in carry-
ing on research and whose research subject has been approved
by the Chairman of the Division concerned, and whose program

F——
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of study has been approved by both his major and minor de-
partments may, on recommendation of the Chairman of the Divi-
sion in which he is working, be admitted by the Committee on
Graduate Study to candidacy for the degree of Doctor of Phil-
osophy. Members of the permanent Institute staff of rank higher
than that of Assistant Professor are not admitted to candidacy
for a higher degree.

A regular form is provided for making application for admis-
sion to candidacy. This form may be obtained from the Dean of
the Graduate School, and the application must be on file in the
office of the Registrar before the close of the firsk term of the
year in which the degree is to be conferred. T'he student himself
is responsible for sceing that admission is secured at the proper
time.

4. Lzaminations: The French and German examinations, pre-
requisite to admission to candidacy for the degree of Doctor of
Philosophy, will be given in September on the afternoon of the
date set for the removal of conditions, and on the afternoons of
the first I'ridays of December and of March. Candidates may, in
place of the above, take the advanced undergraduate examina-
tions offered at the end of each term. Students who have credit
for courses in languages taken at the Institute and who have a
grade above average may be exempted from further requirement
after consultation with the language department.

Graduate students are permitted to audit all courses in the
department of languages. In general, however, it is desirable for
students without previous language study to take the class work
in French and German for at least the first term rather than to
depend upon studying it by themselves. Students expecting to
file application for candidacy in December are advised to take
the September examination, so that, if their preparation is inade-
quate, they may enroll for the fall term in one of the language
courses. No fee is chargedifor these examinations.

Special examinations, or the final examinations in specified



INFORMATION FOR GRADUATE STUDENTS 117

courses, are required by certain departments for admission to
candidacy for the Doctor’s degree. (See Sections VI, VII, VIII
and IX.)

Final examinations in their major and minor subjects are re-
quired of all candidates for the Doctor’s degree. These examina-
tions, subject to the approval of the Committee on Graduate
Study, may be taken at such time after admission to candidacy as
the candidate is prepared, except that they must take place at
least two weeks before the degree is to be conferred. The ex-
aminations may be written or oral, or both, and may be divided
into parts or given all at one time at the discretion of the depart-
ments concerned. The student must petition for these examina-
tions on a form obtained from the Dean of the Graduate School
after consultation with the Division Chairman.

5. Thesis: The candidate is required to submit to the Dean
of the Graduate School two weeks before the degree is to be
conferred two copies of a satisfactory thesis describing his re-
search, including a one-page digest or summary of the main
results obtained.

With the approval of the department concerned, a portion of
the thesis may consist of one or more articles published jointly
by the candidate and members of the Institute staff or others. In
any case, however, a substantial portion of the thesis must be the
candidate’s own exposition of his work.

The thesis must be typewritten on paper of good quality, 814
by 11 inches, leaving a margin for binding of not less than one
inch, or may consist in part of pages taken from a published
article and pasted on paper of the above size. It should be
preceded by a title page containing the following items: Title,
Thesis by (name of candidate), In Partial Fulfillment of the
Requirements for the Degree of Doctor of Philosophy, California
Institute of Technology, Pasadena, California, Date (year only).

Before submitting his thesis to the Dean of the Graduate
School, the candidate must obtain approval of it by the Chairman
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of his Division, and the members of his examining committee.
This approval must be obtained in writing on a form which will
be furnished at the office of the Dean. The candidate himself is
responsible for allowing sufficient time for the members of his
committee to examine his thesis.

A candidate for the degree of Doctor of Philosophy with a
major in mathematics must deliver a typewritten or printed copy
of his completed thesis, in final form, to the professor in charge
on or before May 1st of the yecar in which the degree is to be
conferred.

6. Grades on Degree: The Doctor’s degree is awarded with

2 e

? “magna cum laude,” “cum

the designations “summa cum laude,
laude,” or without designation.

VI. SPECIAL REGULATIONS RELATING TO CANDIDACY FOR THE
DOCTOR’S DEGREE FOR STUDENTS MAJORING IN
MATHEMATICS, PHYSICS, AND ELECTRICAL
ENGINEERING

In agreement with the general requirements for higher degrees
adopted by the Committee on Graduate Study, as set forth in
Section V, the Division of Mathematics, Physics and Electrical
Engineering has adopted the following supplementary regula-
tions:

1,a. To be recommended for candidacy for the Doctor’s de-
gree in Mathematics the applicant must pass the following
courses with a grade of 2 or better:

Modern Algebra, Ma. 101 a, b, ¢, including the Galois Theory;
Relativity, Ma. 205; or Modern Analysis, Ma. 201, Modern Dif-
ferential Geometry, Ma. 256, Introduction to Higher Geometry,
Ma. 102, and any one of the courses, other than the purely
mathematical, listed under 1, b, preferably Ph. 101 a, b, ¢, or
Ph. 103 a, b, c.

b. To be recommended for candidacy for the Doctor’s degree
in Physics the applicant must pass the following courses with a



INFORMATION FOR GRADUATE STUDENTS 119

grade of 2 or better: Electricity and Magnetism, Ph. 101 a, b, ¢,
Analytical Mechanics, Ph. 103 a, b, ¢, Optics, Ph. 105 a, b, and
Atomic Physics, Ph. 107 a, b, c. In case the applicant’s minor is
in Mathematics he must also pass with a grade of 2 or better
one of the following courses: Advanced Calculus, Ma. 8 a, b, c,
Differential Equations, Ma. 10 a, b, ¢, and Mathematical Anal-
ysis, Ma. 201, first term, plus two terms in any of the courses
Ma. 106-109 (second and third terms), 111, 118 a, b, c. In case
the applicant’s minor is in Chemistry he must also pass with a
grade of 2 or better: Chemical Principles, Ch. 21 a, b, c.

c. To be recommended for candidacy for the Doctor’s degree
in Electrical Engineering the applicant must pass the following
courses with a grade of 2 or better: Analytical Mechanics, Ph.
108 a, b, ¢, or Applied Mechanics, AM. 1 a, b, and Strength of
Materials, AM. 1 ¢; Electricity and Magnetism, Ph. 101 a, b, ¢;
Advanced Calculus, Ma. 8 a, b, and Differential Equations,
Ma. 11, or Introduction to Mathematical Physics, Ph. 5 a, b, c;
Alternating Current Analysis, EE. 120; Advanced Alternating
Current Machinery, EE. 122; Transmission Lines, EE. 144;
Dielectrics, EE. 152.

2. An applicant may also satisfy such requirements by taking
an examination in the subject with the instructor in charge.

Students are advised to satisfy the conditions for admission
to candidacy in their respective departments as rapidly as pos-
sible.

Students who fail to meet at least one-half of these require-
ments by the end of their first year of graduate study will not be
allowed to register for further work except when special per-
mission is obtained from the department.

3. In general a student will find it necessary to continue his
graduate study and research for two years after admission to
candidacy.
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A student in Electrical Engineering will, in general, be ex-
pected to have had six months or more of practical work in
manufacturing, operating, or engineering research, in addition
to the time required for college residence.

VIiI. SPECIAL REGULATIONS RELATING TO CANDIDACY FOR
THE DOCTOR’S DEGREE FOR STUDENTS MAJORING
IN CHEMISTRY

In agrecment with the general requirements for higher degrees
adopted by the Committee on Graduate Study, as set forth in
Section V, the Division of Chemistry has adopted the following
special supplementary regulations:

1. To be recommended for candidacy for the Doctor’s degree
the applicant must pass satisfactorily an examination in chem-
istry of the character described in paragraph 2. This exam-
ination, which will be mainly written but may be partly oral,
may be taken at one of four stated dates, namely, just before the
opening of the school year, and at the end of each term.

2. The examination in chemistry will cover physical chemistry
(as treated in Noyes and Sherrill’s “Chemical Principles”) and
inorganic and organic chemistry to the extent that these are
treated in the Undergraduate Chemistry Course of the Institute;
also atomic structure. (a general descriptive knowledge), colloid
and surface chemistry, and history of chemistry. In all these
subjects a detailed informational knowledge is not so much de-
sired as power to apply general principles to concrete problems.

3. Applicants must also show by examination or otherwise
that they are reasonably proficient in mathematics and physies.
The requirement in these subjects includes a thorough working
knowledge of all the topics covered in the first two years of the
Institute Undergraduate Courses.

4. With his application for admission to candidacy the appli-
cant must also submit a carefully prepared complete report on
the progress of his research up to the date of his application.
By this report and his laboratory work the applicant must have
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given eviderxce of his industry and ability in research, and of his
power to present his results in clear, forceful language and with
discrimination as to what is essential in scientific papers.

5. Applicants may in some cases be recommended as candi-
dates, but still be required to complete within a specified time
their prepar-ation in special subjects in which they have shown
themselves to be deficient.

6. After admission to candidacy students must in general
pursue advanced study and research for not less than 5 terms
(counting equivalent summer work) before they will be recom-
mended by the Division of Chemistry for the final examination
for the Doctor’s degree.

7. The D octor’s degree is not awarded in Chemical Engineer-
ing at the present time, but students interested in this field may
offer a minox in Chemical Engineering in connection with a major
in Chemistry or in Mechanical Engineering.

VIIl. SPECIAL REGULATIONS RELATING TO CANDIDACY FOR THE
DOCTOR’S DEGREE FOR STUDENTS MAJORING IN THE
DIVISION OF GEOLOGY AND PALEONTOLOGY

In agreement with the general requirements for higher degrees
adopted by the Committee on Graduate Study, as set forth in
Section V, the Division of Geology and Paleontology has adopted
the following supplementary regulations:

1. To be admitted to candidacy for the Doctor’s Degree in
the Division of Geology and Paleontology the applicant must
have shown mmore than average ability in mastering the previous
geological and paleontological subjects.

2. The applicant for admission to candidacy may be required
to take a qualifying examination which may be oral, or written,
or both.

3. Students who have not been admitted to candidacy before
the end of their second year of graduate study at the Institute
will not be permitted to register for further work.
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4. After admission to candidacy, students must in gencral
pursue advanced study and research for a minimum of six terms,

or approximately two years (counting each summer of field work
as a term).

For 1936 Catalogue:-

"p, To be recommended for candidacy for the Doctor's
degree in g&X%}@§£§%%%§£iggmthe applican? must pass the
courses prescrived and elected for the fifth year, or
equivalent substitutions satisfactory to the department,
and such other advanced courses as the department may
require, and must pass special comprehensive oral or
written examinations in the fields covered by these

courses."

”

papcoL, preparca A0r puplication 1n 'torm acceptable to his examin-
ing committee, embodying the results of his research in whole or
in part.

IX. SPECIAL REGULATIONS RELATING TO CANDIDACY FOR THE
DOCTOR’S DEGREE FOR STUDENTS MAJORING IN AERO-
NAUTICS, CIVIL AND MECHANICAL ENGINEERING

In agreement with the general requirements for higher degrees
adopted by the Committee on Graduate Study, as stated in Sec-
tion V, the Division of Civil and Mechanical Engineering has
adopted the following supplementary regulations:

1. To be recommended for candidacy for the Doctor’s degree

in the respective departments the applicant must pass the—j £ol
lewing—courses. with a g}'ad‘({; of 2 or hetter, %’l A A
P S

ments—by passing special,i\'éi(arriinati’ons. ‘
a. Aeronautics: Introduction to Mathematical Analysis, Ma.
109 a, b, ¢, or Engineering Mathematical Physics, EE. 226
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a, b,ﬁ Aerodynamics of the Airplane, AE. 251 a, b, ¢; Theoret-
ical Aerodynamics I, AE. 266 a, b; Airplanc Design, AE. 252
a, b, ¢, or Analytical Mechanics, Ph. 103 a, b, ¢, or Elasticity
Applied to Aerodynamics I, AE. 270.

b. Civil Engineering: Statically Indeterminate Structures, [
CE. 23, Structural and Civil Engineering Design, CE. 21 a, b, ¢; | .
Irrigation and Water Supply, CE. 15; Sewerage, CE. 17; L
Masonry Structurcs, CE. 16; Differential Equations, Ma. 11, or !
Introduction to Mathematical Physics, Ph. 5 a, b, ¢, or Advanced !
Calculus, Ma. 8 a, b, c.

c. Mechanical Engineering: Two of the following: Thermo-
dynamics, ME. 120; Advanced Machine Design, ME. 101 a, b;
Theoretical Aerodynamics I and II, AE. 266 a, b, AE. 267; Sci-
ence of Metals, ME. 110 a, b, ¢; and Introduction to Mathemat-
ical Physics, Ph. 5 a, b, ¢, or Engineering Mathematical Physics,
EE. 226 a, b,# and Advanced Calculus, Ma. 8, or Differential
Equations, Ma. 11, or Vector Analysis, Ma. 14.

2. In general a student will find it necessary to continue his
graduate study and research for two years after admission to
candidacy, and will be expected to have had six months or more

of practical work.

D. OPPORTUNITIES FOR GRADUATE AND SCIENTIFIC WORK
AT THE INSTITUTE

I. FELLOWSHIPS AND ASSISTANTSHIPS

The Institute offers in each of its Divisions a number of Fel-
lowships and Graduate Assistantships. These usually carry as
stipends free tuition ($300) with or without an additional grant.

Most of the major grants consist in providing, for a continuous
period of ten months, board in the Athenzum (see pages 67 and
125) and lodging in the Athenwum loggia, the dormitory, or
student houses. The purpose of this plan is to enable the Fellows
and Assistants of the various Divisions to live together under
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attractive and healthful conditions, and thus secure the great
educational and social advantages that result from intimate
contacts with one another, with members of the professorial
staff of the Institute, and with others using the Athenszum.

In the award of graduate scholarships and fellowships pre-
ferred consideration will be given to students who have been
accepted as candidates for the Ph.D. degree.

Teaching Fellows and Graduate Assistants devote during the
school year not more than fifteen hours a week to teaching or
laboratory assistance of a character that affords them useful
experience. This time includes that required in preparation and
in marking note-books and papers, as well as that spent in class-
room and laboratory. Of the remaining time at least one-half
must be devoted to research, unless otherwise arranged by the
Division concerned; and the obligation to prosecute the rescarch
earnestly is regarded as no less binding than that of showing
proper interest in the teaching and in the advanced study, which
is also pursued so far as time permits. The appointments are for
a period of ten months; and it is understood that the research
work will be continued in the summer, at least until this period is
completed.

Forms for making application for Fellowships or Assistant-
ships may be obtained on request from the Dean of the Graduate
School. When possible, these applications should reach the Insti-
tute before March 1st, and notices of awards will be mailed to
successful applicants on March 20th. Appointments to Fellow-
ships and Assistantships are for one year only; and a new appli-
cation must be filed before March 1st of each year by all who
desire appointments for the following year, regardless of whether
they are alrcady holders of such appointments or not.

I1. RESEARCH FELLOWSHIPS

1. Institute Rescarch Fellowships: The Institute each year
appoints as Rescarch Iellows a number of men holding the
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degree of Doctor of Philosophy who desire to pursue additional
research work.

2. The National Research Fellowships established by the
Rockefcller Foundation are awarded by the National Research
Council to men who have their Doctor’s degree. Fellows may
choose the institution in which they desire to pursue research.
Applications should be made to the National Research Council,
Washington, D. C.

8. The American Pectroleum Institute is supporting the work
of several Research Fellows at the California Institute. The
researches of these Fellows relate to fundamental properties of
petroleum and natural .gas.

4. The Inspiration Consolidated Copper Company has pro-
vided a fund for research on certain phases of the copper leach-
ing process.

HI. INSTITUTE GUESTS

Members of the faculties of other educational institutions and
Research Fellows who have already received their Doctor’s de-
gree and desire to carry on special investigations may be granted
the privileges of the facilities of the Institute, without payment
of fees. Arrangement should be made in advance with the Chair-
man of the Division of the Institute concerned. Such guests are
requested to file a card in the Registrar’s office at the beginning
of their work, giving Institute and home address, degrees, nature
of work planned, ete.

IV. GRADUATE LIFE

The Athenzum (see page 67) affords opportunity for con-
tact between the Associates of the Institute, distinguished foxr-
eign visitors, and members of the staffs and graduate students
at the three adjacent institutions, the Mount Wilson Observatory,
the Huntington Library, and the California Institute. It also
provides living quarters for a limited number of men associated
with the foregoing institutions, including specially economical
sleeping quarters for about a dozen graduate students.



Begcription of the Andergraduate and
Fitth-Year Courses

THE COURSES IN ENGINEERING

The five-year plan of engineering instruction is based on recog-
nition of the fact that a four-year period of study is inadequate
to give satisfactorily the combination of cultural, basic scientific,
and engineering studies essential to the highest type of engineer,
and to afford at the same time leisure for the development of
the physical well-being and human interests of the students.
The four-year Course trains, more broadly and fundamentally
than the Engineering Courses now given at most institutions, the
large proportion of students who study engineering not to make
themselves engineering experts in a specialized sense, but to fit
themselves to fill satisfactorily administrative positions in the
utilities and manufacturing industries, and to serve as operating
and constructing engineers in such industries. The fifth-year
Courses, based on this broad fundamental preparation, and co-
ordinated with it so as to constitute a harmonious, unified, five-
year period of study, with no sharp breaks between the un-
dergraduate and graduate periods, will afford the more intensive
training required by the engineer who is to do creative work in
his field.

The four-year Course in Engineering includes an unusually
thorough training in physies and mathematics, and instruction
in chemistry and geology; also extended courses, continuing
throughout the four years, in humanistic studies, including En-
glish writing and speaking, literature, evolutionary science, his-
tory of civilization, current social and political problems, and
economics; and, finally, those engineering subjects common to
all branches of engineering, such as surveying, mechanism,
descriptive geometry, machine drawing, applied mechanies, en-
gineering materials, hydraulics, and preliminary courses in Civil,
Mechanical, and Electrical Engineering.
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The fifth-year Courses in Civil, Mechanical, Electrical, and
Aeronautical Engineering consist mainly of the engineering sub-
jects that are fundamental in these separate branches of engi-
neering. Thus the Civil Engineering Course deals largely with
the analysis, design and construction of water systems, sanita-
tion works and structures; the Mechanical Engincering Course,
with machine design, steam and gas engineering, and power-
plant design and operation; the Electrical Enginecring Course
with the generation, transmission and utilization of electric
power and the communication of intelligence by electrical means;
and the Aeronautical Engineering Course with the principles of
aerodynamics, the design and construction of airplanes, their
engines and instruments. Of all these Courses, engineering re-

search or design forms an important part.

THE COURSES IN SCIENCE

The Courses in Science prepare for those scientific and en-
gineering professions in which an intensive training in the basic
sciences and in research is of more importance than a knowledge
of the principles and practice of engincering. Accordingly, the
four-year Course in Science, while including the same historical,
literary and economic subjects as the Course in Engineering,
requires much more extended study of the three sciences of
chemistry, physics, and mathematics; also two years’ study of
scientific German and French. In its junior and senior years
there are offered a series of Options which, when supplemented
by the corresponding fifth-year Courses, afford definite prepara-
tion for various scientific professions, as outlined in the following
statement.

The Option in Chemistry and the Option in Physics and the
fifth-year Courses in Chemistry and Physics prepare students,
on the chemical and physical sides respectively, for research and
teaching in universities, colleges, and high schools, and for re-
search positions in government laboratories and especially in the
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research and development departments of the larger chemical,
metallurgical, and electrical companies.

The Option in Applied Chemistry and the fifth-year Courses
in Chemical Engineering differ from those in Chemistry in that
they include, in place of some of the science work, general sub-
jects in mechanical and electrical engineering, and (in the fifth
year) an extended treatment of chemical engineering itself. This
Course is designed to fit men for the installation, operation, and
the rescarch development of industrial chemical processes.

The Geology Option and the Graduate Course in Geology and
Paleontology prepare for teaching and research positions in
colleges and universities, for government posts in connection
with geological and mining surveys, for places as directors and
field explorers of museums and, above all, for expert work in
geology in the oil and mining industries.

The Biology Option and the Graduate Course in Biology pre-
pare for teaching and research in colleges and universities, for
government service in agriculture and public health, and for field
studies and laboratory research in connection with museums. The
Option of the Undergraduate Course affords a preliminary train-
ing, with emphasis on the fundamental sciences, for those who
desire to pursue graduate studies in medicine, sanitation, and the
public health.



Schedules of the Undergraduate Courses

The school year is divided into three terms. The number of
units assigned in any term to any subject is the total number of
hours per week devoted to that subject, including class work,
laboratory work, and the estimated time for outside preparation.
Laboratory assignments include drawing exercises and field work.

Besides the subjects shown in the course schedules, students
take Assembly (1 unit) and Physical Education (3 units) in each
term of each of the four school years. Students who continue
their undergraduate work beyond four years continue to take
Physical Education throughout their undergraduate -course.
Freshmen attend in the second and third terms, in addition to
the general assemblies, six orientation assemblies.

The subject numbers correspond to those given in the Descrip-
tion of Subjects on pages 148-229. The abbreviations denote
the various branches of instruction as follows:

Aeronautical Engineering AL
Applied Chemistry ... A Ch
Applied Mechanics AM
Applied Physies ... e A Ph
Assembly .. As
ASETONOMY oo e Ay
Biology Bi
Chemistry ...Ch
Civil Engineering .... CE
Drawing .. D
Economics Ec
Electrical Engineering ... EE
English o En
Geology e Ge
History and Government H
Hydraulics Hy
Languages L
Mathematics Ma
Mechanical Engineering e ME
MeteOTOIOZY e enee My
Philosophy Pl
Physical Education ... PE
Physics ...... Ph

Thesis . . - Th
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BOTH COURSES
FIRST YEAR, ALL THREE TERMS
En1 abe English* (3-0-8)** .............. s
Ph1abe Physics* (8-83-6) .................... ceies
Ch1 abe Chemistry* (8-6-3) ...........oovviinnen.
Mal abe Mathematics* (4-0-8) ................... .
H1 abe History (3-0-2) ...coovvvnntn. e
Dlor4,12ab Drawing*** (0-3-0) ...........

Units per Term
6

12
12
12

*Students are required to pass, at the end of the Sophomore year,
comprehensive examinations in English and History, in Physics, and in
Mathematics. Students taking the Options in Chemistry or Applied Chem-
istry are required to pass also a comprehensive examination in Chemistry.

**Number of hours devoted to class, laboratory, and preparation.

**%Students with a recommended high school credit of 3£ unit or more
in mechanical drawing, and all science students, take D 1; others take
D 4. All freshmen are required to take D 12a and D 12b the second and
third terms, respectively.
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COURSE IN ENGINEERING

FOR STUDENTS PREPARING FOR CIVIL, MECHANICAL, ELECTRICAL,
AND AERONAUTICAL ENGINEERING

SECOND YEAR Units per Term

Ist  2nd  3rd

Ma2abe  Mathematics*t (4-0-8)** .. ... ............. 12 12 8%

Ph 2 abe Physies*t (8-3-6) ..., 12 12 8%

Ma2d Mathematics Reviewt (4-0-8).............. ... 4%

Ph2d Physics Review} (8-3-6).............ccouen oe 4%
H 2 abe History*** (2-0-4) ............. .o 6 6 6
CE1 Surveying (3-4-4) ......... ... .., Ilorll ..
ME1 Mechanism (3-3-3) ...... BN Sor Yor 9
ME 3 Materials and Processes (3-3-5)............ llorll ..
Ché Engineering Chemistry (4-0-7)............. .. e 11
D6 Machine Drawing (0-6-0).................. .. Gor 6
D9 Structural Drawing (0-6-0)................ Gor 6 ..
D12c Descriptive Geometry (0-3-0).............. 3or 3 ...
D1ad Descriptive Geometry (0-3-0).............0 e 3or 3

*Students in the first honor section complete the regular work in
Mathematics and in Physics during the first two terms and take in the
third term Vector Analysis (Ma 14) and Modern Physics (Ph 3). Such
%i&ldezrg:)s do not take Physics Review (Ph 2d) and Mathematics Review

a .

iStudents not in the first honor section take in the first 7 weeks of the
third term Physics Ph 2¢ (8 units) and Mathematics Ma 2¢ (8 units), and
in the last three weeks Physiecs Review Ph 2d (4 units) and Mathematices
Review Ma 2d (4 units). A condition in either of these review subjects,
unless made up in September, excludes the student from all third-year
subjects for which these are prerequisite. To assist students in making
up such conditions, and to aid students transferring from other colleges
who may not have had such intensive courses as those of the Institute,
each of these subjects will be offered as a summer course (with a fee of
$20 each) during the three weeks preceding the opening of the fall term,
provided not less than six students apply for it.

**Number of hours devoted to class, laboratory, and preparation.

*+*¥A]]l students are required to pass a comprehensive examination in
English and History at the end of the sophomore year.
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COURSE IN ENGINEERING
ELECTRICAL ENGINEERING OPTION

(For First and Second Years, see pages 130 and 131)
Units per Term

En 7 abe
AM 1 abe
Ge la
Ec 17
EE 2
EE3
EE 4
EE 5
A: Mall
ME 15
Hy1
B: Phbabe

H5ab

H 10

Ec2

Ec 25

EE 6 ab

EE 7

EE 12

EFE 70 abe

Ph7 abe

Ph9ab

At: CE9
ME 27
ME 18

Bt:EE 162
ME 15
Hyl

THIRD YEAR ist
English (8-0-5) ....... .ot 8
Applied Mechanics (4-3-7) ................. 14
Geology (8-8-3) ...vviiiiiiiiiiiiiiei ., 9
Accounting (8-0-6) .............. .. ... 9
Direct Currents (3-0-6) ................oun o
Direct Current Laboratory (0-3-3) .......... ...
Alternating Currents (3-0-6) ............... ...
Alternating Current Laboratory (0-3-3) ..... ...
Differential Equations (3-0-6) .............. 9
Heat Engineering (8-3-6) .................. .
Hydraulics (3-3-6) ..o,
Mathematical Physics (4-0-8) ............... 12

FOURTH YEAR
Humanities Electives* (3-0-6)............... 9
Current Topics (1-0-1) ................oo... 2
U. S. Constitution (1-0-1) .................. ..
Economics (4-0-6) ....... ... ... ... oo
Business Law (3-0-3) ...................... 6
Electrical Machinery (2-0-4 (3-0-6).......... ...
Electrical Engineering Laboratory (0-3-6)... ...
Eleetric Circuits (8-0-9) ................... 12
Fngineering Conferences ................... 2
Electricity and Magnetism (2-0-4)........... 6
Electrical Measurements (0-3-1) ............ 4
Structures (8-3-6) ............. ... oo
Mechanical Laboratory (0-3-6).............. 9
Heat Engineering (3-0-7)..............ovvv. o
Vacuum Tubes (4-0-8) .................. ... ..
Heat Engineering (3-3-6) .................. ..
Hydraulics (8-8-6) ...............ovinin, 12

*Humanities Electives

P11l
Pl4
En 8
En9
En 10
En 11
L 40
Pl5

Philosophy (Soares)

Ethics (Soares)

Contemporary Literature (Eagleson, Judy)
American Literature (MacMinn)

Modern Drama (Stanton, Huse)
Literature of the Bible (MacMinn)
German Literature (Macarthur)

Sociology (Untereiner)

1

1

_1,

. H
WD

2nd

8
4

2

WO

6

3rd

8
14

ool

Wl

oW

(=20

Students are required to take one ferm of Thilosophy or Ethics, and

choose two terms from the other electives.

ject is 9 units (3-0-6).
tOptions A and B in the fourth year are independent of the third year

options.

The assignment to each sub-
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COURSE IN ENGINEERING
CIVIL ENGINEERING OPTION

(IFFor First and Second Years, see pages 130 and 131)

THIRD YEAR Units per Term
N {st 2nd 3rd
En 7 abe English (8-0-5) ... 8 8 8
AM 1 abe  Applied Mechanics (4-8-7) ................. 14 14 14
CE 2 Advanced Surveying (3-6-3) ................ 12 .
-Gela Geology (8-83-3) ............ e 9
Fe 25 Business Law (3-0-3) ............. .. ... 6 ...
Hy 1 Hydraulics (3-3-6) - ... ... ... o i 12
Ec17 Accounting (3-0-6) ............ ... o0 e 9
CE 4 Highway Engineering (3-0-3) .............. .. 6 ..
ME 15 Heat Engineering (3-3-6) ............. ... .. .. e 12
Ec2 Fconomies (4-0-6) .......... ... . ool w10
Hy 2 Hydraulics Laboratory (0-3-3) ............. ... G
FOURTH YEAR
Humanities Electives* (3-0-6) .............. 9 9 9
H 5 ab Current Topics (1-0-1)........... ..., 2 2 ..
H 10 U. S. Constitution (1-0-1) .................. 2
CE 14 abc  Engineering Conferences ................... 2 2 2
AM 3 Testing Materials (0-3-3) .................. .. 6 ..
CE 8 abe Railway Engineering ...................... 6 6 6
CE10abc Theory of Structures ....................... 12 12 9
CE 12 Reinforced Conerete (3-3-6) ................ ... 12
EF 8 Direct Currents (3-0-4) .................... 7
EE 9 Direct Current Laboratory (0-3-2) .......... 5
Hy3 Hydraulics Problems (0-6-0)................ [ B
EE 10 Alternating Currents (8-0-4)................ ... 7
EE1l Alternating Currents Laboratory (0-3-2)..... ... 5
Ge 10 ™ Engineering Geology (3-0-6)................ . 9
#*See first footnote on page 132,
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COURSE IN ENGINEERING
MECHANICAL ENGINEERING OPTION

(For First and Second Years, see pages 130 and 131)

THIRD YEAR Units per Term
En 7 abe English (8-0-5) .......ooiiiiiiiiiiiant, 8
AM1abc Applied Mechanics (4-8-7) .....cvvvvnnnn, 4 14 14
Hy1l Hydraulics (8-3-6) ......................... 12 L .
Gela Geology (3-8-3) ..viiiiiiiiiiiiiiiiiiiaa, 9
Ec 25 Business %&:.W (3-0-3) «ovviii 6 ..
ME 15 Heat Engiheering (8-3-6) ............ oot o 12
Ec?2 Economies (4-0-6) ....... ooty 10
Hy 2 Hydraulics Laboratory (0-3-8) ............. ... 6 ...
ME 16 Heat Engineering (4-0-8) ...........cccvit o e 12
Ec17 Accounting (3-0-6) ........ ...l 9
ME 25 Mechanical Laboratory (0-3-83).............. ... 6
FOURTH YEAR
Humanities Electives* (3-0-6) .............. g 9 9
Hb5ab Current Topies (1-0-1) .....oovvvnnna.... 2 2 ..
H10 U. 8. Constitution (1-0-1) ................ .. .. 2
ME 50 Engineering Conferences (1-0-1) ............ 2 2 2
~ AM3 Testing Materials (0-3-3) .................. 6 . ..
; CE9 Structures (3-3-6) ...ttt e 12
- ME 5a Machine Design (2-3-4) .............c....., 9 ..
ME 5b Machine Design (3-3-6) ..........c.oiiiiiie v 12 ..
, ME 5¢ Machine Design (0-9-0) .......ccvviiiiiinnn wn 9
e ME 10 Metallurgy (2-0-4) ..o o 6
T ME 17 Heat Engineering (3-0-6) .................. 9 . ..
ME 26 Mechanical Laboratory (0-8-3).............. ... 6
EES8 Direct Currents (3-0-4) .................... T
EE9 Direct Currents Laboratory (0-3-2) ......... 5
EE 10 Alternating Currents (3-0-4) ............... ... 7
EEN Alternating Currents Laboratory (0-3-2).... ... 5or 5
Electivel ...oivuiiriiiiiiin i iiienriieneene e 6 9

*See first footnote on page 132.
TMa 1l1—Differential Equations advised for all who expect to take
fifth year.



En 7 abe
AM1 abe
Hy1
Gela
Ec 25
ME 15
Ec2
Hy 2
Ec17
ME 25
Mall

H 5 ab
H10
Ma 8 abe
EES
EE9
ME 8
ME 10
AM3
AE1
AFE 2 abce
EE 10
EE 11

Ma 8 abe

Ma 11
Ma 14
Bil, 2
Ge 1lb
CE 12
ME 10
ME 19
Hy 4

Ec18

Ec19

Ec 20

SCHEDULES OF THE UNDERGRADUATE COURSES

COURSE IN ENGINEERING
AERONAUTICS OPTION

(For First and Second Years, see pages 130 and 131)

THIRD YEAR Units per Term

Ist  2nd 3rad
English (8-0-5) ..........coviiiiiiiinee, 8 8 8
Applied Mechanics (4-3-7) ................. 14 14 14
Hydraulics (8-3-6) .............cooiiiaet, 12 -
Geology (3-3-3) ...ivinviiiiiiiiiiiiiii, 9 -
Business Law (3-0-3) ......covoivuunnintt, 6 ... ..
Heat Engineering (8-3-6) .................. .. 12 L
Economics (4-0-6) .......... ... ... o 10 ..
Hydraulies Laboratory (0-3-8) ............. 6 ..
Accounting (8-0-6) .............iiiiiiiiie e . 9
Mechanical Laboratory (0-3-3).............. ... . 6
Differential Equations (3-0-6)............... .. 9
FOURTH YEAR
Humanities Electives* (3-0-6) .............. 9 9 9
Current Topies (1-0-1) ......... ... ... ..., 2 2 ..
U. S. Constitution (1-0-1) .............ccovt 2
Advanced Calculus (8-0-6) ................. 9 9 9
Direct Currents (3-0-4)..................... 7
Direct Currents Laboratory (0-3-2).......... 5
Machine Design (8-3-6) .................... 12 . .
Metallurgy (2-0-4) ..., [
Testing Materials Laboratory (0-3-8) ....... ... 6
Aeronautics (3-0-6) ...l 9 ..
Alireraft Structures ............... . ...l 12 12 12
Alternating Currents (3-0-4) ............... .. 7
Alternating Currents Laboratory (0-3-2) .... ... .. 5
Elective ......ooiiiiiiiiiiiiiiiiiiii e 5 8
PERMISSIBLE ELECTIVES IN THE FOURTH YEAR

Advanced Caleulus ........................ 12 12 12

or9 or9 or9
Differential Equations ..................... 9 or 9
Vector Analysis ..............coo it 12
Biology ... 9 9
Paleontology ............... ...l 9
Reinforced Concrete ............c........ .. .. e 12
Metallurgy ....ooovniiiiii oo, 6 or 6
Heat Engineering .............. . .00 o 6 ...
Hydraulic Machinery ................... ... . 9
Industrial Accounting .............. ... . ... .. 6 .
Industrial Statisties ................. ... .. 9
Financial Organization ..................... 8

Special Problems or Research
(Units to be arranged)

*See first footnote on page 132.
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COURSE IN SCIENCE ’
FOR STUDENTS PREPARING FOR CHEMISTRY, APPLIED CHEMISTRY, PHYSICS,
INDUSTRIAL PHYSICS, MATHEMATICS, GEOLOGY, PALEONTOLOGY,
BIOLOGY, ASTRONOMY AND MEDICINE

(For First Year, see page 130)

SECOND YEAR Units per Term
I1st 2nd 3rd
Ma 2 abe Mathematies*+ (4-0-8) ..................... 12 12 8%
Ph 2 abe Physies*t (8-3-6) ...ovovviiiiiiiiina... ... 12 12 8%
Ma 2d Mathematics Review (4-0-8) ................ .. . 4F
Phad Physics Review (8-3-6) ................... R
H 2 abe History (2-0-4) .............. e ... 6 6 6

Ch12 ab Chemistry (2-6-2) ........ovviiiiiiiiinann, 10 10 ...
Ge la Geology (8-3-3) .....iiiiiiiiiiiiia L9 L L
Bil Biology (8-3-8) ......coiiiiii.t. B 9 ..

Ge 1b Paleontology (4-1-4) or ..................
Bi2 Biology (8-4-2) or ............. P S 9

Ay 1l Astronomy (3-1-5) ......... Chereeeaaan
Options as below ................. B

OPTIONS
CHEMISTRY AND APPLIED CHEMISTRY
Ch 12¢ Analytical Chem. and Chem. Review** (2-6-2) ... .. 10
PHYSICS OR APPLIED PHYSICS
Ch43 Organic Chemistry (2-6-2) ................. e e 10
BIOLOGY
A: Ch43 Organic Chemistry (2-6-2) ..... e R ()
B: Chl2c Analytical Chem. and Chem. Review (0-6-9) w10
MATHEMATICS OR PHYSICS
Ma$ Theory of Equations (3-0-7) ............... .. ... 10
GEOLOGY*¥*¥

CE1 Surveying (3-4-4) ...t e .11
D 14 Descriptive Geometry (0-3-0) ........ e e 3
Ge lc Historical Geology (83-0-6)..............c.0. oo 9

*Students in the first honor section complete the regular work in
Mathematics and, in Physics during the first two terms, and take in the
third term Vector Analysis (Ma 14) and Modern Physics (Ph 3). Students
in the first honor section do not take Mathematics Review (Ma 24d) a.nd
Physics Review (Ph 2d).

iStudents not in the first honor section take in the first 7 weeks of the
third term Physics Ph 2c¢ (8 units) and Mathematics Ma. 2¢ (8 units), and
in the last 3 weeks Physics Review Ph 2d (4 units) and Mathematics
Review Ma 2d (4 units). A condition in either of these review subjects,
unless made up in September, excludes the student from all third-year
subjects for which these are prerequisite. To assist students in making
up conditions, and to aid students transferring from other colleges who
may not have had such intensive courses as those of the Institute, each
of these subjects will be offered as a summer course (with a fee of $20)
during the 3 weeks preceding the opening of the fall term, provided not
less than six students apply for it.

**To be admitted to the options in Chemistry and Applied Chemistry
in the third year students must satisfactorily pass the subject, Ch 12c.

**#+Students in Geclogy do not take Mathematics the third term.



En 7 abe
1. 32 abc
Ch2la
Ch23 ab
Ph 5 abe
Ma 10 abe

Hb5ab
H 10
Ec 5 ab
L 35a
L1ab
Ma 8 abe
Ma 12

Ph 101 abe
Ph9 abe

SCHEDULES OF THE UNDERGRADUATE COURSES

COURSE IN SCIENCE
PHYSICS OR ASTRONOMY OPTION

(For First and Second Years, see pages 130 and 136)

137

_ THIRD YEAR lUs?itsane; Te3r:g
English (8-0-5) ......coviiiiiiiiiiiiiannn 8 8 8
German (4-0-6) .........cciiiiiiiieiiiein, 10 10 10
Chemical Principles (4-0-6) ................ 10 10 10
Introduction to Mathematical Physics (4-0-8) 12 12 12
Differential Equations (3-0-6) .............. 9 9 9

FOURTH YEAR

Humanities Electives* (8-0-6) .............. 9
Current Topics (1-0-1) .........ccevvaa.... 2
U. 8. Constitution (1-0-1) .......covviiiinnn e
Economies (3-0-3) and (2-0-4) ............. ...
German (4-0-6) .......... .ottt 10
French (4-0-6) ...... .. ..ot o
Advanced Calculus (3-0-6) ................. 9
Probability and Least Squares (2-0-4)....... 6

PHYSICS OPTION

Electricity and Magnetism (3-0-6) .......... 9
Electrical Measurements (0-3-1) ............ 4

*See first footnote on page 132.
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COURSE IN SCIENCE
APPLIED PHYSICS OPTION

(For First and Second Years, see pages 130 and 136)
Units per Term

THIRD YEAR [y ts per Term
En 7 abe English (8-0-5) «...vvvviviiiiiniiiinaan.. 8
L. 32 abe German (4-0-6) ......evviiiiiiiiiiiiaa., 10 10 10
chala } Chemical Principles (4-0-6) .............. 10 10 10
Ph 5 abe Introduction to Mathematical Physics (4-0-8) 12 12 12
Ph 7 abe Electricity and Magnetism (2-0-4) ........ 6 6 6
Ph 9 abe Electrical Measurements (0-3-1) .......... 4 4 4
FOURTH YEAR
Humanities Electives* (3-0-6) ............ 9 9 9
Hs5ab Current Topics (1-0-1) ................... 2 2 ..
H1o U. S. Constitution (1-0-1) ...........ovntt o 2
Ec b ab Economics (3-0-3 or 2-0-4) ........coiiiu 6 6
L35 abe German (4-0-6 or 8-0-3) .................. 10 6*% G**
AM1labc Applied Mechanics (4-3-7) ............... 14 14 14
EES8,9 Direct Currents (3-3-6) ................
EE 10,11  Alternating Currents (3-3-6) ........... 12 12 12
ME 15 Heat Engineering (3-3-6)...............

*See first footnote on page 132,
**Students may, with the approval of the language department and of
the Registrar, substitute French (L 1 a, b) 10 units, for German (L 35 b, ¢)
in the second and third terms.



