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@alendar

1930

JANUARY 6 Registration (9 A. M. to 3 P. M.)
JANUARY 25 Examinations for Removal of Conditions
Marcu 1...Last Day for Applications for Fellowships and Assistantships
MARCH 19-22. e Term Examinations

MarcH 20.......... Notifications of Award of Fellowships and Assistantships

MarcH 22........ et et e End of Second Term
MarcH 23-80.... Recess
MarcH 29.. .Meetings of Registration Committees
MaRcE 8. Registration (9 A. M to 3 P. M.)
APRIL 19, :..Examinations for Removal of Conditions
May 12 Last Day for Removing Senior Deficiencies
May 29...... Last Day for Examinations and Presenting Theses for the
Degree of Doctor of Philosophy
MAY B0 e Memorial Day Recess
JUNE b5 Last Day for Examinations and Presenting Theses for the

Degree of Master of Science

JUxE T End of Examinations for Candidates for the Degrees of
Bachelor of Science and Master of Science

JUuxE 10-14.....Term Examinations for all Undergraduates except Seniors

JUNE 10l Meetings of Committees on Course in Engineering
and Course in Science (9 A. M.)

JUNE 10, oo, Faculty Meeting (1:30 P. M.)

JUNE 12 Class Day

<oveeeemeCoOmmencement

Ju~Ne 13 SO Annual Meeting of Alumni Association

JUNE e End of College Year

Juse 12-14. Examinations for Admission to Upper Classes

JUNE 28 Meetings of Registration Committees

Juxwe 30, Jury 1. Examinations for Admission to Freshman Class
and for Freshman Scholarships

SeEPTEMBER 16-17....... . Examinalions for Admission to Freshman Class

SEPTEMBER 22-23...._.. .. Examinations for Admission to Upper Classes

SEPTEMBER 25-..oooeeieceiineceee Examinations for Removal of Conditions



CALENDAR—Continued

SEPTEMBER 25, Registration of Freshmen (8:30 A. M.)
SEPTEMBER General Registration (9 A. M. to 3 P. M.)
SEPTEMBER 27T....__..... General Registration (9 A. M. to 12 M.)
SEPTEMBER 29 . e Beginning of Instruction
NOVEMBER 27-30. oo Thanksgiving Recess

DecemBer 1...Last Day for Announcing Candidacy for Bachelor’s Degree
DeceMBER 17-20. .. Term Examinations

DrcEmBER 20......... Last Day for Filing Applications for Candidacy for
the Degree of Doctor of Philosophy, to be Con-
ferred June, 1931

DecemBrr 20.... End of First Term (12 M.)

Jaxuvary 3, 1931.. ~Meetings of Registration Committees

JANTARY S Registration (9 A. M. to 3 P. M.)




Che Board of Trustees

(Arranged in the order of seniority of service)

Term
Expires
Hiram W. WabsworTH 1932
716 South El Molino Avenue, Pasadena.
ARTHUR H. FrLEMING. oottt resee e 1930

1003 South Orange Grove Avenue, Pasadena.

GEORGE E. HALE oot 1932
739 Hermosa Avenue, South Pasadena.

CuarrLes W. GaTEes 1933
Fordyce, Arkansas.

Henry M. RoBixsow 1931
195 South Grand Avenue, Pasadena.

R. C. Guis 1932
15304 Beverly Boulevard, Pacific Palisades.

R. R. Bracker 1929
1177 Hillerest Avenue, Pasadena.

Harry CHANDLER 1929
The Times, Los Angeles.

Hexry W. O'MELVENY 1930
Title Insurance Building, Los Angeles.

Arraxy C. Barcu 1933
Biltmore Hotel, Los Angeles.

Lovuis D. RickerTs 1930
349 South Grand Avenue, Pasadena,

JosErH B. DasNEY. 1931
1208 Bank of Italy Building, Los Angeles.

Wirniam L. Honxorp 1931
523 West Sixth Street, Los Angeles.

HaArrY J. BAUER .o 1929
1220 Hillcrest Avenue, Pasadena.

Bex R. MEver 1933
Doheny Road, Los Angeles.

Harvey S. Muop 1929
1500 Benedict Canyon Road, Beverly Hills.

OFFICERS .

Arrrur H. FLEMING President

Arrax C. Barcu First Vice-President

Cuarres W. Gares Second Vice-President and Treasurer

Hiram W, WADSWORTH Third Vice-President

Epwarp C. BARRETT......oooiieiccccecmen Secretary and Assistant Treasurer

FINANCE COMMITTEE
ArtHUR H. FLEmixe, Chairman
Arran C. Barcu WiLriam L. HoNworp
Cuarres W. GaTes Lovuis D. Rickerrs



Administrative Officers of the Institute

EXECUTIVE COUNCIL

RoserT A, Mirixan, Chairman Tuomas H. Morean
Avriax C. Bancu ‘Wiiriam B. Muxgo
Artavr H, FLEmIiNG ArTHUR A. NOYES

Georce E. Hare Hexry M. Rosrnsox

Epwarp C. Barrert, Secretary

CHAIRMEN OF DIVISIONS
RoeErt A. Mirrikax...Physics, Mathematics, and Electrical Engineering

ARTHUR A, NOYES... .o Chemistry and Chemical Engineering
FRANKELIN THOMAS. oo Civil and Mechanical Engineering
Joun P. Buwaiba... Geology and Paleontology
Taomas H. Moreax.. Biology
CriNToN K. JUDY. o e Humanities
Rovar W. SORENSEN. Physical Education

OTHER OFFICERS

Freperic W. HinricHs, JR Dean of Upper Classmen
Joux R. MACARTHUR Dean of Freshmen
Epwarp C. Barrerr - Secretary
Harry C. VAN Buskirk . Registrar
W. NoEL BIRCIBY .o Assistant Registrar

Aduisnry Comunril

Joux J. Carry, Vice-President, American Telephone and Telegraph
Company,
Gaxo Duxw, Presiderit, J. G. White Corporation.

Franx B. Jewerr, President, Bell Telephone Laboratories, Inc., and
Vice-President, American Telephone and Telegraph Company,

Joux C. MerriamM, President, Carnegie Institution of Washington.
Cuarres L. Reese, Chemical Director, E. I. du Pont de Nemours and
Company.
ADVISER IN ATHLETICS
Davip BraxgexmzorN, Pasadena



Officers and Comunittees of the Faculty

OFFICERS

Cuamyaxn, William B. Munro.

Secrerary, H. C. Van Buskirk.

Deax orF Upper CrassMEn, F. W, Hinrichs, Jr.
Deax oF Fresumew, J. R, Macarthur.