En 7 abe
L 32 abce
Ch2la
Ma 4 ab
Ma 8 abe
Ma 10 abe

Hs5ab
H10
Ecb5ab

L 85a
Llab

Ma 106 abe

Ma 107
Ma 101 abe
Ma 102 ab
Ma 201 a

SCHEDULES OF THE UNDERGRADUATE COURSES

COURSE IN SCIENCE
MATHEMATICS OPTION

(For First and Second Years, see pages 130 and 136)

139

THIRD YEAR gglts per T%frlg
English (8-0-5) .....covviviiiiiiiiniinnns 8 8
German (4-0-6) ...........c..iiiiiiiae, 10 10 10
Chemical Principles (4-0-6) ................ 10 ... ..
Analytic Geometry (3-0-T) ........... ..o o 10 10
Advanced Caleulus (4-0-8) ............cvvts 12 12 12
Differential Equations (3-0-6) .............. 9 9 9

FOURTH YEAR

Humanities Electives* (3-0-6) .............. 9
Current Topics (1-0-1) ...ovvnnninniivennns 2
U. 8. Constitution (1-0-1) ..........cooiivins e
Economies (3-0-3 or 2-0-4) ........ovvivinns o
German (4-0-6) .....ciiiiiiiiiiiiniiiiiaaas 10
French (4-0-6) .....ccoviiiiiiiiiiiniiiiins o
Introduction to Theory of Functions of Real
Variables .......cooooiiiiiiiiii 5
Conformal Representation .................. ...
Modern Algebra (8 lectures a week)......... 6
Higher Geometry (3-0-6)** ................ 9
Modern Analysis .............. .ol 15

*See first footnote on page 132.
**See note, page 158,

O ;o O
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COURSE IN SCIENCE
CHEMISTRY OPTION
(For First and Second Years, see pages 130 and 136)
THIRD YEAR Ixjs?'ts Snd Teéxrlél
En 7 abe English (3-0-5) ............. ... oo, 8 8 8
1.32 abe German (4-0-6) ...... ...ttt 10 10 10
Ch2labe  Chemical Principles (4-0-6)................. 10 10 10
Ch 26 ab Physico-Chemical Laboratory (0-6-2 or 0-3-1) ... 8 4
Ch4l abc  Organic Chemistry (3-0-5 or 2-0-4) ......... 8 8 6
Ch 46 ab Organic Chemistry Laboratory (0-12-0; 0-6-0) 12 6 ...
Chl3a Inorganic Chemistry (2-0-2) ................ ... 4
Chl4a Inorganic Chemistry Lab. (0-8-0)............ ... 8
FOURTH YEAR
Humanities Electives® (3-0-6) .............. 9 9 9

H 5 ab Current Topics (1-0-1) ......... ... ..ot 2 2 ..
H10 U. S. Constitution (1-0-1) ............ ... .. ... - 2
Ec?2 Economies (4-0-6) ...... ... iiiiiiiiien e 10 ..
L 35 abe German (4-0-6 or 3-0-3) .................... 10 6** 6**
Ch 22 ab Thermodynamic Chemistry (2-0-4) .......... 6 6
Ch 61 abe  Industrial Chemistry (2-0-4 or 2-0-2)........ 6 4 6
Ch16 Instrumental Analysis (0-6-2) .............. 8
Ch70-73 Chemical Research (0-5-0 or 0-19-0)......... ... 5 19
Ch29 Surface and Colloid Chemistry (8-0-3)....... ... 8
A: Ch13b Inorganic Chemistry (2-0-2)................. 4

Ch14 be Inorganic Chemistry Lab. (0-5-0 or 0-8-0)... 5 8
B: Phsab Introduction to Math. Physics (4-0-8)....... 12 12

#*See first footnote on page 132.
**Students may, with the approval of the language department and of
the Registrar, substitute French (Li 1 a, b) 10 units, for German (L 35 b, ¢)
in the second and third terms.
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L 32 abe

Ch 21 abe
AM 2 ab

Ch 63 ab
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Ch16

H 5 ab
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L 35 abe
Ch 41 abe
Ch 46 ab
Ch 29

Ch 22a
Ch 61 abe
EES,9
EE 10,11

SCHEDULES OF THE UNDERGRADUATE COURSES

COURSE IN SCIENCE
APPLIED CHEMISTRY OPTION

(For First and Second Years, see pages 130 and 136)

141

THIRD YEAR Units per Term
English (8-0-5) .........oo it 8 8
German (4-0-6) .............oi i, 10 10 10
Chemical Principles (4-0-6) ............... 10 10 10
Applied Mechanics (4-0-8) ............... 12 12 ..
Chem. Eng. Thermodynamics (2-0-4)....... ... 6 6
Economies (4-0-6) .......... ... e 10
Physical Chemistry Laboratory (0-3-1).... ... 4 4
Instrumental Analysis (0-6-2) ............ 8

FOURTH YEAR

-Humanities Electives* (3-0-6) ............ 9
Current Topies (1-0-1) .......... ..ot 2
U. S. Constitution (1-0-1) ................ .
German (4-0-6 or 3-0-3) ............ R, 10
Organic Chemistry (8-0-5 or 2-0-4)........ 8
Organic Chemistry Laboratory (0-9-0)..... 9
Surface and Colloid Chemistry (3-0-5)..... ...
Thermodynamic Chemistry (2-0-4) ........ 6
Industrial Chemistry (2-0-4 or 2-0-2) ...... G
Direct Currents (3-3-6) .................. ...
Alternating Currents (3-3-6) ............. ...

*See first footnote on page 132,
**3tudents may, with the approval of the language department and of
the Registrar, substitute French (L 1 a, b) 10 units, for German (L 35 b, ¢)
in the second and third terms.

9 9
2 ..
Gx*  G*
8 6
9 ..
8
4 6
12 .
12
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COURSE IN SCIENCE
GEOLOGY OPTION*

(For First and Second Years, see pages 130 and 136)

THIRD YEAR llJ;;lts Jer T erm
En 7 abe English (8-0-8) ......oovvviiiiiiiiien.. 8
L 32 abc German (4-0-6) ..., 10 10 10
Cheta } Chemical Principles (4-0-6) ............. 10 10 ..
CE3 Plane Table Surveying (1-6-1) .......... .. 8
Ge 3 abe Mineralogy .........ooiiiiiiiiiiia.. 12 12 12
Ge 14 Geologic IHNustration .................... 10 ... ..
Ge7ab Field Geology ..........c.viiiiiiiio 10 10
FOURTH YEAR
Humanities Electives** (3-0-6) .......... 9 -9 9
Hsb5ab Current Topies (1-0-1) ..........ovvuinn. 2 2 ..
H10 U. S. Constitution (1-0-1) .evvvvvererenes o 2
Ec 5 ab Economics (3-0-3 or 2-0-4) ............v. o 6 6
L 35 abe German (4-0-6 or 3-0-83) ................. 10 Grx® G
Ge9 Structural Geology (4-0-6) .............. 10 ... L
Ge 1l ab Invertebrate Paleontologyf .............. 8 10 ...
Ge 12 ab Vertebrate Paleontology (2-6-2)%........ ... 10 10
Ges Optical Mineralogy (2-6-2)% ............. 10 .. ..
Ge 6 ab Petrographyf ........ ... ..o i e 10 14
Ge 100 Geology-Paleontology Club .............. 1 1 1
Ge 21,22 Thesist . ooienee i e e i e e

*Summer Field Geology required after both Junior and Senior Years.
**See first footnote on page 132.

*++Students may, with the approval of the language department and of
the Registrar, substitute French (L 1 a, b) 10 units, for German (1 35 b, ¢)
in the second and third terms.

#Students desiring to specialize in physical geology may take Ge § and
Ge 6 in conjunction with one paleontology course. Those desiring to spe-
cialize in'paleontology may take both Ge 11 and Ge 12, omitting Ge 5 and
Ge 6. In either case the course not taken in the fourth year will be taken
in the fifth. Thesis units, Ge 21 or 22, arranged to bring total units per
term to 50.



SCHEDULES OF THE UNDERGRADUATE COURSES

COURSE IN SCIENCE
BIOLOGY OPTION

(For First and Second Years, see pages 130 and 136)
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THIRD YEAR {nits per Term
En 7 abe English (8-0-5) .....coovviiniiiii ., [}
L 32 abe German (4-0-6) ..........c.c..iiiiiiiin.n, 10 10 10
Ec5 ab Economics (3-0-3 or 2-0-4) .............o0h e 6 6
Bi4 General Zoology (8-6-5) ..............ccon. T J—
Bi3 General Botany (3-6-3) ................... .. 12 ..
Bis Plant Physiology (2-6-2) .......vvveeennnn oo 10
A: Mal2 Probability and Least Squares (2-0-4)...... 6 ... .
) gﬁ g?lfsz }Chemical Principles (4-0-6) ............... 10 10 10
Ch 26 Physical Chemistry Laboratory (0-3-1) .... ... 4 4
B: Ch4l Organic Chemistry (8-0-5 or 2-0-4) ........ 8 8 6
Ch46a  Organic Chemistry Laboratory (0-9-0) ..... 9 ..
Bi7 Biochemistry ..........ooiiiiiiiiiiiiis e 5 10
FOURTH YEAR
Humanities Electives* (3-0-6) ............. 9 9 9
H5ab Current Topies (1-0-1) ..........ovveaann. 2 2 ..
H10 U. S. Constitution (1-0-1) ............covvt e 2
L 35a German (4-0-6) ............coiiiiiiien. 10 ... ..
L1ab French (4-0-6) o vvenvvieeeinniinaeainns o 10 10
Bilo Bacteriology (2-5-1) ..., 8 . ..
Bi6 Embryology (2-8-4) ........ .. oo 4 .
Bi9 Physiology (8-4-3) ...... ... ..., 10 . ..
A: Bi7 Biochemistry ......... ..o il 5 L.
Big Advanced Genetics (3-5-2) ................ 10 .. L.
Ch 29 Surface and Colloid Chemistry (8-0-5) ..... ... .. 8
Bill Entomology (2-4-2) «..vvvviiiiiiiiiiiiine v 8
Bi12 Histology (1-6-2) ......... ... it o 9 ..
Bi22 Research ............. ... ..o i 9or 9or
12 12
B o } Chemical Principles (4-0-6)................ 10 10 10
Ch 26 Physical Chemistry Laboratory (0-3-1)..... ... 4 4
Bi2¢ Research ............ ... oo 9or 9or
12 12

*See first footnote on page 132.



Srhedules of Courses for the Hegree

H 100

En 100
P1100

Fc 100 abe

EE 120
EE 122
EE 144
EE 121 abe
EE 148
EE 160
EE 152

EE 162
EE128
EE 156
EE 130

CE 23
CE 16

- Phb-a
CE 15
CE 21 abe
CE 17
AM 105

CE 101 ab
CE 105 be
CE 107 abe
CE 108
CE 110 be
CE 114

o BE10

AE 270, 271

AE 278 abe

of Masnter of Srience

SUBJECTS COMMON TO ALL COURSES (i per Term

st

Seminar in American History and Government

or English Literature .............. 9

or Philosophy .....................

or Business Fconomies ............. j12
Engineering or Research Seminars........... 2
Professional Subjects ...................... 42

ELECTRICAL ENGINEERING
Subjects common to all eourses.............. 11
Alternating Current Analysis .............. 12
Advanced Alternating Current Machmelv
Transmission Lines ........................ ...
Alternating Current Laboratmy ............ G
Specifications and Design .................. 6
Electric Transients .................... ...
Dielectrics ....ovveiiiiiii i
Research or Thesis ......................... 12
Electives, as below ......................... 6
ELECTIVES
Vacuum Tubes ..o
Eleetvic Traction ....... ...l 0
Electrical Communication ................... 6
Light and Power Distribution ........... . ...
CIVIL ENGINEERING
Subjects common to all courses.............. !
Statically Indeterminate Structures......... (R <4
Masonry Structures ..........v...o...
Intreduction to-Mathernatical Bhystes .
Irrigation and Water Supply................ ...
Structural and Civil Engineering Design. .. .. {29
SEWEIage . vovriiii it e e
Soil Mechanies ...
Research or Other Thesis................... '7‘é
SUPPLEMENTARY SUBJECTS

Water Power Plant Design................. 10
Statically Indeterminate Structures.......... ...
Geodesy and Precise Surveying.............. 6
Highway Problems ...................... 00
Sewage Treatment Plant Design............. ..
Earthquake Eﬂ"ects upon Structures. Ce e
Baeteriology ..o e oL -8
Elasticity .......coooviiiiiiiiii i 12

Synoptic Meteorology ...................... 12

2nd

K

10

12

3rd

9
O\
127

2
42

1

=R

- H
QWwo!

12

10

12
12



SCHEDULES OF COURSES FOR DEGREE OF MASTER OF

ME 110a
ME 120
ME 130
ME 140 ab

ME 101 ab
ME 110 be
ME 121, 122
Hy 100

Hy 101

Ph110 ab
Ph 107 abe
Ph 108

Ph 103 abe
Ph 105 ab
Ph 106 ab
EE 162
Ma 109 abe

MECHANICAL ENGINEERING Units per Tes”"

SCIENCE

Ist  2nd rd
Subjects common to all courses (page 144)... 11 11 11
Science of Metals....................... ... 12
Heat Engineering .......................... 15
Advanced Mechanical Laboratory............ ¥ J
Research or Thesis................... . ..., .. 18 18
Electives,as below. ... ... ... ... oo, e 24 24

ELECTIVES

Advanced Machine Design .................. ... 12 12
Science of Metals................ocoiiiii 1212
Heat Engineering .................... e e 12 12
Applied Hydrodynamics ...........covvvivy o 12 ..
Hydraulic Machinery ...................... ... 12

PHYSICS OR APPLIED PHYSICS

Subjects common to all courses (page 144)... 11
ELECTIVES
Kinetic Theory .............oooiiiiiiinn. 12
Atomic Physics .oovvvviiiiiiiiiiii. . 9
Spectroscopy Laboratory ................... ..
Analytical Mechanics ....................... 12
Oplics e ien i 9
Opties Laboratory ......................... 3
Vacuum Tubes ................. .. ool
Mathematical Analysis ..................... 9
Research .............oooiiiiiiiiin.L, 15
MATHEMATICS
Subjects common to all courses (page 144)... 11

Courses open to graduates in Mathematics Curriculum

Research ............... i, 6
Subjects in fifth-year Physics Course

—t — .
W oWwWwWworw —

o}

et
o

11

11
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CHEMISTRY OR CHEMICAL ENGINEERING
Units per Term
Ist 2nd 3rd
Subjects common to all courses (page 144)... 11 11 11
ELECTIVES
Ch151 abc Chemical Principles, Advanced .............. 8 8 8
Ch 153 Thermodynamic Chemistry ................. 6 6
Chl1l55ab  Nature of Chemical Bond................... 6 6 ..
Ch 156 abc Introduction to Wave Mechanics ............ 9 9 9
Ch157 abe Structure of Crystals....................... 6 6 6
Ch158 Photochemistry ...........ccoiiiiiiio. 6
Ch 159a Kinetics of Homogeneous Reactions.......... 6 ..
Ch 159b Kinetics of Heterogeneous Reactions......... ... 6
Ch161 Organic Chemical Analysis ................. .. 9
Ch162 abec Organic Chemistry (special topics).......... 6 6 6
Ch166 abc Chemical Engineering* ..................... 12 12 12
Ch 167 Phase Equilibria in Applied Chemistry....... ... .6
Ch 169 Research Manipulations .................... 3 L
ME 25 Mechanical Laboratory ..................... 6or 6or 6
Research ................... ..ol 12-18 12-18 12-18
GEOLOGY AND PALEONTOLOGY
Subjects common to all courses (page 144)... 11 11 11
Ge 195 Orc Deposits ....oiviiiiiiiiiii s o 10 ...
Ge 196 Non-Metalliferous Deposits ............... .. w10
Ge 186 Geomorphologyt or...vovve it 10 . ..
Ge 183 Seismologyt ... ... ... 6
Ges Optical Mineralogy™* ...................... 10 .. ..
Ge 6 ab Petrography** ... ... .. i 10 14
Ge 1l ab Invertebrate Paleontology** ................ g 10 ..
Ge 12 ab Vertebrate Paleontology** ................. .. 10 10
Ge 100 Geology-Paleontology Club ................. 1 1 1
ELECTIVES AS FOLLOWS
Ge200ab  Mineragraphy ...............iiiii. 9 9
Ge 2051, 206
2071 Applied Geophysics .........ooiiiiit 5 5 5
Ge 203 Physics of the Eartht...................... 6 ... ..
Ge 189a Structural Geology (Seminar) .............. 5 L L
Ge 189b Physical Geology (Seminar)................. ... 5
Ge 191 ab  Invertebrate Paleontology (Seminar) ........ 5 5 L.
Ge 190 ab  Vertebrate Paleontology (Seminar) ......... .. 5 5
Ge 199 Mineralogy (Seminar) ..............co.van. 5 - ..

*Candidates for the Master’s degree in Chemical Engineering are re-
quired to take the subject Chemical Engineering. They must also have
taken or take in this year the engineering subjects included in the Applied
Chemistry Option of the Four-Year Course in Science. Their research
must be in the fields of Applied Chemistry or Chemical Engineering.

**The starred course not completed during the senior year is to be taken.
tOdd-numbered years.

fEven-numbered years.
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Ge 210 Advanced Petrology ..............iiiiiiii e 5-12 ..
Ge 211 Petrology (Seminar) ..............coiiiiin o 5
Ge 10 Engineering Geology .................. ... .. 9
Ge 197 Advanced Economic Geology................ ... 8 ..
Ge198ab  Economic Geology (Seminar) ............... .. 5 5
Ge 208 ab  Geophysics (Seminar) .........ovvvevinn... 5 .. 5
Ge 220 History of Geologyt......... ... ..ot 5
Ge 225 Geology of the Southwest}.................. 10
Ge 188 Advanced Study ...........ciiiiiiii i e - -
Ge 187 Research ............cioiiviiiiiiiinii i, o
AERONAUTICAL ENGINEERING
FIFTH YEAR Units per Term
Ist 2nd 3rd
Subjects common to all courses (page 144)... 11 11 11
AFE 251 abe Aerodynamics of the Airplane............... 9 9 9
AE 252 abe Airplane Design ................ .. ... 12 12 12
AF 253 abe Airplane Design and Testing Procedure...... 6 6 6
Ma 109 ab  Mathematical Analysis ..................... 9 9
or
EE 226 Engineering Math. Physies ................. 15 15 ..
Ma 14 Vector Anmalysis .........coiviiiiieiiiiiis o e 12
AF 290 Aeronauties Seminar ......... ...l 2 2 2
Research and Electives ..................... ...
SIXTH YEAR
AE 254 abc Advanced Problems in Airplane Design...... 9 9 9
AF 266 ab Theoretical Aerodynamics I................. 12 9 ..
AR 267 Theoretical Aerodynamics IT................ oo .. 12
AE 256 Aeronautical Power Plants ................. ... 6 .
AE 270 Elasticity Applied to Aeronautics............ 12 6 6
AE 290 Aeronautics Seminar .............. . .. 2 2 2
Research and Electives .............coiiiii o
METEOROLOGY
FIFTH YEAR
Subjects common to all courses (page 144)... 11 11 11
AE 272 abc Dynamic Meteorology ...................... 9 9 9
AE 273 abe Synoptic Meteorology ...................... 12 12 12
AE 274 abc Meteorological Laboratory .................. 15 15 15
AE 275 Structure of the Atmosphere................ 3 -
AE 276 Meteorological Instruments ................. 6 -
AE 280 Research .............. ... ..o il e
AR 290 abec Aeronautics Seminar .............. ... ... 2 2 2
AE 291 abe Meteorological Seminar .................... 2 2 2

tOdd-numbered years.
iEven-numbered years.



Subierts of Instrurtion

DIVISION OF PHYSICS, MATHEMATICS, AND
ELECTRICAL ENGINEERING

PHYSICS

Proressors: RoserT A. Mimrixa¥, Harry Batemawn, Ira S. Bowex,
Pavy S. EpsteEin, Witrniam V. Housron, Ricuarp C. Tormaw,
Earxest C. WaTsoN

AssociaTE Proressors: AreExaxpeEr Goerz, CHARLks C. LAUurITSEN, GEN-
~xapy W, PorapExko, WirLiam R. SmyruE, Frirz Zwicky

AssistaNT ProrFessors: Carrt D. Axperson, FrEvericxk C. LiNpvarr,
J. RosErRT OPPEXNIEIMER

Inxstructor: H. Vicror NEHER

UNDERGRADUATE SUBJECTS

Ph. 1 a, b, c. MecmHaxNics, MoLecuLAr PHysics, aNp Hear. 12 units
(8-3-6) ; first, second and third terms.

Prerequisites: A high school course, or its equivalent, and trigonome-
try.

The first year of a general college course in physics extending through
two years. It is a thorough analytical course, in which the laboratory
carries the thread of the work, and the problem method is largely used.
A bi-weekly demonstration lecture, participated in by all members of
the department, adds the inspirational and informational element, and
serves for the development of breadth of view.

Text: Mechanics, Molecular Physics, Heat and Sound, Millikan,
Roller and Watson. '

Instructors: Watson, Neher, Alcock, Dunnington, Haynes, Kendall,
Overhage, Seifert.

Ph. 2 a, b, ¢. Eiecrricity, Souxp, axp Licar. 12 units (8-3-6),
first and second terms; 8 units, third term.

Prerequisites: A high school course, or its equivalent, and trigonome-
try. )

Continuation of Ph. 1 a, b, ¢, to form a well-rounded two-year course
in general physics.

Text: Electricity, Sound, and Light, Millikan and Mills.

Instructors: Anderson, Lauritsen, Alexander, Crumrine, Watson,
B. B.,, Whitford, Wooldridge.
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Ph. 2 d. Prysics Review. 4 units; last three weeks of sophomore
year,

The last three weeks of the sophomore year are devoted to a compre-
hensive review and examination covering the whole of the two years’
work (Ph. 1 a, b, ¢, and 2 &, b, ¢).

Ph. 3. Mooer~y Puysics. 12 units (2-6-4); third term.

Prerequisites: Ph. 1 a, b, ¢, 2 a, b; Ma. 2 a, b.

A brief survey of recent developments in electron theory, quantum
theory, radioactivity, and atomic structure. Experiments to determine
e, ¢/m, h, and other fundamental constants will be performed. Open
only to students on honor standing, sophomore year,

Instructor: Anderson.

Ph. 5 a, b, ¢. INTRODUCTION TO MATHEMATICAL PHYSIics. 12 units
(4-0-8) ; first, second and third terms.

Prerequisites: Ph.1 a, b,¢,2 a,b, ¢, d; Ma. 2 a, b, ¢, d.

An introduction to the application of mathematics to physics, and
practice in the solution of problems.

Instructor: Houston.

Ph. 7 a, b, ¢. Erecrricrry axp MaenNerism. 6 units (2-0-4); first,
second and third terms.

Prerequisites: Ph. 1 a, b, ¢, 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

A course in theoretical electricity and magnetism, primarily for elec-
trical engineering students. Ph. 9 a, b (Electrical Measurements) must -
accompany this course.

Text: Principles of Electricity, Page and Adams.

Instructor: Mackeown.

Ph. 9 a, b, ¢. Exrecrricar, MeasureMENTs. 4 units (0-8-1); first, sec-
ond and third terms.

Prerequisites: Ph. 1 a, b, ¢, 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

A laboratory course in advanced electrical measurements.

Text: Advanced Electrical Measurements, Smythe and Michels.

Instructors: Smythe, Bollman, Kelch, Walstrom.

UNDERGRADUATE OR GRADUATE SUBJECTS
Ph. 101 a, b, c. Erecrriciry axp MacNeTIsM. 9 units (8-0-6); first,
second and third terms.
Prerequisites: Ph. 5 a, b, ¢; Ma. 8 a, b, ¢, or 10 a, b, c.
A problem course in the mathematical theory of electricity and mag-
netism, intended primarily as a preparation for graduate work in science.
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Ph, 9 a, b, ¢ (Electrical Measurements) should accompany or precede
this course.

Text: Electricity and Magnetism, Jeans.

Instructor: Smythe.

Ph, 103 a, b, ¢. AxavyricaL MecHANIcs. 12 units (4-0-8); first, sec-
ond and third terms.

Prerequisites: Ph. 5 a, b, ¢; Ma. 8 a, b, ¢, or 10 a, b, ¢, reading
knowledge of French.

A study of the fundamental principles of theoretical mechanics; force
and the laws of motion; statics of systems of particles; the principle of
virtual work, potential energy, stable and unstable equilibrium; motion
of particles, systems of particles and rigid bodies; generalized co-
ordinates, Hamilton’s principle and the principle of least action; elemen-
tary hydrodynamics and elasticity.

Text: Dynamics, Webster.

Instructor: Zwicky.

Ph, 105 a, b. Optics. 9 units (8-0-6); first and second terms.

Prerequisites: Ph. 5 a, b, ¢; Ma. 8 a, b, ¢, or 10 a, b, c.

A problem course dealing with the fundamental principles of geomet-
rical optics, of diffraction, interference, the electromagnetic theory of
light, etc.,, and their experimental verification. Ph. 106 a, b (Optics
Laboratory), should accompany this course.

Text: Theory of Optics, Drude.

Instructor: Bowen.

~ Ph. 106 a, b. Optics Laboratory. 3 units (0-8-0); first and second
terms.

Advanced laboratory work in light, consisting of accurate measure-
ments in diffraction, dispersion, interference, polarization, spectropho-
tometry.

Text: Manual of Advanced Optics, Taylor.

Instructors: Bowen and Raitt.

Ph. 107 a, b, ¢. Aromic Pwxvsics. 9 units; first, second and third
terms.

Prerequisites: Ph. 5 a, b, ¢; Ma. 8 a, b, ¢, or 10 a, b, ¢

An outline of the experimental and theoretical basis of modern atomic
physics, which covers electron theory, spectroscopy and nuclear physics.

Instructors: Millikan, Bowen, Anderson.
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Ph. 108. SepecTroscory LaBoraTory. 3 units; second term.

A laboratory course in the measurement and classification of spectral
lines to accompany Ph. 107 b.

Instructor: Bowen.

Ph. 110 a, b. Kiveric Tarory or Marree. 12 units; first and second
terms.

Prerequisite: Ph. 1 a, b, ¢, d; Ma. 2 a, b, ¢, d.

Presents the modern aspects of the kinetic theory of gases, liquids
and solids largely from the experimental point of view, covering in
gases the Clausius equations, Maxwell distribution law, viscosities, spe-
cific heats, mean free paths, molecular magnitudes, high vacuum phenom-
ena, etc.; in liquids, critical states, Brownian movements, diffusion,
osmotic pressure; in solids, the interpretation of specific heats. Some
thermionic and photoelectric problems will also be treated, and an occa-
sional demonstration lecture will be given,

(Not given in 1934-1935.)

Instructor: Goetz.

Ph. 142, ResearcH 1IN Paysics. Units in accordance with the work
accomplished.

GRADUATE SUBJECTS

Ph. 211, TurrmopyNamIcs, 12 units; first term.

Prerequisites: Ph. 1 a, b, c,d,2 a, b, c,d; Ma. 2 a, b, ¢, d.

The two fundamental laws of thermodynamics. Entropy and the
thermodynamical potentials. Equations of reciprocity. Application to
gases, perfect and imperfect, and to dilute solutions. Phase rule and
chemical equilibrium. Nernst’s theorem.

(Not given in 1934-1935.)

Instructor: Epstein,

Ph. 221. PorexntiaL Turory. 15 units; third term.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, c.

An exposition of the properties of the potential functions occurring
in the theories of gravitation, electricity and magnetism, hydrodynamics,
conduction of heat, and the theory of elasticity. Solution of special
problems.

Instructor: Bateman.

Ph. 222, Turory orf EvrLecrricrty axnp MacnNErism. 12 units; first

term.
Prerequisites: Ph. 101 a, b, ¢; Ma. 8 a, b, ¢, 10 a, b, c.
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Electrostatics, magnetostatics, ferromagnetism, electromagnetic field
of stationary currents, electromagnetic induction, phenomena in moving
bodies, Maxwell’s equations, ponderomotive forces of an electromag-
netic field, introduction to the theory of electrons,

Instructor: Epstein.

Ph, 223. Tueory or ErLEcTROMAGNETIC WavEs, 12 units; second term.

Prerequisites: Ph, 101 a, b, ¢; Ma. 8 a, b, ¢, 10 a, b, c.

Mathematical study of Maxwell’s equations, propagation of waves,
absorption and reflection, approximate and rigorous treatment of diffrac-
tion, theory of dispersion, electro- and magneto-optics.

Instructor: Epstein.

Ph. 224. Tiieory or Souxp. 9 units; second term.

Prerequisites: Ph. 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

Vibrations of strings, rods, plates and of the larynx. Resonators,
horns and musical instruments. Theories of hearing. The acoustics of an
auditorium. The propagation of sound. Reflection, refraction and ab-
sorption of sound.

Instructor: Bateman.

Ph. 225. Tureony or Erectrons. 12 units; sccond term.

Prerequisites: Ph. 101 a, b, ¢, 222; Ma. 8 a, b, ¢, 10 a, b, ¢.

Retarded potentials. Radiation of a point charge. Theory of dielec-
trics. Electron theory of dia-, para- and ferro-magnetism. Phenomena
in moving bodies and cxperimental foundations of the theory of relativity.

Instructor: Epstein.

Ph. 226. Hear Rapiarion axp Quaxtum Tueorvy. 12 units; second
term.

Prerequisites: Ph. 101 a, b, ¢, 103 a, b, ¢, 211; Ma. 8 a, b, ¢, 10 a, b, c.

Historical treatment of the development of the mathematical theory
of heat radiation and of the application of the theory of quanta to the
phenomena of specific heats of solid and gaseous bodies, photoelectricity,
photochemistry, chemical constants, etc.

(Not given in 1934-1935.)

Instructor: Epstein.

Ph. 298. MopErN Asrecrs oF tiHE QuaxTum THEory. 12 units; third
term.

Prerequisites: Ph. 103 a, b, ¢, 107 a, b, ¢, 229; Ma. 8 a, b, ¢, 10 a, b, c.

The course is devoted to a review of recent developments in the
quantum theory, especially in the fields of the theory of radiation and
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of the electron theory of metals. The subject matter varies from year
to year.
Instructor: Epstein.

Ph. 229. I~xTroDUCTION TO QUanTUuM MECHANICS. 12 units; third term.

Prerequisites: Ph. 101 a, b, ¢, 103 a, b, ¢, 107 a, b, ¢; Ma. 8 a, b, ¢,
10 a, b, c.

Matrices and tensors. Schroedinger’s partial differential equation.
Dirac’s transformation theory. Applications to the structure of atoms
and theory of spectral lines.

(Not given in 1934-19385.)

Instructor: Epstein.

Ph. 230. Syaristicar. MeEcHaxics. 9 units, third term.

The statistical interpretation of entropy; the methods of Boltzmann,
the H-theorem, the paradoxes and their resolution. Gibbs’ reformulation
of statistical mechanics; ensembles and thermodynamic analogies; appli-
cation to specific problems of the methods of Gibbs and Darwin-Fowler;
the statistics of quantum mechanical systems; configuration space and
hyperquantization; the H-theorem for quantum mechanical systems.

Instructor: Oppenheimer.

Ph. 231 a, b. Nox-RErarivistic Quaxtrm Mecmmanics. 9 units; second
and third terms.

Prerequisites: Ph. 101 a, b, ¢, 107 a, b, ¢; Ma. 9 a, b, ¢, or Ma. 10
a, b, ¢ ¢

An outline of quantum mechanical methods based on Schroedinger’s
equation, with practice in the solution of problems. Applications will be
made to the determination of stationary states, to collision problems, and
to the elementary phases of the interaction of matter and radiation.

Instructor: Houston.

Ph. 234 a, b. Quaxtum Tueory. 9 units (8-0-6); second and third
terms.

Prerequisites: Ph. 101 a, b, ¢, 103 a, b, ¢, 107 a, b, ¢; Ma. 8 a, b, ¢,
10 a, b, c.

This course is designed as an introduction to the quantum mechanics;
and it will follow fairly closely the historical development of the theory.
The following subjects will be treated in detail; the quantization of the
electromagnetic field; the photoelectric effect and the Compton effect;
stationary states and the quantization of the first integrals of dynamical
systems; the Bohr theory of hydrogen-like atoms; the electron spin and
the exclusion principle; the correspondence principle; radiation and dis-
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persion; the transition to matrix mechanics; the transformation theory;
the wave equation and the undulatory properties of matter; the uncer-
tainty principle; applications of the quantum mechanics.

Instructor: Oppenheimer.

Ph. 235. TuE Quantum THEorY oF RaprarioN. 9 units. (8-0-6); first
term.

Prerequisites: Ph. 101 a, b, ¢, 103 a, b, ¢, 107 a, b, ¢c; Ma. 8 a, b, ¢,
10a, b, c.

This course will deal in a systematic. way with the quantum theoret-
ical methods for studying the emission, absorption and scattering of
radiation by matter, and with the properties of the electromagnetic field,
and will give an account of the present state of the theory on which
these methods are based.

Instructor: Oppenheimer.

Ph. 236 a, b, ¢. InTrRODUCTION TO THE THEORY OF RELATIVITY. 6 units;
first, second and third terms.

The special theory of the relativity of motion in free space, with
applications to mechanical and electromagnetic problems. Use of four
dimensional language for expressing the results of relativity. Introduc-
tion to tensor analysis. The general theory of relativity and the theory
of gravitation. Applications to thermodynamics and cosmology.

Text: Relativity, Thermodynamics and Cosmology, Richard C.
Tolman.

Instructor: Tolman,

Ph. 237. Asrropmysics. 6 units (2-0-4); first and second terms.

Prerequisites: The fundamental courses in physies.

Mechanics and thermodynamics of stellar bodies, constitution of stars,
stellar atmospheres and their spectra, evolution of the planetary system
and of stellar systems, time scales, characteristics of extragalactic nebule
and their apparent velocities of recession, evolution of the universe, ete.

(Not given in 1934-1935.)

Instructor: Zwicky.

Ph. 238. Seminar onx Turorericar Pmvysics. 4 units; first, second

and third terms.
Recent developments in theoretical physics for specialists in mathe-
matical physics.
. Instructor: Epstein.

Ph, 239. REesEarcx CONFERENCE ON THE PHysics oF Sorms. 2 units;

three terms.
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This seminar is for graduate students interested in the field of the
solid state and low temperature research.
Instructor: Goetz.

Ph, 240. Semixar oN X-Rapratiow. 4 units; first, second, and third
terms.

Meets once a week for reports and discussions of problems in
X-Radiations. Standard texts on X-rays are followed in the first term
as an outline only; the reports being amplifications and additions to the
material of the text as drawn from the original papers of workers in the
field. During the second and third terms advanced reports are made on
current problems and on fundamental classical work.

Instructor: DuMond.

Ph. 241, Rescarca CoNFERENCES IN Pmysics. 4 units; first, second
and third terms.

Meets twice a week for report and discussion of the work appearing
in the literature and that in progress in the laboratory. Advanced stu-
dents in physics and members of the physics staff take part.

Instructors: Millikan, Bateman, Epstein, Tolman, Watson.

Ph. 242. Researcm 1§y Pmysics. Units in accordance with the work
accomplished.

Ph. 2438 a, b, ¢. SEmiNar ox Rabprarion aAnp NucLEar Prysics. 4 units;
first, second and third terms.

Meets once each week and is intended primarily for the men working
in the radiation laboratory. The problems in progress in the radiation
laboratory are discussed and current literature relating to these prob-
lems are presented.

Text: Radiation from Radioactive Substances, Rutherford, Chadwick
and Ellis.

Instructor: Lauritsen.

Ph. 244. Semixzar oN MEeTars. 2 units; three terms. Designed for
graduate students in engineering and science. Questions on the border of
physics, chemistry, and metallurgy are discussed.

Instructors: Goetz, Clapp, von Karman.

AsTRONOMY AND PHYsIcs CLus.

The club, consisting of physicists of the Institute and of the Mount
Wilson Observatory, meets every week either at the Institute or the
Observatory Laboratory for the discussion of researches carried on by
its members as well as those appearing in the physical journals,
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MATHEMATICS

Proressors: Harry Batemax, Eric T, BeLr, Harry C. Vax Buskirk
AssociaTE Proressors: ARisToTiE D. MicHar, Luruer E. WEar
AssisTaNT Prorressors: WirLiaxr N. Birciisy, Moreax Warp

UNDERGRADUATE SUBJECTS

Note: Students intending to take the mathematics option must indi-
cate their choice by the end of the second term of their sophomore year.

Ma. 1 a, b, ¢. Fresumaxy Maruemarics. 12 units (4-0-8); first, sec-
ond and third terms.

Including the fundamentals of analytical geometry, certain topics in
college algebra, and some of the principles of the differential and inte-
gral calculus.

Texts: Elementary Calculus, Revised Edition, Woods and Bailcy;
Analytical Geometry, Revised Edition, Harding and Mullins.

Ma. 2 a, b, ¢. Sormomore MarHEMATICS. 12 units (4-0-8); first and
second terms; 8§ units third term.

Prerequisite: Ma. 1 a, b, c.

Includes additional topics in analytical geometry, and completes the
usual subjects of the calculus, begun in the freshman year.

Texts: Analytical Geometry, Revised Edition, Harding and Mullins;
Elementary Calculus, Revised Edition, Woods and Bailey; Differential
Equations, 3rd Edition, Phillips.

Ma. 2 d. MarHEMmATIcs REVIEW. 4 units (4-0-8).

A comprehensive review of freshman and sophomore mathematics
during the last three weeks of the sophomore year.

Courses Ma. 1 a, b, ¢, and 2 a, b, ¢, d, form a continuous two-year
course in analytical geometry, college algebra, and the differential and
integral calculus.

Ma. 3. Trrory or EquaTions, 10 units (3-0-7); third term.

Includes the elementary theorems in the roots of an equation, solu-
tion of numerical equations, determinants, symmetric functions, re-
sultants and discriminants,

Instructor: Wear.

Ma. 4 a, b. Axaryric Geomerry. 10 units (8-0-7) ; second and third
terms.
Prercquisites: Ma. 1 and 2.
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Aims to acquaint the student majoring in mathematics with the basic
ideas and methods of Higher Geometry. Subjects treated include: Homo-
geneous coordinates, line coordinates, cross-ratio, projective coordinates,
point curves and line curves, projective and metric properties of conies,
correlations.

Text: Graustein, Higher Geometry.

Instructor: Birchby.

Ma. 8 a, b, ¢. Apvaxcep Carcuvrus. 9 or 12 units (3-0-G or 4-0-8);
first, second and third terms,

Prerequisites: Ma. 1 a, b, ¢, 2 a, b, ¢, d.

Planned to extend the knowledge gained from the previous studies in
calculus and analytic geometry and to lay a better foundation for ad-
vanced work in mathematics and science.

Text: Advanced Calculus, Woods.

Instructor: Birchby.

Ma. 10 a, b, ¢. DrrrereEntiaL Equations. 9 units (8-0-6); first, see-
ond and third terms.

Prerequisite: Ma. 2 a, b, ¢, d.

An introductory course in differential equations, designed to be help-
ful both to the student of mathematics and the student of science or
engineering.

Text: Differential Equations, Ford.

Instructor: Wear.

Ma. 11. Dirrerentiat Fquatrons. 9 units (3-0-6); first or third
terms.

Prerequisite: Ma. 2 a, b, ¢, d.

An abridged course in Differential Equations for students in Elec-
trical Engineering.

Text: Differential Equations, 3rd Edition, Phillips.

Instructor: Taylor.

Ma. 12. PropapiLity aNp LEasT Squares. 6 units (2-0-4); first term.

Prerequisites: Ma. 1 a, b, ¢, 2 a, b, ¢, d.

A study of the fundamental principles of probability and their appli-
cation to statistical data, adjustment of observations, and precision of
measurements.

Text: Theory of Errors and Least Squares, Bartlett.



158 CALIFORNIA INSTITUTE OF TECHNOLOGY

Ma. 14. VEcror Anarysis. 12 units (4-0-8); third term.

Prerequisites: Ma. 2 a, b, ¢, d.

Elementary vector operations (addition, multiplication) and their
application to problems of geometry and physics are treated.

Instructors: Klein, Van Buskirk.

Ma. 15 a, b, c. Hicaer MaTmEMATICS FOR ENGINEERS AND PHysicists.
9 units; first, second, and third terms.

Prerequisites: Ma. 1, Ma. 2.

An alternative course to Ma. 8, Advanced Calculus, covering about
the same range of subjects. Intended primarily for Engineers and
Applied Physicists who do not expect to use advanced theorg,———-

Text: Sokolnikoff, Higher Mathematics for Engineers and Physicists.

Instructor: Birchby.

UNDERGRADUATE OR GRADUATE SUBJECTS

Nore: Those of the following courses for which there is a demand
will be given periodically.

Ma. 101 a, b, ¢. MopERN ALGEBRA. 6 or 9 units; first, second and
third terms.
Prerequisite: Ma. 8, reading knowledge of German.

Instructor: Bell

Ma. 102 a, b, ¢. InTRODUCTION TO HIicmer GeomETRY. 9 units; first,
second and third terms.

Prerequisites: Ma. 1 a, b, ¢, 2 a, b, ¢, d, 4 a, b.

A course in the modern methods of analytic geometry.

Nore: If all three terms are not included in the undergraduate
course, graduate students in mathematics must complete this subject in
the fifth year.

Instructor: Wear.

Ma. 104, ArnieNMENT CHARTS AND MATHEMATICAL INSTRUMENTS. 6
units; one term.

Prerequisites: Ma. 1 a, b,c,2 a, b, ¢, d.

Methods of constructing alignment charts and other types of charts
for facilitating computation. Use of the planimeter and integraph.
Calculating machines and machines for drawing curves.

Texts: Brodetsky, Nomography; Horsburgh, Modern Instruments of
Calculation,

(Not offered in 1934-1935.)
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Ma. 106 a, b, ¢. IxTRODUCTION TO THEORY OF Fuxcrions or REear
Variasres. 5 units; first, second, and third terms. Required for gradua-
tion (B.S.) in mathematics.

Postulational treatment of real number system, descriptive properties
of point sets, continuous and discontinuance functions, derivatives and
differentials. Riemann integration, functions of several real variables,
implicit functions.

Instructors: Michal, Ward.

Ma. 107. ConrormAr REPRESENTATION. 9 units (8-0-6), second term.

Prerequisites: Ma. 8, 10.

Riemann’s problem, work of Schwarz and Christoffel. Applications
to physical problems. Associated variation problems.

(Not given in 1934-1935.)

Instructor: Ward.

Ma. 109 a, b, ¢. INTRODUCTION TO MATHEMATICAL ANALYss. 9 units;
first, second and third terms.

Prerequisites: Ma. 8, 10.

Primarily for experimental physicists and engineers.

Instructor: Bell.

Ma. 110 a, b, ¢. InTRODUCTION TO THEORY OF NUMBERS. 6 units; first,
second, and third terms.

Prerequisite (third term): Reading knowledge of German.

This course will cover selected topics in elementary number theory.

Texts: Dickson’s Introduction to Theory of Numbers; Landau’s
Vorlesungen.

(Not given in 1934-1935.)

Instructor: Ward.

Ma. 111. EremenTary Trrory or Texsors. 9 units.

Prerequisites: Ma. 8, 10,

Fundamental properties of tensors, differential forms, covariant dif-
ferentiation, geodesic coordinates, Riemannian differential geometries.

Instructor: Michal.

Ma. 113 a, b, e. GromeTrY. 12 units; first, second, and third terms.

Prerequisite: Ma. 2 a, b, ¢, d.

Algebraic geometry; projective geometry; differential geometry;
tensor analysis and its applications to numerous geometrical problems;
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non-Euclidean geometry; Riemannian differential geometry; geometry of
dynamics; hyperspace; elementary group theory and its geometrical
applications.

Texts: McConnell, Applications of the Absolute Differential Calculus;
Eisenhart, Riemannian Geometry; collateral reading.

Instructor: Michal.

GRADUATE SUBJECTS

Noie: For all courses numbered above 200, except 20la, a reading
knowledge of French and German is required.

Ma. 201 a, b, ¢. MopErRN Axarysis. 15 units; first, second, and third
terms.

Prerequisites: Ma. 8, 10.

Theory of convergence, integration and residues, expansions of func-
tions in infinite series, asymptotic and divergent series. Fourier series.
Differential equations and function theory, integral equations, the gamma
function and the zeta function, the hypergeometric function and related
functions of mathematical physics, elliptic functions, ellipsoidal
harmonics.

Nore: The first term will satisfy the requirement in Complex Vari-
able for those taking a minor in mathematics.

Instructor: Bateman.

Ma. 202 a, b, ¢. MobeErx TuEOrRY oF DirreErentiaL Equarions. 12
units; first, second, and third terms.

Prerequisites: Ma. 10, 107, and reading knowledge of German,

Expansion of functions in series, asymptotic expansions. Linear dif-
ferential equations in complex domain. Elementary methods of inte-
gration. General theory of linear differential equations and their
solution by definite integrals and contour integrals. Classification of
linear differential equations of the second order.

(Not given in 1934-1935.)

Instructor: Ward.

Ma. 204 a, b, ¢. GEOMETRICAL TRANSFORMATIONS AND INVARIaNTS. 15
units; first, second, and third terms.

Prerequisite: Graduate standing.

Linear and bilinear transformations of one variable. Simple alge-



MATHEMATICS 161

braic invariants. General theory of linear transformations and their
invariants. Conformal transformations. Birational transformations.
Contact transformations.

Instructor: Bateman,

Ma, 205 a, b, ¢. Tueory or Fuxcrioxs. 15 units; first, second and
third terms.

Theory of convergence and infinite processes, properties of continuous
and discontinuous functions, functions of limited variation, selected top-
ics on analytic functions, point sets, measure of point sets, Stieltje’s
integrals, Lebesgue integrals, Fourier series and integrals, orthogonal
functions, convergence in the mean, geometry of Hilbert space.

Text: Titchmarsh, The Theory of Functions.

Instructor: Michal.

Ma. 209 a, b, ¢. FuxcrioNaLs anp Fuxncrional Equarions. 15 units;
first, second, and third terms.

Prerequisite: Graduate standing in Mathematics, including a course
in Analysis.

Functional operations; permutable functions, functions of composi-
tion; integral equations, integro-differential equations; differentials of
functionals, functional equations with functional derivatives; infinite
matrices; Stieltje’s and Lebesgue integrals; abstract spaces,

Instructor: Michal.

Ma. 251 a. Seminar (I) 1x ArceBra axp THE THiory oF NUMBERS.
9 units, third term.
Prerequisite: Graduate standing.

Ma. 251 b. Tureory or Awvcenrarc Numspers. 9 units; third term.
Alternates with Ma. 251a.

Prerequisite: Graduate standing. (A course in elliptic functions de-
sirable.)

Instructor: Bell.

Ma. 251 ¢, d. Maruemaricar Locic, 15 units; first and second terms.
Instructor: Bell.

Ma. 252 a, b, c. SEminar 1x ConTiNvuous Groups. 9 units; first,
second, and third terms.

Prerequisite: Graduate standing in Mathematics.



162 CALIFORNIA INSTITUTE OF TECHNOLOGY

Lie’s theory of r-parameter groups; differential geometry of the
group manifold. Groups of functional transformations; invariant func-
tionals; differential geometries of function spaces,

Instructor: Michal.

Ma. 254 a, b, ¢. Seminar 1x MoveErNy THEORIES OF INTEGRATION.
6 units; first, second and third terms.

Prerequisite: Graduate standing in Mathematics, including a course
in Funection Theory.

Stieltjes and Lebesgue integrals with applications to the algebra and
geometry of functionals.

Instructor: Michal.

Ma. 255 a, b, . MeETHODS OF MATHEMATICAL PHysics, 15 units; first,
second and third terms.

Prerequisites: Ma. 8, 10.

Integral equations in which the kernel is a Green’s function, Fourier
series and integrals, Sturm-Liouville functions. Methods of Volterra,
Fredholm and Hilbert for dealing with integral equations, Laplace’s
type of equation and the Heaviside calculus, calculus of variations, mat-
rices and bilinear forms. Partial differential equations and the related
simple solutions. Expansions in series of orthogonal functions.

Instructor: Bateman or Ward.

Ma. 256 a, b, ¢. MopErx DirrEReNTIAL GEOMETRY. 9 units; first, sec-
ond, and third terms.

Prerequisite: Graduate standing.

Riemannian and Non-Riemannian geometries. Theory of parallel
displacement of tensors. Affine differential geometry. Projective differ-
ential geometry. Continuous groups and their applications to geometry.
Contemporary researches in differential geometry.

Instructor: Michal.

Ma. 257 a, b, ¢. SEmizar 1IN AssTRACT Spaces. 6 units; first, second
and third terms.

Prerequisite: Graduate standing.

Metric spaces, linear vector spaces; abstract polynomials; general
function theories; analysis and geometry in abstract spaces; connections
with abstract algebra and the theory of functionals; analysis of selected
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papers of Frechet, Riesz and Banach; contemporary researches; applica-
tions to mathematical problems in modern theoretical physics.

Instructor: Michal.

Ma. 258 a, b, ¢. Parriar DirrerexTiarL EQuaTioNs oF MATHEMATICAL
Prysics, 12 units; first, second and third terms.

Prerequisites: Ma. 8, 10,

[llustration of general methods by consideration of ordinary linear
equations. The simple wave-equation, the potential equation. Applica-
tions of the integral theorems of Stokes and Green. Reduction to varia-
tion problems and the solution of such problems by direct methods. Use
of difference equations to obtain approximate solutions. Use of simple
solulions expressed as products. Properties of the special funetions intro-
duced in this way. Solution of initial and boundary problems by various
methods.

Instructor: Bateman.



164 CALIFORNIA INSTITUTE OF TECHNOLOGY

ELECTRICAL ENGINEERING

Proressor: RovarL W. SoreNsEX
Associate Proressor: S. STuarT MacxEowxN
AssisSTANT Proressors: FrevErick C. Liwpvarr, Fraxcis W. Maxsrapy

UNDERGRADUATE SUBJECTS

EE. 2. Dmecr Corrents. 9 units (8-0-6); second term.

Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d.

Theory and practice of direct current motors and generators. Funda-
mental to courses in operation and design of electrical apparatus.
Numerous problems are solved.

Text: Principles of Direct Current Machines, Langsdorf.

Instructors: Maxstadt, Hobson.

EE. 3. Dmecr Currext LasoraTory. 6 units (0-3-3); second term.

Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d; and registration for
EE. 2.

Uses of measuring instruments, operation of direct current motors
and generators, and determination of their characteristics.

Text: L.aboratory notes.

Instructors: Maxstadt, Browne, Hawley, Pierce, Widess.

EE. 4. Avrervarine CurreNts. 9 units (8-0-6) ; third term.

Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d; EE. 2.

Elementary study of alternating currents by analytical and graphical
methods; alternating current machinery., The effect of inductance,
capacitance, and resistance loads. Numerous problems are worked
dealing with reactive circuits; resonance; coils in series and multiple;
single and polyphase alternators; single and polyphase systems; syn-
chronous motors; transformers; induction and single phase motors.

Text: Alternating Currents, Magnusson.

Instructors: Maxstadt, Hobson.

EE. 5. AvtervatiNg CurreNT LaBorartory. 6 units (0-3-3); third
term.

Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d; EE. 2, 8, and regis-
tration for EE. 4.
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Uses of alternating current indicating instruments and oscillograph
operation of alternators, induction and synchronous motors and trans-
formers; determination of characteristics of these machines.

Text: Laboratory Notes.

Instructors: Maxstadt, McRae, Pierce, Widess.

EE. 6 a, b. Eircrricarn Macuixery. 6 units (2-0-14) sccond term;
9 units (3-0-6) third term.

Prerequisites: EL. 2, 3, 4, and 5.

Further study of direct current and alternating current machinery
with particular emphasis on commutation, the rotary converter, the
synchronous motor and the induction motor; short transmission lines;
short circuit currents; protective devices.

Texts: Principles of Direct Current Machines, Langsdorf; Alternat-
ing Currents, Magnusson; Problems in Electrical Engineering, L.yon.

Instructor: Lindvall.

EE. 7. ExectricaL LABoRATORY. 9 units (0-3-6); third term.

Prerequisites: EE. 2, 3, 4, 5, 6; Ph. 7.

A continuation of EE. 3 and 5. FEfficiency tests of direct and alter-
nating current machinery, operation of generators in parallel, investiga-
tion of magnetic distribution in direct current machines. Graphic
analysis of alternator performance; complete tests of transformers.

Text: Laboratory Notes.

Instructors: Maxstadt, Ramo.

EE. 8. Dmecr Currents. 7 units (8-0-4); first term.

Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d.

An abridged course in direct currents and direet current machinery
designed to acquaint in an objective manner students not majoring in
electrical engineering with electrical theory through its practical appli-
cations to circuits and machines.

Text: Principles of Electrical Engineering, Blalock.

Instructors: Maxstadt, Browne, Ramo.

EE. 9. Dm:ecr Currext Lanorarory. 5 units (0-3-2); first term.

An abridged course for other than Electrical Engineering students.
Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d; registration for EE. 8.
Text: Laboratory notes.

Instructors: Maxstadt, McRae, Pierce, Widess.
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EE. 10. Avterxatixe Currexts. 7 units (8-0-4); second or third
term.

Prerequisites: EE. 8 and 9.

An abridged course in alternating currents and alternating current
machinery similar to EE. 8.

Text: Principles of Electrical Engineering, Blalock.

Instructors: Maxstadt, Browne, McRae.

EE. 11. ArreryaTinGg CurrEntT LaBorRATORY. 5 units (0-3-2); second
or third term.

Prerequisites: EE. 8 and 9 and registration for EE. 10.

An abridged course for science students.

Text: Laboratory notes.

Instructors: Maxstadt, Hobson, Pierce, Widess.

EE. 12. Eiecrric Circurrs. 12 units (83-0-9); first term.

Prerequisites: EE. 2, 3, 4, 5.

A course of study involving the calculation by the symbolic or com-
plex method of voltage, current, and power in electrical circuits.

Text: Alternating Current Circuits, Weinbach.

Instructors: Sorcnsen, Hobson.

EE. 70 a, b, c. Excixeerine CoNFERENCE. 2 units (1-0-1); first, sec-
ond and third terms.

Prerequisites: EE. 2, 8, 4, &5

Presentation and discussion of new developments in the industry.
Review of current literature.

Instructors: Sorensen, Lindvall, Mackeown, Maxstadt.

FIFTH-YEAR SUBJECTS

EE. 120. Avrtervaring CURRENT ANarysis, 12 units (5-0-7); first
term.

Prerequisites: EE. 7 and preceding courses.

Advanced study of magnetic and electric circuits. Solution of prob-
lems involving the symbolic method and complex notation; symmetrical
components; analysis of electromotive force and current, nonsinusoidal
wave forms; analysis of oscillograms.

Texts: Alternating Current Phenomena, Steinmetz; Problems in
Flectrical Engineering, Lyon.

Instructors: Sorensen, Widess.
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EE. 121 a, b, c. ArtEr~xAaTING CURRENT LABORATORY. 6 units (0-3-3);
first, second and third terms.

Prerequisites: EE. 7 and preceding courses.

Complete tests of the induction motor; the operation of transformers
in parallel; study of polyphase connections; rotary converter tests;
photometric measurements; use of the oscillograph; testing of magnetic
materials; calibration of watt-hour meters and other instruments,

Text: Advanced Laboratory Notes.

Instructor: Hawley.

EE. 122. Apvaxcep ALTERNATING CURRENT MAcHINERY. 12 units;
(5-0-7) ; second term.,

Prerequisites: EE. 120 and preceding courses.

An advanced study of the alternator, the induction motor and the
stationary transformer, with particular emphasis on problems involving
polyphase polarity, together with single and polyphase multiple circuit.

Texts: Principles of Alternating Current Machinery, Lawrence;
Problems in Alternating Current Machinery, Lyon.

Instructor: Sorensen.

EE. 128. Erecrric TracrioN. 6 units (2-0-4); second term.

Prerequisites: EE. 2, 4, 6.

The electric railway, traffic studies and schedules, selection of equip-
ment in rolling stock, location and equipment of sub-stations, comparison
of systems and power requirements for operation of electric cars and
trams.

Text: Railway Engineering, Harding.

Instructor: Maxstadt.

EE. 130. Eircrric Licarine axp Power DistrisurroN. 6 units
(2-0-4) ; third term.

Prerequisites: EE. 2, 4, 6.

Electric distribution and wiring; calculation of simple alternating
current circuits; installation and operation costs and selling price of
electric power.

Text: Electrical Distribution Engineering, Seelye.

Instructor: Maxstadt.

EE. 144. Travsmission Lixes. 12 units (4-0-8); third term.
Prerequisites: ER. 122 and preceding courses.
Determination of economic voltage for transmission lines; line pro-
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tection; elementary transient phenomena; corona; use of hyperbolic
functions in line calculations.
Instructor: Lindvall.

EE. 148. Sreciricatioxs anp Desioy or Erecrrican MacuiNery. 6
‘units (4-0-2); first term,

Prerequisites: EE. 7 and preceding courses.

Preparation of specifications and design calculations for alternating
and direct current machinery.

Text: Electrical Machine Design, Gray.

Instructor: Sorensen.

EE. 152. Dierecirics. 6 units (2-0-4); third term.

Prerequisites: EE. 122 and preceding courses.

A study of electric fields in insulations, particularly air, and the
effects on sparking voltage of the sparking distance, atmospheric pres-
sure and humidity; corona phenomena; high frequency voltages; char-
acteristics of commercial insulations.

Text: Dielectric Phenomena in High Voltage Engineering, Peek.

Instructors: Sorensen, Hobson.

EE. 156. ErectricaL CoMMUNICATION. § units (2-0-4); first term.

Prerequisites: EE. 2, 8, 4, 5.

A study of modern means of communication with special emphasis on
recent developments.

Instructor: Mackeown.

EE. 160. Eiecrric TransiENts. 6 units (2-0-4); second term.

Prerequisites: EE. 120 and preceding courses.

A detailed study of circuits, including advanced work in wave propa-
gation and transient phenomena in electric conductors; with special
emphasis on the use of differential equations for solving circuit problems.

Instructor: Mackeown.

EE. 162. Vacvum Tuses. 12 units (4-0-8); third term.

Prerequisites: EE. 6 and preceding courses.

Fundamental theory, and uses as detectors, amplifiers, and oscillators.
Special uses of vacuum tubes in both radio and line communication.

Instructor: Mackeown,

EE. 163. Rapro. 9 units (3-0-6); first term.

Elementary course dealing with fundamentals of Radio Transmission.
Text: Radio Engineering, Terman.

Instructor: Mackeown.
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ADVANCED SUBJECTS

EE. 200. Apvaxcen Work 1x ELEcTRICAL ENGINEERING.

Special problems relating to electrical engineering will be arranged
to meet the needs of students wishing to do advanced work in the field
of electricity. The Institute is equipped to an unusual degree for the
following lines of work: Theory of Electrical Machine Design, Electric
Transients, and High Voltage Engineering Problems, under the direc-
tion of Professors R. W. Sorensen and F. C. Lindvall; Electrical Engi-
neering Problems using vacuum tubes under the direction of Professor
S. S. Mackeown; Electrical Engineering Problems relating to the distri-
bution and uses of electric power for lighting and industrial uses under
the direction of Dr. F. W. Maxstadt.

EE. 220. Researcu SemiNar 1N ErecrricaL ENGINEERING. 2 units
required; additional units based on work done. First, second, and third
terms.

Meets once a week for discussion of work appearing in the literature
and in progress at the Institute. All advanced students in Electrical
Engineering and members of the Electrical Engineering staff are
expected to take part.

Instructors: Sorensen, Mackeown, Maxstadt, and Lindvall.

EE. 221. TraxsmrssioN LiNe Prosrems. 15 units.

A study of transmission line transient problems, inductive interfer-
ence, power limit analysis, ete.

Instructor: Sorensen.

EE. 223 a, b. Ezecrric Srrexcrir or Dierecrrics. 15 units; second
and third terms.

A study of the effect of high potentials applied to dielectrics.

Text: Theory of Dielectrics, Schwagen-Sorensen.

Instructors: Sorensen, Hobson.

EE. 224 a, b, c. Vacuum Tuse axp Rapvio Frequency Circurrs.
Units to be based on work done; first, second and third terms.

A study of the literature on vacuum tube circuits. Experimental
work with oscillators, transmitters, and receivers.

Instructor: Mackeown.

EE. 225, Privcirres or Erecrrican Desiex. 15 units; first term.

A discussion and calculation course in the analysis of the principles
and methods used in the design of electrical machinery.

Instructors: Sorensen, Maxstadt.
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EE. 226 a, b, ¢. ENGINEERING MaTHEMATICAL PmHysics. 15 units
(8-0-12) ; first, second, and third terms.

Prerequisites: BS. in Engineering, Electrical Engineering Option,
EE. 20, 21 a, b, ¢, 22, 60.

This course is designed to develop the correlation of mathematics and
physies with problems in engineering design and application. The follow-
ing subjects will be treated in detail: mechanical vibrations, oscillations
in electro-mechanical systems, short circuit forces, power system tran-
sients, electric motors applied to variable or pulsating loads, heat
transfer and transient heat flow. The principle of constant flux linkage
in electrical transient analysis; solution of mechanical problems by elec-
trical methods; application of Heaviside operational calculus to mechan-
ical and thermal problems.

Instructor: Lindvall.

EE. 227. OreraTionaL Cikcurr ANarysis. 6 units (2-0-4); third term.

An introduction to the solution of circuit problems by the operational
method.

Instructor: Mackeown.

EE. 228. CoxpucrioNn or Erecrricrry 1x Gases, units to be arranged.
Given first, second, and third terms in alternate years.
Selected topics in glow arcs and spark discharges.

Instructor: Mackeown.



DIVISION OF
CHEMISTRY AND CHEMICAL ENGINEERING

CHEMISTRY

Proressors: ArtHur A, Noves, Stvart J. Bates, James E. Bern, WL~
riaM N, Lacey, Lixus C. Pavrine, Ricaarn C. Torman

Associate Proressors: Roscor G. Dickixsow, Howarp J. Lucas

Researcu Associate: Josepu B. Koeprir

AssistanTt Proressors: RicxHarp McLEaN Bapncer, Arvorp O. Beckman,
Erxest H. Swirr, Dox M. Yost

UNDERGRADUATE SUBJECTS

Ch, 1 a, b, ¢. CrHEmisTRY. 12 units (8-6-3); first, second, and third
terms.

Lectures, recitations and laboratory practice. The class and labora-
tory work in the first term deals with volumetric analysis, solubility
effects, the ionic theory, and equilibria in solutions, and in the second
term with qualitative analysis; and in the third term the laboratory work
consists of selected inorganic preparations and the lectures and class-
room exercises of a survey of deseriptive inorganic chemistry.

Texts: Noyes, Chemistry of Solutions; A. A. Noyes, Qualitative
Analysis; Holmes, Chemistry.

Instructors: Bell, Beckman, and Teaching Fellows.

Ch. 6. ExcineeriNg CHEmIsTRY. 11 units (4-0-7); third term.

Prerequisite: Ch. 1 a, b, c.

Conferences, lectures, and problems, dealing with the application of
chemical principles to engineering problems and the relations of engi-
neering to the chemical industries.

Text: Leighou, Chemistry of Engineering Materials.

Instructor: Lacey.

Ch. 12 a, b. AxaryricaL CueEmistry. 10 units (2-6-2); first and sec-
ond terms.

Prerequisite: Ch. 1 c.

Laboratory practice in the methods of gravimetric and volumetric,
and advanced qualitative analysis, supplemented by lectures and prob-
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lems in which the principles involved in the laboratory work are em-
phasized.

Text: Willard-Furman, Quantitative Analysis.

Instructor: Swift.

Ch. 12 c. Axavyricar CHEmIsTRY axp Cuemistey Review, 10 units
(2-6-2), third term.

Prerequisite: Ch. 12 b.

A study of special methods of chemical analysis, including electro-
metric methods and analyses of selected alloys and minerals. Students
are assigned individual problems for investigation. The class exercises
are devoted to a discussion and review of the general principles of
analytical and inorganic chemistry. The examination in this subject
covers the chemistry work of the whole sophomore year. To be admitted
in the junior year to the Option in Chemistry or in Applied Chemistry
students must pass this subject satisfactorily.

Instructor: Swift.

Ch. 13 a, b. Ixoreanic Cuemistry. 4 units (2-0-2); third and first
terms.

Prerequisite: Ch. 12 b, 21 a, b.

The chemical and physical properties of the elements are discussed
with reference to the periodic system and from the view-points of
atomic structure and radiation-effects. Such topics as coordination com-
pounds, the liquid ammonia system, the compounds of nitrogen, the
halides, and selected groups of metals are taken up in some detail. The
class work is supplemented by problems which require a study of cur-
rent literature.

Instructor: Yost.

Ch. 14 a, b, c¢. Inoreanic CHEmIsTRY LaBorarory. 8 units (0-8-0),
third term; 5 units (0-5-0), first term; 8 units (0-8-0), sccond term.

Prerequisite: Ch. 12 ¢, 21 a, b.

This subject consists of laboratory work upon selected research prob-
lems in inorganic chemistry, often in relation to the rarer elements.

Instructors: Swift, Yost.

Ch. 16. INSTRUMENTAL ANaLysis. 8 units (0-6-2); first term.
Prerequisite: Ch. 12 c.
Laboratory practice designed to familiarize the student with special
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analytical apparatus and methods, used both for process control and for
research.
Text: Lacey, Instrumental Methods of Chemical Analysis.

Instructor: Lacey.

Ch. 21 a, b, . Cuemicar Prixcieres. 10 units (4-0-6); first, sec-
ond and third terms.

Prerequisites: Ch. 12 b; Ph. 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

Conferences and recitations dealing with the general principles of
chemistry from an exact, quantitative standpoint, and including studies
on the elements of thermodynamics; the pressure-volume relations of
gases; on vapor-pressure, boiling point, freezing point, and osmotic pres-
sure of solutions; on the molecular and ionic theories; on electrical
transference and conduction; on chemical and phase equilibria; on
thermochemistry, and the elements of thermodynamic chemistry and of
electrochemistry. A large number of problems are assigned to be solved
by the student.

Text: Noyes and Sherrill, Chemical Principles.

Instructors: Bates, Dickinson.

Ch. 22 a, b. Tuermopy~Namic Cresstry. 6 units (2-0-4); first and
second terms.

A continuation of subject Ch. 21, given in much-the same way. The
topics considered include reaction rate and a further study of electro-
chemistry and thermodynamic chemistry. Practice is given in the com-
putation of free energies, activities and entropies of typical substances.

Text: Noyes and Sherrill, Chemical Principles, and mimeographs.

Instructor: Bates.

Ch. 238 a, b. Cuemicar Prizcreres. 10 units (4-0-6); second and third
terms.

Prerequisite: Ch. 21 a.

A selection of topics from Ch. 21 b, ¢, and from Ch. 22 a, b. This is
a continuation of Ch. 21 a, adapted to the needs of Science Course stu-
dents in the Physics, Geology, and Biology Options.

Text: Noyes and Sherrill, Chemical Principles, and mimeographs.

Instructor: Dickinson.

Ch. 26 a, b. Pmysicar CuEmisiRy Lanorartory. 8 units (0-6-2) or 4
units (0-3-1) second term; and 4 units (0-3-1) third term.
Laboratory exercises to accompany Ch. 21.
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Text: Sherrill, Laboratory Experiments on Physico-Chemical Prin-
ciples.
Instructor: Bates.

Ch. 29. Corromp axp Sumrace CHEmisTRY. 8 units (3-0-5); third
term,

Prerequisite: Ch. 22.

Class-room exercises with outside reading and problems, devoted to
the properties of surfaces, adsorption, contact catalysis, and the general
principles relating to disperse systems with particular reference to the
colloidal state. Supplementary laboratory work can be provided if
desired.

Text: Kruyt, Colloids, and mimeographed notes.

Instructor: Badger.

Ch. 41 a, b, ¢. Orcanic CueEmistry. 8 units (8-0-5), first and sec-
ond terms; 6 units (2-0-4), third term.

Prerequisite: Ch. 12 e.

Lectures and recitations treating of the classification of carbon com-
pounds, the development of the fundamental theories, and the charac-
teristic properties of the principal classes including hydrocarbons, alkyl
halides, alcohols, acids, ethers, esters, amines, carbohydrates, aromatics.

Text: Lucas, Mimeographed Notes.

Instructor: Lucas.

Ch. 43. Orcaxic CHEMmIsTRY. 10 units (2-6-2); third term.

Prerequisites: Ch. 1 a, b, c. '

Lectures and recitations, accompanied by laboratory exercises, deal-
ing with the synthesis and the physical and chemical properties of the
more important compounds of carbon.

Texts: Outlines in Organic Chemistry, Moore and Hall; Laboratory
Experiments in Organic Chemistry, Adams and Johnson.

Instructor: Wheland.

Ch. 46 a, b. Oreaxic CHEMISTRY LanoraTory., 9 units (0-9-0) or 12
units (0-12-0), first term; 6 units (0-6-0) or 9 units (0-9-0), second term.

Prerequisite: Ch. 12.

Laboratory exercises to accompany Ch. 41, a, b. The preparation
and purification of carbon compounds and the study of their charac-
teristic properties. Qualified students may pursue research work.

Text: Lucas, Mimeographed Notes.

Instructor: Lucas.
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Ch. 61 a, b, ¢. InpustRiaAL CHEMISTRY. 6 units (2-0-4) first and third
terms; 4 units (2-0-2) second term.

Prerequisites: Ch. 21, a, b.

A study of the more important industrial chemical processes, from
the point of view not only of the chemical reactions, but of the condi-
tions and equipment necessary to carry on these reactions.

Text: Read, Industrial Chemistry.

Instructor: Lacey.

Ch. 63 a, b. Cumemrcar. Excineerine THERMoDYNAmICS. 6 units
(2-0-4) ; second and third terms.

Prerequisite: Ch. 21 a.

Class exercises and problems in engineering thermodynamics studied
from the point of view of the chemical engineer.

Text: Goodenough, Principles of Thermodynamics.

Instructor: Lacey.

Ch. 70-78. Cmemicar REsearch.

Opportunities for research are afforded to undergraduate students
in all the main branches in chemistry; thus, in analytical or inorganic
chemistry (Ch. 70), in physical chemistry (Ch. 71), in organic chemistry
(Ch. 72), and in applied chemistry (Ch. 73). Such research may be
taken as electives by students in honor standing in the sophomore and
junior years; and every candidate for a degree in the Chemistry course
is required to undertake in his senior year an experimental investigation
of a problem in chemistry. A thesis embodying the results and conclu-
sions of this investigation must be submitted to the faculty not later
than one week before the degree is to be conferred.

FIFTH-YEAR AND ADVANCED SUBJECTS

Ch. 151 a, b, . CrEMIcAL PrivcipLEs, Apvancep (Seminar). 8 units
(2-0-6), first, second, and third terms.

This subject is given in the form of a seminar, meeting twice a week.
It is arranged especially for graduate students coming to the Institute
from other colleges as an aid to them in preparing for candidacy for the
Ph.D. degree in chemistry as a major, or in meeting the requirements
for a minor in chemistry for Ph.D. students majoring in other sciences
or for an M.S. degree in chemistry itself. The subject consists of a study
and discussion, in a way more fundamental than is usual in undergrad-
uate courses in physical chemistry, of the basic laws and theories of that
subject. The work consists largely in outside study of the newly printed
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parts of the revised edition of Noyes and Sherrill’s “Chemical Principles”
relating mainly to general thermodynamics, kinetic theory, and the
molecular and ionic theories of solution, and of the mimeographed notes
prepared on the rates of chemical reaction, and the free energy and
entropy of substances. Atomie structure in some of its important chem-
ical relations is also studied. Examinations are held at the middle and
at the end of the year (about Feb. 15 and June 1); and students who
pass these examinations satisfactorily are considered to have satisfied the
requirements in physical chemistry for candidacy for the Ph.D. degree
in chemistry.

Students for the Ph.D. degree majoring in chemistry who do not
attend this seminar (because they have already had correspondingly
thorough courses in the subject) may take these examinations for admis-
sion to Ph.D. candidacy; and such students are expected to do so pro-
vided they are applicants for fellowships or graduate scholarships during
the following school year.

Instructor: Dickinson.

Ch. 152. Svurrace axp Corrorp CHEMisTRY. 8 units; third term.

Lectures and classroom discussions with outside reading and problems,
devoted to the general principles relating to surface-tension, adsorption
and the general properties of surfaces, and to disperse systems and the
colloidal state.

Text: Mimeographed Notes.

Instructor: Badger.

Ch. 153 a, b. THERMODYNAMIC CuemistRY. 6 units; first and second
terms.

This course is the same as Ch. 22 a, b.

Text: Chemical Principles, Noyes and Sherrill, and mimeographs.

Instructor: Bates.

Ch. 154 a, b. Srtamisticar. Mecuawics (Seminar), 6 units; first and
second terms.

A discussion of statistical mechanics and its applications to physics
and chemistry. The topics treated will include a sufficient exposition of
classical and quantum theory mechanics to serve as a foundation for sta-
tistical mechanics; applications to specific heats, chemical equilibria,
absorption and emission of radiation, collisions of the first and second
kinds, and the rates of physical chemical processes; and a discussion of
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Boltzmann’s H-theorem and the relations between statistical mechanics
and thermodynamics.

Text: Statistical Mechanics with Applications to Physics and Chem-
istry, Tolman.

Instructor: Tolman.

Ch. 155 a, b. Tue Narure or 18 CHEMical Boxp. 6 units; first and
second terms.

This course comprises the detailed non-mathematical discussion of
the electronic structure of molecules and its correlation with the chemical
and physical properties of substances. It is planned that the course will
be given in 1935-6, and every third year thereafter.

Instructor: Pauling.

Ch. 156 a, b, c. InrtroDUCTION TO WAVvE MECHANICS, witE CHEMICAL
Arrricarions. 9 units; first, second and third terms.

A review of Lagrangian and Hamiltonian mechanics and of the old
quantum theory is first given, and this is followed by a discussion of the
development and significance of the new quantum mechanics. Then a
thorough treatment of the Schrddinger wave equation is given, including
its solution for many simple systems such as the rotator, the harmonic
oscillator, the hydrogen atom, ete. During the second and third terms
various approximate methods of solution (perturbation theory, the varia-
tion method, etc.) are discussed and applied in the consideration of the
Heisenberg-Dirac resonance phenomenon, the structure of many-electron
atoms and of simple molecules, the nature of the covalent chemical bond,
the structure of aromatic molecules, and other recent chemical appli-
cations.

It is planned that this course be given in 1936-7.

Instructor: Pauling.

Ch. 157 a, b, . Tae Srtrucrorr oF Crystars. 6 units; first, sccond
and third terms.

The following topics are discussed:

The nature of erystals and X-rays and their interaction. The various
cxperimental methods of investigation—Bragg, Laue, oscillation, Weis-
senberg, ete. The theory of space groups and the use of symmetry in the
determination of the structures of erystals. The detailed study of repre-
sentative structure investigations. The various known crystal structures
and their relation to the physical and chemical properties of substances.
The quantitative treatment of X-ray diffraction. Fourier-series methods
of structure investigation.
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It is planned that this course be given every third year, including
1934-5.
Instructors: Pauling, Sturdivant.

Ch. 158. PHorocHEMISTRY. 6 units; first term.

Lectures and discussions on photochemical processes, especially in
their relations to quantum phenomena. The following topics will be
included: the photochemical absorption law; the processes—excitation,
dissociation, ionization—accompanying the absorption of radiation; sub-
sequent processes including fluorescence and collisions of the second
kind; photosensitization; quantum yield and its relation to photochemical
mechanism; catalysis and inhibition; temperature coefficients of photo-
chemical reactions.

Instructor: Dickinson.

Ch. 159a. Kixerics or HomocExEous REACTIONS. 6 units; first term.
Lectures and discussions relating to homogeneous chemical reactions
and to statistical mechanical, and other theories of such reactions.

Instructor: Dickinson.

Ch. 159b. Kinerics or HETEROGENEOUs REACTIONS. 6 units; second
term.

Lectures, discussions and problems relating to adsorption and contact
catalysis.

Instructor: Badger.

Ch. 160. Ixorcaxic CHEMISTRY, 4 units; third and first terms.

Selected groups of inorganic compounds will be considered from
modern physico-chemical view-points; thus with reference to their physi-
cal properties, their thermodynamic constants (their heat-contents, free-
energies, and entropies), their rates of conversion into one another
(including effects of catalysis and energy radiations), and their molecular
structure and valence relations.

Instructor: Yost.

Ch. 161, Orcaxic CHEmIcAL ANAvysis. 9 units; third term.

A laboratory study of the class reactions of carbon compounds and
practice in the methods of identifying unknown substances.

Instructor: Lucas.

Ch. 162 a, b, ¢. Oreaxic CHEmisTRY (Special Topics). 6 units; first,
second and third terms.
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A series of lectures and discussions on selected topics of organic
chemistry that have special interest from theoretical, industrial, or
biological view-points.

Instructors: Lucas, Wheland.

Ch. 166 a, b, ¢. CreEmicar ExciNeeEriNGg. 12 units (4-0-8); first, sec-
ond and third terms.

Prerequisites: Ch. 61; Ch. 63 a, b.

Problems and discussions designed to bring the student in touch with
the problems involved in efficiently carrying out chemical reactions on a
commercial scale. The basic operations of chemical industry (such as
heat production, heat transfer, mixing, filtration, distillation) are studied
both as to principle and practice.

Text: Walker, Lewis and McAdams, Principles of Chemical Engi-
neering.

Instructor: Lacey.

Ch. 167. Pmase EquiLiria 1N Aprriep CHEMISTRY. 6 units (2-0-4);
second term, alternate years.

Prerequisites: Ch. 21, 61,

Problems and discussions relating to industrial applications involving
heterogeneous equilibria.

Instructor: ILacey.

Ch. 169. Researcu Maxrpuravions. 3 units; first term.

Laboratory exercises in glass-blowing and machine shop operations
for research students. Class-room discussions on topics of general interest
for research in physical chemistry, such as high-vacuum technique, elec-
trical apparatus including applications of vacuum tube circuits, and the
measurement of pressure, temperature and radiant energy.

Students must obtain permission from the instructor before register-
ing for this course as the enrollment is necessarily limited.

Instructor: Beckman.

Ch. 170-173, Cuemicar Research.

Opportunities for research are offered to graduate students in all the
main branches of chemistry, namely, in analytical or inorganic chemistry
(170), physical chemistry (171), organic chemistry (172), and applied
chemistry (173).
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The main lines of research now in progress are:
Ionized substances in relation to the ion attraction theory.
Free-energies, equilibria, and electrode-potentials of reactions.
Study of crystal structure and molecular structure by diffraction

of X-rays and electron waves.
Rates of chemical reactions in relation to the quantum theory.
Application of quantum mechanics to chemical problems.
Mechanism of homogeneous reactions.
Chemical reactions produced by atoms and molecules excited by
radiations.

Band spectra in their chemical relations.
Isomerism in the ethylene series.
Hydration of unsaturated compounds.
Rates of absorption of gases by liquids.
Solubility of gases in liquids at high pressures.
Equilibria in saturated salt solutions.
Electrolysis of copper leaching solutions.
Thermodynamic studies of hydrocarbons.

For a fuller survey of the researches in progress, see Publications of

the Gates Chemical Laboratory.

Ch. 174-179. CuemicarL Researcit CONFERENCES.
Each 2 units; given all three terms, unless otherwise noted.
Ch. 174. Iworcanic aND PHysicaL CHEMISTRY.
Ch. 175. Oreaxic CHEMISTRY.
Ch. 176. PHOTOCHEMISTRY.
Ch. 177. CrystaL AND MOLECULAR STRUCIURE,
Ch. 178. Baxp SeEctra aANp Morrcurar Strucrure. (First and
second terms.)
Ch.179. Arpriep CHEMISTRY. (Second and third terms.)

These conferences consist of reports on the investigations in progress
in the laboratory and on other researches which have appcared recently
in the literature. They are participated in by all men engaged in related
lines of research in the laboratory, and are conducted by the chemistry
professors connected with the respective branches.
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CIVIL ENGINEERING

Proressors: Franxrin THomas, Romeo R. MarTEL
AssocraTe Proressorn: Winniam W. MicHAEL
AssistanT Proressor: Frep J. CONVERSE

UNDERGRADUATE SUBJECTS

CE. 1. Survivize, 11 units (3-4-4); first~ew second-term,or fina “e

A study of the elementary operations employed in making surveys
for engineering work, including the use, care, and adjustment of in-
struments, linear measurements, angle measurements, note keeping, stadia
surveys, calculation and balancing of traverses, use of calculating
machines, topographic mapping and ficld methods.

Text: Surveying, Breed and Hosmer.

Instructor: Michael.

CE. 2. Apvaxcep SurveEyING. 12 units (3-6-3); first term.

Prerequisite: CE. 1.

A continuation of CE. 1, covering topographic surveys, plane table
surveys, base line measurements, triangulation, determination of latitude
and a true meridian by sun and circampolar star observations, curves,
cross-section surveys and earthwork estimates, streamn gauging, draught-
ing room methods and mapping, and the solution of problems.