GENERAL COMMITTEES
Facurry Boarp, Chairman, E, C. Watson; Secretary, H. C. Van Buskirk.
The Board consists of the officers of the Facully, of the chair-
men of the Divisions of the Institute, of the chairmen of the Com-
mittees named below, and of three members at large.
ReecistraTION, Chairman, H, C. Van Buskirk.
FresamaN RecistratioN, Chairman, J. E. Bell.
Courst 1N ENGINEERING, Chairman, W, H. Clapp.
Course 1N Science, Chairman, S. S. Mackeown.
Grapuazre Stupy, Chairman, R. C. Tolman; Secretary, I. S. Bowen.
ExcineerinG Researcs, Chairman, C. C. Thomas.
Hox~or SrupeNts, Chairman, I. S. Bowen. ’
StupExT REraTions, Chairman, F. Thomas.
Puvsicar Epucarion, Chairman, R. W, Sorensen,

Regearch Ammoriates, 19209-1930

SAMUEL JacksoN Barnerr, Pua.D.
Research Associate in Physics
ALBERT ABRAHAM Micurrson, Pu.D,, LL.D., Sc.D.
Nobel Laureate
Research Associate in Physics

Professor of Physics, University of Chicago

Lupwiec Praxorr, Pa.D., ExeD.
Research Associate in Aeronautics
Professor of Mechanics and Director of the Kaiser Wilheln
Aerodynamical Institute, University of Géttingen
Grecor WexTzEL, PH.D.
Research Associate in Physics
Professor of Mathematical Physics, University of Zurich
Harry O. Woobn, M.A.
Research Associate in Seismology
Research Associate of Carnegie Institution of Washington



Staff of Instruction and Research

RosErT AxpREws MitLixaw, Pu.D.,, LL.D., Sc.D., Nobel Laureate

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, 1902-1%07; Asso-
cia.te Professor, 1907-1910; Professor, 1910-1921. Sc.D. (hon.), Oberlin
College, 1911; Northwestern University, 1913; University of Pennsyl-
varia, 1915; Amherst College, 1917; Columbia University, 1917; Uni-
versity of Dublin, 1924; Yale University, 1925; Leeds University, 1927;
Princeton UnlverSlty, 1928 New York Un1vers1ty, 1929; LI..D., Univer-
sity of California, 1924; Umvers1ty of Colorado, 1927 Umver51ty of
Michigan, 1929, Ph.D. . (hon) King John Casimir Umvex‘sity, Lwow,
Poland, 1926; University of Ghent, 1927, Vice-President, American
Association for the Advancement of Science, 1911; President, 1929;
President, American Physical Society, 1916-1918; Vice~Chairman, Na-
tiornal Research Council, 1916-; Lieutenant-Colonel, U. 8. A, and Chief,
Science and Research ‘Division of Signal Corps, 1917-1919; American
Representative, Troisiéme Conseil de Physique, Solvay Brussels, 1921;
Exchange Professor, Belgium, 1922; American Representative, Com-
mittee on Intellectual Cooperation, League of Nations, 1922-, Member,
Am erican Philosophical Society, National Academy of Scxences Amer-
ican Academy of Arts and Sciences. Corresponding Member, Société
Batave de Philosophie Expérimentale a Rotterdam, Académie des
Sciences de Russie, Institut de France Académie des Sciences. Hon.
Mernber, Royal Institution of Great Britain, La Société Hollandaise
des Sciences, Royal Irish Academy, Die Gesellschaft der Wissenschaf-
ten zu Goéttingen, Recipient of Comstock Prize, National Academy of
Sciences, 1913; of Edison Medal of the American 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, 1925,
of the Gold Medal of the American Society of Mechanical Englneers,
1926; of the Messel Medal of the Society of Chemical Industry of
England 1928; and of the Gold Medal of the Society of Arts and
Sciences, 1929. California Institute, 1916-

300 Palmetto Drive

Tuomas Huxt Moreaw, Pu.D., LL.D,, Sc.D.
Chairman of the Division of Biology, William G. Kerckhoff Laboratories
of the Biological Sciences
Member of the Executive Council

B.S., State College of Kentucky, 1886; M.S,, 1888; Ph.D., Johns Hopkins
University, 1890. Professor of Biology, Bryn Mawr College, 1891-1904;
Professor of Experimental Zoology, Columbia University, 1904- 1928
LI..D., State College of Kentucky, 1916; Johns Hopkins University,
1917 ; MeGill University, 1921; Se.D., Umvermty of Edinburgh, 1922;
University of Michigan, 1924. Fellow of American Association for the
Advancement of Science; Member, American Philosophical Society;
Foreign Member, Royal Soc:lety of London; Corresponding Member,
Academy of Petrograd Honorary Member Royal Irish Academy,
Société Biologique de France Société Zoolog1que et Malacol de Belge,
Société des Sciences Médicales et Naturelles de Bruxelles, Royal
Society of Science of Upsala, Zoological Societies of Norway, Den-
mark, Finland, Moscow, and Munich; President, National Academy of
Sciences, 1927-. California Institute, 1928-

1149 San Pasqual Street
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Witriam BExNerr Munro, Pu.D., LL.D.
Professor of History and Government
Member of the Executive Council

B.A., Queens University, 1895; M.A., 1896; LI.B., 1898; M.A., Harvard
University, 1899; Ph.D., 1900, M.A. (hon.), Williams College, 1904;
LL.D., Queens University, 1912; Parker Traveling Fellow, Harvard
University, 1900-1901; Instructor in History and Political Science,
Williams College, 1901-1904; Instructor in Government, Harvard Uni-
versity, 1904-1906; Assistant Professor of Government, 1906-1912; Pro-
fessor of Municipal Government, 1912-1925; Jonathan Trumbull Pro-
fessor of American History and Government, 1925-; Chairman of the
Division of History, Economics and Government, Harvard University,
1920-; Weil Foundation Lecturer, University of North Carolina, 1921;
McBride Foundation Lecturer, Western Reserve University, 1925;
Jacob H. Schiff Foundation Lecturer, Cornell University, 1926; Presi-
dent of the American Political Science Association, 1927; Major,
United States Army, 1918-1919; Fellow of the American Academy of
Arts and Sciences. California Institute, 1925- 3

268 Bellefontaine Street

Artur Amos Noves, Pa.D,, LL.D,, Sc.D.
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; LL.D., University of Maine, 1908;
Clark University, 1909; University of Pittsburg, 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 T'echnology, 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. California Institute, 1913-

1025 San Pasqual Street

Jou~x Aveusr Axperson, Pu.D.
Executive Officer of the Observatory Council
Research Associate in Astrophysics*

B.S., Valparaiso Coliege, 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

Eowarp Cecit. Barrert, B.A.
Secretary of the Institute

B.A., State University of Iowa, 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

*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,



12 CALIFORNIA INSTITUTE OF TECHNOLOGY

CuarreEs Reap Baskerviei, Pu.D.
Associate in English Literature

B.A., Vanderbilt University, 1896; M.A., 1898; Ph.D., University of Chi-
cago, 1911. Assistant in Fnglish, Vanderbilt University, 1898-1899;
Head of Department of English, Central State Normal School, Okla-
horma, 1903-1905; Instructor in English, University of Texas, 1905-1911;
Assistant Professor, 1912-1915; Associate Professor, 1915-1919; Profes-
sor- of English, University of Chicago, 1919-; Research Associate,
Hu ntington Library and Art Gallery, 1929-. California Institute, 1929-

193 O. .
616 South Sierra Bonita Avenue

Harry BaTeEmanN, Pu.D.
Professor of Mathematics, Theoretical Physics, and Aeronautics

B.A., Cambridge University, 1903; Smith Prize, 1905; Fellowship, Trinity
College, Cambridge, 1905-1911; Universities of Géttingen 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,
190°7-1910; 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 of Amer-
icany Philosophical Society. California Institute, 1917-

1101 San Pasqual Street

Stuart JEFrFERY Bates, Pu.D.
Professor of Physical Chemistry

B.A., M cMaster University, Toronto, 1907; M. A., 1909; Ph.D., University
of Illinois, 1912. Chemist, Comfort Soap Works, Toronto, 1907-1908;
Research Assistant, McMaster University, 1909-1910; Fellow in Chem-
istry, University of Illinois, 1910-1912; Research Associate in Physical
Chemistry, 1912-1913. Instructor in Analytical Chemistry, University
of Illinois, 1913-1%14; Research Associate in Physical Chemistry,
Massachusetts Institute of Technology, 1922-1923 (on leave from Cali-
fornia Institute of Technology). California Institute, 1914-

1671 QOakdale Street

Karr Joser Berar, Pu.D,
Research Associate in Biology

Ph.D., University of Vienna, 1919, Assistant at the Kaiser Wilhelm Insti-
tut of Biology, Berlin-Dahlem, 1919-1928; Associate Member, 1928-;
Privat docent in Zodlogy, University of Berlin, 1924-. California Insti-

tute, 1929-1930, .
570 North Michigan Avenue

Eric Tempre Brri, 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, Bocher Prize, American Mathematical Society, 1924; Vice-
President, American Mathematical Society, 1926-; Colloquium Lec-
turer, American Mathematical Society, 1927. Professor, summer
guarters, University of Chicago, 1924-1928; Visiting Lecturer, Harvard
University, first half 1926. Member of National Academy of Sciences.

California Institute, 1926- .
434 South Michigan Avenue
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Jarres Epcar Berr, Pu.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. California

Institute, 1916-
Sierra Madre Villa, R. D. 1, Box 639

Girytor Broww
Director of Public Speaking and Dramatics

Formerly with Ben Greet Players; Producing Director of Pasadena Com-
munity Playhouse since its organization, 1917; Lecturer on Community
Drama, Drama League Institute, Chicago, 1921; Summer Art Colony,
Pasadena, 1922-1923, University of Southern California, summer of
1923. California Institute, 1925~

695 Herkimer Street

Joun PeTer Buwarps, Pua.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,
1923-1925, Associate Geologist, U. S. Geological Survey. Member, Fed-
eral Advisory Board for Yosemite National Park, 1928-, California

Institute, 1925-.
315 South Chester Avenue

W. Howarp Crapr, IL.M,
Professor of Mechanism and Machine Design

B.M., University of Minnestoa, 1901. Instructor in Mathematics, Macal-
ester College, 1897-1898. Superintendent and Designing Engineer
Sherman Engineering Company, Salt Lake City, 1805-1569; Superin-
tendent, Nevada-Goldfield Reduction Company, Goldfield, Nevada,
1909-1910. California Institute, 1911-

95 South Mentor Avenue

Ropert L. Davenerry, 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, 1908-1909; Instructor in
Mechanical Engineering, 1909-1910; Assistant Professor of Hydraulics,
Sibley College, Cornell University, 1910-1916; Professor of Hydraulic
Engineering, Rensselaer Polytechnic Institute, 1916-1919. Member of
Council, American Society of Mechanical Engineers, 1925-1928; Vice-
President, 1928-; Vice-Chairman, Board of Directors, City of Pasa-
dena, 1927-1929; Chairman, 1929-. California Institute, 1919-

378 South Euclid Avenue

Doxarp Ryper Dickry, M.A.
Research Associate in Vertebrate Zoology
A.B., Yale University, 1910; M.A, (hon.,), Occidental College, 1525. Cali-

fornia Institute, 1926-
514 Rosemont Avenue
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Pavr Soruvus Ersteiy, Pu.D.
Professor of Theoretical Physics

C.Se., Moscow University, 19066; M.Sc., 1909; Ph.D., University of Munich,
1914. Assistant in Physms, Moscow Instxtute of Agriculture, 1906-
1907 Assistant in Physics, Moscow University, 1907-1909; Privat
docent, Moscow University, 1909-1913; Privat docent, University of
Zurich, 1819-1922, Member of National Research Council. California

Institute, 1921-
1083 filizabeth Street

Max Farpaxp, Pu.D., LL.D,
Associate in American History

A.B., Princeton University, 1892; A.M., 1893; Ph.D., 1896. M.A. (hon.),
Wesleyan University, 1900; Yale Umver51ty, 1908 LL.D., Occidental
College, 1928. Instructor Associate Professor and Professor of His-
tory, Wesleyan University, 1896-1901; Professor and Head of the
Department of History, Leland Stanford University, 1901-1908; Acting
Professor of American History, Cornell University, 1905-1306; Profes-
sor of History, Yale University, 1908-1925; Director of Research at the
Huntington Library, 1827-. California Institute, 1928~

179 South Orange Grove Avenue

Freperic W, HiNricHs, J R., 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 Profesgsor, Professor of Applied Mechanics, Umversxty
of Rochester, 1910-1919. California Institute, 1920~

) 1071 Garfield Avenue
Sm Hersert Jackson, K.B.E., F.R.S.