Text: Surveying, Breed and Hosmer.

Instructor: Michael.

CE. 8. Praxe TasrLe SvavEYING., 8 units (1-6-1); third term.

A course offered primarily for students in geology but may be elected
by arrangement with the department. Theory and use of the plane table
as applied to geological surveys. The class devotes one entire day a
week to field surveys over typical terrain completing a topographic map
of the region covered.

Text: Surveying, Breed and Hosmer.

Instructor: Michael.

*See Division of Physics, Mathematics and Electrical Engineering
pages 164-170, for subjects in Electrical Engineering.
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CE. 4. Hicaway ExcINEERING. 6 units (8-0-3); second term.

Prerequisite: CE. 1.

A comparison of various types of highway construction; the design,
construction and maintenance of roads and pavements; methods of road
improvement; financing, contracts and specifications.

Text: Construction-of Roads-and Pavementsy Apgg, fri o

Instructor: Michael,

CE. 8 a. Ramway ENGINEERING., 6 units (3-0-3); first term,

Prerequisites: CE. 1, 2.

A study of economic railway location and operation; railway plant
and equipment; signaling; the solution of grade problems.

Text: Elements of Railroad Engineering, Raymond.

Instructor: Thomas.

CE. 8 b. Ramwway SurvEviNG. 6 units (2-0-4);-second term.

Prerequisite: CE. 1.

The theory of railway, highway and ditch location and surveys; prob-
lems relating to curves, grades, earthwork and track layout, including a
study of the mass diagram as applied to railway and highway earthwork.

Text: Railway Curves and Earthwork, Allen.

Instructor: Michael.

CE. 8 ¢. Ramway SurvEYING. 6 units (0-6-0); third term.

Prerequisite: CE. 8 b.

The class devotes one entire day a week to field surveys of a rail-
road location, applying the principles as outlined under course CE. 8 h.

Text: Railway Curves and Earthwork, Allen.

Instructor: Michael.

CE. 9. ExrEmExts oF STRUCTURES. 12 units (3-3-6); second term.

Prerequisite: AM. 1 c.

An abridged course in design of simple structures of timber, steel,
masonry, and reinforced concrete. Emphasis is placed upon methods
and computations in numerous typical examples.

Text: Structural Design, Thomas.

Instructor: Michael.

CE. 10 a. Tueory oF StrucTURES. 12 units (8-83-6); first term.

Prerequisite: AM. 1 c.

Methods used in the calculation of stresses in and proportioning of
beams, girders, and columns of timber, steel and concrete; study of
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the effects of moving load systems; graphic statics applied to roofs and
bridges.

Text: Structural Theory, Sutherland and Bowman.

Instructor: Martel.

CE. 10 b, ¢. Tueory oF StructurEs. 12 units (3-3-6), second term,
and 9 units (8-0-6) third term.

Prerequisite: CE. 10 a.

A continuation of CE. 10 a, covering the computation of stresses
in truss members, the design of structural parts, connections, portals,
and bracing; a study of arch, cantilever, and continuous bridges; and
deflection of trusses.

Text: Design of SteeI.Structures,-U-rqu};#énd—e’Romkcr‘*-

Instructor: Martel

CE. 12. Rerxrorcep CoNcreETE. 12 units (8-3-6); third term.

Prerequisites: AM. 1 ¢; CE. 10 a.

The theory of reinforced concrete design, with a study of the appli-
cations of this type of construction to various engineering structures.

Text: Principles of Reinforced Concrete Construction, Turneaure
and Maurer.

Instructor: Martel,

CE. 14 a, b, c¢. Excinerring CoNrFERENCES, 2 units (1-0-1); first,
second and third terms.

Conferences participated in by faculty and seniors of the Civil En-
gineering department. The discussions cover current developments and
advancements within the field of civil engineering and related sciences.

The technique of effective oral presentation of reports is emphasized
through criticisms of the reports from the standpoint of public speaking
by a member of the Department of English.

Instructors: Michael, Eagleson.

FIFTH-YEAR SUBJECTS

CE. 15. Irrcarion axp Warer Surpry. 12 units (5-0-7); second
term.

Prerequisite: Hy. 1.

A study of modern practice of the collection, storage and distribu-
tion of water for municipal, domestic and irrigation uses; design, con-
struction and operation of systems; consideration of the conditions
adapted to irrigation developments, dams, reservoirs, canals; laws. per-
taining to irrigation; the economic aspects of projects.

Text: Water Supply and Utilization, Baker and Conkling,

Instructor: Thomas.
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CE. 16. Muasonry Strucrures. 9 units (2-3-4); second term.

Prerequisite: CE. 12.

Theory of design and methods of construction of masonry structures;
foundations, dams, retaining walls, and arches.

Text: Design of Masonry Structures, Williams,

Instructor: Martel.

CE. 17. SEwEeRraGe. 9 units (8-0-6); third term.

Prerequisite: Hy, 1.

Systems for the collection and disposal of sewage; the design of
sewers and storm drains; inspection of local sewage dlsposal plants; the
drainage of land; cost assessments,

Text: Sewerage and Sewage Disposal, Metcalf and Eddy.

Instructor: Thomas.
VL.
CE. 21 a. Strucrurar Desiex. /g umts (0-9-0) ; first term.

Prerequisites: CE. 10 a, b, c.

The design of a plate girder bridge and a truss bridge or a steel
frame building; stress sheets and general drawings are made. Designing
office practice is followed as affecting both computations and drawings.

Instructor: Thomas.

CE. 21 b. Srrucrurar Desien. 9 units (0-9-0); second term.

Prerequisites: CE. 10 a, 12.

The design of a reinforced concrete building in accordance with a
selected building ordinance, with computations and drawings.

Instructors: Thomas, Martel.

B v

CE. 21 ¢. CwviL ExeINEERinG Desion. 12 units (0-¥2-0) ; third term,

Prerequisites: CE. 15, 21 a, b.

Special problems including preliminary inv eStlgdthDS of irrigation or
water power projects; study of stream flow data, the effect of reservoir
storage upon distributed flow, determination of size and type of economic
development.

Instructor: Thomas.

CE. 23. Swaricarry INDETERMINATE STRUCTURES. 42-units, first term.

A study of such structures as continuous spans, rigid frames and
arches by the methods of least work or slope-deflections; analysis of
secondary stresses.

Text: Continuous Frames of Reinforced Concrete, Cross and Morgan.

Instructor: Martel.

CE. 30 a, b, ¢. ExGINERERING SEMINAR. 2 units (1-0-1); first, second
and third terms.
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Conferences participated in by faculty and graduate students of the
Civil Engineering department. The discussions cover current develop-
ments and advancements within the field of civil engincering and related
sciences, with special consideration given to the progress of resecarch
being conducted at the Institute.

ADVANCED SURBJECTS

Specidl problems in the various fields of civil engineering will be
arranged to meet the needs of students wishing to do advanced work in
this department. The following lines of work are possible. Stream Regu-
lation and Utilization for Power, Irrigation, and Water Supply under the
direction of Prof. Franklin Thomas; Advanced Structures under the di-
rection of Prof. Martel; Sanitation and Sewerage under the direction of
Profs. Thomas and Martel; Highways and Geodesy under the direction
of Prof. Michael; Analysis of Earthquake Effects upon Structures under
the direction of Professor Martel.

CE. 101 a, b. WaTer Power Prant DEesiex. 10 units; first and second
terms.

A design of a power plant in conformity with the conditions of head,
flow, and load fluctuations at a particular site. Includes selection of
number and type of units, design of water passages, and general strue-
tural features.

Instructor: Thomas.
Vrz\'fﬁ
CE. 105 b, c¢. StaTrcarry INDETERMINATE STRUCTURES. -H—units; sec-

ond and third terms,
A continuation of the study of indeterminate structures as begun in
CE. 28, with the use of analytical and instrumental methods of solution.
Instructor: Martel.

CE. 107 a, b, ¢. GeobEsy axp Precise SurvevinG. 6 units; first, sec-
ond and third terms.

Methods of triangulation and surveying over extended areas. The
adjustment of triangulation systems, the adjustment of observations
by the method of least squares. Map projections, precise leveling deter-
mination of a true meridian.

Instructor: Michael. ,

CE. 108. Hicuway ProsLems. Units to be based on work done.

Cooperating with the Highway Research Board of the National Re-
search Council, opportunities are offered for advanced studies in high-
way engineering. Arrangements may be made for special studies on
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subgrade materials, wearing surfaces, economics of vehicle operation, and
allied subjects.
Instructor: Michael.

CE. 110 b, ¢. SEwace TrearMENT Praxt Desien. 10 units; second
and third terms,

A design of treatment works for a selected community and site in-
volving special conditions of location, volume. and character of disposal.
Includes selection of process, arrangement of tanks and equipment, and
general design of structures.

Instructor: Thomas.

CE. 111. Warer Trearmext Praxr Desiexy. Units to be based upon
work done; any term.

Preparation of a layout and design of the general features of a plant
to effect the purification and softening of water as may be required in
specific circumstances. Includes design of typical structural features of
the plant.

Instructor: Thomas.

CE. 112. SawrrarioNn Resparcm. Units to be based upon work done;
any term.

Exceptional opportunities in this field are available at the sewage
treatment plant of the city of Pasadena, where the activated sludge
process is in operation, supplemented by a rotary kiln drier for the re-
duction of sludge to commercial fertilizer.

Instructor: Thomas.

CE. 113. UxbperGrRouND WaTER IxvEsTicaTiows. Units to be based
upon work done; any term.

A study of the relation between rainfall, runoff, percolation, and
accumulations of ground water. Investigation of the location, extent,
and yield of underground reservoirs.

Instructor: Thomas.

CE. 114. Axavysis o EartHQUAXE Errrcrs vroN Strucrures. Units
to be based upon work done; any term.

A comparison of analytical study and experimental effects of vibra-
tions on simple structures with the effects of earthquakes upon buildings.

Instructor: Martel.

See also AM. 105, Soil Mechanics, and AE. 273, Synoptic Meteor-
ology.
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MECHANICAL ENGINEERING

Proressors: RoBerT L. Daveuerry, W. Howarp Crarp
AssistaNT ProrFessor: RoBert T. KNarp
IxsTRUCTORS: ERNEST E. Spcuier, Doxawp S. CrAark

UNDERGRADUATE SUBJECTS

ME. 1. MecuaxNism. 9 units (3-3-3); first, second or third term.

Prerequisites: Ma. 1 a, b, ¢, d; Ph. 1 a, b, ¢, d; D. 1,4, 12 a, b.

An analytical study of constrained motion in machines and of the
relations of machine elements. Desirable types of motion; displace-
ments of machine parts using simple valve motions, cam actuating parts,
and other reciprocating and oscillating machine members as examples.
Velocity studies; average and instantaneous values; velocity analysis
by vectors using centros; relative velocities; application of vectors to
cyclic trains and other differential motions. Acceleration analysis; in-
ertia forces. The various linkages and combinations of machine ele-
ments are introduced and used as a means of mastering the geometry of
machine motion.

Text: Principles of Mechanism, Vallance and Farris.

Instructor: Freeman.

ME. 3. MateriaLs AND Processes. 11 units. (8-3-5); first or second
term.

A study of the materials of engineering and of the processes by which
these materials are made and fabricated. The fields of usefulness and
the limitations of alloys and other engineering materials are studied,
and also the fields of usefulness and limitations of the various methods
of fabrication and of processing machines.

The class work is combined with inspection trips to many industrial
plants. The student is not only made acquainted with the technique of
processes but of their relative importance industrially and with the com-
petition for survival which these materials and processes continually
undergo.

Text: Materials and Processes, Clapp and Clark,

Instructor: Clark.

ME. 5 a, b, c. Macur~ze Destex. (2-3-4) first term; (3-3-6) second
term; (0-9-0) third term.

Prerequisites: ME. 1; AM. 1 a, b,

Applications of mechanics of machinery and mechanies of materials
to practical design and construction. Riveting and welding; boilers and
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plate vessels; belts and screws; force and shrink fits; hydraulic cylin-
ders; eylinders and cylinder heads for steam and gas engines; stuffing
boxes and packing; pistons and piston rings; leaf springs, coil springs;
piston pins; connecting rods and cross heads; cranks and crank-shafts;
flywheels; spur gears; helical gears; bevel gears; worm gears; spiral
gears; belting; pulleys; rope driving; chains; friction drives; wire rope
and hoisting; plain bearings; ball bearings; roller bearings; shafts and
couplings; clutches; brakes; high speed disks; piping. Also a study of
manufacturing processes with especial reference to the economics of
design. '

Text: Design of Machine Elements, Faries.

Instructor: Clapp.

ME. 8. Macurxe Drsiox. 12 units (3-3-6); first term.

Prerequisites: ME. 1; AM. 1 a, b.

An abbreviated course in machine design for aeronautical engineers.
The energy and force problem; relations of stress and strain to failure
and the determination of proper safety factors; straining actions in
machines; stresses with complex loading; screws and screw fastenings;
axles, shafting, and couplings; friction and lubrication; journals and
bearings.

Text: Design of Machine Elements, aries.

Instructor: Sechler.

ME. 10. Mrrarrurey, 6 units (2-0-4); first and third terms.

Prerequisite: Ch. 6.

A study of the principles underlying the manufacture and heat treat-
ment of the ferrous metals and some of the non-ferrous alloys.

Instructors: Clapp, Clark.

ME. 15. Hear Excineering. 12 units (3-3-6); second or third term.

Prerequisites: Ma. 2 a, b, ¢, d; ME. 1.

Principles of engincering thermodynamics; properties of gases;
thermodynamic processes of gases; gas cycles; internal combustion
engines; air compressors; and elements of different types of power
plants. Inspection of local pewer plants, laboratory demonstration tests,
and computing room exereises.

Text: Heat Power Engineering, Vol. I, Barnard, Ellenwood, and
Hirshfeld.

Instructors: Knapp, Binder.

ME. 16. Hear ExcixerriNe. 12 units (4-0-8); third term.
Prerequisite: ME. 15,
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Additional work in thermodynamices; properties of vapors; thermo-
dynamic processes of vapors; vapor cycles; steam engines; steam
turbines.

Text: Heat Power Enginecering, Barnard, Ellenwood, and Hirshfeld.

Instructor: Daugherty. -

ME. 17. Hrar ENGINEERING. 9 units (8-0-6); first term.

Prerequisite: ME. 16.

Heat transmission; fuels; combustion; flue gas analysis; steam gen-
crators; and steam generator accessories.

Text: Heat Power Enginecering, Vol. II, Barnard, Ellenwood, and
Hirshfeld.

Instructor: Daugherty.

ME. 18. Hear ExciNeeriNe. 10 units (3-0-7); third term.
Prerequisite: ME. 15.
An abridgement of ME. 16 for students in Electrical Engineering.

ME. 19. Hear ENGINEERING. 6 units (2-0-4); second term.

Prerequisite: ME. 17.

Flow of compressible fluids; condensecrs; feed water hcaters; water
softening; mixtures of air and water vapor; atmospheric water cooling;
heating and ventilating; refrigeration.

Text: Heat Power Engineering, Vol. III, Barnard, Ellenwood, and
Tirshfeld.

Instructor: Daugherty.

ME. 25. Mecmaxicar Lasorarory. 6 units (0-3-8); first, second or
third term.

Prerequisite: ME. 15,

Tests of steam engine, steam turbine, blower and gas engine, etc., for
efliciency and economy.

Text: Power Plant Testing, Moyer.

Instructors: Knapp, Malina.

ME. 26. MrcaaNicaL Lasoratory. 6 units (0-3-3); sccond term.

Prerequisite: ME. 15,

Additional work in the laboratory on air compressors, fuel and oil
testing, and special work on steam and internal combustion engines.

Text: Power Plant Testing, Moyer.

Instructors: Knapp, Malina.

ME. 27, Mrcuanicar LasoraTory. 9 units (0-3-6); first term.
Prerequisites: ME. 15 and Hy. 1.
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An abridgement of ME. 25 and Hy. 2 for students in Electrical Engi-
neering.
Instructors: Knapp, Ippen, Malina.

ME. 50 a, b, ¢. ExciNeerine CoNFERENCES. 2 units (1-0-1); first,
second and third terms.

Presentation and discussion of new developments in industry., Review
of current literature.

Instructors: Daugherty, Huse.

FIFTH-YEAR AND ADVANCED SUBJECTS

ME. 100. Apvaxcep Work IN ENGINEERING, )

In addition to the regular fifth-year and other advanced courses
which are here outlined, the staff of the mechanical engineering depart-
ment will arrange special courses or problems to meet the needs of
advanced students.

ME. 101 a, b. Avvaxcep Macmixe DEesiex. 12 units, second and third
terms.

Prerequisites: ME. 5, 10.

The student must possess a comprehensive knowledge of mechanics,
of materials, and also of the physical properties of the more common
materials of construction. Strength of material formulae are studied as
to their authority and limitations, and their application is extended to
cover such cases as curved bars, thin plates, energy loads, stress concen-
tration around holes, key seats, ete.; dynamic stresses as in rotating disks
and flywheels; critical speeds of shafting; bending of bars on elastic
foundations. Many examples of evolved designs are studied to determine
the considerations which have led to the design. Theory of strengths
and their application to the study of designs which have failed in service.

Instructor: Clapp.

ME. 110 a, b, ¢. SciENcE oF METALS. 12 units, each term.

Prerequisite: ME. 10.

General principles of metallography and of metal science; metallic
microscopy; preparation of specimens and photomicrographs; micro-
structure of the more common metals and alloys; physical properties of
metals as a function of structure; constitution diagrams; pyrometry and
thermal analysis; grain growth and recrystallization; metallic com-
pounds; solid solutions; structure and properties of aggregates; heat
treatment operations; investigation problems. Class and laboratory
exercises.

Instructors: Clapp, Clark.
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ME. 120. Hear ExciNeerixc. 15 units (3-0-12); first term.

Prerequisite: ME. 17.

Advanced work in engineering thermodynamics; thermodynamic proc-
esses of actual gases with variable specific heats; complex power plant
cycles; heat transmission; combustion; heat balance of boilers; and other
applications to practical cases.

Instructor: Daugherty.

ME. 121 and 122. Hear ExciNeeriNe. 12 units (2-0-10); second and
third terms.

Prerequisite: ME. 120.

Advanced study of internal combustion engines of all types, steam
turbines, heating and ventilating, refrigeration, air conditioning, and
steam power plants. Either term may be taken independently of the
other.

Instructor: Daugherty.

ME. 125. RErriGErRATION Praxnts. Units to be based on work done;
any term.

Design of various types of refrigeration plants best adapted to dif-
ferent conditions of service.

Instructors: Daugherty, Knapp.

ME. 130. Apvaxcep MEcHANICAL LaBoRATORY. 15 units (1-9-5); first
term.

Prerequisites: ME. 17, 26.

Advanced work on steam turbines, internal combustion engines, lubri-
cation, and similar subjects. Each problem will be studied in enough
detail to secure a thorough analysis. Conference hour for progress dis-
cussion.

Instructor: Knapp.

ME. 132. Excine Lasoratory. 15 units; first, second and third
terms.

Use of the dynamometer. Experimental work in engine performance,
carburetion, ignition, fuel consumption, ete.

ME. 140 a, b. Researcm or TuEesis. 18 units; second and third terms.

This work is arranged with the department to fit the needs and
desires of the individual student.

ME. 150 a, b, ¢ MEcHANICAL ENGINEERING SEMINAR, 2 units each
term.

Attendance required of graduate students in mechanical engineering.
Conference on research work and reviews of new developments in
engineering.
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AERONAUTICS

Proressors: Harry Baresax, THEonor vox KARaAN
Associate Proressors: Arrivr L. Kreixn, Crark B, Mipnrikax
AssisTaxT Proressor: Artiivr E. Ravysoxn

IxstRucTors: W. A. Konworr, Invize P, RKricx

UNDERGRADUATE SUBJECTS

AE. 1. Gexerar AgroNauTics. 9 units (3-0-6); second term.

Prerequisites: Ph. 2 a, b, ¢, d.

Historical development. Elementary theory of airplane, balloon, and
helicopter. Theory of model testing. Control and stability of aircraft.
Survey of contemporary design.

Texts: Bedell, The Airplane; Monteith and Carter, Simple Aero-
dynamics and the Airplane.

Instructor: XKlein.

AE. 2. Amcrarr StrRUcTURES. 12 units; first, second and third terms.

Prerequisite: AM. lc.

A course adapted for aeronautical engineering students in the analysis
of forces by analytical and graphical methods and the calculation of
stresses in beams, girders, columns, shafts and simple trusses of timber,
steel and light alloys; study of continuous beams; beams under combined
lateral and axial loads; trusses with redundant members; effect of flexure
and direct stress; deflections in beams and trusses; tapered columns;
circular rings; thin wall structures; loads upon an airplane.

Text: Howard, The Stresses in Aeroplane Structures.

Instructor: Klikoff.

See also Coursef"CE."T1 and ME. 8.

FIFTH-YEAR AND ADVANCED SUBJECTS

AE. 251 a, b, c. AEroDYNAMICS oF THE AIRPLANE. 9 units, first, sec-
ond, and third terms.

Prerequisites: AM. 1 a, b, ¢, AM. 3, CE. 11.

Airfoils, wings, and tail groups, stability and control, drag, perform-
ance and spinning.

Texts: Stalker, Principles of Flight; Younger and Woods, Dynamics
of Airplanes; Wood, Technical Aerodynamies.

Instructor: Millikan.
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AFE. 252 a, b, e. Amrraxe DesieN. 12 units, first, second, and third
terms.

Prerequisites: AM. 1 a, b, ¢, AM. 3, CE. 11.

Bceams, trusses, columns, and indcterminate structures, wing and
fuselage structures, hulls and floats, monocoque construction. AE. 252
must be taken concurrently with or subsequently to 251.

Texts: Niles and Newell, Airplane Structures; Boyd, Strength of
Materials.

Instructors: Klein, Raymond.

AE. 253 a, b, c. Amrraxe DesicN aAND Tesrixne Procepure, 6 units,
first, second, and third terms.

Prerequisites: AM. 1 a, b, ¢, AM. 3, CE. 11.

253a, drafting room technique, factory methods, factory equipment,
materials used; 253b, control systems, flap systems, landing gears, power
plants, and non-structural - components; 253c, performance prediction,
performance reduction, flight testing.

Instructors: Klein, Raymond.

AE, 254 a, b, c. ApvaNcep ProBrEms 1N Arrpraxe Drsion, 9 units;
first, second, and third terms.
Prerequisites: AE. 251, 252, 253.

Instructor: Klecin.

AFE., 256, ArroxavricalL Power Praxts. 6 units, second term.

Prerequisites: AM. 1 a, b, ¢, AM. 3.

Survey course in airplane engines, performance, propellers, cooling
systems, fuel and oil systems, installations.

Text: Aircraft Power Plants, Jones, Insley, Caldwell, and Kohr.

Instructor: XKlein.

AE. 258 a, b, c. ArrovauvricaL ProsrLEms. 3 units (1-0-2), first, sec-
ond and third terms.

Open to students in aeronautical engineering.

Instructor: Hoover.

AE. 266 a, b. TwurorericaL Arropynxamics 1. Perrectr Fruips., 12
units, first term; 9 units, second term.

Prerequisite: Ma. 14, 109 a, b; or EE. 226 a, h.

Hydrodynamics of perfect fluids as applied to aeronautics, potential
motion, circulation, laws of vortex motion, elements of conformal trans-
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formation, streamline bodies, airfoils, three dimensional wing theory,
monoplanes, biplanes, interference.

Texts: Glauert, The Elements of Aerofoil and Airscrew Theory;
Prandtl, Applications of Modern Hydrodynamics to Aeronautics.

Instructor: Kdrmdn or Millikan.

AE. 267. Turorericar Arropyxamics II. Rear Frums. 12 units,
third term.

Prerequisite: AE. 266 a.

Hydrodynamics of viscous fluids, laminar motion in pipes and chan-
nels, turbulence and Reynolds’ criterion, similarity laws, theory of drag,
discontinuous flow and vortex streets, theory of skin-friction, boundary
layer, general theory of turbulence.

Instructor: XKdrmdn or Millikan.

AFE. 268. Hyprovy~amics oFr o CospressIBLE FrLum. 12 units; one
term.

Prerequisites: AE. 266 a, b.

Relation of the equations to the kinetic theory of gases, theory of jets
and of the Venturi tube, motion with a velocity exceeding the velocity of
sound, shock waves, cavitation.

Instructor: Bateman.

AE. 269 a, b, c. Apvaxcep Prosrems 1x THEORETICAL ALRODYNAMICS.
9 units; first, second, and third terms.

A seminar course in the applications of theoretical aerodynamics to
aeronautical problems for students who have had AE. 266 and AE. 267.

Instructors: Kdrmdn, Millikan.

AL, 270, Ewvasticrry ArprLizp 1o ArRowavTtics. 12 units, first term;
6 units, second and third terms.

Prerequisites: Ma. 109 a, b, AM. 1 a, b, ¢, 3.

Analysis of stress and strain, Hookes law. Theory of bending and
torsion. Stresses in thin shells. Theory of elastic stability.

Instructors: Kdrmdn, Sechler.
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METEOROLOGY

AE. 272 a, b, c. Dy~amic MereoroLocy. 9 units (3-0-6); first, sec-
ond, and third terms.

The application of hydrodynamics and thermodynamics to the study
of atmospheric phenomena. Statics and kinematics of the atmosphere;
general dynamics of air currents; energy of air movements, gusts, turbuv-
lence, ete.

Instructors: Kdrmdn, Millikan.

AE. 278 a, b, ¢. Sy~Nopric Merrororoy. 12 units (4-0-8); first, see-
ond and third terms.

Application of the principles of dynamic meteorology to the study
of the phenomena of the weather map. Modern theories on the structure
of the extra-tropical cyclone, general circulation of the atmosphere, air
masses, frontogenesis and frontolysis. Upper air soundings and their
use in synoptic meteorology, identification of air masses by evaluation of
upper air data and by other criteria. Detailed discussion of weather
forecasting by means of frontal and air mass analysis, especially in con-
nection with aircraft operations. Forecasting of local weather phenomena
such as fogs, thunder storms, etc.,, effects of topography upon frontal
movements and upon properties of air masses.

Instructor: Krick.

AE. 274 a, b, c. MereoRoroGrcaL LaBorAtory, 15 units; first, second
and third terms.

Decoding and plotting of daily weather maps by frontal and air-mass
analysis methods. Surface data augmented by all available upper-air
information in order to obtain, as far as possible, three-dimensional
analyses. The Department of Commerce teletype service is utilized and
actual operating conditions simulated in the laboratory, including prac-
tice forecasts for selected areas, both of a general nature and of a more
detailed nature in connection with forecasts for aviation. The laboratory
work is supplemented by observational worlk carried on at the Institute’s
Marine Observatory at Long Beach, California.

Instructor: Krick.

AE. 275. STRUCTURE OF THE ATMOSPHERE. 3 units, first term.

Constituents of the atmosphere and their distribution. Theories under-
lying the probable structure and temperature of the stratosphere.
Optics of the atmosphere and related phenomena.

Instructor: Gutenberg.
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AE. 276. Mereororocicar INsTrUyENTS. 6 units (6-0-0), first term.

Temperature measurements, including a study of mercury and other
expansion thermometers, electrical thermometers; hygrometry; barom-
eters; velocity measurements, including dynamic pressure and hot wire
instruments, rain and snow gauges, cloud measurcments; radiation meas-
urements, including a study of sounding and pilot balloons and their
equipment. Practical measurements are made at the Institute’s Marine
Observatory at Long Beach.

Instructor: Klein.

AE. 280 a, b. MEereoroLocicaL REesearci. Units to be determined;
second and third terms.

Selected problems in meteorology research assigned to meet the needs
of advanced students.

Instructors: Gutenberg, Krick.

AE. 290 a, b, ¢. ArroxNavuricaL Seminar. 2 units; first, second and
third terms.

Study and critical discussion of current contributions to aerodynamics
and aeronautical engineering.

AE. 291 a, b, c. METEOROLOGICAT. SEMINAR. 2 units; first, second and
third terms.

Weekly reviews and discussions of current meteorological literature
and problems.

Instructors: Gutenberg, Krick.

Additional and supplementary courses will be offered as the need
arises. Lectures will be given from time to time by visiting scientists
and engineers from this country and Europe. Flying is not given offi-
cially at the Institute, but there are ample opportunities for a student
to learn to fly at one of the neighboring flying fields.
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APPLIED MECHANICS

Proressor: Freperic W. Hizricus, Jr.
AssistaxT Proressor: Frep J. CoXNVERSE

UNDERGRADUATE SUBJECTS

AM. 1 a, b. AprrLiep Mecmaxics. 14 units (4-3-7); first and sec-
ond terms.

Prerequisites: Ma. 1 a, b, ¢, 2 a, b, ¢, d; Ph. 1 a, b, ¢, 2 a, b, ¢, d.

Action of forces on rigid bodies; composition and resolution of
forces; equilibrium, couples, framed structures; cords and chains; cen-
troids; displacement; velocity and acceleration; translation, rotation, and
plane motion; moments of inertia; inertia forces; kinetic and potential
energy; work and energy; impulse and momentum; impact; power;
efficiency. .

Text: Engineering Mechanics, Brown.

Instructors: Hinrichs, Converse, Kartzke, Lipp, White.

AM. 1 c¢. StrENGTH OF MAaTERIALS. 14 units (4-3-7); third term.

Prerequisite: AM. 1 a, b.

Elasticity and strength of materials of construction; theory of
stresses and strains; elastic limit; yield point; ultimate strength; safe
loads; repeated stresses; beams; cylinders; shafts; columns; riveted
Jjoints; structural shapes.

Texts: Strength of Materials; Poorman; and Carnegie Pocket Com-
panion.

Instructors: Hinrichs, Converse, Kartzke, Lipp, White.

AM. 2 a, b. ArppriEp MrcmanNics AND STRENGTH OF MATeRriars. 12
units (4-0-8) ; first and second terms.

Prerequisites: Ma. 1 a, b, ¢, 2 a, b, ¢, d; Ph. 1 a, b, ¢, 2 a, b, ¢, d.

An abridged course for students electing the Applied Chemistry
Option in the Science Course, condensing in the work of two terms as
much as possible of the general field outlined above in AM. 1 a, b, c.

Texts: Engineering Mechanics, Brown; Strength of Materials, Poor-
man; and Carnegie Pocket Companion.

Instructor: Christensen.

AM. 8. Testixé Materiars LaABorATORY. 6 units (0-3-3); first, sec-
ond, or third term.

Prerequisite: AM. 1 c.



198 CALIFORNIA INSTITUTE OF TECHNOLOGY

Tests of the ordinary materials of construction in tension, compres-
sion, torsion, and flexure; determination of elastic limit; yield point,
ultimate strength, and modulus of elasticity; experimental verification
of formulas derived in the theory of strength of materials.

Text: Materials of Construction, J. B. Johnson.

Instructors: Conversc and Popoff.

ADVANCED SUBJECTS

AM. 105, Som. Mecraxics. 9 units (8-0-6); any term.

A study of the physical and mechanical properties of soils, and the
determination of principles which govern their behavior under load. The
application of these principles to problems of foundations and of earth-
work engineering.

Instructor: Converse.
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ENGINEERING DRAWING

Ixstruerors: Erxest E. Sccrnrer, Natumaxien W. Wincox

D. 1. ErexeNTArY Freemaxp Drawixe. 3 units (0-8-0); first term.

The study of geometrical forms and their representation by means of
freehand perspective. Careful observation, accurate draftsmanship and
correct proportions will be emphasized.

D. 2. Apvaxcep Freerraxp Drawixc. 3 units (0-3-0); elective third
term.

Prerequisite: D. 1.

Similar to D. 1, but with advanced subject matter.

D. 4. Erementary MEecmaxicar Drawixe. 3 units (0-3-0); first
term.

The study of shape and size, description by means of mechanical
drawing, and the care and use of drawing instruments. The study and
use of single stroke lettering. Accuracy and precision are required.

Text: Svensen, Drafting for Engineers.

Machine drawing, D. 6 and D. 7, are planned to prepare all engineer-
ing students for the drawing required in the professional work of the
engineering departments. Accuracy, neatness and good lettering are
required.

D. 6. Macuixe Drawixe axp Lertering. 6 units (0-6-0); second
or third terms.

Prerequisite: D. 4, D. 12 a, b.

The study of the general principles of working drawings of machin-
ery. The work covers conventional representations and dimensioning, the
making of simple working drawings, the making of dimensioned freehand
sketches and complete detail and assembly drawings made from the
sketches.

Text: Svensen, Drafting for Engineecrs.

D. 7. Apvaxcep Macmize Drawing, 6 units (0-6-0); elective any
term.

Prerequisite: D. 6.

The study and execution of design drawings for various mechanisms.

Instructor: Sechler.

Structural Drawing, D. 9 and D. 10, are planned to acquaint students
with the technique of structural drawing. Accuracy, neatness, and good
lettering are required.
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D. 9. Strucrtrral Drawixg axp LeTrerixe. 6 units (0-6-0); first or
second terms.

Prerequisite: D. 4, D. 12 a, b.

The study of the general principles of working drawings of structural
steel and reinforced concrete, covering conventional representations,
dimensioning and billing. The work includes the making of simple work-
ing drawings of structural steel trusses, members and details.

Texts: Bishop, Structural Drafting; A. I. S. C. Handbook.

D. 10. Apvaxcep StructuraL Drawing. 6 units (0-6-0), elective any
term.

Prerequisite: D. 9.

The study and execution of drawings of structural steel or reinforced
concrete for structures designed by upper class students in civil engi-
neering.

Descriptive Geometry, D. 12 a, b, ¢, d and D. 13 are planned to cover
a thorough study of shape description and representation. Especial
emphasis will be placed upon the visualization of problems in order to
develop three dimensional observation. The work will include practical
as well as purely geometrical problems.

D. 12 a. Exemextary Descriprive GeomeTRy. 3 units (0-3-0); second
term.

The study of the graphical representation of three dimensional
geometrical constructions by means of orthographic projection. The
work includes principle, auxiliary and oblique views.

Text: Hood, Geometry of Engineering Drawing.

D. 12 b. Dzscriprive Geomerry. 3 units (0-3-0) ; third term.

Prerequisite: D. 12 a.

A continuation of D. 12 a, covering the geometrical relationships of
lines and planes.

Text: Hood, Geometry of Engineering Drawing.

D. 12 ¢, Drscererive GEoyrary. 3 units (0-3-0) ; first or second terms.

Prerequisite: D. 12 b.

A continuation of D. 12 b, covering problems involving curved lines
and the intersection and development of surfaces. N

Text: Hood, Geometry of Engineering Drawing.
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D. 12 d. Descrirrive GEomETRY. 3 units (0-3-0); second or third
terms.

Prerequisite: D. 12 c.

A continuation of D. 12 ¢, covering more complicated problems in-
volving single curved surfaces, warped and double curved surfaces, and
mining problems.

Text: Hood, Geometry of Engineering Drawing.

D. 13. Apvaxcep Descrrerive GeEoMETRY. 6 units (0-6-0); elective
any term.

Prerequisite: D. 12 a, b, ¢, d.

The study of lineal perspective and the execution of mechanical per-
_ spective drawings of machines, bridges, and other structures.

D. 14. Drscriprive GeomETRY. 8 units (0-8-0); third term.

Prerequisites: D, 12 a, b.

This course is planned primarily for geology students, and includes
practical problems in mining and earth structures.

Text: Hood, Geometry of Engineering Drawing.
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HYDRAULICS

Proressor: Rosert I.. DAUGHERTY
AssistaNT Proressor: RoserT T. KNarp

UNDERGRADUATE SUBJECTS

Hy. 1. Hyoravrics. 12 units (3-3-6); first, second or third term.

Prercquisite: AM. 1 a, or to be taken at the same time.

Physical properties of water; hydrostatics; flow of water in pipes,
nonzles, and channels; hydraulic turbines; centrifugal pumps and other
hydraulic equipment.

Text: Hydraulics and Hydraulic Turbines, Daugherty.

Instructors: Daugherty, Knapp.

Hy. 2. XMyoraviics Lavorarory. 6 units (0-3-3); first, sccond or
third term.

Prerequisite: AM. 1 a, b,

Iixperiments on the flow of water through orifices and nozzles, through
pipes and Venturi meters, over weirs; use of Pitot tube; tests of impulse
and reaction turbines, centrifugal pumps, and other hydraulic apparatus.

Instructors: Knapp, Ippen.

Hy. 8. Hypravrics Proprears. 6 units (0-6-0); first term.

Prerequisite: Hy. 1.

Selected advanced problems in hydraulics such as penstock design,
waler hammer and surge chamber calculations, hydraulic jump deter-
minations, ete.

Instructor: Knapp.

Hy. 4. Hypravric MacHINERy. ¢ units (8-0-6); third term.

Prerequisites: Hy. 1 and 2.

Theory, construction, installation, operation, and characteristics of
hydraulic turbines and centrifugal pumps.

Instructor: Knapp.

ADVANCED SUBJECTS

Hy. 100. Aeprriep Hypronyxanrics. 12 units (3-0-9) ;5 second term.

Prerequisites: Hy. 1 and 2.

Velocity distribution; turbulence; pipe friction; cavitation; principles
of similitude; model studies.

Instructors: Daugherty, Knapp.
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Hy. 101. Hyoravric MacuiNery. Units to be based on work done;
any tern.

A study of such machines as the hydraulic turbine and the centrifu-
gal pump and their design to meet specified conditions.

Instructors: Daugherty, Knapp.

Hy. 200. Apvaxcep Work 1x Hypravric ENGINEERING,
Special problems in hydraulics will be arranged to meet the needs of
students wishing to do advanced work in this field.
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DIVISION OF GEOLOGY AND PALEONTOLOGY

Proressors: Joux P. Buwarpa, Brxo Gurexsere, F. L. Raxsome,
CHESTER STOCK

Assocrate ProrEssor: Iax CAMPBELL

IxsTRUCTOR: Jorx H. Maxsox

UNDERGRADUATE SUBJECTS

Ge. 1 a. Puysicar Georogy. 9 units (3-3-3); first term.

Prerequisites: Ch. 1 a, b, ¢c; Ph. 1 a, b, c.

A consideration of the composition and structure of the Earth and
the internal and external processes which modify the crust and the sur-
face. Dynamical and structural geology. Lectures, recitations, labora-
tory and weekly field trips.

Text: Pirsson and Schuchert’s Text-book of Geology, Part 1.

Instructors: Buwalda, Maxson, Bonillas, Osborn, Schultz.

Ge. 1 b. Erementary Pareonrtorocy. 9 units (4-1-4); third term.

Prerequisite: Ge. 1 a.
A discussion of the principles on which the history of life is based.

[llustrations of evolution taken from certain groups of animals of
which the fossil record is essentially complete. Occasional field trips.
Text: Lull, Organic Evolution.
Instructor: Stock.

Ge. 1 ¢. HisroricaL Georocy. 9 units (3-0-6); third term.

Prerequisite: Ge. 1 a.

A consideration of the geologic history of the earth, as shown by the
changing patterns of land and sea and by the succession of faunas and
floras. Conferences, lectures, and occasional field trips.

Text: R. C. Moore, Historical Geology.

Instructor: Maxson.

Ge. 3 a, b, ¢. Mixerarocy. 12 units (3-6-3), cach term.

Prerequisites: Ge. 1 a, Ch. 1 a, b, c.

A comprehensive course dealing with the materials of the earth’s
crust. The first part of the course constitutes an introduction to crys-
tallography; the body of the course is concerned with physical, chemical,
and determinative mineralogy, and with the genesis and cccurrence and
use of minerals; the last part deals especially with mineral aggregates
(rocks), their classification, field identification and geologic occurrence.
Together with correlated work in Ge. 7 a, b, this portion of the course is
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designed to give the student a working knowledge of lithology, sufficient
for the needs of the field geologist.
Text: Dana’s Textbook of Mineralogy, by W. E. Ford, 4th Edition.
Instructors: Campbell, Kelley.

Ge. 5. Orpricar MiNERarogy. 10 units (2-6-2), first term.

Prerequisites: Ge. 1, 3, 4.

Study of optical mineralogy and use of the petrographic microscope
in the identification of minerals.

Text: Roger and Kerr, Thin Section Mineralogy.

Instructors: Donnelly, Cogen.

Ge. 6 a, b. Prrrocrapmy. 10 units (2-6-2), second term; 14 units
(8-6-5), third term.

Prerequisites: Ge. 8 a, b, ¢, Ch. 21 a, 23 a.

A systematic study of rocks; the identification of their constituents
by application of the polarizing microscope; interpretation of textures;
problems of genesis; qualitative and quantitative classifications. Occa~-
sional field trips will be arranged.

Text: Harker, Petrology for Students.