Research Associate in Instrument Design

Director of the British Scientific Instrument Research Association. Lately
Daniell Professor of Chemistry in the University of London (Xing's
College). California Institute, 1929-

Crinton Kerry Juny, ML.A.
Professor of English Language and Literature
A.B., University of California, 1903; M.A., 1907; B.A,, Oxford University
09; M.A., 1913; M.A., Harvard University, 1917. California Institute

1509-
1325 Woodstock Road, San Marino

Tueopor voN Karman, Pr,D.
Associate in Aeronautics
M.E.,, Budapest, 1902; Ph.D., Gottingen, 1908. Privat docent, Géttingen,
1810- 1913; Professor of Mechanics and Aerodynamics, Diréector of the
Aerodynamlcal Institute, University of Aachen, 1913-, California In-
stitute, 1928-
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GraHAM ArraN Laixg, M.A,

Professor of Economics and Business Administration
B.A., University of Liverpool, 1908; M.A., 1909; Gladstone Prize in History
and Poelitical Science, Rathbone Prize in Economics, ILiverpool 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 ¥ducation, Vancouver, B. C., 1914-1917; Instructor in Eco-
nomies and History, University of California, 1917-1918; Assistant
Statistician, United States Shipping Board, 1918-1919; Assistant Pro-
fessor of Social Science, University of Arizona, 1919-1921. California

Institute, 1921-
1081 Elizabeth Street

GrorGe V. Lomoxossorr, C.E., Dr. INc. E.H.
Research Associate in Engineering
C.E., Institute of Transport, St. Petersburg, 1898; D.Eng., Polytechnical
Institute in Kieff, 1905; Dr. Ing. e.h., Technische Hochschule, Berlin,
1927. Locomotive Testing, 1898-1500; Assistant Professor in Engineer-
ing, Polytechnical Institute, Warsaw, 1899-1901; Associate Professor in
Engineering, Polytechnical Institute, Kieff, 1901-1505; Professor of
Railway Engineering and Economics, 1905-1307; Assistant General
Superintendent of Motive Power of Ekateria Railway, 1908; President
of Locomotive Experimental Bureau, 1908-1917; General Superinten-
dent of Motive Power of Tashkent Railway, 1909-1910; General Super-
intendent of Motive Power of Nicolas Railway, 1911; Professor of
Railway Engineering and Hconomics, Institute of Transport in St.
Petersburg, 1911-1917; Assistant Director General of Russian Railways,
1912; Member of Supreme HEngineering Council, 1913-1917; Acting
Undersecretary of Transport, 1915-1917; President of Russian War
Railway Mission to U. 8. A., 1917-1918; Undersecretary of Transport,
1819-1921; High Commissioner to Western Europe and (Canada for
Railway Orders, 1920-1923; High Commissioner for Diesel Locomotives,
1923-1926. Recipient of Borodine Gold Medal, 1911; Saloff Prize, 1913.

California Institute, 1929-
504 South Los Robles Avenue

Jou~x RoBerrson Macarruir, Pu.D.

Professor of Languages
Dean of Freshmen

B.A., University of Manitoba, 1892; Ph.D., University of Chicago, 1903.
Lecturer in Modern Languages, Manitoba College, 1893-1898; Professor
of English, New Mexico Agricuitural College, 1903-1810, 1811-1913;
Professor of English, Kansas State Agricultural College, 1914-1920.
Agent of International Committee of Young Men’s Christian Asso-
ciation, Ellis Island, 1910-1911. California Institute, 1920-

866 South Pasadena Avenue

Francis Gravueim 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 Counci), 1918. Fellow of Royal Astronomical Society, London.

California Institute, 1928- .
824 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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Russerr Wirriams Porter, M.S.
Associate in Optics and Instrument Design

M.S. (k20n.), Norwich University, 1817. Made eight trips to Arctic Regions
with Peary, Fiala-Ziegler, and Baldwin-Ziegler as artist, astronomer,
top ographer, surveyor, or collector for natural history; three trips into
Alaaska, British Columbia, and Labrador, Instructor im architecture,
Ma, ssachusetts Institute of Technology, 1916-1917; optical work, Bureau
of Standards, Washington, D. C,, 1817-1918; Optical Associate with the
Jorr s & Lamson Machine Co., 1918-1928. California Institute, 1928-

1456 Oakdale Street

Faeperick Lxsue Rawsone, Pa.D.
Professor of Economic Geology

R.S., Umniversity of California, 1893; Ph./D., 1896. Assistant in Mineralogy
and Petrography, Harvard University, 1896-1897; Assistant Geologist,
U. S. Geological Survey, 1897-1900; Geclogist, 1900-1923; in charge of
sections of western areal geology, 1912-1916, and of metalliferous de-
posi ts, 1912-1923; Professor of Economic 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
Memiber, Societe Géologique de Belgique; President, Society of Eco-
nomic Geologists, 1928. California Institute, 1927-

543 South San Marino Avenue

Georce WiLEY SHERBURN, Pr.D.
Associate in English Literature

B.A., Wesleyan University (Connecticut), 1906; M.A., 1909; Ph.D., Univer-
sity of Chicago, 1915. Imstructor in Emnglish, Northwestern University,
1906-1910; Instructor, Beloit College, 1910-1911; Imnstructor, Wesleyan
University, 1911-1912; Fellow, University of Chicago, 1912-1914; In-
structor, 1914-1919; Professor, 1926-. Associate of the Huntington
Library, 1929-1920. California Institute, 1929-1930.

211 South Hudson Avenue

Turooore GEraLD Soares, Pu,D., D.D.
Associate in Philosophy and Ethics

A.B., University of Minnesota, 1891; A. M., 1892; Ph.D., University of Chi-
cago, 1894; D.B., 1897, D.D,, Knox College, 1901. Professor of Homi-
letics, University of Chicago, 1906-1908; Professor of Religious Educa-
tion and Head of the Department of Practical Theology, 1908-, Cali-

fornia Institute, 1927-
1542 Morada Place, Altadensa

Rovar Wassox Sorensen, 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 Enginecer, U, S. Electrical Manu-
facturing Company, 1917-. Consulting Engineer, General Rlectric
Conmmpany, 1929-. California, Institute, 1910-

384 South Holliston Avenue
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Cuester Stock, Pr.D.
Professor of Paleontology

B.8., 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
Sciences, 1921-1925. Research Associate, Carnegie Institution of Wash-
ington. Vertebrate Paleontologist, Los Angeles Museum. California

Institute, 1926-
1633 Linda Vista Avenue

Avrrep HENrY StURTEVANT, PH.D.
Professor of Genetics

A.B., Columbia University, 1912; Ph.D, 1914. Research Assistant, Car-
negie Institution, 1915-1928. California Institute, 1928-

410 South Oakland Avenue

Carr Crare Txomas, M.E,
Associate in Engineering Research

Stanford University, 1891-1894; M.E., Cornell University, 1895. Xngaged
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, 1917-1919 (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

Franxkruiy Tromas, C.I.
Professor of Civil Engineering

B.E., University of Iowa, 1508; C.H., 1913. Graduate work at McGill Uni-
versity, Montreal., Instructor in Descriptive Geometry and Drawing,
University of Michigan, 19%10-1912. Construction Foreman, Mines
Power Company, Cobalt, Ontario, 1909-1910; Designer, Alabama Power
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-. California Institute, 1913~

685 South El Molino Avenue

Ricuarp Cuace Tormaw, Pu.D,
Professor of Physical Chemistry and Mathematical Physics

S.B. in Chemical Engineering, Massachusetts Institute of Technology,
1903; Ph.D., 1910; Student, Universities of Berlin and Crefeld, 1903-
1904, Dalton Fellow, Instructor in Theoretical Chemistry, and Research
Associate in Physical Chemistry, Massachusetts Institute of Tech-
nology, 1905-1910; Instructor in Physical Chemistry, University of
Michigan, 1910-1911; Assistant Professor of Physical Chemistry, Uni-
versity of Cincinnati, 1911-1912; Assistant Professor of Chemistry,
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Umniversity of California, 1912-1916; Professor of Physical Chemistry,
University of Illinois, 1916-1918; Chief, Dispersoid Section, Chemical
‘W arfare Service, 1918; Associate Director and Director, Fixed Nitro-
gen Research Laboratory, Department of Agriculture, 1919-1921.
Member of National Academy of Sciences, and of American Academy
of Arts and Sciences, California Institute, 1921-

845 South Michigan Avenue

Harry Crarx Vax Busxirk, Pu.B.
Professor of Mathematics
Registrar

Ph.B., Cornell University, 1897. California Institute, 1904-
390 South Holliston Avenue

‘WenpeiL Prirries Wooprineg, Pu.D,
Professor of Invertebrate Paleontology

A.B., Albright College, 1910; Ph.D., Johns Hopkins University, 1916.
Research Assistant, Johns Hopkins University, 1916-1917, 1919; Asso-
ciate Geologist, Geologist, U. S. Geological Survey, 1919-; Geologist
in Charge, Haitian Geological Survey, 1920-1923. California Institute,

1927-
1751 Rose Villa Street

Warter Daniern Boxwzer, Pu.D.
Visiting Professor in Chemistry

B.S., Nebraska Wesleyan University, 1906; M.A., Princeton University,
1908; Ph.D., Toronto University, 1911. Lecturer in Chemistry, Queen’'s
University, 1909-1911; Assistant Professor of Chemistry, 1911-1915;
Professor and Head of the Department of Chemistry, University of
Utah, 1916-. California Institute, 1929-1930.

1954 North Raymond Avenue

Ernest Gustar 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, 13923-1928. California Insti-

tute, 1928-
831 Sunset Boulevard, Arcadia

Ira Seracue Bowewn, Pu.D.

Associate Professor of Physics
A.B., Oberlin College, 1919; Ph.D., California Institute of Technology, 1926.
Assistant in Physies, University of Chicago, 1920-1921. California

Institute, 1921-
1848 Keystone Street
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Roscoe Girkey Dickinsown, 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 Education Board in Europe,
1924-1925. California Institute, 1917-

530 Bonita Avenue

ArrxanpeEr Goerz, Pu.D.*
Associate Professor of Physics

Ph.D., University of Goéttingen, 1921; Habilitation, 1923, Assistant Pro-
fessor of Physics, University of Goéttingen, 1923-1927. Fellow in Physics
of the International Education Board, 1927-1928, California Institute,
1927-

Wirriam VerminrioNn Housron, Pr.D.
Associate 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. California Institute, 1925-

24928 Ridgeway Road, San Marino

Wirriam Nosre Lacey, Pa.D.
Associate Professor of Chemical Engineering

A.B. in Chemical Engineering, 1911, and Chemical Engineer, 1912, Leland
Stanford Junior University; M.S., 1913, Ph.D., 1915, University of
California. 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. Cali-

fornia Institute, 1916- .
334 Berkeley Avenue

Howarp Jounsox Lucas, M.A,
Associate Professor of Organic Chemistry
B.A., Ohio State University, 1907; M.A,, 1908; Assistant in Organic Chem-
istry, Ohio State University, 1907-1909; Fellow in Chemistry, Univer-
sity of Chicago, 1909-1910; Chemist, Bureau of Chemistry, United
States Department of Agriculture, 1910-1912, Chemist, Government
of Porto Rico, 1912-1913, California Institute, 1913~

97 North Holliston Avenue

GeorGE RuprErRT MACMINN, A.B.
Associate Professor of English Language and Literature

A.B., Brown University, 1905. Instructor in English, Brown University,
1907-1909; Iowa State College, 1909-1910; University of California,
1910-1918. Manager of the University of California Press, 1912-1913.
Editor, University of California Chronicle, 1915, California Institute,

1918-
255 South Bonnie Avenue
“*0n leave of absence second and third terms, 1929-1930.
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Romeo Raour MartEL, S.B.
Associate Professor of Civil Engineering

S.B., Brown University, 1912, Instructor in Civil Engineering, Rhode
Island State College, 1913-1914; Instructor in Civil Engineering,
Mechanies Institute, 1914-1915. With Sayles Finishing Plants, Sayles-
ville, R. 1., 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 BEarthquake Protection at Third Pan-
Pacific Science Congress, Tokyo, 1926. California Institute, 1918-

690 South Mentor Avenue

Witriam W. Micuarr, B.S.
Associate Professor of Civil Engineering

B.S., in Civil Engineering, Tufts College, 1909. With New York City on
topographic surveys, 1909-1911, with The J. G. White Engineering
Corporation, 1912-1913 and 1915; Instructor, Department of Drawing
and Design, Michigan Agricultural College, 1914; Office Engineer with
The Power Construction Company of Massachusetts, 1914-1915; in
private engineering practice, 1916-1918. Engineer, Palos Verdes Es-
tates, summer of 1922; Associate with County Engineer, Ulster
County, N. Y., summers of 1925 and 1928. California Institute, 1918-

388 South Qak Avenue

ArisrorLe D. Micmar, Pa.D.
Associate Professor of Mathematics

A B., Clark University, 1920; A.M., 1921; Ph.D., The Rice Institute, 1924.
Instructor in Mathematics, Summer Quarter, University of Texax,
1924; Instructor in Mathematics, The Rice InStltute, 1924-1925; Na-
tional Research Fellow in “\/Iathematms 1925-1927; Assistant Professor
of Mathematics, Ohio State Umverslty, 1927- 1929 California Insti-

tute, 1929~
1067 San Pasqual Street

Linus Carr Pavring, Pu.D,
Associate Professor of Theoretical Chemistry

B.S., Oregon Agricultural College, 1922; Ph.D., California Institute of
Technology, 1925. National Research Fellow in Chemistry, 1925-1926.
Foreign Fellow of the John Simon Guggenheim Memorial Foundation,
1926-1927, Lecturer in Physics and Chemistry, University of Califor-
nia, 1928-. California Institute, 1922- .