Instructors: Campbell, Osborn.

Ge. 7 a, b. Firrp Groroay. 10 units (1-8-1), second and third terms.

Prerequisites: Ge. 1 a, b, ¢, 3 a.

An introduction to the principles and methods used in geologic map-
ping. Field technique in determining rock types and their distribution,
and in interpreting geologic relationships and structures. Practical expe-
rience in deciphering the geologic history of a region. To these ends a
representative Coast Range areca is mapped in detail and a report in
professional form is prepared on its stratigraphy, structure and history.
The fleld work, sclected textbook assignments, and special geologic prob-
lems and computations are discussed in weckly class meetings.

Students taking this course are expected to go on the Annual Spring
Field Trip described under Ge. 8.

Text: Lahee, Field Geology.

Instructor: Maxson.

Ge. 8. Sprixe Frzwo Trip. 1 unit, week between second and third
terms.

Brief studies of various localities in the Southwest representative of
important geologic provinces. Trips are conducted in successive years to
Owens and Death Valleys where excellent Palcozoic sections are exposed,
and Basin Range structure and morphology may be observed; to the
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Salton Basin and Lower California where the San Andreas fault and the
Peninsular Range may be studied; to the San Joaquin Valley and the
mountains to the west where important Tertiary formations are exposed
and typical Coast Range structure may be seen; and to the Grand Can-
yon of the Colorado River where a fascinating record of Archean, Algon-
kian and Palcozoic geologic history may be investigated.

Required of scnior and graduate students in the Division of Geology
and Paleontology.

Instructor: Buwalda.

Ge. 9. Structurarn Georocy. 10 units (4-0-6); first term.

Prerequisite: Ge. 7 a.

A consideration of the structural features of the Earth’s crust;
folds, faults, joints, foliation.

Instructor: Buwalda,

Ge. 10. ExciveeriNG Grorocy. 9 units (8-0-6), third term.

Prerequisite: Ge. la.

An outline of mineralogy, petrology, and structural geology, followed
by a discussion of those geological conditions that affect particular engi-
neering operations, such as tunnelling, the building of dams, the retention
of water in reservoirs, foundation work excavation, harbor work, control
of erosion and landslides, materials of construction, ete. Lectures and
assigned reading.

The course is planned primarily for civil engineers.

Instructor: Ransome.

Ge. 11 a, b. InverrEsRATE ParEoNTOLOGY. 8 units (1-6-1), first term;
10 units (2-6-2), second term.

Prerequisites: Ge. 1 a, b, c.

Morphology and geologic history of the common groups of fossil
invertebrates, with emphasis on progressive changes in structures and
their significance in evolution and in adaptive modifications. Laboratory,
conferences, lectures, and occasional field trips.

Instructor: Popenoe.

Ge. 12 a, b. VEer1EBRATE PareoNTorocy. 10 units (2-6-2), second
and third terms.

Prerequisite: Ge. 1 b.

Osteology, affinities, and history of the principal groups of fossil
mammals and reptiles. History of vertebrate life with special reference
to the region of western North America.

Instructor: Stock.
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Ge. 14, Grorocic IrLustratiox. 10 units (0-10-0), first term.

Freehand sketching of landscape forms and visible geologic structures
in the ficld developing both line and shading technique in representation.
Also classroom excrcises utilizing various mediums. Training in the
drawing of block diagrams illustrating land forms and geologic structure
sections in perspective. Problems in projection.

Text: Lobeck, Block Diagrams.

Instructor: Ridgway.

Ge. 21. Sexior Tursis Pronrear 1x Grovocy. Units to bring total
load per term to 50.

Prerequisite: Ge. 7 a.

The student investigates a limited geologic problem in the field or
laboratory. Individual initiative is developed, principles of research are
acquired, and practice gained in technical methods. The student prepares
a thesis setting forth the results of the research and their meaning. Last
date for acceptance of thesis, May 25.

Instructor: Maxson.

Ge. 22, Sexior Tursis Provreym 1xv Parrxoxrtorogy. 8 units first or
third terms, 6 units second term.

Prerequisites: Ge. 11 a, b, or Ge. 12 a, b; may be taken concurrently.

Special investigations in either invertebrate or vertebrate paleon-
tology. Research on a limited problem involving either field relation-
ships of fossil assemblages or consideration in the laboratory of the
structural characters and relations of fossil forms. Preparation of a
thesis.

Ge. 23. Summer Fierp Grorogy. 12 units.

Intensive field mapping of a selected area from a centrally located
field camp. Determination of the stratigraphy, fossil content, structure,
and geologic history. The area chosen will probably lie in the California
Coast Ranges in even-numbered years and in the Great Basin in odd-
numbered years. As an occasional alternative in odd-numbered years an
expedition will be conducted to localities important in California geology.
The interpretations of classical localities afforded in the literature will
be studied in the field. The course begins immediately after Commence-
ment (about June 12th). Required at the end of both the Junior and
the Senior year for the Bachelor’s degree in the Geology and Paleon-
tology course. Tuition, $15.

Instructors: Buwalda, Maxson.
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Ge. 100. Grorocy-ParroxToLocy Crurm, 1 unit, all terms.
Presentation of papers on research in geological science by the stu-
dents and staff of the Division of Geology and Paleontology, and by

guest speakers.
Required of all senior and graduate students in the Division.

FIFTH-YEAR AND ADVANCED SUBJECTS

Ge. 183. Seisymorocy. 6 units (2-0-4); second term of odd-numbered
years. .

Study and conferences on the principles of physical and geological
seismology.

Text: Gutenberg, Grundlagen der Erdbebenkunde.

Instructor: Gutenberg.

Ge. 184, L.asoratory StUDIES 1N SEismorocy. First, second or third
term.

Laboratory practice in the measurement and interpretation of instru-
mental earthquake records.

Instructor: Gutenberg.

Ge. 186. GeomorpHoroGy. 10 units; first term of odd-numbered
years.

Prerequisite: Ge. 9.

Nature and origin of the physiographic features of the earth. Geo-
logic processes involved in their development. Use of physiography in
elucidating the later geologic history of regions.

Instructor: Maxson.

Ge. 187. RESEARCH.

Original investigation, designed to give training in methods of re-
search, to serve as theses for higher degrees, and to yield contributions
to scientific knowledge. These may be carried on in the following fields:
(m) mineralogy, (n) general areal geology, (o) stratigraphic geology,
(p) structural geology, (q) physiography, (r) petrology, (s) vertebrate
paleontology, (t) invertebrate paleontology, (u) seismology, (v) eco-
nomic geology, (w) general geophysics, (x) applied geophysics.

Ge. 188. Anvaxcep Stupny.
Students may register for not to excecd 8 units of advanced study in
flelds listed under Ge. 187. Occasional conferences; final examination.



GEQLOGY AND PALEONTOLOGY 209

Ge. 189 a. Prysicar Georocy (Seaixar). 5 units; first term.

Critical review of literature dealing with some part of the ficld of
structural geology.

Instructor: Buwalda,

Ge. 189 b. Pmysicar Georocy (SEmizar). 5 units; third term.

Study and critical discussion of current contributions to geologic
knowledge.

Instructor: Buwalda.

Ge. 190 a, b. VEerTEBRATE PALEONTOLOGY (SEMINAR). 5 units; second
and third terms.

Discussion of progress and results of research in vertebrate paleon-
tology. Critical review of current literature.

Instructor: Stock.

Ge. 191 a, b. InveErTEBRATE PALEONTOLOGY (SEMINAR). 5 units; first

and second terms.

Conferences on research in invertebrate paleontology and reviews of
literature. Discussions of particular aspects of invertebrate paleontology
with special reference to the Pacific Coast.

Instructor: Popenoe.

Ge. 195. Ore Drrosirs. 10 units (3-0-7); second term.

Prerequisites: Ge. 1, 8, 4, 5, 6, 7.

A study of metalliferous deposits with particular reference to their
geological relations and origins. Lectures, recitations, and field trips.

Text: Not prescribed, but either Tarr’s Introductory Economic Geol-
ogy or Emmons’ Principles of Economic Geology is suggested, with
Lindgren’s Mineral Deposits as collateral reading.

Instructor: Ransome.

Ge. 196. Nonx-MeraLvirerots Derosits. 10 units (3-0-7); third term.

Prerequisites: Ge. 1, 3, 4, 5, 6, 7.

Modes of occurrence, distribution, and origin of the principal non-
metallic mineral products, including mineral fuels, building materials, etc.

Text: Not prescribed, but Ries’ Fconomic Geology or an equivalent
text will be found useful.

Instructor: Ransome.

Ge. 197, Anvaxcep Ecoxoxic Grorosy. S units (2-0-6); second term.
Prerequisites: Ge. 195, 196.
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A more thorough and comprehensive study of some of the important
mineral deposits of the world than is practicable in courses 195 and 196.
Particular attention will be given to deposits in the western United
States, Mexico, and Africa.

Instructor: Ransome.

Ge. 198 a, b. Economic Georogy (SEMINAR). 5 units; second and

third terms.
Prerequisites: Ge. 195, 196, or equivalents.

Discussion of current literature and special problems. The seminar
work may be varied by occasional lectures,
Instructor: Ransome.

Ge. 199. Mixeravrocy (SeMINaR). 5 units; first term.
Prerequisite: Ge. 3, 4, 5, 6.
Discussion of current literature and recent advances in this field.

Ge. 200 a, b. MixEraGRAPHY. 9 units (1-6-2); first and second terms.

Prerequisites: Ge. 3, 4, 5, 6, 195,

Investigation of ores in polished surfaces by microscopic and other
laboratory methods.

Ge. 203. Purysics or e Eartit. 6 units; first term of odd-numbered
years.

Structure of the earth; gravity and isostasy; tides; movement of the
poles; elastic properties, temperature; density.

Instructor: Gutenberg.

Ge. 205. Arrriep GeopHysics 1. Measurements of gravity and earth
magnetism applied to geological problems and prospecting. 5 units;
first term of odd-numbered years.

Ge. 206. Arrrien Geormysics II. Methods of seismology applied to
geological problems and prospecting. 5 units; second term of even-
numbered years.

Instructor: Gutenberg.

Ge. 207. Arrriep Geormysics I11. Electricity and heat measurements
applied to geological problems and prospecting. 5 units; third term of
even-numbered years.
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Ge. 208 a, b. Geormvsics (Seminar). 5 units; first and third terms.

Structure of the earth; gravity and isostasy; tides; movement of the
poles; elastic properties; temperature; density; changes in the earth’s
crust; earthquakes; applied geophysics.

Instructors: Gutenberg, Buwalda.

Ge. 210. Abvaxcep Petrorogy. 5-12 units; second term.

Prerequisite: Ge. 6 a, b.

A continuation and amplification of Ge. 6 a, b; with especial emphasis
on sedimentary rocks in odd-numbered years, on mectamorphic and igne-
ous rocks in even-numbered years.

(Not given in 1934-1935.)

Texts: Milner, Sedimentary Petrography; Harker, Metamorphism.

Instructor: Campbell.

Ge. 211. Pertrorocy (Seminar). 5 units; third term.

Discussion of classic and current literature with consideration of
recent advances in the field of petrology. Occasional conferences on
research problems are included.

Instructor: Campbell.

Ge. 220. Hisrory or Grorocy. 5 units; second term of odd-numbered
years. '

A study of the development of the geological sciences. The evolution
of fundamental theories as influenced by earlier and contemporary geo-
logical investigators. :

This brief course presents a connected sequence of the development
of geological ideas and thereby aids in gaining a perspective of the
science.

Lectures, assigned reading, and reports.

Instructor: Maxson.

Ge. 225. GeorLoGy or THE SOoUuTHWEST. 10 units (4-0-6); first term of
even-numbered years,

An intensive review of the geomorphology, stratigraphy, and struc-
ture of the region most accessible from the California Institute, including
Arizona, Nevada, and California. Presents an organized concept of the
geologic history of the Colorado Plateau Province, the Basin and Range
Province, and the Coast Range Province. Lectures, mainly by staff mem-
bers personally familiar with the regions discussed, and assigned reading.

Instructors: Staff of the Division of Geology and Paleontology.
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DIVISION OF BIOLOGY

Proressors: Tuormas Hoxt Moreax, Avrrep H. STURTEVANT

AssocIATE Proressor: Erxest G. ANDERSON

AssisTaANT Proressors: Hexwry Borsoox, Titeonosius Dopzuaxsky, Ros-
ert Enmerson, Sterrine H. Emersox, Huea M. Hurrmaxy, Georce E.
MacGrixtrme, Frits W, Wext, Corveris A. G, WIERsaia

InsTrUCTORS: KENNETH V._’I}E%ALBERT TYLER

For the study of biology, the Institute provides the following
opportunities:

An option in biology has been introduced into the four-year
undergraduate Coursc in Science. This option includes those
fundamental biological subjects that are an essential preparation
for work in any special field of pure or applied biology. This
three-year course affords a far more thorough training in the
basic sciences of physics, chemistry, and mathematics than stu-
dents of biology, medicine, or agriculture commonly receive.
Special opportunities are also offered for the pursuit of more
advanced courses and extended rescarches leading to the degree
of Doctor of Philosophy.

UNDERGRADUATE SUBJECTS

Bi. 1. ErEmeEnTary Broroey, 9 units (8-3-8); second term.

An introductory course intended to give the student of general
science some information about the fundamental properties of living
things. '

Instructors: Morgan, Borsook, Beadle.

Bi. 2. GexEerics. 9 units (3-4-2); third term.

An introductory course presenting the fundamentals of genetics in
connection with some general biological problems, such as variation and
evolution.

Instructor: Dobzhansky.

Bi. 3. GexeraL Boraxy. 12 units (3-6-3); sccond term.

A general survey of the morphology, anatomy and life histories of
plants. i

Instructor: S. Emerson.
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Bi. 4. GexEraL Zoorocy. 14 units (3-6-5); first term.

A general survey of some of the main groups of invertebrate animals
except insects (see Bi. 11), including examination of representative living
types, especially marine forms.

Instructor: MacGinitie.

Bi. 5. Praxt Puysiorocy. 10 units (2-6-2); third term.

A general study of water relations, growth, tropisms, and the chem-
ical reactions occurring in plants.

Instructor: Went.

Bi. 6. Emsrvorocy. 14 units (2-8-4); sccond term.

A course in descriptive and experimental embryology. As far as pos-
sible the work will be done at the Marine Laboratory, Corona del Mar.

Instructor: Tyler.

Bi. 7 a, b. Brocuryistry. & units second term; 10 units third term.

Second term: Lecture course on the chemical constitution of living
matter, and on the chemical changes in animal physiology.

Third term: Laboratory course illustrating principles and methods in
current use in biochemistry,

Instructors: Borsook and Huffman.

Bi. 8. Apvancep GeEneTics. 10 units (3-5-2); first term,
A more advanced course dealing with special problems of genetics.
Instructors: Sturtevant and Anderson.

Bi. 9. Pmysiorocy. 10 units (3-4-3); first term.

Fundamental characteristics of photosynthesis, respiration, and fer-
mentation in unicellular organisms. The mechanism of response to light
in various organisms, with a consideration of the light-sensitive system
in the human eye. With the instructor’s consent, this course may be
taken by students pursuing the Physics or Chemistry option.

Instructor: R. Emerson.

h Bi. 10. Bacreriorogy. 8 units (2-5-1); first term.
i, The principal reactions carried out by bacteria, and the main groups
'j'of micro-organisms responsible for these reactions.

Instructor: Thimann.

Bi. 11. ExTomorLocy. 8 units (2-4-2); third term.

A general survey of the structure and life histories of the class
Insecta, emphasizing the groups presenting favorable material for experi-
mental work.

Instructors: Dobzhansky and Sturtevant.
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Bi. 12. Historocy. 9 units (1-6-2); second term.

A course in technique and in the microscopic structure of animal
tissues.

Instructor: Tyler.

Bi. 22. REesEarcu. 9 or 12 units; second and third terms.

An opportunity will be given to follow special lines of research under
direction.

ADVANCED COURSES

Instruction will be given by lectures and seminars; and research will
be forwarded by intimate contact between students and instructors in
the laboratories. In view of the great expense of modern research along
physiological lines, the department will make careful selections of stu-
dents of exceptional ability and aptitude in order to avoid the formal
instruction that large numbers entail.

Bi, 100, A seminar in genetics is held twice monthly for graduate
students specializing in heredity and related subjects.
Instructors: Sturtevant, Anderson, Dobzhansky, and S. Emerson.

Bi. 101. A Journal club is conducted twice monthly for reports on
current biological literature.

Bi. 102. Brocmemistry SEminars. Two seminars are held throughout
the academic year, one on special, selected topics; the other on recent
advances reported in the current literature.

Bi. 103. A seminar in plant physiology, twice monthly.

Bi. 110. Brocumemistry: Courses in bilochemistry are offered to
graduate students who have completed work in General and Organic
Chemistry.

Instructor: Borsook.

Bi. 120. DEeverormextAL MECHANICS: A short course in Descriptive’
Embryology including laboratory work will precede a general course
of lectures and seminar work on the Mechanics of Development.

Instructors: Morgan and Tyler.

Bi. 130. Broroeicar ProBLEMmsS,
A course of lectures and reading, including the more general topics
of biology, such as sex-determination; the role of the hormones; second-
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ary sexual characters; parthenogenesis; regeneration and grafting; and
migration of animals, will be given to graduate students at the begin-
ning of their graduate work.

Instructor: Morgan.

Bi. 140. Praxt Pirysiorocy. $ units (2-0-6); first, second, and third
terms. Reading and discussion of the main problems of plant physiology.
(Extension of Bi. 5.)

Instructors: Went and Thimann.

Bi. 160. Avvaxcen PuysioLocy. Graduate courses in general physiol-
ogy will be offered to students prepared to carry on research work.

Bi. 170. ResearcH. In special cases not included in the preceding
announcements, students doing advanced work in the department may
register under this heading and receive a stated amount of credit.
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DIVISION OF THE HUMANITIES

ENGLISH

Proressor: Crixtox K. Jupy

Associares: Hovr H. Hupsox, Lotvis B. WricuT

Associate Proressor: Grorce R. MacMinx

AssistaxT Proressors: Harvey EacrLeson, WiLrianm Huse, Jr.,
RoGER StaNTON

InstrucTOR: L. WINCHESTER JONES

A course in English composition is prescribed for all students
in the Freshman year, and a course in the survey of English
literature is prescribed for all students in the Junior year. In
the Senior year the students are offered a number of options in
English, American, and European literature.

The instruction in composition is intended to give a thorough
training in both written and spoken English. The instruction
in literature is intended to provide an appreciative acquaintance
with the chief works of those authors, past and present, who are
most significant in the development of modern civilization, and
to foster the habit of self-cultivation in books.

The regular courses in English do not exhaust the attention
given at the Institute to the student’s use of the language; all
writing, in whatever department of study, is subject to correc-
tion with regard to English composition.

All students are required to pass a comprehensive examination in
English and History at the end of the Sophomore year. This examina-
tion is not confined to specific courses, but covers the general attainments
of the students in their humanistic work throughout the first two years.

UNDERGRADUATE SUBJECTS
En. 1 a, b, ¢. Excrisg ComrosiTiIoN aAND REapING. 6 units (8-0-3);
first, second and third terms.
This course is designed to give the student a thorough review of the
principles of composition, with much practice in writing and speaking,
and a broad introduction to good reading. The student is offered every
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inducement to self-cultivation, and is allowed ample opportunity for the
exercise of special talents or the pursuit of special intellectual interests.

The work of the honor section is directed toward the stimulation of
intellectual initiative. The members of the section are held to high
standards of excellence in writing and speaking, and are expected to
undertake a considerable amount of cultural reading.

Texts: The Technique of Composition, Taft, McDermott, and Jensen;
These United States, Jones, Huse, and Eagleson; College Readings in
the Modern Short Story, MacMinn and Eagleson; Webster’s Collegiate
Dictionary.

Instructors: Eagleson, Huse, Jones, MacMinn, Stanton.

En. 7 a, b, ¢. Survey or Excrisa LiTeraTure. 8 units (3-0-5); first,
second and third terms.

Prerequisite: En. 1 a, b, c.

A selective study of English literature from the beginnings to the end
of the 19th century, focused on the most distinguished works of the
greater writers in poetry, drama, the novel, and the essay. Special at-
tention is given to the social background of the works assigned for
reading, and to the chief cultural movements of the modern world. In
the first term the emphasis is placed on Shakespeare and the English
Renaissance; in the second term on the life and literature of the 18th
century; in the third on the Victorian Era.

Texts: The Oxford Shakespeare; British Poetry and Prose, Lieder,
Lovett and Root.

Instructors: Fagleson, Huse, Jones, Judy, MacMinn, Stanton.

En., 8. Contemrorary ENcrisu axp EurorEax LiteraTure. 9 units
(8-0-6) ; first, second or third term.

Prerequisite: En. 7 a, b, c.

A continuation of the survey of English literature to cover the period
from 1890 to the present, with some extension into Continental literature,
Wide reading is required.

Text: Fifty Modern English Writers, W. Somerset Maugham.

Instructors: Eagleson, Judy.

En. 9. Coxtexrorary Axericax Lrrerarvre. 9 units (3-0-6); first
or sccond term.

Prerequisite: En. 7 a, b, c.
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A survey of the literature of the United States during the past half-
century, with emphasis upon the chief writers of the present time. Spe-
cial attention is given to the reflection of national characteristics in the
novel, the short story, drama, and poetry.

Text: American Poetry and Prose, Part 11, Foerstcr.

Instructor: MacMinn,

En. 10. Moper~x Drana. 9 units (3-0-6); first, second or third term.

Prerequisite: En, 7 a, b, c.

A study of the leading European and British dramatists, from Ibsen
to the writers of the present time. Special attention may be given to
new movements in the theatre, to stage decoration and production. Wide
reading of plays is required.

Text: Twenty-five Modern Plays, Tucker.

Instructors: Huse, Stanton.

En. 11. Lrrerarvre oF TnE Bisie, 9 units (8-0-6); third term.

Prerequisite: En. 7 a, b, c.

A study of the Old and New Testaments, exclusively from the point
of view of literary interest. Special attention is given to the history of
the English Bible. Opportunity is offered for reading modern literature
based on Biblical subjects.

Text: The Bible (Authorized Version).

Instructor: MacMinn,

En. 12 a, b, ¢. DeBaTinG, 4 units (2-0-2).

Elective, with the approval of the Registration Committee, for upper
classmen in the first and second terms. Study of the principles of
argumentation; systematic practice in debating; preparation for inter-
collegiate debates.

Elective, with the approval of the Freshman Registration Committee,
for Freshmen, 2 units (1-0-1) in the second term, and 4 units (2-0-2)
in the third term. Lectures on the principles of formal logic and the
theory of argumentation and debate.

Instructor: Untereiner.

En. 13 a, b, ¢. Reavine 1v Excrism axp History, Units to be deter-
mined for the individual by the Department.

Elective, with the approval of the Registration Committee, in any
term.
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Collateral reading in literature and related subjects, done in connec-
tion with regular courses in Inglish and History, or independently of
any course, but under the direction of members of the Department.

En. 14. Speciar CoxrositioN, 2 units (1-0-1); any term.
This course may be prescribed for any student whose work in com-
position, general or technical, is unsatisfactory.

En. 15 a, b, c. Jour~xarism. 3 units (1-0-2).
Elective, with the approval of the Registration Committee.

A study of the principles and practice of newspaper writing, editing,
and publishing, especially as applied to student publications at the
Institute.

Instructor: MacMinn.

En. 16, Seeining. No credit,
This course may be prescribed for any student whose spelling is un-
satisfactory.

En. 20. Summer Reapine, Maximum, 16 credits.

Credits are allowed to the maximum number of 16 for vacation read-
ing from a selected list of books in various subjects, and written report
thereon.

FIFTH-YEAR AND ADVANCED SUBJECTS
En. 100. LireraTuvre. 9 units; first, second and third terms.

A study of some selected period, or type, or author, or group of
authors in American, English or European literature, with an introduc-
tion to the methods of research and criticism applicable thereto.

Instructors: Eagleson, Hudson, Judy, Wright.
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LANGUAGES

Proressor: JoHN R. MacarTHUR

The courses in modern languages are arranged primarily to
meet the needs of scientific students who find it necessary to
read books, treatises, and articles in French, German, and Italian.
In these languages correct pronunciation and the elements of
grammar are taught, but the emphasis is laid upon the ability to
translate from them into English. An elective course in Greek
is offered to students interested in that language.

UNDERGRADUATE SUBJECTS

L. 1a,b. EremExtary FrExcH, 10 units (4-0-6); second and third
terms.

A course in grammar, pronunciation, and reading that will provide
the student with a vocabulary of extent and with a knowledge of gram-
matical structure sufficient to enable him to read at sight French
scientific prose of average difficulty. Accuracy and facility will be. in-
sisted upon in the final tests of proficiency in this subject. Students who
have had French in the secondary school should not register for thesc
courses without consulting the Professor of Languages.

Texts: An Introduction to the Study of French, Bond; Selected
Readings.

Instructor: Macarthur,

L. 11. EremexTary ITavian, 9 units (3-0-6); one term, as required.

A course designed to give the student who has already some acquain-
tance with Latin or with another Romance language sufficient knowledge
of the forms and vocabulary of Italian to enable him to read scientifie
Italian, especially in the field of Mathematics,

Texts: Elementary Italian, Marinoni and Passarelli; Capocelli,
L’Ttalia nel Passato e nel Presente.

Instructor: Macarthur,

L. 82 a, b, e. ErevmeExTary Geraax, 10 units (4-0-6); first, second
and third terms.

This subject is presented in the same manner as the Elementary
French. Students who have had German in the Secondary school should
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not register for these courses without consulting the Professor of
Languages.

Texts: First German Course for Science Students, Fiedler and Sand-
bach; Technical and Scientific German, Greenfield.

Instructors: Macarthur and Gregory.

L. 85 a, b, ¢, Sciextrric Geraax. 10 units (4-0-6) first term; 6 units
(3-0-3) second and third terms.

Prerequisite: L. 32 a, b, ¢, or one year of college German.

This is a continuation of L. 32 a, b, ¢, with special emphasis on the
reading of scientific literature.

Text: Aus der Werkstatt grosser Forscher, Danneman.

Instructors: Macarthur and Gregory.

L. 39 a, b, ¢. Reapine 1x Frencu, ITaLiax, or GErman. Units to be
determined for the individual by the department. Elective, with the
approval of the Registration Committee, in any term.

Reading in scientific or literary French, Italian, or German, done
under direction of the department. R

L. 40. Germax Lizerature. 9 units (3-0-6), third term.

Prerequisites: L. 32 a, b, ¢; L. 35 a.

The reading of selected German classics, poetry and drama, accom-
panied by lectures on the deveclopment of German literature. Elective
and offered only to students whose work in the prerequisites has been
above average.

Text: German Literature, Thomas.

Instructor: Macarthur.

L. 51 a, b, ¢. Greex. 6 units (3-0-3).

This is a course in the elements of the classical Greek language.
Special reference is made to scientific nomenclature. Outside reading
upon topics drawn from Greek literature, art, philosophy, and science is
reported on in term papers. The course is elective, and will be offered
only if six or more persons request it and agree to take it throughout the
year. ’

Texts: Alpha, Frost; Xenophon’s Anabasis; The Study of Greek
Words in English, Including Scientific Terms, Hoffman.

Instructor: Macarthur.
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HISTORY AND GOVERNMENT

ProFessors: Jouwx R. MacarraUR, WiLLiam B. Muxro
AsgsociatE: Gobrrey Davies
AsststaNT Proressors: Pumip S. Foee, Ray E. UNTEREINER

All students are required to pass a comprehensive examination in
English and History at the end of the Sophomore year. This examina-
tion does not cover specific courses, but the general attainments of the
students in their systematic work throughout the first two years.

UNDERGRADUATE SUBJECTS

H.1a, b, ¢. ANciENT aAND Menievar History. 5 units (8-0-2); first,
second and third terms.

Lectures and discussions upon the early civilizations out of which
modern Europe developed, and upon the institutions of the Middle Ages.
The students are referred to original sources in the library. In connec-
tion with this course, Freshmen are expected to attend a performance
of the classical play presented in the fall term, and to make one visit to
the Huntington Collections.

Texts: Ancient Times, Breasted (Revised Edition); Munro and
Sontag, The Middle Ages.

Instructors: Eagleson, Huse, Jones, Judy, Macarthur, MacMinn,
Stanton.

H. 2 a, b, c. Moperx Evrorean History. 6 units (2-0-4); first, sec-
ond and third terms.

Prerequisite: H. 1 a, b, c.

The general political and social history of Furope from 1500 to 1926,
presented as the background and development of movements underlying
present conditions.

Instructors: Munro, Untereiner.

H. 5 a, b. Current Torics. 2 units (1-0-1); first and second terms.

This course is given collaterally with senior humanities electives, and
is articulated with a selected weekly journal of general information and
opinion.

Instructor: Fogg.
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H. 10. Tue CoxsriturioNn oF THE UNITED STaTEs. 2 units (1-0-1);
third term.

A study of the principles and provisions of the national constitution
in the light of present-day interpretation by the courts. Required of all
seniors.

Instructor: Munro.

FIFTH-YEAR AND ADVANCED SUBJECTS

H. 100. Semivar 1N AmEericaN History aAxp GoverxmeNT. 9 units
(1-0-8) ; first, second and third terms.
Open only to fifth-year students and seniors who have attained honor

grades.
First term: English History in the Nineteenth Century.
Instructor: Davies.
Second term: American History.
Instructor: Munro.
Third term: American Government.
Instructor: Munro.
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ECONOMICS

Proresson: Gramanm A, Laixg
Assoc1aTe Proressor: Horace N. GILserT
Asstsraxt Prorussors: Purne S. Foce, Ray E. UNTEREINER

The subjects in this group have the twofold purpose of giving
the student an insight into fundamental economic principles, and
of acquainting him with some of the aspects of the practical
operation of business enterprises. They furnish the important
connecting link between the technical engineer and the man of

affairs.

UNDERGRADUATE SUBJECTS

Ec. 2. Gexerar Ecoxonics axp Fconwomic ProsrEms. 10 units (4-0-6),
second or third term.

The purpose of this course is to describe in"as great detail as possible
the economic life of the community. It includes a study of production,
distribution, and exchange of goods, the nature of money and credit, the
development of economie institutions, and an analysis of a number of
pressing economic problems. The course is given in the second and again
in the third term.

Instructors: Laing (lectures), Gilbert, Untereiner, Fogg.

Ec. 5 a, b. Gexerar EconNomics. 6 units (3-0-8) second term, and
(2-0-4) third term. Same material as in Fe. 2, but in more detail.

Instructors: Laing (lectures), Gilbert, Untereiner, Fogg.

Ec. 17, AccouxtiNe. 9 units (8-0-6); first, second or third term.
Open only to engineering students in their Junior year.

This is a course in the interpretation of the financial statements with
which engineering students who enter business will come in contact. A
description of bookkeeping methods is presented, but not in sufficient
detail to enable the average student to keep a set of business books.
Emphasis is placed upon the study of actual business problems involving
the executive interpretation of accounting reports. A liberal amount of
descriptive material regarding business activities accompanies the
instruction,

Text: Introduction to Accounting, Prickett and Mikesell.

Instructor: Fogg.
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Eec. 18, Ixpustrian Accovsmixe. § units (2-0-1), second term.

Prerequisite: Ec. 17.

Open only to third, fourth, and fifth year engineering students. The
course covers the essentiul principles of cost accounting as applied to
industrial enterprises. The theoretical background of cost accumulation
and distribution is supplemented by case studies of actual industrial
accounting experience.

Text: Industrial Accounting, Saunders.

Instructor: Fogg.

Ec. 19. Ixvpustriarn StaTistics, 9 units, third term.

Open only to fourth and fifth year engineering students. The object
of this course is to introduce students who contemplate going into the
administrative side of industry to the essentials of statistical method,
especially as it is applied to, and utilized by, business. Consideration is
given both to statistical devices for internal control of operations and to
methods of analyzing external business conditions

Text: FEconomic Statistics, Crum and Patton.

Instructor: Fogg.

Ec. 20. FivaxciaL OreaNizaTioN. 8 units (3-0-5); first term.

Prerequisites: Ec. 2 or 5.

A general study of the financial organization of society. The course
includes a study of the following topics: Principles of money; nature and
functions of credit; the varieties of credit instruments; the market-
ing of low and high grade securities; the functions of the corporation
and the stock exchange as capital-raising devices; the development of the
banking system and the general principles of banking, including studies
of commercial banking, the national banking system, and the Federal
Reserve system.

Instructor: Laing.

Ec. 25. Business Law. 6 units (3-0-8); first term.

The principles of law as applied to business affairs; a study of the
law governing contracts, negotiable instruments, agency, partnership,
corporations, and employer’s liability.

Instructor: Untereiner.
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Ec. 3¢4. CorrorarroN Fixaxce. 8 units (2-0-6); first term.

Corporation promotion; the issue and payment of securities; under-
writing; the sale of speculative securities. Discussion of the principles
of capitalization, the management of corporate income, and the relation
of dividend to income. Financial problems of expansion, combination,
and reconstruction of corporations.

Instructor: Laing,

Ec. 45 a, b. Semixar 1¥ Sociar axp Ecoxomic OreanNizaTion. 4
units (2-0-2); second and third terms.

This course consists in weekly lectures and discussions of the devel-
opment of economic and social organization from a broad standpoint,
and includes consideration of such subjects as primitive economic and
political groupings and methods, development of gild and feudal sys-
tems, evolution of the competitive and quasi-competitive systems in
economic life and democratic organization in political life. A considera-
ble amount of outside reading is required from each student. The class
meets once a week for two hours, the first being devoted to lecture and
the second to discussion of the problems treated in the lecture. The
number of students is limited and the seminar is open to juniors and
seniors. The seminar meets on Thursday evenings at the home of Pro-
fessor Laing.

Instructor: Laing,

FIFTH YEAR AND ADVANCED SUBJECTS

Eec. 100 a, b, ¢. Business Ecoxoaics. 12 units (4-0-8); first, second,
and third terms. Open to graduate students.

This course endeavors to bridge the gap between engineering and
business. It is intended for students in applied science and technology
who wish to use their technical training as an approach to the adminis-
trative side of business and industry.

The course includes, in brief (a) a description of business and indus-
try, and (b) a consideration of principles of business economics which
are relevant to the fields of interest of engineers and applied scientists.
The principal subjects treated are (1) business organization, (2) indus-
trial promotion and finance, (3) factory problems, and (4) the marketing
of industrial goods. An introduction is given to industrial statistics and
accounting. Students are made familiar with the operations of the
Federal Reserve system and with various other significant subjects in
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business economics. Several industries are studied in detail as to the
nature of their particular economic problems and as to the actual com-
panies operating in them. The case method of instruction developed by
the Harvard Graduate Business School is employed to a considerable
extent throughout the course.

Instructor: Gilbert.

Eec. 106 a, b, e. Busivess EcoNomics SEminar. Units to be arranged;
first, second, and third terms. Open to graduate students.

Special studies of current economic problems are presented by the
instructor, after which an open discussion is held. Emphasis is placed
on the materials of economic science, i.e., statistics of production, con-
sumption, prices, banking and finance, etc. These quantitative studies
are accompanied, where advisable, by reference to economic doctrine,

Instructor: Gilbert.
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PHILOSOPHY, ETHICS AND SOCIOLOGY

Provessors: Tmrobore G. Sosrrs, Gramax A. Laixe

UNDERGRADUATE SUBJECTS

Pl 1. IxTroprcrioN To Pmivosormy. 9 units (3-0-6G); second term.

An endeavor to see how the most fundamental questions have beer
answered by typical thinkers in the past, and how the modern student
may arrive at a philosophy.

Text: Major, An Introduction to Philosophy.

Instructor: Soares.

Pl 4. Ermics. 9 units (8-0-6); first and third terms.

The fundamental ethical concepts and theories that have emerged in
the process of human thought. The major social problems of modern life.

Texts: Barrett, Ethics; Clark and Smith, Readings in Ethics.

Instructor: Soares.

PL 5. Sociorocy. 9 units (3-0-6); first term.

The development of races, with a study of biological selection, physi-
cal adaptation, and the influence of climatic and geographical econditions.
The genesis and evolution of the social organism, and the influence of
the economic, religious, intellectual and political interests., A course in
principles, with theses assigned for the application of these principles to
specific social problems.

Instructor: Laing.

FIFTH-YEAR AND ADVANCED SUBJECTS
Pl 100. A Syupy or Some Asrects or Puivosornicar, ErmHican or
Socrar DEveLopmENT. 9 units; first, second and third terms.
Instructor: Soares.
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Prvysicar Direcror: WiLLiam L. STANTON

INsTRUCTOR AND MANAGER oF ATHLETICS: HARorp Z. MUSSELMAN
IxstrucToR: W. LavyroN StaxTox, JR.

ConsvrTing Prysician: Dr. E. D. KreEMERs

Puysician To ATHLETES: Dr. Frovyp L. HANEs

PE. 1, 2, 3, 4. Puysicar Epuvcarion. 3 units; first, second and third
terms.

All students during all four undergraduate years are required to
participate either in the intramural or intercollegiate sports on which
the physical education programme is based. The intramural sports
comprise competition between student houses, classes, clubs, in all sports,
including football, cross-country running, track and field events, base-
ball, basketball, swimming, boxing, wrestling, tennis, handball, etc., and
is required of all students not taking part in intercollegiate sports.
Representative freshmen and varsity teams in the major sports are devel-
oped and trained by experienced coaches. Fair-spirited and clean-cut
athletic competition is encouraged for its social and physical values, and
as a foundation for genuine college spirit. During the freshman and
sophomore years, all students are given physical strength and skill tests
in the first and third terms. These tests are used as a basis of comparison
with other men of the same weight and height. Corrective or special
exercises are prescribed throughout the four years for those who cannot
compete in intramural or intercollegiate sports.
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Irvizne Parxnmurst Krick, A.B., University of California; M.S., Califor-
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University
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Joux Reap, B.S., London University

Hariveron Moreswortiz AnTHONY RiIcE, B.A., University of British
Columbia

Bruce HorxBrook Sace, B.S., New Mexico College of Agriculture and
Mechanical Arts; M.S., California Institute

MagsroN CrLEaveEs SArRGENT, A.B., Harvard University

Exxest Epwix SecuirEr, B.S. and M.S., California Institute

Haxreron Smrri, B.S., California Institute

CarsteN CoxoverR SterrENs, A.B., Syracuse University

Rosert INGERsorL Stirtoxn, B.S., California Institute

Tromas PreExce Tmaver, B.A., University of Oregon; M.A., Northwest-
ern University

SaxmueL Stewarr West, B.S. and M.S., California Institute

Orixn Cuappock Wirsox, Jr., A.B., University of California

George Frieoricm WisLiceNvs, M.E., State Institute of Technology,
‘Wurzberg, Germany; M.S., California Institute
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MASTER OF SCIENCE IN ENGINEERING

ELECTRICAL ENGINEERING

Davio Ervixe Cooxk, B.S., Duke University

Encar Laror Kaxouse, B.S., Oklahoma University

Arexanper Ferver Lissy, B.S., California Institute

Apix Erxest Maruews, B.S., University of Southern California
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Lovurs Aupert Prees, B.S., California Institute

George Foster Rucker, B.S., Southern Methodist University
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Rarrm Crarexce Weser, B.S., California Institute

Moses B. Wiess, B.S., California Institute.

Hariey Worrg, B.S., California Institute

. MECHANICAL ENGINEERING

‘WiLtiam Borray, B.S., Northwestern University

Mapison TuaExTON Davis, 111, B.S,, California Institute
Rosert Dawson FrLErcHER, B.S., California Institute

James StaniEy Jouxson, B.S., California Institute

James Evererr Lirp, B.S., California Institute

Erxest Ray Locxmart, B.S,, California Institute

Rosert Gires Prrrs, B.S., Alabama Polytechnic Institute
Nikorar NIKEOLAEVICH SKAREDOFF, B.S., California Institute
Ricuarp ErvIiN SvtaveuTER, B.S., Southern Methodist University
Roranp James WHrTE, B.S,, University of California
Kennera Arvoxzo WiLLarp, B.S., Northwestern University
Carros Cravpe Woop, A.B., College of the Pacific

CIVIL ENGINEERING

Rarp Epwarp Byrne, Jr., B.S., California Institute

NepHI ALserT CHRISTENSEN, B.S., Brigham Young University
TrRExT RavsBroox Dawmes, B.S., California Institute

Georee Witriam Houswer, B.Sc., University of Michigan
SamueL Yorks Jorwsow, B.S., California Institute

Wrirtam Warrace Moorg, B.S., California Institute

Georce HExry PickEerr, B.S,, California Institute

Arza Fraxcis Porrer, B.C.E., University of Santa Clara
Homer Jupxixs Scorr, B.S., Iowa State College

AERONAUTICAL ENGINEERING

Fraxcis JosepE Bripeer, Lieut. U.S.N,, United States Naval Academy

ArpHoxsE Mavrice Descamps, Mining and Metallurgical School, Mons,
Belgium

Juriax Ricuarp GorpsteiN, B.S., University of Rochester

CarvroN Barmore Hurcwmixs, Lieut. (j.g.) U.S.N., United States Naval
Academy



234, CALIFORNIA INSTITUTE OF TECHNOLOGY

+Dax REINERT MATIIEWSON
GrieerT Doxarp McCaxx, Jr,
Fraxkrrxy Jaymes McCraix
Wirriaym CrypE McFappEx
Guy Oscar MiLLeg
MortoN Fstes MooRe
LEex Pierce MoRRIS
1BryanT ELmer MYERS
CrarLEs VERNON NEWTON
Garta Faxcuer NicoLsox
Hvuea Micuaaer O’NEeIL
Ricmarp Tupor Parker
WarreN Lomax Parrox
t*Joux FrEpERICK PEARNE
tEvererr Harry Pier
PavrL Crarx RoBERTS
Freprrick Cmaries Roeping
Joux Arsert Romorr
*+Doxarp R. RookE
Fraxk Avucustus SciAAk, JR,

+J. RoBERT SCHRECK

Louis Perry SEXTON

Or1N HENDERSON SHOEMAKER, JR.
Epwarnp Erxest Sinmaroxs, Jr.
Lrox Svaviy

Darrerr. Haves Sruper
+GEORGE SIDNEY SMITH
Artrur Louis STEVENsoN
RoBerT CROFT SUNDERLAND
AvrrEp Ivax SwITZER
Frawcis GarraTix Tracy, Jr.
Raymoxp Wiriam TrRayxor
Nick Twaomas UGriN

GeorGE Wirriam Vax Osporn
Nico vax WiINGeN

GrENN WAKELIN WEAVER
Encar James WHEELER
Cuarres Epwarp WHITE
WirLiam Wayxe Winsox

*Graduated with honor in accordance with a vote of the Faculty. .
tAwarded the Honor Key by the Associated Student Body for participation in

student activities.



Honors, 1934

SaNTA BARBARA SENIOR SCHOLARS:

TwHoxas WirLiaM GrirriTHS, WILLIAM BURDETIE McLEAN

Ju~ior Scuorars: Wirriam Epwarn CampBErt, Rosert Georee HEirz,
Arexanper Ivax Kossiaxorr, Tonr Lavrirsex, Harry W, LEw, GLENX
Harry Lewis, Wassox Warter Nestrer, Tyier F. TromesoN, THEo-
DoRE VERMEULEN, KEnxTtcHI WartawaBe, Evciip V. Warrs, Doxarp

LaureNceE YoUNG

Draxe JuNior SCHOLAR:

RoBerT LEE JaNES

Soriromore Scrorars: Irvive Lovis AsuxeNas, Doxy Cmaries DEVaurr,
Muxsox Wauire Dowp, Jomx StevEnson Ebpwarps, Jr., CHARLEs
Freperick Gates, LEVAN Grirris, Tromas Sincrair HARPER, CARL
FErmer Larson, Roserr Horxer Orwpos, Davio Pressmaw, Epwarp
Tmomas Price, Ricumarp RosExcraxz, RoBert Dawsoxn TowNSEND,

Grorce Yosuio Tsunora, VsEvorop TuraciN

DrAkKE SOPHOMORE SCHOLARS:

‘WirLarp Farxmaym, Harry HEyBURN MILLER

Sax DieEco SoPHOMORE SCHOLAR:

Arax JouN GROBECKER

Bracker FRESHMAN SCIIOLARS:
Georce Doveras Arsert, South Pasadena High School
Davip Kext Bravox, Manual Arts High School, Los Angeles
Wirriam Carr BrexNER, John Muir High School, Pasadena
Wrirriax Twoxas Carowrir, Long Beach Polytechnic High School
Doxarwp Douveras Davinson, Herbert Hoover High School, Glendale

Herzerr Bamry Ervrs, Los Angeles High School
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Sax Dieco FRESHMAN SCHOLARS:
ArMAND FreEvERicKk DUFRESNE, FRANKLIN Homer PAGE, JR.

IxsTrrore FReEsmaax ScrioLams:
RosweLL Joxes BrackiNrton, Bell High School, Bell
Pavr Oscar Excerper, Douglas, Arizona
Hexry Kixe Evans, Santa Maria
Ricuarp Bram Forwarp, Santa Barbara High School
Orax AvERY GRAYBEAL, JR., Los Angeles
HarrsoN MorroN LAVENDER, Bisbee, Arizona
CrLay WarpEN Lewrs, Fort Scott, Kansas
Joux Goorrey McLrax, Santa Barbara
Josiaxm WHrmrTAKER PoweLrr, Florence, Alabama
TroriNeToN Bram Rosertson, Vancouver, B. C.
Davip Marx SaERwoop, Palo Alto
SraniteEy Vax Voorrmrrs, Hollywood

AreerT Crarx WaLkER, Fresno

CoxGeEr PEAcE Prize:

Horace WirLarp DaveNrvort, PaurL HarveEy HamMmoxp



Graduate Students

Abbreviations: Eng., Engineering; Sci., Science; EE, Electrical Engineering;
ME, Mechanical Engineering ; CE, Civil Engmeermg, Ch, Chemlstry Ch E, Chem-
ical Engineering; Ph, Physics; Ge, Geology; Ma, Mathematxcs, AE Aeronautlcal
Engineering ; Bi, mIogy, Ay, Astronomy; My, Meteorology; A Ch, Apphed Chem-
istry ; A Ph, Apphed Physics.

(T) following a student’s name indicates that he has been admitted to candidacy
for the degree of Doctor of Philosophy.

Majyor
NaME SuBJECT HoMmE ApDRESS
Axrcock, Epwarp Day () Ph ILos Angeles
A.B., University of California at Los Angeles, 1930; M.S., California Instit-
tute, 1933
ALpEN, Lucas Avery (1) Ph Montrose
B.S., California Institute, 1931
ALEXANDER, CHARLES KIRKWOOD Ph Oberlin, Ohio
A.B., Oberlin College, 1932
AMBROSE, WILLTAM BRYANT AE Beaumont
B.S., University of Texas, 1923
AxpersoN, Tuomas Foxen (t) Ch Glendale
B.S., California Institute, 1932
Axtz, HANS MARTIN AFE  Frankfurt amMain,Germany
Diplom-Ingenieur, Technische Hochschule, Darmstadt, Germany, 1932
ArNoLp, HUBERT ANDREW Ma Lincoln, Nebraska
A.B., University of Nebraska, 1933
Backus, Harrisox Stout ChE Pasadena
B.S., California Institute, 1933
Baxer, HErBERT SIDDENS Bi Los Angeles

A.B., Santa Barbara State College, 1933; M.S., University of Southern Cali-
fornia, 1934

Baxrer, Rarer D. AE Pasadena
B.S., University of Utah, 1927; M.S., University of Kansas, 1931
Beacn, Joun Youxes () Ch Berkeley
B.S., University of California, 1933
BeaxLEY, WaLLACE MORRIS AE Washington, D. C.
United States Naval Academy, 1920-1924; 1932-1934
Bexper, Davio FuLmer Ph Spokane, Washington
B.S., California Institute, 1933; M.S., 1934
Be~iorr, Vicror Huco (1) Ge LaCanada
B.A., Pomona College, 1921
BERGREN, WiLLiaM RAyMoND Bioch Pasadena
B.S,, California Institute, 1932
BertraM, EDWALD AUSTEN Ch Alhambra
B.S., University of Illinois, 1934
Binper, Ravymonp CuARLES () ME Chicago, Illinois
B.S., Massachusetts Institute of Technology, 1930; M.S., California Institute,
1933
Bram, CirarLes Mervin (1) Ch Vernon, Texas
B.A., Rice Institute, 1931; M.A., 1932
BLAKELEY, LOREN ELLSWORTH CE Pasadena
B.S., California Institute, 1923
BocuEe, Rosert DEVoORE Bi Seattle, Washington
B.S., California Institute, 1934
Boicer, HeNry JosErpu, C.S.C. Ph Notre Dame, Indiana

A.B., University of Notre Dame, 1924; M.A., Catholic University of America,
1929
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Magyor
NaME SusJECT HoME ADDRESS
Borray, WILLiam AE FEvanston, Illinois
B.S., Northwestern University, 1933; M.S., California Institute, 1934
BoruaaxN, VErxox Leroy P Pasadena
B.S., University of Nebraska, 1931; M.S., 1933
Boxi1LrLas, Yexacio Ge Los Angeles
B.S., California Institute, 1933
Boxxer, Lymanx Gavyrorn (1) Ch Salt Lake City, Utah
B.A., University of Utah, 1932
Boyxin, Ropert OWEN ME Los Angeles
B.S., California Institute, 1934
Brerrwieser, CHarRLES JouN () EE Grand Forks, North Dakota
B.S., University of North Dakota, 1931
Brice, Ricaarn TireosoLp Ph Atlanta, Georgia
B.S., Emory University, 1931; M.S., 1932
Brink, FraANK Ph Philadelphia, Pennsylvania
B.S., Pennsylvania State College, 1934
BRrOADWELL, SAMUEL JONATHAN (1) Ph Monterey Park

B.S., Throop College of Technology, 1918 ; M.S., University of Chicago, 1920

Browxe, THomas Evererr, Jr. (1) EE Raleigh, North Carolina
B.S., North Carolina State College of A and E, 1928; M.S., University of
Pittsburgh, 1933

Brusaxer, WiLsox Marcus Ph West Alexandria, Ohio
A.B., Miami University, 1932

BruxwEr, EvcExe Mrrters () Ph Santa Paula
B.S., California Institute, 1933; M.S., 1934

Carrico, James LeEoN () Ch Aubrey, Texas

B.A., North Texas State Teachers College, 1927; B.S., 1928; M.A., University
of Texas, 1931

Cuax, GLENN C. CE Downey
B.S., University of California at Los Angeles, 1934

CHARTERS, ALEXANDER CRANE, JR, AE  Portland, Oregon
B.S., California Institute, 1934

CuILpERs, MILFORD CARLSON AE Los Angeles
B.S., California Institute, 1934

CHRISTENSEN, NEPHI ALBERT AE Provo, Utah

B.S., Brigham Young University, 1925; B.S.C.E., University of Wisconsin,
1928 ; M.S., California Institute, 1934

Craxcy, CLARENCE WILLIAM Bi Highland, Illinois
B.S., University of Illinois, 1930; M.S., 1932

Crarkx, WrcLiaMm GILBERT Bi Altadena
B.A., University of Texas, 1931

Crarxr, LovaL Ch Los Gatos
B.S., Oregon State College, 1927

CrarxE, RoBerT ALMA Ph  American Fork, Utah
B.S., Brigham Young University, 1932; M.S., 1933

Cravuser, Fraxcis HETTINGER AF. Pasadena
B.S., California Institute, 1934

Cratser, Mivron Urse AE Pasadena
B.S., California Institute, 1934

CocexN, WirrLiam MAURICE Ge Los Angeles
B.S., California Institute, 1931; M.S., 1933

Cores, DoNaLp KENNEDY Ph North Vancouver, British
B.S., Illinois Wesleyan University, 1932 Columbia

CoLymaxN, PHILIP ABBEY AE  San Francisco
B.A., Stanford University, 1934

Coorer, Wirrzam Cecrn Bi Pomona

B.S., University of Maryland, 1929
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NaME
Coryverr, CrarLes DuBors (1)
B.S., California Institute, 1932
CruMrINE, KENNETH CARL

Magor
SuBJECT HoME ADDRESS
Ch Wilmar

Ph Lawrence, Kansas

A.B., University of Kansas, 1932; A.M., 1933

Daxg, Pavr Howarp
B.S., California Institute, 1934
Dexsasso, Leo PrTER

AE Taft
Ph Los Angeles

A.B., University of California at Los Angeles, 1925

Dersasso, LEwis A.

South Pasadena

A.B., University of California at Los Anégeles, 1930
K

Dickey, WaLTER LINNAEOUS
B.S., California Institute, 1931

DieTricH, ROBERT ALEXANDER A.Ph
B.S., California Institute, 1934

Dori, Enwarp BusaNELL EE
B.S., California Institute, 1934

Doxx~EeLLy, Mavrice () Ge

Glendale
Los Angeles
Los Angeles

Johnsonburg, Pennsylvania

E.M., Colorado School of Mines, 1929; M.S., California Institute, 1933

)

Duxcan, Arrraur GIBsoN

Glendale

B.S., Occidental College, 1918; B.S., California Institute, 1923

Duxnw, Crarexce Lincons () Ch

B.S., University of Washington, 1932; Ij/i.S., 1933

Duwez, Por Epcaro

Juneau, Alaska

Brussels, Belgium

Engineer, School of Mines, Mons, 1932; Doctor of Physical and Mathematical

Sciences, Brussels, 1933

ErcoNin, VicTor Ph
B.S., California Institute, 1933

Erter, LEwis Forr ME
B.S., California Institute, 1934

Ewixe, FrepErick Juxior (1) Ch
B.S., California Institute, 1927

FrercrER, ROBERT DAWwsox My

B.S., California Institute, 1933; M.S., 1934

Forraxp, DoxarLp Freeze Ph
B.S., University of Utah, 1933

FowrEr, WILLIAM ALFRED Ph
B. of Eng.Ph., Ohio State University, 1933

FreEmMAN, RoBERT BRAMAN ME
B.S., California Institute, 1932; M.S., 1933

Frieman, Rusixn Harorp () Ch
B.S., California Institute, 1933; M.S., 1934

GexacHTE, Paur Franx () EE

Los Angeles
Beverly Hills
Pasadena
Huntington Park
Salt Lake City, Utah
Lima, Ohio
Pasadena

Los Angeles

Brussels, Belgium

Engineer in Electrical and Mechanical Engineering, Brussels University, 1932;
M.S.E.E., Massachusetts Institute of Technology, 1933
Ph

Greeory, Carrer Horr (1)
B.S., California Institute, 1931

Grimm, GEORGE, JR. EE
B.S., University of Kentucky, 1933

Gurick, Epwixn CHARLES A.Ph
A.B., Occidental College, 1934

Hair, NEwMAN ArNoLD Ma
A.B., Marietta College, 1934

Harker, Davio (1) Ch
B.S., University of California, 1928

HarxEeYy, Patrick Joun M

B.S., Clarkson College of Technology, 1931
Hawirey, Paur FrREDERICK EE

San Marino

Fort Thomas, Kentucky
Glendale

Marietta, Ohio

Mill Valley

Mount Vernon, New York

Miami, Arizona

B.S., University of Arizona, 1932; M.S., California Institute, 1933
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MaJyor
NamMmE SusJECT
Havwes, BExarTHUR CASTLE My
B.S., Caliiornia Institute, 1932; M.S,, 1933
Hayxes, SsErwoop KissarrL (t) Ph

A.B., Williams College, 1932

HEMMENDINGER, ARTHUR Ph
B.A., Cornell University, 1933

Hic1BERG, Ivar Epsruxp Ma
B.A., Whitman College, 1932; M.A., 1933

Hossox, JEssE Epwarp EE

B.S.E.E., Purdue University, 1932; Z\I.S,%E.,
E

Hovrrow, HaroLp THoMAS
B.S., California Institute, 1934

Howarn, ErRNEsT RUssELL ME
B.S., California Institute, 1934

Howaro, RoBERT ADRIAN A.Ph
B.S., California Institute, 1934

HowraNp, WALTER LAVERN AE
B.S., California Institute, 1934

Hsven, Crao-WaxNe Ph

B.S., National University of Peking, 1931
Huaxe, Fun-CraNG M

CALIFORNIA INSTITUTE OF TECHNOLOGY

HoMmE ADDRESS
Pasadena

Allston, Massachusetts
Bernardsville, New Jersey
Spokane, Washington
Marshall, Indiana

1933
Pasadena
Kodoli, Kolhapur State, India
Los Angeles
Temple City
Shantung, China
Nanking, China

B.S., National Southeastern University of Nanking, 1926

My

Huane, Hsia CHIEN

Peiping, China

B.S., National Northeastern University of Nanking, 1924

Hvyers, Dovaro HorLMmEs Ma

A.B., University of California at Los Angeles, 1933; M.A,,
M

.. IepEN, ArrHUR THOMAS (1)

Los Angeles
1934
Aachen, Germany

Diplom-Ingenieur, Techmsche Hochschule, Aachen, Germany, 1931

Ives, PrIiLie TRUMAN Bi  Ambherst, Massachusetts
B.A., Amherst College, 1932; M.A., 1934
J ACKSON, 0. B Ph Fort Worth, Texas
B.S., Texas Christian University, 1934
JENNEY, WiLrzaAM WHITTEN AE San Diego
B.S., University of Michigan, 1933
Jorxsox, Joser JeromE () Astroph. Pasadena
B.S., California Institute, 1930; M.S., Ohio Wesleyan University, 1932
Jubson, JoHN FiNvay Ge Pasadena
B.S., California Institute, 1934
KaNEKo, GEORGE SHINICHIRO EE Los Angeles
B.S., California Institute, 1928
Karrzke, Pavr Lours CE Pasadena
B.S., California Institute, 1934
Kerca, MAXwWELL Ph  Hollywood

A.B., University of California at Los Angeles, 1933

KELLEY, Vixcent CoorEr Ge

South Pasadena

A.B., University of California at Los Angeles, 1931

KEerLs, Eowarp Lucas

Sauk Centre, Minnesota

Bachelor Mechanical Engineering, University of Minnesota, 1934

KemNirzER, Lutis EMyerT (1) Ge

Altadena

A.B., Stanford University, 1925; M.S.,, Clgllfomla Institute, 1933

KENDALL, RozerT CoMmss

Jeffersonville, Indiana

B.A., DePauw University, 1932; M.S,, %Hforma Institute, 1933

Kex~EDY, EpwiNn RussErn (+

Los Angeles

B.S., California Institute, 1933; M.S., 1934

Kiop, Ravymonp Epwarp EE Monrovia
B.S., California Institute, 1934

Kx~osLock, FrED DELBRIDGE AE Detroit, Michigan
B.Sc., University of Michigan, 1926 ; M.S., 1927
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Majyor
NamMme SuBJECT HoME ADDRESS
Kocm, ALBERT ARTHTUR CE Pasadena
B.S., Armour Institute of Technology, 1932; M.S., California Institute, 1933
LasseTtrRE, Epwin NI1cHOLS Ch Billings, Montana
B.S., Montana State College, 1933
Lepvarp, Pavr Hoyr EE Pasadena
B.S., California Institute, 1934
LevinTon, Harorp LEoN EE Los Angeles
B.S., Massachusetts Institute of Technology, 1931
Lirp, JAMEs EVERETT AL Los Angeles
B.S., California Institute, 1932; M.S., 1934
LivixesToN, WiLLtam Horrer Ch Honolulu, T. H,
B.A., Oberlin College, 1933
Lroyp, Pavr EvcENe () Ph  Hollywood
A.B., Stanford University, 1929
Losey, RogerT M. My Washington, D. C.
United States Military Academy, 1925-1929
MacxiNTosH, CHARLES CE Mack, Colorado
B.S., Colorado College, 1933; M.S., 1934
MacrerraN, DoNarp DomiNic ~ Ge Pasadena
E.M., Montana School of Mines, 1922; M.A., Columbia University, 1925
Mavrina, Fraxk Joserm AYX Brenham, Texas
B.S., A, and M. College of Texas, 1934
MagrtiN, Vicror JouN E  Venice
B.S., University of Southern California, 1934
MATHEWS, ELMO STEWART My Washington, D. C.
United States Military Academy, 1924-1928
McCaxw, Girsert DoNarp EE Glendale
B.S., California Institute, 1934
McCoyv, Howarp MoONROE AE Elmira, New York
United States Military Academy, 1926-1930
McCuiroven, James Doucras Ch Los Angeles
A.B., University of California at Los Angeles, 1932
McMrmriN, Frrrex LaMar Ph  Yazoo City, Mississippi
B.A., Mississippi College, 1929; B.S., Mississippi State College, 1930
McNeaL, Dox My Washington, D. C.
B.S., Ohio State University, 1913
McRAE, James WiLsox EE Vancouver, British Columbia

Bachelor of Applied Science, University of British Columbia, 1933; M.S., Cali-
fornia Institute, 1934

Meprin, WriLiam Vireir (1) Ch Tracy
B.S., University of California, 1932

MENDENHALL, WiLriam RExrs ChE Whittier
A.B., Friends University, 1934

Mex~g, CHAO-YING Ph  Peiping, China
B.S., Yenching University, 1928 ; M.S., 1931

MersMAN, WILLiaAM ALVIN Ma Alhambra
B.S., California Institute, 1933; M.S., 1934

MicueENER, Harorp Davip Bi Pasadena
B.S., California Institute, 1934

Moore, MorTox EstEs EE Hollywood
B.S., California Institute, 1934

MorcaN, RoBerT BEVERLY Ph Cooperstown, New York
Ph.B., Yale University, 1921

NeppERMEYER, SETH HENRY (1) Ph San Clemente
A.B., Stanford University, 1929

Nies, NErsox PEerrY Ch ILos Angeles

OssorN, Ersurr Frankuiw Ge  Chicago, Illinois

B.A., DePauw University, 1932; M.S., Northwestern University, 1934
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Major
NaMmE SuBJECT
OsTERGREN, Rarpir HERdMAN EE

B.S., University of Washington, 1933
OVERHAGE, CarL F. J. Ph

B.S., California Institute, 1931; M.S., 1934
PaARR, WARREN SHERMAN AE

United States Naval Academy, 1919-1923

Paxsow, Epwin Woorymax Ma
B.S., California Institute, 1934

PrreRson, GLEN Ph
B.S., Brigham Young University, 1929

Pererson, Ravymoxp Avrrep (f) Ge
B.S., California Institute, 1931

Prckerixg, Wirntam Haywarp (1) Ph

B.S., California Institute, 1932; M.S., 1933
Pickies, Wirrttam Morrey, Jr. EE

CALIFORNIA INSTITUTE OF TECHNOLOGY

HoME ADDRESS
Great Falls, Montana

Santa Barbara
Washington, D. C.
Sayville, New York
Flagstaff, Arizona

Denver, Colorado
Christchurch, New Zealand

El Paso, Texas

B.S., School of Mines and Metallurgy, Missouri, 1932; M.S., California Insti-

tute, 1933
Pierce, Jorx Rosixsow EE
B.S., California Institute, 1933; M.S., 1934
Prees, Louts ALBERT EE
B.S., California Institute, 1933; M.S., 1934
Poore, ALsErT ROBERTS Ma

Pasadena
South Pasadena

Vanecouver, British Columbia

B.A., University of British Columbia, 1929; M.A., 1931

PorexoE, WriLris ParkisoN () Ge

Pasadena

B.S., George Washington University, 1929: M.S,, California Institute, 1933

Pororr, Ecor PavL CE

San Francisco

B.S., University of California, 1933; M.S., Massachusetts Institute of Tech-

nology, 1934

Porrman, HErRMAN GusTave, Jr. My

B.S.E. (AE.E) University of Michigan, 1932

Porrorr, NEWELL Ph
A.B., Oberlin College, 1934

Poursox, Doxarp F. Bi
B.S., California Institute, 1933
Prater, ARTHUR NI1corss (1) Ch

Ambherst, Ohio
Salem, Ohio

Tdaho Falls, Idaho
Glendale

A.B., University of California at Los Angeles, 1932; M.S., California Institute,

1933

RADER, Louts TELEMACUS EE

B.A.Sc., University of British Columbia, 1933
Ph

Rarrr, Russent. Warson (%)
B.S., California Institute, 1929; M.S., 1932
Ramo, Stmox EE
B.S., University of Utah, 1933

ReED, ALBeErRT CLARK AE
B.S., California Institute, 1929
Rice, StepueEN OswALp Ma

B.S., Oregon Agricultural College, 1929
RicrarDs, GEORGE LAMBERT Ge

A.B., Stanford University, 1931; M.A., 1934.

Ricmarns, HaroLp Fraxk ME
B.S., California Institute, 1926

Ricxerrs, Doxarp H. My
B.S., University of Utah, 1931

RipeExovr, Lovis Nicor, Jr. () Ph
B.S., University of Chicago, 1932

RocxereErrer, WiLriam CURTIS AE

B.5., California Institute, 1932; M.S., 1934

Vancouver, British Columbia
South Pasadena

Salt Lake City, Utah

Los Angeles

Portland, Oregon

Altadena

Los Angeles

Alameda

Evanston, Illinois

Pasadena
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Majyor
Name SusJECT HoME ADDRESS
Roemar, Jack Moony EE New Orleans, Louisiana
B.E., Tulane University, 1934

RonEer, ALFRED (1) Ph  Whittier
B.A., Williams College, 1928
Ross, Raxpart Fraxk Ch Hydro, Oklahoma
B.S., University of Oklahoma, 1930; M.S., 1933
RUsSELL, JAMES SARGENT AE Tacoma, Washington
United States Naval Acadamy, 1922-1926
SCHNEIDER, VANCE WALLACE EE Fargo, North Dakota
B.S., North Dakota Agricultural College, 1933
Scraorrz, WALTER CE Los Angeles
B.S., California Institute, 1933
ScrumART, MERVIN ARNO CE Pasadena
B.S., California Institute, 1932
Scrurrz, Jomx RussErL Ge Lanark, Illinois
A.B., University of Illinois, 1931; M.S., Northwestern University, 1933
Sears, WiLriam REEs AE Minneapolis, Minnesota

B. Aero. E., University of Minnesota, 1934
Serrert, Howarp STANLEY Ph Pittsburgh, Pennsylvania

B.S., Carnegie Institute of Technology, 19]\;12; M.S., 1934

SexToN, Lours Perry E Los Angeles
B.S., California Institute, 1934
Siarpe, RoserT PHILLIP Ge Oxnard
B.S., California Institute, 1934
Suinomara, KENicHI Ph Tokyo, Japan
B.S., Rigakushi Tokyo Imperial University, 1929
Simmons, Eowarp ERNEsT, JR. EE Los Angeles
B.S., California Institute, 1934
SxINNER, Davis AYRES ChE Altadena
B.S., California Institute, 1934
Sxooe, ForLke KarL () Bi Pasadena
B.S., California Institute, 1932
SLAUGHTER, RIcHARD ERvVIN AE Dallas, Texas
39354 in M.E,, Southern Methodist University, 1933; M.S., California Institute,
1
SLupER, DarrELL Haves CE  Alhambra
B.S., California Institute, 1934
SMmirH, ALviN JOSEPH EE Pasadena
B.S., California Institute, 1933; M.S., 1934
SoskEe, Josarua LawreNce (§) Ge Pasadena
G.E., Colorado School of Mines, 1929; M.S., California Institute, 1932
Seears, CLype WiILLIAM ChE Los Angeles
Metallurgical Engineer, Colorado School of Mines, 1931
SterHENS, FosTER MERRILL Ph  Schenectady, New York
B.E., Ohio State University, 1930; M.S., 1931
STEPHENS, WiLLiaM EDWaRrbs Ph Webster Groves, Missouri
A.B., Washington University, 1932; M.S., 1934
Strrr, Frep Bears (1) Ch Pittsburgh, Pennsylvania
B.S., Carnegie Institute of Technology, 1932; M.S., 1933
Stroxe, THomas Foster Ph DBerkeley
B.S., University of Wisconsin, 1922
Tax, CHI1A-CHEN Bi Ningpo, China
B.S., Soochow University, 1930; M.S., Yenching University, 1932
TavrLor, ANcUs Erris Ma Pomona
B.S., Harvard College, 1933
Twuiere, CArRL LEsLIE Ph Pasadena

B.S., California Institute, 1932; M.S,, 1933
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Major
NamMEe SusJECT HoME ADDRESS
TiepE, RoLaND VIRGIL Ph Aberdeen, South Dakota
A.B., Oberlin College, 1933
Umnrie, LEoxarn Frep Ge Dayton, Ohio
Geological Engineer, University of Cincinnati, 1934
~— Vaxoxni, Viro Aveust (1) CE Camarillo
B.S., California Institute, 1926; M.S., 1932
‘WaLkER, ALBERT GOULD Ge San Fernando
B.S., New Mexico School of Mines, 1934
WarstronM, Joux Erwix Ph Keene, New Hampshire
B.S., University of New Hampshire, 1932; M.A., Wesleyan University, 1934
WALTER, GErALD LEWIs AR Hondura@, Central America
B.S., Louisiana State University, 1934
WaTsoN, BERNARD BENNETT (1) Ph Philadelphia, Pennsylvania
A.B., Temple University, 1932
‘Warson, Rarpux MAYHEW ME Pasadena
B.S., California Institute, 1927 ; M.S., 1928
WEess, Doxarp Loons Ma Tuecson, Arizona
B.S., University of Arizona, 1931; M.S., 1933
Werce, HENRY JomN (F) Ch Long Beach
) B.S., University of Illmols, 1929 M.S., California Institute, 1932
—  Ware, Merrtr PENNIMAN (1) CE  Whately, Massachusetts
A.B., Dartmouth College, 1930; C.E., 1931; M.S,, California Institute, 1932
‘Wiarre, Roraxp JAMEs AE San Francisco
B.S., University of California, 1933; M.S., California Institute, 1934
Winess, Moses B. () EE Pasadena
B.S., California Institute, 1933; M.S., 1934
WILLABD, KENNETH A. AE Evanston, Illinois
B.S., Northwestern University, 1933; M.S,, California Institute, 1934
Wirsox, Caester EuGeNE () Ch North Hollywood
B.S., California Institute, 1932; M.S., 1933
‘Wirsox, RoBerr WaRReN () Ge Los Angeles
B.S., California Institute, 1930; M.S., 1932
WitsoN, WarreNy Ervin (1) CE Madison, New Jersey
Civil Engineer, Lehigh University, 1928; Master of C.E., Cornell University.
1932
Wovrre, Hatiey () EE Porterville
B.S., California Institute, 1932; M.S., 1934
Woxne, WarLter CHONG CE Honolulu, T. H.
B.S., University of Hawaii, 1934
‘Woob, Carros CLAUDE AE Stockton
A.B., College of the Pacific, 1933; M.S., California Institute, 1934
Woop, Louvax ELBERT My Washington, D.C
B.Sc., Alma College, 1529
‘WooLvrinGe, DEAN EVERETT Ph Oklahoma City, Oklahoma
B.A., University of Oklahoma, 1932; M.S., 1933
‘Waricur, FrepERICK HaMILTON Ph Washington, D. C.
A.B., Haverford College, 1934
Youxe, Larry Love Ph Salt Lake City
B.S., University of Utah, 1934
Z151BAUER, EDWARD JosEPH Ge Los Angeles

A.B., Stanford University, 1931

SPECIAL GRADUATE STUDENT
Harper, WiLrtiam Winick Ma Pasadena



Uudergraduate Shdents

Students whose names are starred attained honor standing during the preceding year.

SENIOR CLASS

NaME Course  OpTION HomME ADPDRESS
Allardt, Frederick Hamilton Eng. AE  Fresno
Ashworth, Joseph Albert = Seci. Ph North Arlington, New

Jersey
Bakeman, Robert T. Sei. Ge Los Angeles
Baker, Horace White Eng. ME Glendora
Baldwin, Lawrence William  Sci. Ph Kansas City, Missouri
Becker, Leon Sangamon Sci. A.Ph Los Angeles
Beerbower, Alan Sci. A.Ch Pasadena
Beman, Ward Wilson Sci. Ph Los Angeles
Browder, Lewis Blakely Sci. Ph Pasadena

Chamberlain, Donald Newton Eng. CE Glendora
Chivens, Clyde Cuthbertson Eng. ME  Burbank

Condon, John Eng. ME  Los Angeles

Cox, William Gordon Eng. EE  Los Angeles
Davenport, Horace Willard Sci. Bi Glendale
Davenport, Lind Burnett Eng. EE  Monrovia
Davies, James Allman Sci. A.Ch Santa Monica
Davis, Chester Arthur Eng. CE  Alhambra
Dawson, Charles A., Jr. Sci. Ge Hollywood
Deahl, Thomas Sel. Ch Long Beach
Dekker, Albert O. Seci. Ch Glendale
Dewees, Norman Branson Eng. ME  San Gabriel
Dourson, Robert Henry Sci. A.Ch Redondo Beach
Dunbar, Oliver Churchill Eng. EE  Canton, Massachusetts
Dunn, Louis G. Eng. AE  Transvaal, South Africa
Edwards, Eugene Leroy Sci. Ma  Pasadena
Edwards, Jackson Eng. EE  Pasadena
Ehrenberg, Gustave, Jr. Eng. EE  San Diego
Elmendorf, Charles Halsey  Sci. Ph Beverly Hills
Engelder, Arthur Edward Sci. Bi Douglas, Arizona
Estes, Harry De Sei. A.Ch Compton

Evans, Milton Harrison Sci. Ge Los Angeles
Ewing, Gordon Richardson Eng. EE  Topeka, Kansas
Ferver, Greer W. Eng. CE' Long Beach
Fussell, Robert George Eng. EE ‘Winslow, Arizona
Garner, Clifford S. Sci. Ch Pasadena

Gay, Francis R. Eng. ME  Redlands

Gelzer, John Roswell Eng. EE  Detroit, Michigan
Gibbs, Charles James Eng. ME  Palos Verdes Estates
Gluckman, Howard Philip Eng. EE  Los Angeles
Gordon, Adrian Hugh Sei. Ph London, England
Graham, Eugene Eng. ME  Los Angeles
Gravitt, Bruce Benson Eng. EE  Lynwood

Green, Emerson Ward Seci. Ch Pasadena

Griffiths, Thomas William Eng. CE  Santa Barbara
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NaMEe
Hallanger, Robert J.
Higley, John Ball
Hinshaw, Meral William
Homann, Ralph E., Jr.
Inman, Byron Noll
Jahns, Richard Henry
Jennison, James Henry
Johnson, Ford Lawrence
Johnson, Owen Champlin
Johnson, Wallace J. S.
Jones, Robert Gardner
Jones, Robert Parry
Joseph, Paul Alton
Karp, Nathan
Ketchum, Milo C.

Keyes, William Forrest, Jr.

Kilpatrick, Paul William
King, Fred Charles
Koons, Harry Montford
Kramer, Robert Lincoln
Krantz, Channing Henry
LaRue, Robert Orville
ILehmicke, David John
Leppert, Elmer L.

Levy, Henri Arthur
Lindsay, Chester William
Maloney, Fred Vern
Marsh, Robert Henry
Mecl.ean, William Burdette
McRae, Robert Alex
Meneghelli, Hugo Antonio
Merralls, Franz Nelson
Miller, Daniel Harrison
Miller, Eugene Clair
Miller, Mark T.
Mosteller, William Carter
Nelson, Richard B.
Obatake, Tanemi

Ohashi, George Yoshio
Patrick, Charles
Patterson, Leonard Searles
Pehoushek, Frederick
Pitzer, Kenneth Sanborn
Polentz, Perry

Potter, Warren Thomas, Jr.

Ray, Albert Allen
Reynolds, Edward Henry
Ribner, Herbert Spencer
Ritter, John .
Rivas, Dagoberto
Rossum, John R.

CoURrsE
Eng.
Eng.
Eng.
Sci.
Seci.
Sci.
Eng.
Seci.
Eng.
Eng.
Sci.
Eng.
Eng.
Eng.
Eng.
Sci.
Sci.
Sei.
Eng.
Eng.
Eng.
Sci.
Seci.
Eng.
Sci.
Sci.
Eng.
Eng.
Sei.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Sci.
Eng.
Eng.
Seci.
Seci.
Eng.
Sci.
Eng.
Eng.
Eng.
Sci.
Sci.
Eng.
Eng.
Sci.

OpTION
ME
EE
ME

Bi
A.Ch
Ge
CE
A.Ph
ME
ME
A.Ch
EE
ME
CE
CE
A.Ch
A.Ch
A.Ch
CE
ME
EE
Ph
A.Ch
AE
Ch
Ch
EE
EE
Ph
CE
CE
EE
EE
CE
ME
EE
Ph
AE
EE
Ch
A.Ph
EE
Ch
ME
EE
ME
A.Ch
A.Ph
CE
CE
A.Ch

CALIFORNIA INSTITUTE OF TECHNOLOGY

HoME ADDRESS
Alhambra
Pasadena
Pasadena
Hollywood
Pasadena
Seattle, Washington
Pasadena
Ephraim, Utah
Los Angeles
Fort Dodge, Towa
Los Angeles
Los Angeles
Los Angeles
Hollywood
Kansas City, Missouri
Los Angeles
Los Angeles
Berkeley
Los Angeles
Alhambra
FE1 Monte
Beverly Hills
Stillwater, Minnesota
Monrovia
Oxnard
Los Angeles
Los Angeles
Pasadena
Santa Barbara
Los Angeles
Hollywood
Los Angeles.
Hollywood
Glendora
Greenville
Alhambra
Powell, Wyoming
Los Angeles
Los Angeles
Huntington Beach
Los Angeles
San Fernando
Pomona
‘Whittier
Altadena
Alhambra
Los Angeles
Los Angeles
Whittier
Tecate
St. Paul, Minnesota



i

SENIOR CLASS

NaME Course
Schwartz, Jack William Eng.
Scherb, Ivan Victor Seci.
Schiller, Harold Sei.
Scott, Claude Trick Eng.
Seidel, Robert Klensch Eng.
Shanahan, Edmond Francis Eng.
Sheff, Sander Eng.
Sheppard, Dickson Marshall Sci.
Slater, Alfred Leon Eng.
Smith, Gale M, Eng.
Smith, James Norman Eng.
Snow, Neil W. Eng.
Spalding, Luther Payne Sci.
Stanley, Robert M. Eng.
Stick, John C. Eng.
Stoddard, James Bates Seci.
Stoll, Henry W. Sei.

Stuppy, Laurence Justinian = Sci.
Swanson, Walfred Ernest Eng.

Taylor, Jay Camburn Sei.
Thomas, Charles F. Eng.
Thompson, Charles S, Eng.
Tooby, George Jarvis Sei.
‘Warner, Robert Collett Sei.
Webster, Donald C. Eng.
~ Willits, Victor Wilmer Eng.
‘Woodbury, Herbert Lee Eng.
Young, Bradley Hobart Eng.
JUNIOR
NaME Course
Ambroff, Michel Eng.
Bailey, Jay Richard Eng.
Baker, Carroll Royer Eng.
Beal, Dana Rufus Eng.
Beckley, William Bruce Eng.
Best, Charles W. Sci.
Bingham, William Fugene Sei.
Bishop, Arthur Lyman Sei.
Blodgett, Donald Eugene Eng.
Boothe, Raymond H. F. Eng.
Briggs, Stanford William Sci.
Bucknell, Wilson Henn Eng.
Burnight, Thomas Robert Seci.
Bush, Kenyon T. Sci.
Cain, Claude Walters, 11 Eng.
Caldwell, Wyche Dean Sei.
*Campbell, William Edward, Jr.Sci.
Carley, Glenn Ray Sci.

Carr, Robert Broadwell Sci.