320 South Wilson Avenue

WirLiam L. StaxToN, 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
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Earnesr Cuarres Watson, Pu.B.
Associate Professor of Physics

Ph.B., Lafayette College, 1914; Scholar in Physics, University of Chicago,
1914-1915; Assistant in Physics, 1915-1917. California Institute, 1919-
1124 Mar Vista Avenue

Luraer Ewine WEaR, Pu.D.

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

fornia Institute, 1918~
68 South Grand Oaks Avenue

Farrz 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 in
Physics of the International Education Board, 1925-1927. California

Institute, 1925~
27 South Wilson Avenue

Ricuarp McLeax Babcrr, Pu.D.
Assistant Professor of Chemistry

B.S., California Institute of Technology, 1921; Ph.D., 1924, International
Research Fellow in Chemistry, 1928-1929, California Institute, 1921-

218 Highland Avenue, Monrovia

ArxNorp Orvitre Breckman, 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. California Institute, 1928-

107 South Grand Oaks Avenue

Hexry Borsoox, Pa.D.
Assistant Professor of Biology
B.A., University of Toronto, 1921; M.A., 1922; Ph.D., 1924; M.B., 1927.

Fellow, Research Fellow, and Lecturer in Biochemistry, University of
Toronto, 1920-1929. California Institute, 1929-

165 South Wilson Avenue

Georce Bickrorp BRriceram, JR.
Assistant Professor of Engineering Drawing

Massachusetts Institute of Technology, 1910-1913. With William .. Mowl},
Architect, Boston, Massachusetts, 1913-1916. Instructor in Engineer-
ing Drawing, Tufts College, 1918-1919; Instructor in Engineering and
Architectural Drawing, Massachusetts Institute of Technology, 1919-
1920. California Institute, 1923-

1371 San Pasqual Street
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Treoposius DOBZHANSKY
Assistant Professor of Genetics
Diploma, University of Kiev, 1821. Assistant in Zoology, Polytechnic
Institute of Kieve, 1921-1924. Lecturer in Genetics, University of
Leningrad, 1924; Research Fellow, Bureau of Genetics, Russian Acad-
emy of Sciences, 1926. California Institute, 1928-
108 South Chester Avenue

Herman Eisa Dok, Pa.D.
Assistant Professor of Biology

Ph.D., University of Utrecht, 1927. Assistant in Comparative Physiology,
University of TUtrecht, 1924-1926; Assistant in Botany, 1926-1928;
Plant Physiologist in Government Service, Laboratory for Bulb Cul-
ture, Lisse (Holland), 1928-1929. cCalifornia Institute of Technology,

1930-

Harvey Eicresow, Pu.D.
Assistant Professor of English Language and Literature

B.A., Reed College, 1920; M.A., Leland Stanford University, 1922; Ph.D,,
Princeton University, 1928, Instructor in English, University of Texas,

1922-1926. California Institute, 1928-
529 South El Molino Avenue

SterLine H. Emerson, Pua.D.
Assistant Professor of Genetics

B.S., Cornell University, 1922; M.S., University of Michigan, 1924; Ph.D.,
1928. Imstructor in Botany, University of Michigan, 1924-1928. Cali-
fornia Institute, 1928-

1132 Constance Street

Horace Naruanier Girserr, M.B.A.
Assistant Professor of Business Economics

A.B., University of Washington, 1923; M.B.A., Harvard University, 1926.
Instructor in Business Policy, Harvard University, 1926-1928: Instruc-
tor in Business Economics, 1928-1929. California Institute, 1929-

619 South Oak Knoll Avenue

WirLiam Huse, 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~

529 South El Molino Avenue

Arruur Louis KN, Pua.D.
Assistant Professor of Aeronautics

B.S., California Institute of Technology, 1921; M.S., 1924; Ph.D., 1925
(talifornia Institute, 1921-
1122 Cordova Street
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SamUgeL StuartT MackeEowxw, Pu.D.
Assistant Professor of Electrical Engineering

A.B., Cornell University, 1917; Ph.D., 1923. Instructor in Physics, Cornell
University, 1920-1923; National Research Fellow in Physics, 1923-1926.
California Institute, 1923-

1240 Arden Road

CrarRx Brancmarp MiLLixay, Pr.D,
Assistant Professor of Aeronautics

A.B., Yale University, 1924; Ph.D., California Institute of Technology,
1928, California Institute, 1925-
2700 Inverness Drive

J. RosErT OrPENHEIMER, PH.D.
Assistant Professor of Theoretical Physics

B.A., Harvard University, 1925; Ph.D., University of Goéttingen, 1927,
California Institute, 1928-

ArTeUR Emmoxs Ravmonp, M.S.
Assistant Professor of Aeronautics (Part Time)

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

Wiiriam RareH Smyrre, Pu.D.
Assistant 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.
1923-1826; Research Fellow, 1926-1927. California Institute, 1923-

120 North Chester Avenue

Erxest Haywoop Swrrr, 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. California Institute, 1919-

1131 Lura Street

S. Harrison Traomson, Pu.D., B.Litr.
Assistant Professor of History

A.B., Princeton University, 1923; Ph.D., Charles University, Prague, 1925;
B.Litt., Oxford University, 1926. Fellow of the Czechoslovak Ministry
of Itducation, 1924; Lektor in English, National School of Mines,
Pritbram, Czechoslovakia, 1924; Instructor in Biblical Literature,
Princeton University, 1926-1929; Fellow in Medieval History of the
Huntington Library, 1929-. California Institute, 1929-

525 South Sierra Vista Avenue
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Morgaxy Warn, Pu.D.
Assistant Professor of Mathematics

A. B., University of California, 1924; Ph.D., California Institute of Terh-
nology, 1928, California Institute, 1925-
700 Linda Vista Avenue

CrypE Worrg, Pu.D.