OpTION
CE
Ge
A.Ch
EE
AR
EE
ME
A.Ch
AR
EE
EE
CE
Ch
AE
AE
A.Ch
Ph
Bi
CE
Ph
AE
CE
A.Ch
Bi
ME
ME
EE
AE

CLASS
OprION
CE
EE
ME
ME
EE
Ch
A.Ch
A.Ch
ME
CE
A.Ch
EE
Ph
A.Ch
AE
Ph
A.Ch
I’h
Ge

HoME ADDRESS
Hollywood
Beverly Hills
Venice
Pasadena
Los Angeles
Sierra Madre
Pasadena
Los Angeles
Pasadena
Miami, Florida
Pasadena
Altadena
Phoenix, Arizona
Los Angeles
South Pasadena
Hollywood
Los Angeles
Los Angeles
Los Angeles
Long Beach
Pasadena
Bisbee, Arizona
FEureka
Chehalis, Washington
Hollywood
Eagle Rock
Los Angeles
IL.a Habra

HoME ADDRESS

Los Angeles

Los Angeles
Portsmouth, Virginia
Garden Grove

Las Vegas, Nevada
Pasadena

Los Angeles

Long Beach

South Pasadena
Los Angeles
Troutdale, Oregon
Los Angeles

Akron, Towa
Seattle, Washington
Chicago, Illinois
San Diego
Pasadena

Butte, Montana
Glendale
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s

NaME Course  OpTION HoME ADDRESS
Carroll, George Edward Eng. ME  Los Angeles
Cloyd, Charles Edward Eng. EE  Rocky River, Chio
Cohen, Jeffrey S. Sci. A.Ph  Hollywood

. Colvin, Hugh Frank Sei. A.Ch Walnut Park

“i. Cortelyou, Curtis Gardner Eng. ME  Ios Angeles
Creal, Albert Eng. CE  Los Angeles
Dauben, Elmer Joseph Sei. A.Ch Culver City
Davis, Frank W. Eng. ME  Pasadena
Dickinson, Holley BuckinghamEng. AE  Hollywood
Dilworth, Robert Palmer Sci. Ma Hemet [

Douglass, Malcolm Ellsworth Eng. ME  Pasadena
Dudley, Thomas Howard Eng. AE  Flemingsburg, Kentucky

Dunn, Arthur Yale Eng. EE  Claremont
Elconin, William Eng. EFE  Los Angeles
Elliott, Robert Dunshee Sei. Ph Clarendon, Virginia
Fahrmann, Minor Louis Eng. EE El Monte
Ferguson, Stuart Russell = Sei. A.Ch Puente

Fowler, Fenton S. Eng. ME  Los Angeles
Frost, Arthur Mitchell Eng. EE  Huntington Beach
Gardner, Robert Irving Eng. ME  Los Angeles
Gates, John Irwin Sci. A.Ch Torrance

Geddes, Truman Gray Eng. ME  San Diego
Gelder, Robert Sci. A.Ch Los Angeles
George, John Wesley Sci. Ge Santa Barbara
Gerfen, W. Howard Eng. CE  Monterey Park
Getzman, Edwin Samuel, Jr. Eng. ME  South Pasadena
Goodheart, Clarence Francis Eng. EE  Roscoe

Goodwin, Henry John Eng. CE Los Angeles
Griffith, Everette Elijah Sei. Ch ‘Woodland

Hamacher, Howard Franklin Sci. A.Ch Spokane, Washington
*"* Hammond, Paul Harvey Eng. CE Spokane, Washington

Hand, Ross Lowell Eng. EE  Burbank
Hartlein, Robert L. Eng. ME  Pasadena
Haver, Ralph Lawrence Eng. ME  San Fernando
Heath, Charles Oswald Eng. ME  Montebello
+ *—*FHeitsz, Robert George Sci. Ch Huntington Beach

Henderson, Everett Benedict Eng. ME  Beverly Hills

» *Hicks, Bruce Lathan Sci. Ph Pasadena
Holmes, Frederick B. Irreg. Los Angeles
Humason, William Dowd Sei. Bi Pasadena
Ireland, Richard Paul Sci. Ph Glendale
Isham, Arthur Earl, Jr. Eng. ME  Redlands

~ #Janes, Robert Lee Eng. CE  St. Paul, Minnesota
Jensen, Ray Eng. CE  San Marino
Jones, Clyde Branson Eng. ME  Wapella, Illinois
Jones, Paul S. Eng. CE  Los Angeles
Jones, Vincent K., Jr. Eng. CE Denver, Colorado
Jordan, Charles B. Sci. Ph Los Angeles
Kasnicka, Edward John Eng. AE  Monrovia
Kent, Robert Dana Sci. A.Ch Covina

‘Kiger, Wallace L. Eng. CE Pasadena



o

r

"

NaME
Klocksiem, John Paul
*Kossiakoff, Alexander I.
Kurihara, Hisayuki
LaBoyteaux, Ellsworth
*Lauritsen, Tom
Lawrence, Franklin Reid
*Lew, Harry W.
¥Lewis, Glenn Harry
McCloy, Robert W.
MeclIntyre, Robert Alfred
MecMahon, Michael Martin
McRary, Willard Lee
Milan, Leo Joseph
Milliken, Charles Smyth
Morse, Charles A.
Muller, Conrad R.
Nance, Guy Russell
Nelson, Loyal E.
*Nestler, Wasson Walter
Nichols, Dean
Nollan, John Lloyd
Nutting, Perley Gilman
Olson, Edgar Williams

", Peugh, Verne Leon
" Quarles, Miller Wenthrop, Jr.Sci.

Rector, Eugene M.
Richey, William Coulter
Rosen, Moe

Salisbury, Orange James,
Schaffner, Paul Corwin
Scheer, Bradley Titus
Schneider, Paul J.
Scoville, Allan Romig
Seaman, James Roy, Jr.
Serrell, Peter Van Horne
Shapiro, Herbert Barnett
Sheppard, Charles Wilcox

© « Sklar, Maurice

Smith, Carl Mayn

JUNIOR CLASS

Jr.

Stevenson, William Kincaid

Streib, John Fredrick
Sugi, Chihiro

*Thompson, Tyler F.
Unholtz, Karl

Van Riper, Dale Hatfield
*Vermeulen, Theodore
Veysey, Victor

‘Waddell, Jochn H.
Warren, Kenneth P,
*Watanabe, Kenichi

Course
Eng.
Sei.
Eng.
Sci.
Sci.
Sei.
Eng.
Eng.
Eng.
Eng.
Eng.
Sei.
Sci.
Eng.
Eng.
Eng.
Sci.g
Sei.
Eng.
Sci.
Eng.
Sei.
Eng.
Eng.

Eng.
Eng.
Eng.
Eng.
Eng.
Sci.

Sci.

Eng.
Eng.
Eng.
Eng.
Sci.

Sci.
Sci.
Eng.
Seci.
Sci.
Sci.
Eng.
Eng.
Sei.
Eng.
Eng.
Sci.
Sci.

OrTION
AE
Ch
AE
Ge
Ph
Bi
EE
EE
AE
ME
EE
Ch
A.Ch
EE
CE
EE
Ch
Ge
EER
Bi
AE
Ph
EE
CE
Ge
FE
EE
ME
ME
EE
Bi
Bi
EE
EE
ME
EE
Ph

A.Ch
Ch
EE
Ph
Ge
Ph
EE
ME
Ch
CE
EE
A.Ch
Ch

HoME ADDRESS
Long Beach
Seattle, Washington
Pasadena
Eureka
Pasadena
Claremont
Los Angeles
Payette, Idaho
Towa City, Iowa
Maywood
Pomona
Los Angeles
North Hollywood
Pasadena
Los Angeles
Portland, Oregon
Los Angeles
Pasadena
Pasadena
La Jolla
Los Angeles
‘Washington, D. C.
Glendale
Pasadena
San Diego
Long Beach
Los Angeles
Sierra Madre
Pasadena
Upland
Hollywood
Berkeley
Ogden, Utah
Los Angeles
Redlands
Los Angeles
Coldwater, Ontario

Canada
Los Angeles
Long Beach
Riverside
Pasadena
Riverside
Corona
Los Angeles
Bakersfield
Los Angeles
Los Angeles
Santa Monica
Orange
Honolulu, T. H.

49
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NaME
‘Watt, Chauncey Ward
*Watts, Euclid
‘Webb, John Leyden
‘Weber, Bruce Travis
Whipp, David M.
Wiget, Clark Hamilton
‘Works, Jack Dwight
*Young, Donald Laurence

CoURrse
Eng.
Eng.
Sci.
Sci.
Eng.
Eng.
Eng.
Eng.

OpPTION
EE
AE
Ch
Ph
EE
ME
ME
EE

CALIFORNIA INSTITUTE OF TECHNOLOGY

HoME ADDRESS
T.ong Beach
Honolulu, T. H.

Los Angeles
Brooklyn, New York
Glendale

Concord

Los Angeles
Pasadena

SOPHOMORE CLASS

NAME

* Ashkenas, Irving Louis
Austen, John Reynolds
Austin, Hoyt

Axelrod, Joseph

Baker, John Carver
Barry, Robert Joseph
Belzer, Thomas Russel
Benton, Ralph Stahlnaker
Bertness, Theodore Arnold
Blackinton, Roswell Jones
Blue, John

Bonham, Elliott Hinman
Boyd, Willis Blair
Browne, James B.
Bussard, Gordon Lucas
Campbell, Robert Samuel
Chapman, Harvey Hewett
Chatham, Carroll

Clagett, Marshall
Connelly, Ronald B.
Cornwall, Ellsworth William
de Grummond, Lyle M.
*DeVault, Don Charles
Dion, Fred Eugene
Dixon, Cyril John
Dodson, Richard Wolford
Dorwart, George Martin
*Dowd, Munson White
Drake, Clarence Ronald
Drummond, Donald
Dunbar, Bruce W.
Dusel, Alvin K.
*Edwards, John S., Jr.
Edwards, Paul Carroll
Ellery, William P.
Erickson, Virgil
Fahrner, Ted

Farnham, Willard

Faust, Gustav B.

Fenzi, Warren Emanucle

; .
A /

CoursE
Eng.
Eng.
Sci.
Sei.
Sci.
Eng.
Sei.
Sci.
Sci.
Sei.
Sci.
Eng.
Eng.
Eng.
Eng.
Eng.
Sci.
Sci.
Sei.
Sci.
Eng.
Eng.
Sei.
Eng.
Eng.
Sci.
Eng.
Sci.
Sci.
Eng.
Sci.
Sei.
Sci.
Eng.
Eng.
Eng.
FEng.
Eng.
Eng.
Eng.

OrTI0N

A.Ch
Ch
A.Ch

Bi
A.Ch
Ch
A.Ch
Ph

Ge
Ch

A.Ph

Ch

Ch

Ph
A.Ch

Ch
Ge -
Ch

HomE ADDRESS
Los Angeles
Los Angeles
Coronado
Los Angeles
South Bend, Indiana
South Pasadena
Portland, Oregon
Phoenix, Arizona
La Jolla
Hollywood
Monterey Park
Pomona
Hillsboro, Ohio
Hollywood
Spokane, Washington
Hollywood
Ontario
San Francisco
Pasadena
Huntington Parlk
Portland, Oregon
Hollywood
Inglewood
Glendive, Montana
San Diego
Kirksville, Missouri
Pasadena
El Centro
Los Angeles
La Jolla
Pasadena
Kentfield
Goleta
Palo Alto
Monrovia
Tos Angeles
Santa Barbara
Bend, Oregon
Ios Angeles
Santa Barbara



SOPHOMORE CLASS

NaME
Frazier, Francis Virgil
Frost, Holloway Halstead

*Gates, Charles Fredrick
Gerlough, Danicl Lauder
Gibson, Gordon Davis
Gilmore, Hugh Mack

CoURSE
Eng.
Eng.

Seci.
Eng.
Seci.
Sci.

Goddard, Winfred Rawdon, Jr.Sci.

Goodell, Richard Rohrer
. Gorham, William Hoch
*Griffis, LeVan

! Grobecker, Alan John

Gruenberger, Peter
Guardia, Tomas Emilio
Guethlein, Robert Fredrik
Hadley, Charles Franklin
Harding, J. Gordon
*Harper, Thomas Sinclair
Hayward, Russell Edward
Hoffman, Lee Hawley
Hopkins, Boyd Richard
Horkey, Edward James
Horne, George Henry, Jr.
Horovitz, Leon

Hurst, James Arnold
Jerauld, Robert L.
Jones, Robert Caldwell
Kapin, Herbert Russell
Keens, George Hendricks
Kido, Koichi

Kimball, Dorr

Kimura, Ben

Kinley, John Cary
Kostoch, Robert

*Larson, Carl Elmer
Leard, Robert M.

Legge, John Allan

Lilly, John Cunningham
Lockwood, Robert Bruce
Lycett, Eustace Arden
MacMichael, Ethan S.
Mahoney, Robert Mathew

Mann, George Edward, Jr.

Miller, Harry Heyburn
Miller, Wendell Bower
Moncrief, Ernest
Montag, George Delmer
Moore, Frederic Hollway
Moore, Walter Leon
Morgan, Bruce F., Jr.
Morse, Nathan L.

Sci.
Eng.
Eng.
Sei.
Sci.
Eng.
Eng.
Eng.
Eng.
Sci.
Sci.
Eng.
Sei.
Eng.
Sci.
Sei.
Eng.
Eng.
Sci.
Sci.
Eng.
Sei.
Eng.
Eng.
Eng.
Sci.
Eng.
Sei.
Sci.
Sci.
Sci.
Eng.
Eng.
Eng.
Eng.
Sei.
Eng.
Eng.
Sci.
Sci.
Eng.
Eng.
Sei.

OpTION

Ph
Ph
Ch

A.Ch
Ph

Ph
A.Ch

Ph
Ch

Ph
Ch
Bi
Ch
Ch

A.Ch

A.Ch
A.Ch
A.Ch

Ph
Ge

Bi

A.Ch
A.Ch

Ch

1)
Cr
—

HoME ADDRESS

Los Angeles
Fort Leavenworth,

Kansas .
Torrance
Palo Alto
Piedmont
Hollywood
Hollywood
Puente
Tokyo, Japan
Corvallis, Oregon
San Diego
North Hollywood
Panama City, Panama
Beverly Hills
Redlands
San Diego
Denver, Colorado
Glendale
Portland, Oregon
Ogden, Utah
La Canada
Glendale
Hollywood
Hinsdale, Illinois
Phoenix, Arizona
Yakima, Washington
Los Angeles
Monrovia
Los Angeles
Evanston, Illinois
Compton
Tulsa, Oklahoma
Los Angeles
Arcadia
Los Angeles
Las Cruces, New Mexico
St. Paul, Minnesota
Glendale
Carlsbad, New Mexico
Piedmont
Los Angeles
El1Centro
Bend, Oregon
Hollywood
Orosi
Portland, Oregon
Hollywood
Pasadena
Seattle, Washington
Los Angeles
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NaME
Nellis, Donald Charles
Nojima, Noble
Nolte, Claude Byron
Offemnan, Richard Emil
*QOlds, Robert Horner
Osborne, George H.
Owen, Noel LeGrande
Paller, Jack
Park, Noel Robertson
Parker, Robert Gray
Peek, Howard Marion
Penn, William Lee
Petersen, Richard John
Peterson, Joseph James
Poggi, Martin Joseph
*Pressman, David

- .- *Price, Edward Thomas

*Rosencranz, Richard, Jr.

[any

Putlitz, Fritz Helmuth
Radcliffe, Fremont Fisher
Radovich, Frank

Rice, Fred

Ridgway, Richard Lee
Rollow, Douglas Keesee

Schmidt, Walter Malcolm
Schombel, I.eonard Fred
Schuman, Daniel
Selberg, John Peter
Sharp, Harold W.

Shaw, Thomas Newton
Sheppard, Herbert Ramsey
Shimer, John M., Jr.
Sinclair, George William
Smith, Fred L.

Swmith, Harold Lewis
Smith, Joe Mauk

Smith, Josiah Edward
Snelling, Wilbur Fisher
Stackhouse, William V.
Stones, J. Eugene
Swain, Robert K.
Teague, Donald Spencer

COURSE
Sci.
Eng.
Sci.
Sei.
Sei.
Sci.
Eng.
Eng.
Sci.
Sci.
Seci.
Eng.
Seci.
Eng.
Eng.
Seci.
Sei.
Sci.
Sei.
Sci.
Sei.
Eng.
Eng.
Seci.
Sci.
Sci.
Sci.
Eng.
Sci.
Sei.
Eng.
Eng.
Eng.
Sci.
Eng.
Sci.
Sci.
Eng.
Eng.
Sci.
Eng.
Eng.

*Townsend, Robert Dawson, Jr.Sci.

*Tsubota, George Yoshio
*Tulagin, Vsevolod
Tyler, John Garnett
Van Der Werff, Jay
Van Fleet, John Ricard
Warner, Hugh Francis
Watson, James Wendell
‘Webster, Martin Haskell

Eng.
Sci.
Sei.
Eng.
Eng.
Eng.
Sci.
Eng.

OrTION

Ch

Ge
Ph
Ph
Ch

A.Ch
A.Ch
A.Ch

A.Ch

Ch
Ph
Ch
A.Ch
A.Ch
Ch

Ch
A.Ch
Ge
Ma

A.Ph
Ph

Ch
Ch

A.Ch

Ph

Bi

Ch
Bi

Ph

CALIFORNIA INSTITUTE OF TECHNOLOGY

HoME ADDRESS
Burbank
Long Beach
Los Angeles
Hollywood
Los Angeles
Fullerton
Los Angeles
Los Angeles
Pomona
West Los Angeles
Phoenix, Arizona
Manila, Philippine Islands
Redlands
Pachuca, Hgo, Mexico
Nutley, New Jersey
Los Angeles
Claremont
Santa Monica
Pasadena
Los Angeles
Pasadena
Los Angeles
Los Angeles
Evansville, Indiana
Los Angeles
Alhambra
San Diego
Portland, Oregon
Santa Paula
Honolulu, T. H.
Los Angeles
Dallas, Texas
Compton
Leadville, Colorado
Naches, Washington
Pasadena
Corona
Penryn, Placer County
Pasadena
Bakersfield
Monrovia
Santa Paula
Arcadia
Riverside
Hollywood
Beverly Hills
Pasadena
Santa Barbara
San Pedro
Grand Island, Nebraska
Los Angeles



NAME
Wetmore, William Owen
‘Wheatfill, Edward Lewis
Wheeler, Walter George
Wickett, Walton Ames
Wileman, Edward Earl

Williamson, John Bridgers

Wilstam, Alfred
Wing, Paul Ashton

‘Wood, Vollmer Vincent
Wylie, W. Gordon

Yale, William Dickinson
Zezukevich, Victor B.
Zimmerman, Albert H.

COURSE HoME ADDRESS
Eng. Huntington Park
Sci. Ch Long Beach
Eng. Van Nuys
Sci. Bi Palo Alto
Eng. Fillmore
Eng. Fontana
Eng. Altadena
Sci. Ge Barnet P. O., British

Columbia
Sei. A.Ch Los Angeles
Eng. ‘Whittier
Sci. Ch Burbank
Sci. Ge Harbin, Manchukuo
Eng. Pasadena :

SOPHOMORE CLASS

FRESHMAN CLASS

Naume
Ahlroth, Carl Wilhelm
Albert, George Douglas
Alderson, Sam
Allen, Richard Harvey
Althouse, William S., Jr.
Arnold, John Patrick
Baker, John Raymond
Ballreich, Newell
Balsley, James Robinson
Bauer, Charles Henry
Beavon, David Kent
Bellin, Anthony
Blake, John Bildner
Bowen, Howard Stanley
Bowman, John Cowan
Breece, Thomas Howell
Brenner, William Carl
Brown, Claude H., Jr.
Brown, Sheldon Jack
Brush, John Maxwell

Cardwell, William Thomas

Carlson, Roland Willard
Carr, Robert Edgar
Chung, David

Clarke, Charles William
Cochrane, Richard Lull
Cowie, Roger Harrison
Cox, Robert Henry
Craig, George

Croft, William Frederick
Crowe, John William
Crozier, George Olds
Curlett, John

HoME ADDRESS
Los Angeles
South Pasadena
Los Angeles
San Diego
Glendale
Madera
San Marino
Los Angeles
La Canada
Carmel
Los Angeles
Los Angeles
Lynwood
Grand Haven, Michigan
San Diego
Peking, China
Pasadena
Los Angeles
Los Angeles
Pasadena
Pasadena
Long Beach
Pasadena
Los Angeles
Los Angeles
Long Beach
Minneapolis, Minnesota
Alhambra
Las Vegas, Nevada
Glendale
Santa Cruz
Monrovia
Beverly Hills
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Curry, Neil
Custer, Robert S.
Daggett, Forrest Nelson
Daulton, Keith Curtis
Davidson, Donald Douglas
Davidson, Robert C.
Davies, Claude Edward
Demmitt, Francis Hugh
Dixon, Blaine A., Jr.
Dorr, John Wells
Dougherty, John Francis
Downing, Arthur Clifford
DuFresne, Armand Frederick
Ellings, Arthur Clement
Elliott, Bruce Cass
Ellis, Herbert Bailey
Engelder, Paul Oscar
Evans, Henry King
Farneman, John D.
Folkins, Richard Wilson
Forward, Richard Blair
Freede, William John
Friend, Carl Frederick
Frisius, Edward Nathaniel
Gale, George Phipps
Gallagher, George Gordon
Goff, Peter Clayton
Grainger, Boyne B.
Graybeal, Oran Avery, Jr.
Gregory, Chris
Griswold, Edgar Allen
Hamilton, John
Harker, Ralph W,
Harris, Clyde Winger
Helsel, Robert Griffith
Hindman, James Clark
Hobson, Charles Walter
Holmes, George B.
Horine, Carlton Leon
Hulbirt, Lowell Harrison
Hunt, Ralph Ward
Ivanoff, Nickolas Giorgievich
James, Raymond Allen
Jewett, Frank Baldwin, Jr.
Johnson, Evan Albert
Kaysing, Charles William
Kazan, Benjamin
Keller, Samuel Harris
Knell, David J.
Knight, Jack William
Kolb, Louis Lawrence

HoMmE ADDRESS
Alhambra
Glendale
South Pasadena
Madera
Glendale
South Pasadena
Olive
Azusa
Glendale
Bowman
Beverly Hills
Los Angeles
San Diego
Santa Barbara
Brentwood Heights
Los Angeles

. Douglas, Arizona

Santa Maria
Hollywood

Redlands

Santa Barbara
Oklahoma City, Oklahoma
‘Washington, D. C.
Hollywood

Pasadena

Glendale

Beverly Hills
Redondo Beach
Beverly Hills
Hollywood

Los Angeles

Los Angeles

Los Angeles
Lakewood, Ohio
Butler, Pennsylvania
Redding

Alhambra

Duarte

Cristobal, Canal Zone
Glendora

Pioche, Nevada

Los Angeles

Salt Lake City, Utah
Short Hills, New Jersey
La Habra

Pasadena

New York City, New York
Glendale

Pasadena

Glendale

Los Angeles
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NaME
Konecnik, John
L.avender, Harrison Morton
Levet, Melvin Newton
Levin, Gerald Balfour
Levit, Robert Jules
Levy, Henry J.
Lewis, Clay Warden

Lindsay, Harry Arthur Lodge

Llewellyn, Fred Eaton
Lowe, Richard

Lowell, Arthur Carter
Luckenbill, David Brown
MacDonald, William Leslie
Maines, Noble

MecGraw, John Thomas
McLean, John Godfrey
McLenathen, Charles William
Meanley, Thomas Meredith
Metzner, Robert G.
Milburn, William Edward
Mueller, John Calvin
Nathan, Ernest Maurice
Newcomb, Geerge Lee, Jr.
Nickerson, Douglas Blain
North, Harper Qua
(O’Connor, Chadwell

Ogg, James Truman
Osborn, George Havice
Pabst, Alton Link

Page, Franklin Homer, Jr.
Parker, John E.

Parker, Wilton Everts
Peat, John McCowan
Phillip, David Hardie
Piro, Joseph Frank
Powell, Josiah Whittaker, Jr.
Rhett, William

Robertson, Thorington Blair
Ropp, William Frank
Ross, Charles Robertson
Rowell, Richard Merrill
Rudkin, George Thomas
Rynearson, Garn Arthur
Saurenman, Phillip
Shepherd, Philip Frick
Sherwood, David Marx
Shreve, Joseph Edward
Sidler, Arthur William
Siechert, Paul Charles
Smith, Clay Taylor

Smith, Robert Louis

HoMmE ADDRESs
Los Angeles
‘Warren, Arizona
Monterey Park
Los Angeles
San Francisco
Los Angeles
Fort Scott, Kansas
Vancouver, British Columbia
Glendale
San Francisco
San Francisco
Redlands
San Jose
Pasadena
Los Angeles
Santa Barbara
Carlsbad, New Mexico
San Diego
Los Angeles
Redondo Beach
Los Angeles
Los Angeles
Pasadena
Redlands
Los Angeles
Boston, Massachusetts
Eagle Rock
Azusa
Pasadena
San Diego
Pasadena
Beverly Hills
South Pasadena
New York City, N. Y.
Los Angeles
Florence, Alabama
Maywood
Vancouver, British Columbia
Glendale
Seattle, Washington
Lancaster
San Marino
Van Nuys
Pasadena
Altadena
Palo Alto
San Diego
San Bernardino
Santa Paula
Los Angeles
Hollywood
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NauMe
Snowden, John Whitney
Snyder, Willard Mitchell
Stanton, John S.
Stone, Roland Cruse
Thomas, Robert Coggeshall
Tilker, Paul Owen
Tobin, Bernard Milton
Twiss, William Edward
Van Dusen, Charles Albert
Van Horn, James W.
Velazquesz, Jose Luis
Voorhees, Stanley Van
Wald, George Gustav
‘Walker, Albert Clark
Webber, Donald Salyer
Weinberger, Edward Lee
‘Weiner, Harold
‘Westheimer, Joseph Freyer

Wilkinson, Lupton Allemong, Jr.

‘Wilson, Gardner Pond
Wilson, Myer Neal

HoME ADDRESS
San Marino
Hermosa Beach
Chino
Ogden, Utah
Hollywood
Los Angeles
Brooklyn, New York
Pasadena,
Baltimore, Maryland
Los Angeles
El Paso, Texas
Hollywood
Alhambra
Fresno
Glendale
Los Angeles
Rochester, New York
Los Angeles
Baton Rouge, Louisiana
Fresno
Glendale, Arizona

Wimpress, Richard Norman Glendale

Wolfberg, Stanley T. *Los Angeles

Wood, Homer Jesse Porterville

‘Woodrich, Warren Brown Minneapolis, Minnesota

Wyllie, George Leith : Philippine Islands

Youngs, Homer Smith Glendale
UNCLASSIFIED

Barry, Peter Rochester, New York

Bowen, William Harold Pasadena

Clark, Allan Covel Meadyville, Pennsylvania

Mock, Elliot V. Hollywood

Sheldon, George M. Glendale

Smith, Charles P. Glendale

Tapley, Gustavus S. Los Angeles



SUMMARY

SUMMARY

GRADUATE SCHOOL
REsearcH FELLOWS

National Research Fellows..........occooooiieiiii i

C. R. B. Educational Foundation Fellows........ .2
Research Fellows of the Institute............... ... .. 27
Commonwealth Fund Fellows.....cccc..c...... 2
International Exchange FelloW......oooooioimoreocoooeec 1
Fellow of the John Simon Guggenheim Memorial Fund...__.._. 1
Fellow from St. John’s College.......... ... 1
Rufus B. Kellogg University Fellow............c. 1
International Research Fellow........ooocoo . 1
International Research Fellows of the Rockefeller

Foundation ... et 2

GRADUATE STUDENTS
Physies .
Chemistry
Chemical Engineering
Mathematics
Geology
Biology
Astrophysics
Meteorology
Electrical Engineering
Mechanical Engineering ...
Civil Engineering
Aeronautical Engineering
Special Graduate Student.

UNDERGRADUATE SCHOOL

SENIORS oooooo.e. e 123
JUNIORS ottt 129
SOPHOMORES 153
FRESHMEN oottt e e es e e eeasssmns e meneeemeem e 162
L OB 03 AXCECS 40 505 o SO 7

Total Number of Students

257

S
r

214

788
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COURSES AND OPTIONS OF UNDERGRADUATE STUDENTS

Sciexce CoURsE Seniors Juniors Sophomores
Physics 15 14 19
Chemistry .o 9 10 26
Applied Chemistry 15 20
Mathematics 1 1
GEOlOZY ettt 5 5 6
Biology 5 5 6

Total 51 50 78

ExNGINEERING COURSE
Electrical 26 28 —
Civil 17 15
Mechanical 19 25
Aeronautical 10 10

Total 72 78 75

IRREGULAR 1
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Surface and Colloid Chemistry..176
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Synoptic Meteorology ......c.o... 195
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ThroopHall ........oo.oiviinns 59
Transformer, Million-Volt ...... 60
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Tublications of the Staff

OctoBER 1, 1934, To Aucust 31, 1935

This list of publications has been prepared for two purposes:
that of showing to prospective graduate students and research
fellows the general lines of investigation that are in progress at
this Institute, and that of bringing to the attention of research
men in related fields the scientific papers that have been recently
published by its staff. Reprints of these papers (not including
the books) will be supplied upon application to the Registrar of
the Institute.
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Eiecrroxs (+ and —), Prorons, Prorons, NEvTRONS, AND Cosmic Ravs.
RoBERT A. MILLIKAN, 492 pages, The University of Chicago Press, 1934.
Axropyxamic Turory. Vous, I, IT, 111,
Tu. voN KarMaN in collaboration with J. M. Burcers, Technische Hoogeschool,
Delft, Holland, Julius Springer, 1935.
INTRODUCTION TO QUANTUM MECHANICS.
Linus Pavrine and E. Bricar WiLson, Jr., 468 pages, McGraw-Hill Book Co.,
Inec., 1935.

Srientific and Witerary Articles

NORMAN BRIDGE LABORATORY OF PHYSICS

Mobrriep Rirz METHOD.

D. H. WEINSTEIN, Proc. Nat. Acad. Sci., 20, 529-532 (1934).

SEISMOGRAPHIC RECORDER.

Harrey Worre, R. S. 1., 5, 859-361 (1934).

Very Hiczx Avtrtupe Survey orF THE Errecr or Latrrune veon Cosamic-
RAY INTENSITIES AND AN ATTEMPT AT A GENERAL INTEBPRETATIO‘I OF
COSMIC Ray PHENOMENA,

S. Bowen, R. A, MirrikaN and H. Victor NEHER, Phys. Rev., 46, 641-652
(1934)

GRUPPEN-PHANOMENE IN METALLKRISTALLEN.

ALEXANDER GOETZ, Zeit. fir Kristallographie, 89, 310-326 (1934).

FuxpaMENTAL PrOCEssEs IN THE AnsorpTioN oF Cosmic-Ray ELEcTRONS
AND PHoTONS.

Carr D, AnpErsoN and Setu H. NEDDERMEYER, Internat. Conf. on Physics, Loun-
don, I, Nuclear Physics, 171-187 (1934).

ExPERIMENTAL EviDENCES oF GRoUP PHENOMENA IN THE SorLip METALLIC
STATE.

ALEXANDER GoOETZ, Internat. Conf. on Physics, London, II, Solid State of Mat-
ter, 62-71 (1984).



Hicuvry IoNizep Porassitam axp CALciuM SPECTRA.
ALserT E. WHiTFORD, Phys. Rew., 46, 693 (1934).
SpEcTrA OF Porasstoy, K IV, axp K 'V, axp oF Carcivm CAV axp Ca VI
I. S. Bowex, Phys. Rev., 46, 791-792 (1934).
New REecorpixg DiratoMETER or Hicm SENsiTIVITY.
A. Goerz, J. W. Bucuta and T. L. Ho, R. §. 7., 5, 428-431 (1934).
*Cosmrc CoXTINUOUs SPECTRA AND ELECTRON Raprariow.
WoLFGaNG FINKELNBURG, .4strophys. Jour,, 80, 313-318 (1934).

*Srupies oF Cosmic RaAys.
RoserT A. MiILLIKRAN, Carnegic Institution Year Book No. 33, 1933-1934, 324-327
(1934).
Tuermar Expansioxn ofF Bismura SinGLE CrysTALs NEAR THE MELTING
PoIxT.
J. W. Bucuta and A. GoEetz, Phys. Rev., 46, 1092-1095 (1934).
MAGNETOSTRICTION OF PURE AND ALLOYED Br SincLE CrysTALS,
ALEXANDER WOLF and ALEXANDER GoOETz, Phys. Rev., 46, 1095-1107 (1934).
New Facrs ABoutr THE NUCLEUS OF THE ATOM.
CarL D. ANDERSON, General Electric Review, 37, 2-8 (1934).
Tue SeectRUM AND CoMPOSITION OF THE GAsEoUs NEBULAE.
1. S. BoweN, Astrophys. Jour., 81, 1-16 (1935).
Ox THE BENDING 0OF ELECTROMAGNETIC MIcRO-WAVES BELow THE Horizox.
PauL S. EpstEIN, Proc. Nat. Acad. Sci., 21, 62-68 (1935).
TempreraTURE Funcrion or X-Ray RerFLEcTION IN THE NEIGHBORHO0D
oF THE MELTING POINT OF A CRYSTAL.
RoeerT B. Jacos and ALEXaNDER Gorrz, Phys. Rev., 47, 94-95 (1935).
EquaToriaL Loxerrune Errecr 1 Cosmic Ravs.
R. A. Mirrixa~N and H. Vicror NEHER, Phys. Rev., 47, 205-208 (1935).
Ramax EFrect oF WATER VAPOR.
Davip BENDER, Phys. Rev., 47, 252 (1935).
‘Wuar To BeELevE ABour Cosmic Ravs.
RorerRT A, MILLIKAN, Science, 81, 211-215 (1935).

East-WesT AND LoNcitupe Errects.
H. Victor NEHER, Phys. Rev., 47, 417-418 (1935).
Nore o~ THE PropucrioN or Cosmic-Ray SHOWERs.
W. H. PicKERING, Phys. Rev., 47, 423 (1935).
OxN 7HE Prasticiry or CRYSTALS.
Por Duwez, Phys. Rev., 47, 494-501 (1935).
Ox~ TrE CLEANING OF SURFACES.
Joun StRONG, R. §. 1., 6, 97-98 (1935).
*GYROMAGNETIC AND ELECTRON-INERTIA EFFECTS.
S. J. BarNETT, Rev. of Mod. Phys., 7, 129-166 (1935).
Strrrar GUEsTs.
F. Zwicky, Scientific Monthly, 40, 461-464 (1935).
A Moprriep AstoN-Type Mass SPECTROMETER AND SoME PRELIMINARY

REsULTs.
D. D. Tavror, Phys. Rev., 47, 666-671 (1935).

TaE ExTREME ULTRA-VIOLET IN ASTRONOMICAL SOURCES.
1. S. BoweN, Zeeman, Verhandelingen, 55-62 (1935).

THE DETERMINATION OF E/M FROM THE ZEEMAN EFFECT.
Wwm. V. Houston, Zeeman, Verhandelingen, 71-79 (1935).
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Low Terms 1x M~ V anxp FE VL.
1. 3. Bowex, Phys. Rev., 47, 924-925 (1935).

A NucrLear MoDEL.

W, V. Houstox, Phys. Rew., 47, 942-943 (1935).

Equatoriar Loxcrrroe ErFrects ox Cosmic Ravs.

R. A. Miteigay and H. Vicror Newer, Proc. Nat. Acad. Sci,, 21, 313-315
(1935).
TuerMAL EQUILIBRIUM IN o GENERAL GravrratioNaLl Fierp.
Ricuarp C. Tormaw, Proc. Nat. Acad. Sci., 21, 312-326 (1935).
Ox Birrer’s PATTERNS.
F. Zwicky, Phys. Rev., 48, 111 (1935).

TexPERATURES oF CoNTINwOUSLY OrPeraTEp MoniLe X-Ray Focavr Srors.
J. W. M. DuvMonp, B. B. Warsox and Brruce Hicks, R, S. 1., 25, 183-193
(1935).

Orricar ProperTIES OF MAGNEsiuM OXIDE.

Jou~ Stkoxe and R. T. Bricg, Jour. Optical Soc. of America, 25, 207-210 (1935).

SeeEcTRUM OF ALvMINUM VaPorR Disticrep By a TuxesTEN CoiL 1N
Vacvu.

E. Gaviora and JoHN STrRONG, Phys. Rev., 48, 136-137 (1935).

Apour THE STRUCTURE OF CRYSTALLINE BISMUTH AND SELENIUM LAYERS
Propucep By CoNDENSATION IN VAcuUuMm.

A. Goerz and L. E. Doobd, Phys. Rev., 48, 165 (1935).

Wuere Can Necative Prorons BE Fouxp?

F. Zwricky, Phys. Rev., 48, 169 (1935).

Ravroactivity oF THE EarTH’S CrusT AND I1s INFLUENCE onx Cosmic-Ray
ExrecTroscorE OBscrRvaTrioNs MApE NEar GrounNp LEvEL.

Rosrey D. Evans and RusseLr W. Rarrr, Phys. Rew., 48, 171-1%6 (1935).

CryoGENIC LABORATORY oF THE CALIFORNTA INSTITUTE OF TECHNOLOGY.
Parr 1.

ALEXANDER GoEktz, R. S. I., 6, 217-229 (1935).

O~ SpritTiNg MiIca.

JouN StrONG, R. S, 1., 6, 243 (1933).

W. K. KELLOGG RADIATION LABORATORY

Gavma-Rays FrRoMm ARTIFICIALLY PRODUCED NUCLEAR TRANSMUTATIONS.
H. R. Crave and C. C. Lavritsen, Iaternat. Conf. on Physics, London, I,
Nuclear Physics, 130-143 (1934).

Gamma-Rays rroM Borox BoMBARDED witH DEUTONS.

H. R. Craxg, L. A. DerLsasso, W. A. Fowrer and C. C. Lavritsen, Phys, Rev.,
46, 1109-1110 (1934).

O~ taE RELaTiION BETWEEN THE ROENTGEN AND THE ErvTHEMA DOSE.
CuARLES C. LAURITSEN, Am. Jour. of Roentgenology and Radium Therapy, 33,
235-236 (1935).

DisINTEGRATION oF BERYLLIUM BY Proroxs axp Its PossiBLe BEarRING oX
THE Mass or Be9.

L. N. Ripexotvr, K. Suixcnara and Dox M. Yost, Phys. Rew., 47, 318 (1935).

Masses or BES, BE9, axDp B1l as DETERMINED FROM TRAVS\ILTATIO\ Dara.
H. R. CR\\L and C C. LavriTseN, Phys, Rev., 47, 420 (1935).

CHEMICAL IDENTIFICATION OF THE RADIOELEML\TS Probucep FrRom CARBOX
AND BoroN BY DEUTERON BOMBARDMENT.

Dox M. Yost, L. N. Rrpevour and K. SuHrxoHara, Jour, of Chem. Phys., 3,
133-136 (1935).



AXN Avronmaric Hicu PressuRE CrLoup CHAMBER.
W. M. Brusaxer and T. W. BoNNER, R, S. ., 6, 143-145 (1935).
GaMma-Rays FrRom THE DISINTEGRATION OF BERYLLIUM BY DEUTERONS

AND Proroxs.
H. R. Crang, L. A. DeLsasso, W. A. FowLEr and C. C. LaurRITSEN, Phys. Rev.,
47, 782-783 (1985).
Tue EwmissioN oF NEGATIVE ELECTRONS FrROM BoroN BoMBaARDED BY
DEUTERONS.
H. R. Craxg, L. A. Dersasso, W. A, Fowrer and C. C. Lavuritsen, Phys. Rev.,
47, 887-888 (1935).
ExERGY SPECTRUM OF THE NEUTRONS FROM THE DISINTEGRATION OF BERYL-
Liuvm BY DEUTERONS.
T. W. Boxxer and W. M. Brueaker, Phys. Rev., 47, 910-913 (1935).
Exission oF Necative Eirecrrons rFrom Litarum axp Fruorine Bonr-
BARDED WiTH DEUTERONS.
H. R. Crang, L. A, Dersasso, W. A. FowrLer and C, C. LauriTseN, Phys. Rev.,
47, 971-972 (1935).
EvipExce ror THE FORMATION OF 4BES 1x THE DisiNTEGRATION oF Lirm-
1IUM BY DEUTERONS.
T. W. BonNeEr and W, M. BruBaKER, Phys, Rev., 47, 973 (1985).
GaMma-Ravs From N1TROGEN BonMBARDED WITH DEUTERONS.
H. R. Cra~Eg, L. A, Dersasso, W. A. FowrLer and C. C. LauvritseN, Phys. Rev.,
48, 100 (1935).
Gamma-Rays rFrom Borox BomBarpep wite Prorows.
H. R. Craxz, L. A, Drrsasso, W. A. Fowrer and C, C. LavuriTseN, Phys. Rev.,
48, 102-103 (1935).
Crovp CxaMBER STUDIES OF THE Gamya-Rapviation rrom LiraHiumM Bom-
BARDED WITH PRoTONS.
H. R. Craxg, L. A, DeLsasso, W. A. Fowrer and C. C. LauriTseN, Phys. Rev.,
48, 125-133 (1935).
AznsorpTION OF SLow NEUTRONS IN SILVER.
Lours N. RipeNour and Don M. Yost, Phys. Rev., 48, 383-384 (1935).

MATHEMATICS

O~ TeHE Power Series ror Errreric FrNcrioxs. 7
E. T. Berr, Trans. of Am. Math. Soc., 36, 841-852 (1934).

Nore oN THE ITERaTION OF FNS Ol ONE VARIABLE.
Morcax Warp, Bul. Am. Math. Soc., 40, 688-690 (1934).

Tue Povyxomiar Fp (x).
H. BateMan, dnnals of Math., 35, 767-775 (1934).

Serective Fuxcrions AND OPERATIONS.
H. BateMaN, Am, Math. Monthly, 61, 556-562 (1934).

Evarvarion oF A Crass oF TRIGONOMETRIC SERIES,
MorcaN WARD, Am. Math. Monthly, 41, 563-565 (1934).

THE PrACE oF Ricor 1N MATHEMATICS.
E. T. Bery, Am. Math. Monthly, 61, 599-607 (1934).

AN ARITHMETICAL PROPERTY OF RECURRING SERIES OoF THE SECOND ORDER.
Morcax Warp, Bul. Am. Math, Soc., 40, 825-828 (1934).

Furraer Tiera Expaxsions USEFuL 1IN ARITHMETIC.
M. A, Basoco and E. T. Berr, Am. Jour. of Math., 57, 1-10 (1935).

6



CoxprrioNs For Facrorizatiox 1x A Ser Crosenp UxDer A SIiNGLE
OPERATION.
Morcax Warp, Annals of Math,, 36, 36-39 (1935).
TERNARY ARITHMETICAL IDENTITIES.
E. T. BeLr, Bul. of Am. dMath. Soc., 41, 85-91 (1935).
Soyme ExpaxsioNs ASSOCIATED WITH BEsSSEL Funcrioxs.
H. Baremax and S. O. Ricg, Proc. Nat. Acad. of Sci., 21, 173-179 (1935).
GENERATION OF ANY N-vALUED Locic BY ONE BiNnary OrERATION.
Doxarp L. WEess, Proc. Nat. Acad. Sciences, 21, 252-254 (1935).
*DousrLy Perionic Fuxcrions oF THE SeEcoxp KiND AND THE ARITH-
METICAL ForyMm Xy + zw.
E. T. Berr, dm. Jour. of Math., 57, 245-254 (1933).
*OreraTiONAL EQUATIONS,
H. Batemax, Nat. Math, Mag., 9, 197-201 (1935).
A DETERMINATION OF ALL PossiBLE SystEms oF Strict IarpricaTioN.
MorGaNn Warp, A, Jour. of Math., 57, 261-266 (1935).
AN EXUMERATIVE PROBLEM IN THE ARITHMETIC OF LINEAR RECURRING
SERIES.
Morcax Warp, Trans. Am. Math. Soc., 37, 435-440 (1935).
A Revisiox or THE ALGEBRA oF Lucas Fuxwcrioxs,
E. T. BrLyr, dnnals of Math., 36, 733-743 (1935).

GATES CHEMICAL LABORATORY

*403. QuaNtTUuM MECHANICS AND VALENCE.
G. W. WHELAND, Nat'l Res. Council Bull.,, 11th Report Committee on Contact
Catalysis, 85-93 (1935).

408, Tue CrYSTAL STRUCTURE oF STaANNITE, CUsFESNS;.
L. O. Brocrway, Z. Krist.,, 89, 434-441 (1934).

409. Twur Crysrar STrRUCTURE or THE MiINERAL TETRADYMITE, BI,TESS.
Davip HarkEer, Z. Krist.,, 89, 1756-181 (1934).

411. Tuar Rorarronar. Wave EqQuaTioNn oF TETRAMETHYLMETHANE FOR
ZEro PoTENTIAL AND A GENERALIZATION.
Lvuciex J. B. LaCostg, Phys. Rev., 46, 718-724 (1934).

412, Puase EquiLisria 1x HybprocarBoN SysTEMS V. PRESSURE-VOLUME-
TEMPERATURE RELATIONS AND THERMAL PRrOPERTIES 0F PROPANE.
B. H. Sacg, J. G. ScuaarsMa and W. N, Lacey, Ind. Eng. Chem., 26, 1218-1224
(1934).

413. Pmase Equiniria 1x Hyprocarsox Systems VII. Some Prysicarn
axp Trerarar Properties oF A Crupe Or1n.
B. H. Sace, W. N. Lacevy and J. G. ScuaarsMa, Ind. Eng. Chem., 27, 162-165
(1935). ’

114. A REDETERMINATION OF THE PARAMETER vor HAUERITE.
Fraxyrin OrryNeRr, Z. Krist., 89, 182-184 (1934).

420. Pmase Eaquimusria ix Hyprocarsox SvystEms VI, Some THERMO-
DYNAMIC PROPERTIES OF NORMAL PENTANE.
B. H. Sacr, W. N. Licey and J. G. Scuaarsma, Ind. Eng. Chem., 27, 48-50
(1935).

421, Tur Rate or Sorvtion or METHANE 1x¥ QuiescexTt Liqrip Hypro-
carpoxs, 11,
E. 3. Hirr and W, N. Laczy, Tud. Eng. Chem. 26, 1324-1327 (1934).
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422, Tuae HypratioN ofF UxsartraTep Comporxps III. Tue HybprarioN
RATE oF TRIMETHYLETHYLENE IN AQUEOUS SOLUTIONS OF ACIDS.
Howarp J. Lucas and Yux-Pu Liv, J. Am. Chem. Soc., 56, 2138-2140 (1934).

423, TuE Ramanx SrecTrRa aAxp MoLECULAR CoNSTANTS oF PHOsSPHORUS
TRIFLUORIDE AND PHOspHINE. .

Do~ M. Yost and TuoMmas F. Axpersoxn, J. Chem. Phys., 2, 624-627 (1934).

424, Txe NormAL FREQUENCIES OF VIBRATION OF SYMMETRICAL PYRA-
MmiaL MorecvLEs AB; witH APPLICATION TO THE Rastax SPECTRA OF
TRIHALIDES. .

J. B. Howarp and E. Bricat WiLsox, Jr., J. Chem. Phys., 2, 630-634 (1934).

425. Tue EreEctrRoN DIFFRACTION INVESTIGATION OF SoME NoN-METALLIC
HALIDES. )

L. O. Brocrway and F. T. Warr, 7. Am. Chem. Soc., 536, 2373-2379 (1934).

433, AvrrricatioN ofF THeErRMopYNAMIC Dara 1o ProprcrioN PROBLEMS.
W. N. Lacey and B. H. Sack, Report of American Petroleum Institute.

434. Rate oF SoLuTioN OF ProraxE 1§ QuiEscENT Liqum HypRocarRBONS.
E. S. Hitr and W. N. Lacey, Ind. Eng. Chem., 26, 1327-1331 (1934).

435. PROPERTIES OF PROPANE.

W. N. Lacey and B. H. Sacg, Petroleum World, December, 1934.

436. A TransITiON 1IN Porassita SUPEROXIDE,

E. W. Neumaxw, J, Chem, Phys., 3, 243 (1985).

437. Tue CHLORINE-SENSITIZED PHOTOCHEMICAL OXIpaTION OF (GASEOUS
CHLOROFORM.

Arax T. Cuarmax, J. dim, Chem. Soc., 57, 416-419 (1935).

438, Tue PeroxipaTioN oF CHLOROFORM.

Arax T. Craeman, J. Am, Chem. Soc., 57, 419-422 (1935).

439. Tur MERCURY-SENsITIzED DrcoMmposition oF HyproGEX AzIDE.
Arsert E. Myers and Arnowp O. Beckmaw, J. Am. Chem. Soc., 57, 89-96
(1935).

440. Axavvsis oF THE Hyprocex SurripE Baxp ar 10100 A.

PauL C. Cross, Phys. Rew., 49, 7-15 (1935).

441, Tue THERMODYNAMIC CONSTANTS OF IoDINE TRICHILORIDE.

NEerson P. N1es and Dox M. Yosrt, J. Am. Chem. Soc., 57, 306-307 (1935).

442, Tue DissociatioN oF Surpiuk MONOCHLORIDE VAPOR.

RoserT C. Bartox and Don M. Yost, J. Am. Chem. Soc., 57, 807-310 (1985).

%143, Eiectric Drore MoMENTS AND RESONANCE 18 MOLECULES.

L. E. Surron, Trans. Faraday Soc., 30, 789-801 (1934).

444, A Wave-MecHANICAL TREATMENT or THE Miirs-Nixox Errecr.
L. E. Surton and L. Paviing, Trans. Faraday Soc., 31, 939-945 (1935).

445. TrE TrerMAL DeEcomprosiTioN oF NITROsYL CHLORIDE,

Guy Wabppingtox and Rrcmarp C. Tormawn, J. Am. Chem. Soc., 57, 689-692
(1935).

*146, THERMODYNAMIC ProperTiES OF SurLrFur Coxrouxps. I. HyDprocEN
Svrripe, DiaToMic SuLrrr AND THE DissocratioN oF HYDROGEN SULFIDE.
Pavr C. Cross, J. Cliem. Phys., 3, 168-169 (1935).

447. CmEMIcAL IDENTIFICATION OF THE RADIOELEMENTS PRODUCED FROM
CarBoN AND BoroX BY DEUTERON BOMBARDMENT.

Dox M. Yost, L. N. Ripexour and K. SuiNoHAra, J. Chem. Phys., 3, 133-136
(1935).

448. Ture Puoro-oxipaTtioN ofF Liquip CarsoN TETRACHLORIDE.

Ervest H. Lyoxs, Jr. and Roscor G. Drickinsox, J. Am. Chem. Soc., 57, 443-
146 (1935).
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449. A Stupy or THE METHODS oF INTERPRETATION OF ELECTRON-DIFFRAC-
TIoN ProToGRAPHS OF Gas MOLECULEs, wirii RESULTS FoR BENZENE
AND CarpoN TETRACHLORIDE,

Linus Pacvriye and L. O. Brockway, J. Chewm. Phys., 2, 367831 (1934).

450, Tue Heat axp Free Exercy oF FormatioN o ARSENIC TRIFLUORIDE.
Dox M. Yost and Jous E, SHerBorRNE, J. Am. Chent, Soc., 37, T00-701 (1935).

452, THE DISINTEGRATION OF BERYLLIUM nY Puiorons axp Its PossiBLE
BEaARING ox THE Mass oF BE.

L. N. Rmexour, K. SHixomara, Dox M. Yost, Phys. Reo., 47, 313 (1933).

453. REMARKS ON THE BAND SPECTRUM OF SULFUR AND THE STATISTICS OF
THE SULFUR NUCLEUS.

Ricuarp M. BapGer. Phys. Reo., 46, 1025-1026 (1934).

454, HEeat axp MaTERIAL BavaNces ror A Rorary CeEmENxTt KILN.
Wictiam N, Lacey and Husert Woobs, /nd. Eng. Chem., 27, 379-383 (1935).
455. Tae QuavtrMm MEecHanNicAanL TREATMENT oF MOLECULES BY THE

MEeTHOD oF SPIN VALENCE.
G. W. WaueLanp, J. Cliem, Phys., 3, ~.30 240 (1935).

456, THE CRYSTAL STRUCTURE OF DIASPORE.

F. J. Ewixg, J. Chem. Phys., 3, 203207 (1935),

457. Tue ErectroN DIFFractioN INVESTIGATION oOF THE MOLECULAR
StrucTures oF (1) CaHLORINE MovNoxipe, OxyGEN Frvorme, DimeTHYL
ErTHER AxD 1, 4-D1oxaxE axDp oF (2) MeTHyL CHLORIDE, METHYLENE
CuLoRIDE ANXD CHLOROFORM, WITH SOME APPLICATIONS OF THE RESULTS.
L. E, Sutrox and L. O. Brockway, J. Amer. Chem. Soc., 57, 473-483 (1935).

458, Viscosiry oF HYDROCARBON SOLUTIONS. SOLUTIONS oF METHANE AND
Proraxk 1x Crystar Oir,

B. H. Sace, J. E. SHerBorNE and W. N. Lacey, Ind. Eng. Chem., 27, 954-956
(1935).

*459. InExtIry or THE GrowTH-Promorinc axp Roor-Formine Sus-
STANCES OF PLANTS.

Kex~serr V. THimaxN and J. B. Koeprri, Nature, 135, 101-102 (1935).

460. Stupy oF THE CRYSTAL STRUCTTRES OF SYM-DIIODOETHANE AND SyM-
DIIODOETHYLENE.

Harorp P. Kiueg, Z. Krist., 07 (1935)

461. A TEcHNIQUE FOR THE X-Ravy STUDIES oF SuwstanceEs Unper HicH
PRESSURE.

Lupo K. Frever, Retw. Sci. Inst., 6, 214-215 (1935).

462. TaE Reactioy BETweEN OXYGEN AND 2-BUuTENEk.
. J. Lucas, A. N. Prater and R. E. Marrzs, J. Adm. Chem. Sec., 57, T23-727
(1935).

463. Tue I-I Boxp 1~y DipameExyr IononNTuMm IopibE.
Wisrtiam V. Mepriw, J. Am. Chem. Soc., 57, 1026-1027 (1935).

464. TuE Ramax SpPECTRUM oF DEUTERIUM.

TuaoMmas F. Axpersox and Dox M. Yest, J. Chem. Phys., 3, 242-243 (1935).

465. THE CrysTAL STRUCTURE OF ILEPIDOCROCITE. '

F. J. Ewing, J. Chem, Phys,, 3, 420-424 (1933).
466. ReEmanrxs oNx THE THEORY oF AromaTic Free Rabicars.
Linvus Pavrixg and G. W. WaeLanp, J. Chem, Phys., 3, 315 (1935).
467. Puase Equirisria 1x HyovrocarBoN SystEms. VIII. Tueg METHANE-

Crystar O1r SysTEM.
?. H) Sace, H. S. Backrs and W. N. Lacey, Ind. Eng .Chem., 27, 686-690)
1935).

*Not available for distribution.



468. Tue Reacriox or Frvorine wita Nrtric Acm aNp writix SorLn

Porasstom Nrtrate 10 Foryr NO3F.
Arax Beekeower and Dox M. Yost, J. dm. Chem. Soc., 57, 752 (1933).

469. THE Rrrarioxn BETWEEN INTERNTCLEAR DISTANCES AND THE FORCE
Coxstaxts oF DiatoMic MoLECULEs.
Ricuaarp M. BapGer, Phys. Rev., 48, 284 (1935).

470, Tue NuMmseR oF CANONICAL STRUCTURES oF EacH DEeGREE oF Excrra-
TION FOR AN UNSATURATED OR AROMATIC HYDROCARBON.
G. W. Wreraxp, J. Chem. Phys., 3, 356-862 (1935).

*471. NoreE oN THE BaxD SPECTRUM oF SiLicoX FLUORIDE.
Ricumarp M. Bapcer and CHaries M. Brair, Phys. Rewv., 47, 881 (1935)

472, Tue OxvceEx EquirLiBrRiuM oF HeEmoGLOBIN axD ITs STRUCTURAL
INTERPRETATION.
Linus PaurinG, Proc. Nat. Acad., 21, 186-191 (1935).

473. THE VAx DER WaaLs INTERACTION oF HYDROGEN ATOMS.
L. Pavring and J. Y. BeacH, Phys. Rev., 47, 686-692 (1935).

476. ArcExTic SArts v Acmp Sorvtions. 1. Tae Oxiparion axp Repuc-
TION REACTIONS.
ArTHUR A. Noves, J. L. Hoarp and Kexxeru S. Pirzer, J. Am. Chem. Soc., 57;
1221-1229 (1935).

497, ArcExnTICc SarTs In Acip Sorvriox. II. Tur OXIDATION-STATE OF
ARGENTIC SALTS.
ArtHUR A. Noves, KennerH S. Pitzer and Crarexce L. Duww, J. Am. Chem.
Soc., 57, 1229-1237 (1935).

478. ArceExTic Sarts 1x Acmp SorvurioN. III. OxmattoN-PoTENTIAL oF

ARGENTOUS-ARGENTIC SALTS IN NITRIC Acip SOLUTION.
Artuur A, Noves and ArLexanNper Kossiaxorr, J. Am. Chem. Soc., 57, 12388-
1242 (1985).

479, Formarrox Vorume AND Viscosity Strpies ror DomiNevez FieLp.
B. H. Sace and W. N, Lacey, Oil Weekly, 77, 29, May 20, 1935; also 01l and
Gas Journal, 34, 16, May 23, 1935.

480, Trr BromiNe-SExsiTizep ProrocHeEmIical Decomrosition or Gas-
£0US DIBROMOTETRACHLOROETH ANE,

James L. Carrico and Roscoe G. Dickinsox, J. Am. Chem. Soc., 57, 1343-1348
(1935).
496. Tur Reration BErTwreeN THE INTERNUCLEAR DIsTANCES AND FORCE

CoxsTaNTs OF MOLECULES.
Ricuarp M. Bapger, Phys. Rev., 48, 284-285 (1935).

BALCH GRADUATE SCHOOL OF THE GEOLOGICAL SCIENCES

*Tae Coor-WATER Trmms Porxt Prestocexe Horizoxn at Sax Prbro,
CALIFORNTA.
ALEx Crark, Trans, San Diego Soc. of Natl. Hist., 7, 25-42 (1931).7
ArcHEAN RirpLE MArRx 1x Tire GRaxDp CANYON.
J. . Maxson and I. CamerELL, Amer. Jour. Sci., 28, 298-303 (1934).
Tire GrorLocy AxD MINERAL DEprosiTs oF THE JULIAN REciow, Sax Dieco
Covxry, CALIFORNIA,
Mavrice DoxxNerry, Calif. Jour. Mines and Geol., Report XXX of the State
Mineralogist, 331-870 (1934).

*Not available for distribution.
+Not previously reported.
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*PDI1scrssioN oF “SERPENTINIZATION.”
W. D. Cuawxer, Lcon, Geol.,, 29, 777-778 (1934).

*ReviEw oF Harkir's “METAMORPHISM.”
Iax CaxrpBELL, Econ. Geol., 29, T81-783 (1934).

A New Srecies or D1poinEs FROM THE PLIOCENE oF EasterN OREGON.
Rosert W. WiLsox, Carnegic Inst. Wash. Publ., 453, 19-28 (1934).

Toorr CHARACTERS oF PrororrrepiNne Horses wrra Special REFERENCE TO
SpPECIES FROM THE MERYCHIPPUS ZONE, CALIFORNIA,
Fraxcis D. Bopog, Carnegie Inst. Wash, Publ., 453, 39-63 (1934).

Sxvin axp DEXTITION oF THE AMERICAN MI1ocENE CaT, PSEUDAELURTS.
CHESTER STOCK, Bull, Geol. Soc. Amer., 43, 1051-1058 (1934).

A HyYPERTRAGULID FROM THE SEsPE UrpErRMOsT E0CENE, CALIFORNIA.
CHESTER STOoCK, Proc. Natl. Acad. Sci., 20, 625-629 (1934).

Ox Semsmic WAVEs. .
Bexo GurenBERG and CuARLEs F. RicHTER, Gerlands Beitriage sur Geophysik, 43,
56-133 (1934).

Crustarl DerorMAaTIONS OF GRADUAL TyPE.
B. GUTENBERG, 5th Pacific Science Congress, 1297-1304 (1934).

Tue SrRUucTURE oF THE EARTH’S CRUST As INDICATED BY SEISMOLOGICAL
Data.
B. GurENRBERG, 5th Pacific Science Congress, 2511-2521 (1934).

*GEOLOGICAL STUDIES oF THE ARCHEAN Rocks aT Graxp CANYON,
Tan CamrrerL and J. H. Maxsow, Carnegie Inst. Wash. Year Book No. 33,
284-285 (1934).

New Gexus oF RopExT rrROM THE SEsrE EOCENE.
CHESTER STOCK, Bull. Geol. Soc. Amer., 46, 61-68 (1935).

GE0LOGICAL INVEsTIGATION OF THE CLAYS OF RIvERSIDE AxD ORraNGE CoUN-
TIES, SOUTHERN CALIFORNIA,
J. Crarx Svrreriave, Calif. Jour. Mines and Geol., 31, 51-87 (1935).

CrrceTINE-LIXKE RODENTS FROM THE SESPE FoCENE oF CALIFORNIA.
Roeert W. WiLsoN, Proc. Natl. Acad. Sci., 21, 26-35 (1935).

TERMINOLOGY oF SURFACE Forys or Tae Erosion Cycie,
J. H. Maxsox and G. H. AxpErson, Jour. Geol., 43, 88-96 (1935).

Prestomiscts, A NEw CreopoNT FroM THE SeseE Urper FEOCENE.
CHESTER STOCK, Proc. Natl. Acad. Sci., 21, 119-122 (1935).

AMPHIBOLE FROM THE PURCEIL Siiis, Britisys COLUMBIA,
H. M. A. Ricg, Amer. Mineralogist, 20, 307-309 (1935).

INSECTIVORA FROM THE SESPE UPPERMOST KOCENE, CALIFORNTIA.
CHESTER STOCK, Proc. Natl. Acad. Sci., 21, 214-219 (1935).

Soxe SvccestioNs FOR HEAVY MINERAL INVESTIGATIONS OF SEDIMENTS.
Wirriam M. Cocex, Jour. Sed. Petrology, 5, 3-8 (1935).

Arrovian Fax Frooping; THE MoxNtrosE, CarrrorNta, Froon, 1934,
Wrirriam CHAWXNER, Geog. Rew., 225, 255-263 (1935).

IxnvEsTIGATION OF OVERTHRUST FAULTS BY SEismic MEeTiops.
J. P. Buwarpa and B. GUTENBERG, Science, 81, 384-386 (1935).

Tiue Favxa oF THE MERYCHIPPUS ZONE, NowrrH CoariNea DisTricrT,
CALIFORNIA.
Fraxcrs D. Bope, Carnegie Inst. Wash. Publ., 453, 66-96 (1935).

A MrocexE Mamyariaxy FavNa From Stcker CREEX, SOUTHEASTERN

OREGOXN,
Davip W. Scuary, Carnegie Inst. Wash, Publ., 453, 97-118 (1935).

*Not available for distributiomn.
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ARTIODACTYLA FROM THE SESPE OF THE Las Posas Hrirs, CALIFORNIA.
CHESTER STOCK, Carnegie Inst. Wash, Publ., 453, 119-125 (1935).

A Deep WeLL Recokp oF Fossit Mamyarn ReEmains 1x CALIFORNIA.
CHESTER STOCK, Amer. Assoc. Pet. Geol. Bull., 19, 1064-1068 (1933).

TiraNoTrHERE REMAINS FROM TIIE SESPE OF CALIFORNIA.
CHESTER STOCK, Proc. Natl. Acad. Sci., 21, 456-462 (1935).
A New Sreecies or PorcupriNe FroM THE LaTEr CENozorc or Inamo.
RoBeErT W. WiLsoxN, Jour. Mamm., 16, 220-222 (1935).
A New GENus AND SpeciEs or Piemy Goose rrom THE McKirTrick
PLEISTOCENE.
Roraxp Case Ross, Trans. San Diego Soc, Natl. Hist., 8, 107-114 (1935).
*THE Ack ofF THE Eartu FrRoM THE CHANGES IN ITs TEMPERATURE AND

Erastic PROPERTIES,
Bexo GurexBeErG and CHARLES F. RicHTER, Science, 82, 52 (1935).

WILLIAM G, KERCKHOFF BIOLOGICAL LABORATORIES

Crossing OveER NEAR THE SPINDLE ATTACHMENT OF THE X CHROMOSOMES
IN ATTacHED-X TRirLOIDS 0F DROSOPHILA MELANOGASTER.
G. W. BEADLE, Genetics, 20, 171-191 (1935).

FurTHER StUDIES OF CrOSSING OVER IN ATracHED-X CHROMOSOMES OF
DrosoPHILA MELANOGASTER.
G. W. BeaprLE and STERLING EMERSON, Genetics, 20, 192-205 (1935).

X CuromosoME INVERstoNs AND ME10sis 1IN DRrosoPHILA MELANOGASTER.
G. W. Beapre and A. H. STURTEVANT, Proc. Nat. Acad. Sci., 21, 384-390 (1935).

Stupnies oN THE Growrm HormoxNe or Praxts. VII. Tue Fate orF
GROWTH SUBSTANCE IN THE PLANT, AND THE NATURE oF THE GROWTH

Process.
JamEes BonxerR and K. V. TrIMANN, Jour. Gen. Physiol., 18, 649-658 (1935).

REVERSIBLE AND REvERsED ExNzymaric REAcTIONS.
Hexry Borsook, Ergebnisse d. Enzymforschung, 1-417(1935).

TuaE CorrELaTioN BETWEEN Excess Cavtories aAxp Excess UrRiNAry Nrrro-
GEN IN THE SPECIFIC DYNaMIc AcTION OF PROTEIN IN ANIMALS.
Hexry Borsook, Proc, Nat. Acad. Sci., 21, 492-498 (1935).

MICROMETHODS FOR DETERMINATION OF AMMONIA, Ures, ToTal NITROGEN,

Unric Acip, CREATININE (AND CREATINE), AND ALLANTOIN.
Hexry Borsook, Jour, Biol. Chem., 110, 481-493 (1935).

N11tROGEN METABOLISM OF THE ISoLATED T1ssuEs oF THE RaT.
Hexry Borsook and Cecin E. P. JEFrrReYS, Jour. Biol. Chem., 110, 495-509
(1935).

SALIVARY C}IROMOSO){E Mars.
C. B. Bripces, Jour. of Heredity, 26, 60-64 (1935).

Stunies ox CHroMmosoME Coxisucarion III. Bemavior or DUPLICATING

FRAGMENTS.
Tu. DoszuaNSKY, Zeits. fiir induktive Abstammungs- und Vererbungslehre, 68,
134-162 (1934).

*Not available for distribution.



Marteriar, EFFEct As A CATSE oF THE DiFrERENCE BErwreeEN Tnr Recie-
rocaL CroOssEs IN DrosorHILA PSEUDOOBSCURA.
Tu. DoBzHANSKY, Proc. Nat. Acad. Sci., 21, 443-446 (1935).

A Crrrique oF THE SpeciEs CoNCEPT 1IN Biorocy.
Tu. DoszHANSKY, Phil. of Sci., 2, 344-355 (1935).

Trae Y CurOM0OsOME or DROsOPHILA PSEUDOGBSCURA.
TH. DoBzHANSKY, Genetics, 20, 366-376 (1985).

DrosoprILa Miraxpa, A NEw SpECIEs.
Tu. DoBzHANSKY, Genetics, 20, 377-391 (1935).

Some ReEmarks ox R. Gorpscamipt’s CrrriQque or THE HYPOTHESIS OF
MurtierLE SEX-GENES,
Tu. DoszHANSKY, Jour. Genetics, 31, 155-156 (1935).

Veinter, o Fimrsr Ranx Recessive, Locatep Jusr to THE RIGHT OF
Roueuoip 18 CaroMos0ME THREE oF DROSOPHILA MELANOGASTER.
F. N. Dun~can, dmerican Naturalist, 69, 94-96 (1935).

Tue Ecc-Lavine Acrtivities oF THE SeA Hare, Termvys CALIFORNICUS
(CooPER).
G. E. MacGiniTiE, Biol. Bul., 67, 300-303 (1934).

Normar FuwcrioNine axp ExperimexTar BeEmavior orF THE E6G AXD
Seerm CorLEcTORS oF THE Ecuivrom, Urecurs Cavro.
G. E. MacGinNiTIg, Jour. Exp. Zoél., 70, 341-8355 (1935).

REerorT OF INVESTIGATIONS ON THE CONSTITUTION OF THE GERMINAL MATE-
RIAL IN RErLATION TO HEREDITY.

T. H. MorGaN, C. B. BripGes and ]ACK ScuvLrrz, Carnegie Inst. Year Book No.
33, 274-280 (1934).

CENTRIFUGING THE Kccs oF Irvanassa 1x REVERsE.
T. H. MoRrGAN, Biol. Bul., 68, 268-279 (1935).

THE SEPARATION OF THE EcG or Invaxassa inTo Two Parrts By CENTRI-
FUGING.
T. H. MorGan, Biol. Bul., 68, 280-295 (1935).

Tue Ravyrumic Cuaxces 1N ForM oF THE ISOLATED ANTIPOLAR LLOBE OF
Trvanassa.
T. H. Morcan, Biol. Bul., 296-299 (1935).

Errecrs oF CENTRIFUGING FG6s oF Urecmis BeErore axp AFTER FERTILI-
ZATION.
T. H. MorcaN and ALBerRT TYLER, Jour. Exp. Zodl., 70, 301-840 (1935).

Tuae RELaTION oF GENETICS TOo PrysioLocy axp MepiciNE. Noser LEc-
TURE, PRESENTED IN StockHOoLM JUNE 4, 1934,
T. H. MorGaN, The Scientific Monthly, 41, 5-18 (1935).

Trae GrowTH HorMoNE AND THE Dwarr TyrE or GRowTa 1N CorN.
J. vax OvVERBEEK, Proc. Nat. Acad. Sci., 21, 292-299 (1935).

AspEcTs OF THE RELATION BETWEEN GENES AND DEVELOPMENT 18 DRoOso-
PHILA.
Jack ScuuLrtz, Amevican Naturalist, 69, 30-54 (1985).

IDENTIFICATION OF THE SALIvARY Graxp CHRomMo0sOMES 1N DrosopHILA
PSEUDOOBSCURA.
C. C. Tan, Proc. Nat. Acad, Sci., 21, 200-202 (1935).

Sarvary Graxp CrHromMosoMES IN THE Two Races oF Drosoprira Pseupo-
OBSCURA.
C. C. Tax, Genetics, 20, 392-402 (1935).
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Ox tE Praxt Growra Horyoxe Propucep By RHIzopus SuiNus.
K. V. TaiMany, Jour. of Biol. Chem., 109, 279-291 (1935).

IpExTITY OF THE GROWTH-PROMOTING AND R0OT-FORMING SUBSTANCES OF
PranTs.
K. V. THiMaxN and J. B. KoeprLi, Nature, 135, 101 (1935).

GROWTH SUBSTANCES IN PraNTs.
K. V. Tuiman, dnnual Rev. of Biochem., 4, 545-568 (1935).

Ox TaE Pea Test METHOD FOR AUXIN, THE Praxt Growrx HoRMONE.
F. W. WenNT, Proc. Kon. Akad. Wetensch, Amsterdani, 37, 547-555 (1934).

AvuxiN, THE PraxT Growrr HORMONE.
F. W. Wen~T, Botanical Review, 1, 162-182 (1935).

VERTEBRATE ZOOLOGY

A Race oF Porzaxa FrLaviveNTER FROM CENTRAL AMERICA.
A. J. vaN Rossem, Condor, 36, 243-244 (1934).

Notes ox SomE SpECIEs AND SUBSPECIES oF GUATEMALA BiIrbps,
A. J. vax RosseM, Bull. Mus. Comp. Zool., 77, 387-405 (1934).

Nores oN Some Tyres oF MEXICAN AND CENTRAL AMERICAN BIRDSs.
A. J. vax RosseM, Bul. Mus, Comp. Zool., 77, 406-423 (1934).

A SysrEmaric Reporr ox THE BrEwsTER CoLiECcTION oF MExican Birps.
A, J. vax RosseM, Bull. Mus. Comp. Zool., 77, 424-490 (1934).

A NEw NAME FoR THE LARGE-BILrEnr Hawk oF WEsTERN Costa Rica ANp
Panama.
A. J. van RosseM, Condor, 37, 215 (1935).

A Nxw Jay or THE GExvus CYANOCORAX FROM SINALOA, MEXico.
Roeert T. MooRE, Auk, 52, 274-277 (1935).

GUGGENHEIM AERONAUTICS LABORATORY

49, FurTHER EXPERIMENTS ON THE VARIATION OF THE Maximum-Lirr
CoEFFICIENT wWiTH TURBULENCE AND REYNOLDS’ NUMBER.
Crark B. MirLLikaN, Trans. A, S. M. E., 56, 815-818 (1934).

50, A New TreorY ForR THE BuckriNe oF Tuix Cyrixpers UNDER AXIAL

COMPRESSION AND BENDING.
L. H. DoxNELL, Trans. 4. S. M. E., 56, 795-806 (1934).

51. Ox TEE THEORY OF LAMINAR Bouxpary Lavers Invorvizne Sepa-

RATION.
TH., von Karman and Crark B, Mirrikan, N. A. C. A. Report No. 504 (1934).

52. ArprricaTion or KarmaxN’s Locarirumic Law 1o PREDICTION OF AIR-

sHI? HuLL Drac.
NortoN B. Moorg, Jour. of Aero. Sciences, 2, 32-34 (1935).

53. NEUE DARSTELLUNG DER TRAGFLUGELTHEORIE.
TH. vox Karmax, Z, 4. M. M., 15, 56-61 (1935).
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54, A Stupy oF THE EfrecT oF CURVATURE oN Furiry DeveErorEp TURBU-
LENXT FLrow,
F. L. WaTTENTORF, Proc. of Royal Soc. of London, 148, 565-598 (1935).

55. A TueorericaL INvVEsTIGATION OF THE MaxXximum Lirr COEFFICIENT.
Tu. von Karmax and Crark B. MrLLixaxn, Jour. of App. Mech., A21-A27 (1935).

56. Ax Opricar METHOD FOR MEASURING THE DISTRIBUTION OF VELOCITY
GrapiENTS Ixn A Two-DimensioNarn Frow.
E. D. Arcock and C. L. Sabrox, Physics, 6, 92-95 (1935).

57. Ox THE Prasticity oF CrRysTAlLs.
Por Duwez, Phys, Rev., 47, 494-501 (1935).

58. A COMPARISON OF AMERICAN AND EUROPEAN METEOROLOGICAL SERVICES.
Irving P. Krick, Jour. of Aero. Sci., 2, 16-21 (1935).

59, Dywamic LoNGrrupiNAL Stasinrry CHARTS ForR DEsiexy UsE.
L. E. Roor, Jour. of Aero. Sci., 2, 101-108 (1935).

60. OrrimuM FricHT PatH 1x AR Traxsport OPERATION,
W. C. ROCKEFELLER, Jour, of Aero. Sci., 2, 109-114 (1935).

61. Some AspEcTs OF THE TURBULENCE PROBLEM.
Ta. vox Karman, Mech. Eng., 57, 407-412 (1935).

62. TURBULENCE.
Tu. von KarMan, IV Inter. Cong. for App. Mech., Cambridge, England (1934).

ENGINEERING

*DESTRUCTIVENESs OF EARTHQUAKES NoT Gavucep By Axy Fixep Rute.
R. R. MarTEL, Southwest Builder and Contractor, 84, 18-19 (1934).

*ATTRACTION MEASURE OF SPHERE GAP VOLTAGE.

RovarL W. Sorexsex, Electrical World, 68, 104 (1934).
*FEARTHQUAKE Hazarps AND PrOTECTIVE MEASURES.

R. R. MarrtEL, Architect and Engineer, 120, 49-52 (1935). )
Aaquepvucr PumprinG ProBLEMS INVESTIGATED AT CALIFORNIA INSTITUTE OF

TEcuxNoLOGY, :
Rosert L. DaveuEerty, Western City, 11, 20 and 40 (1935).

*Discussiox—A Direct MErTHop or MoMeENT DisTRIBUTION.
Ecor Porory, Proc. A. §. C. E., 61, 431-432 (1935).

*DiscussioN—ErLastic PropeRTIES oF Riverep CoNNECTIONS.
WavLTER ScHoLTZ, Proc. 4. S. C. E., 61, 752-753 (1935).

*A SparkiLEss SPHERE GaP VOLTMETER.
R. W. Sorensen, J. E. Hosson and Simon RaMo, Electrical Engineering, 54,
651-656 (1935).

Some Puysicar Proprerties oF Water axp Oraer Fruips.
Roserr L. Daveuerty, Trans. A. S. M. E., 57, 198-196 (1935).

A Stuny oF Porosity 1 MEeTarLric Arc WEeLning Uxper Srecrric Con-
DITIONS.
I. 8. Jouxsox, Jour. Am. Welding Soc., 14, 10 (1935).

*Di1scussioN—FRICTIONAL RESISTANCE 1IN ARTIFICTALLY Rovenexep Prees.
Warren E, WiLsoxn, Proc. A. S. C. E., 61, 911-913 (1935).

*Not available for distribution.
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HUMANITIES

¥

*MONEY AND THE JONESES.
GraHAM A. Laixc. The Fortnightly, 12-15, QOctober 15, 1934,

*JUMPING JEHOSAPHAT (a story).
Wirrtiam Huse, Maclean's Magaezine, Toronto, November, 1934,

AMERICA’S BALANCE 0F PAYMENTS,

*“TaE NEw Dear: AN APPRAISAL.
Wirriam B. Muxro, Proc. Inst. of World Afairs, 12, 106-111 (1985).
*THE SHIPWRECK. Essays 1IN Dramartic LiteraTure: THE ParrorT PRES-
ENTATION VOLUME.
WirriaMm Husk, Princeton Univ. Press, 1985.
*THE ProraTion Priwcipie 1N THE Crrrus INDUSTRY.
Ray E, UnTEREINER, Citrus Leares, 15, 1 (1935).
*Tue Grear Brusuurst CONFERENCE (a story).
WirriaM Huse, The American Weekiy, July 14, 1985,
*Tue FourreentH CoLoxy.
WiiLiam B, Muxre, Uwniversity of Toronto Quarterly, 4, 550.554 (1935).
*Tue Smort Barror MovEMENT.
WirriaM B. Muwnxe, Encyelopedia of the Social Scicnces, 14, 43-45 (1935).
*TuE VETo POWER.
WiLriam B. Mungro, Encyclopedia of the Social Sciences, 15, 247-249 (1935).
*TuE CALIFORNIA INsTITUTE OF TECHNOLOGY.
WirLiam Huse, The Guildsman, July-August, 1935.
*MISSING THE INTANGIBLES,
WirLiam B. Munro, National Municipal Leaguc, Publications, 11, 24-28 (1935).

A~ Ipear StatE CONSTITUTION.
WirLriam B. MUNRo, Annals Am. Acad. Pel, and Soc. Sci., 181, 1-10 (1935).

*Not available for distribution.
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Hublirations of the Staff
OcroBER 1, 1932, T0 SEPTEMBER 30, 1933

This list of publications has been prepared for two purposes:
that of showing to prospective graduate students and research
fellows the general lines of investigation that are in progress at
this Institute, and that of bringing to the attention of research
men in related fields the scientific papers that have been recently
published by its staff. Reprints of these papers will be supplied
upon application to the Registrar of the Institute.

Fnpks

Time, MATTER AND VALUES.
R. A. MrirLrxayn, 99 pages, The University of North Carolina Press, 1932.

Tae Frimae or Raxcno La Brea.
CresTeEr Stock and JouN C. MErRrRIaM, Carnegie Institute of Washington Publi-
cation No. 422, 231 pages, 1932. (Publication No. 105 of the Division of Geology
and Paleontology.)

TaE SciexTiric Basis oF EvoLurion.
T. H. Morcan, W. W, Norton & Company, 286 pages, 1932.

IntroDUCTION 10 Business. (Second Revised Edition.)
Horace N. GirBert and CHARLES I. Gracg, 404 pages, McGraw-Hill Book Co.,
Inc., 1933.

Towarps TECH Nocracy.
G. A, Laing, 100 pages, Angelus Press, 1933.

Personavrry 1N Porirics. (Revised Edition.)
WirrLiam B. Munro, 114 pages, The Macmillan Company, 1933.

ENGINEERING MATERIALS AND PROCESSES.
W. H. Crapp and D. S, CLaRK, 244 pages, printed for the use of Engineering stu-
dents at the California Institute of Technology.

GENERAL Puysics, Vorume I, MECHANICS, MOLECULAR Puysics, HEaT aAND

Sounp.
R. A. MrLrikax, DuaNe Rorier and E. C. Watsox, 475 pages, printed for the
use of students at the California Institute of Technology, 1933,

OrcaNic CHEMISTRY.
H. J. Lucas, 382 pages, printed for the use of students at the California Institute
of Technology.

Tur Tax Racxker.
Rav E. UNTEREINER, 162 pages, Lippincott Company, 1933.
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Srientific and Literary Articles

PHYSICS

GYROMAGNETIC RaTios ror NickeL axp CoBavrT,
S. J. BarxerT, Phys. Rev., 42, 147 (1932).
Far INFYRARED SPECTRA OF GASES.
Jou~ StroNG and S. C. Woo, Phys. Rev., 42, 267-278 (1932).
Tue TECHNIC OF STEREOFLUOROSCOPY.
Jesse W. M. DuMonbp, Radiology, 19, 366-387 (1932).
“MoLEKULSTRUKTUR” (Book Review).
R. M. LaNGER, Phys. Rev., 42, 738 (1932).
APPARATUS FOR SPECTROSCOPIC STUDIES IN THE INTERMEDIATE INFRARED
REGIoN—20 10 40p4.
JounN StTRONG, R. S. I., 3, 810-821 (1932).
Ox THE GENERATION OF ULTRA-SHORT ELECTROMAGNETIC WAaVEs UsING
THE ScHEME OF H. Barxuauvsex axo K. Kurz.
G. Porarenko, Phil, Mag., 14, 1126-1142 (1932).
Tre LiNear MoMENTA oF ELECTRONsS IN AToMs AND IN Sorip Bobies as
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N. P. StvertzEv-DDoszuaNskY and Tr. DopzHANSKY, Genetics, 18, 173-192 (1933).

Stupies oN Curomosome Cowxsuvcation. II. Tue REeration BETWEEN
CrossinG-OvER AND DissuNcrioN oF CHROMOSOMES.
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