Assistant Professor of Mathematics

R.8., Occidental College, 1906; M.S., 1907; A.M., Harvard University, 1908;
Ph.D., University of California, 1919. Surveyor, Western States, 1910-
1912. Acting Professor of Physics, Occidental College, 1912-1916;
Associate Professor of Mathematics, 1916-1917. Teaching Fellow in
Mathematics, University of California, 1917-1919. Dean, Santa Rosa
Junior College, 1919-1920. California Institute, 1920-

401 South Chester Avenue

Dox M. Yost, P1i.D.
Assistant Professor of Chemistry

B.S., University of California, 1823; Ph.D,, California Institute of Tech-
nology, 1926. Instructor in Chemistry, University of Utah, 1923-1924;
Fellow of the International Education Board, 1928-1929. California

Institute, 1924- .
85 South Michigan Avenue

Wirriam Norrn Bircusy, M.A,

Instructor in Mathematics
Assistant Registrar

A.B., Hope College, 1899; M.A., Colorado College, 1905. Instructor, Colo-
rado College, 1905 and 1907; Instructor in Physics, University of South-
ern California, summer session, 1916. California Institute, 1918-

1500 Sinaloa Avenue

RecinaLp BraxDp

Director of Orchestra
California Institute, 1926-
609 North Hill Avenue

Frep J. Coxvense, B.S.

Instructor in Civil Engineering

B.S. in Mechanical Engineering, University of Rochester, 1914, With
Cleveland Electric Hluminating Company, Cleveland, Ohio, 1914-1915.
With General Electric Company, Lynn, Massachusetts, 1915-1916.
Instructor in Applied Mechanics, University of Rochester, 1916-1917.
With General Laboratories, Bureau of Aircraft Production, U. 8. A,
1917-1918. With Gleason Gear Works, Rochester, New York, 1919,
Designer, Bureau of Power and Light, Los Angeles City, 1920, Cali-
fornia Institute, 1921-

239 South Sierra Bonita Avenue
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Rexe Ex~cEL, M.S.
Instructor in Geology

B.S., University of Paris, 1909; M.S., 1912; Instructor in Chemistry, Con-
servatoire des Arts and Metiers, Paris, 1911-1912; Associated with
the Anaconda Copper Mining Co., Anaconda and Butte, Montana,
1913-1914 and 1920-1923; Chemical Enginecer, Military Research Laho-
ratory, Sorbonne, Paris, 1914-1917; Member, Scientific Commissions,
U.8.A. and England, 1917-1918; Geologist, Saar Coal Mines, Saar-
brucken, 1918-1919; Professor of Geology, Oklahoma School of Mines,
1923-1924; Assistant Professor of Geology and Mineralogy, New Mexico
School of Mines, 1924-1925. California Institute, 1925-

1148 Constance Streel

Eustace L. FurLoNe
Curator in Vertebrate Paleontology

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

349 South Mentor Avenue

Arraur FrepErick Haip!
Instructor in Pattern Making and Machine Shop Practice (Part Time)

With Sullivan Machine Company, Claremont, N. H., 1891-189%4; B. F.
Sturdevant Company, Jamaica Plain, Mass., 1894-1897; TUnion Gas
Engine Company, San Francisco, 1898-~1899; W. P. Kidder Machine
Company, Jamaica Plain, Mass., 1899-1907; Instructor in Machine
Shop, Pasadena Junior College, 1907-. California Institute, 1912-

1090 Mar Vista Avenue

Frovyp L. Haxes, D.O.
Physical Trainer
D.0., College of Osteopathic Physicians and Surgeons, L.os Angeles, 1921

California Institute, 1923-
200 South Madison Avenue

Murray W. Haws, M.A2
Instructor in Pattern Making (Part Time)

A.B., Stanford University, 1906; M.A., University of Southern California,
1928. With Tracy Engineering Company, 1906-1808; Santa Fe Railway
Company, 1908-1916; Instructor in Machine Shop and Machine Draw-
ing, Technical High School, Oakland, 1916-1923; Instructor, Manual
Arts Department, Pasadena Junior College, 1923-. California Institute,

1927-
1911 Summit Avenue

Oscar Lesvie Hearp*
Instructor in Forging (Part Time)

Graduate, Normal Arts Department, Throop Polytechnic Institute, 1903.
Instructor in Manual Arts, California Polytechnic School, San Luis
Obispo, 1903-1906; Superintendent, Construction of Buildings, Univer-
sity Farm, Davis, California, 1909-1910; Instructor, Engineering-
Mechanics Department, State Polytechnic School, San Lauis Obispo,
California, 1910-1918; Instructor in Forging, Pasadena Junior College,

1918-. California Institute, 1918-
2180 Santa Anita Avenue

lAssociated with Pasadena Junior College.
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Howarp Byinerox Hoirovp, Pu.D.
Instructor in Mechanical Engincering

B.S. in M.Eng., Towa State College, 1924; Ph.D., California Institute of
Technology, 1929. California Institute, 1927-

323 South Chester Avenue

Louis WincugesTter JoxNEs, A.B.
Instructor in English Language and Literature
A.B., Princeton Universgity, 1922, California Institute, 1925~
351 California Terrace

Roeerr Tarsor Knare, Pu.D.*
Instructor in 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. California Institute, 1922-

163 South Greenwood Avenue

Warter WiLLiam MarTin?
Instructor in Wood Working (Part Time)

Graduate, Normal Arts Department, Throop Polytechnic lnstitute, 1900.
Instructor in Shop, Throop Polytechnic Institute, 1900-1911; Head of
Department of Mechanic Arts, Pasadena Junior College, -1911-. Cali-

fornia Institute, 1911-
1782 Rose Villa Street

Fravcis Witniam Maxstaprt, M.S.
Instructor in Electrical Engineering

M.E., Cornell University, 1916; Certificate of E.E., 1%816; M.S., California
Institute of Technology, 1925. 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 Insgtitute, 1919-

3782 Elma Road

Harorp Z. MusskLMAN, A.B.
Instructor in Physical Education

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

834 East California Stree{

‘Warter Wirttrams Ocier, Jr., B.S.*
Instructor in Mechanical Engineering

B.S.,, Throop College of Technology, 1919. With Signal Department,
Pacific Electric Railway, 1919-1920. California Institute, 1920-

184 South Oak Avenue

*Associated with the Pasadena Junior College.
*On leave of absence 1929-1930.
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ArLexanpER J. SMITH
Band Instructor

California Institute, 1924-
1860 West Forty-first Place, Los Angeles

Frances Harsey SpINING

Librarian
California Institute, 1914-
1067 North Catalina Avenue

Rocer Stanrton, MLA ¥
Instructor in English Language and Literature

B.S., Colgate University, 1920; M.A., Princeton University, 1924, In-
%ggctor in English, Colorado College, 1924-1925. California Institute,

840 East Del Mar Street

Arsert TyrLER, PH.D.
Instructor in Embryology

A.B., Columbia University, 1926; A.M., 1927; Ph.D., California Institute of
Technology, 1929. Assistant in Zoology, Columbia University, 1926-

1928. California Institute, 1928-
258 South Hudson Avenue

Ray Epwarp UNTEREINER, A. M.
Instructor in Economics and History
A.B., University of Redlands, 1920; A.M., Harvard University, 1921. In-
structor 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. California Institute, 1925-

351 West Marigold Street, Altadena

Mi6uEL AxTOoNIo Basoco, Pu.D.
Research Fellow in Mathematics

B.A., University of California, 1924; M.S., University of Chicago, 1926;
Ph.D., California Institute of Technology, 1929. California Institute,

1927-
129 West Forty-third Street, Los Angeles

WirLarp Harrison Bexwerr, Pu.D.
National Research Fellow in Physics
A.B,, Ohio State College, 1924; M.S., University of Wisconsin, 1926; Ph.D.,
University of Michigan, 1928. California Institute, 1928-
179 South Wilson Avenue

Fraxcis Birrer, Pu.D.
National Research Fellow in Physics
A.B., Columbia University, 1924; University of Berlin, 1925-1926; Ph.D.,
Columbia University, 1928. National Research Fellow, Princeton Uni-
versity and California Institute, 1928-
2050 Galbreth Road

*On leave of absence, 1929-1930.
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Fraxx Woobsringe CoxstanT, Pr.D.
National Research Fellow in Physics
B.S., Princeton University, 1925; Ph.D., Yale University, 1928. California

Institute, 1928-
Faculty Club

Georee Arexaxper Cumming, Pu.D.

Commonwealth Fund Fellow in Geology
B.Sc., University of St. Andrews, Scotland, 1923; Ph.D., 1927. Assistant
Lecturer, University College, Dundee, 1923-1927. (California Institute,

1928-
1026 Locust Street

JEssE Wrrnrias MoNnor DuMonp, Pr.D.
Research Fellow in Physics

B.S., California Institute of Technology, 1916; M.S. in E.E., Union College,
1918; Ph.D., California Institute of Technology, 1929. California Insti-

tute, 1921-
615 South Mentor Avenue

Joux Dyrr Evper, Pu.D.
Research Fellow in Mathematics

B.S., University of Chicago, 1925; Ph.D., California Institute of Technol-
ogy, 1929. California Institute, 1927-
116 South Dillon Street, L.os Angeles

Howarp Turovorr Exaestrom, Pir.D,
National Research Fellow in Mathematics

B.Ch.E., Northwestern University, 1922; M.S., University of Maine, 1925;
Ph.D., Yale University, 1929, Instructor. in Mathematics, University
of Maine, 1923-1926; Instructor in Mathematics, Trinity College, Hart-
ford, 1926-1927; Instructor in Mathematics, Yale University, 1927-1929.

California Institute, 1929-
1122 Cordova Street

Ruvorr Frericus, Pu.D.
Fellow in Physics of the International Education Board

Ph.D,, University of Bonn, 1924, Assistant in Physics, University of Bonn,
1922-1927; Privat Docent in Physics, 1927-. Assistant to the President
of the Physikalische Technische Reichsanstalt, Charlottenburg, 1927-
1928; Fellow in Physics of the International Education Board at the
University of Michigan, 1928-1929. California Institute, 1929-

247 South Chester Avenue

SmiNicuird Haxodori, M.S.
Foreign Research Scholar, Japanese Department of Education

“Rigakushi”’ (M.S.), Téhoku Imperial University, Japan, 1922, Assistant
Professor of Chemistry, Tohoku University, 1926-; Foreign Research
Scholar, Japanese. Department of REducation, 1929-1931. California

Institute, 1929-
407 South Michigan Avenue
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BurtoN WanswortH JoxEs, Pr.D.
National Research Fellow in Mathematics

A.B., Grinnell College, 1923; A.M., Harvard University, 1924; Ph.D., Uni-
versity of Chicago, 1928, Instructor in Mathematics, Western Reserve
University, 1924-1926; Instructor in Mathematics, University of Chi-
cago, 1928-1929. California Institute, 1929-

1122 Cordova Street

Lours Stevenson Kasser, Pu.D.
National Research Fellow in Chemistry

B.S., University of Chicago, 1924; S.M., 1926; Ph.D., 1927. Assistant, Uni-
versity of Chicago, 1925-1927. California Institute, 1927-

Faculty Club

Roy James Kexxeny, Pu.D,
Fellow in Physics of the John Simon Guggenheim Memorial Fund

A.B., Cornell University, 1921; Ph.D., Johns Hopkins University, 1924,
California Institute, 1924~
150 South Orange Grove Avenue

JosepH Braxke Koeerri, D, PuIn.
Research Fellow in Organic Chemistry

A.B., Leland Stanford, Junior, University, 1924; M.A., 1925; D.Phil.
Oxford University, 1928. California Institute, 1928-

342 South Mariposa Avenue, L.os Angeles

Cuarres CHRiSTIAN LAURITSEN, PH.D.
Research Fellow in Physics
Odense Tekniske Skole, 1911; Ph.D,, California Institute of Technology,

1929. California Institute, 1927-
352 South Chester Avenue

WirrLiam Rrcizarp Moreans, M.Sc.

Commonwealth Fund Fellow in Physics
B.Sc., University College, Wales, 1925; M.Sec,, 1927. Garrod Thomas Fel-
low University of Wales, 1926- 1997. Dlploma in Education, 1928,

California Institute, 1928-
1676 Rose Villa Avenue

Gornox Parr, Pa.D.

National Research Fellow in Mathematics

B.A., University of Manitoba, 1926; M.A., Toronto University, 1927; Ph.D.,
Umvers1ty of Chicago, 1629, California Institute, 1929-
1156 Constance Street

Enterson Marrizvare Puen, Pa.D.
National Research Fellow in Physics
B.S., Carnegie Institute of Technology, 1918; M.S., University of Pitts-
burgh, 1927; Ph.D., California Institute of Technology, 1929. California

Institute, 1928-
115 South Mentor Avenue
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Herman C, RamspeErGER, Pu.D.
National Research Fellow in Chemistry

B.S., Utah Agricultural College, 1919; M.8., University of California, 1923;
ph.D., 1935. Instructor in Chemistry, UmverSLty of California, 1995-
19217. Natlonal Research Fellow in Chemistry, 1927-. California Insti-

tute, 1929-
286 South Chester Avenue

Ricuarp ManLrFre Sutron, Pr.D.

Research Fellow in Physics

B.S., Haverford College, 1922; Ph.D., California Institute of Technology,
1929. Instructor in Physics, Miami University, 1922-1925. California

Institute, 1925-
311 South Michigan Avenue

Ricuarp ErxesT Vorirars, Pu.D,
National Research Fellow in Physics
AB., ggohns Hopkins University, 1926; Ph.D., 1929, California Institute,
1929- :

323 Grant Street

Harry VErRNEY WARrEN, D. PHIL.

Commonwealth Fund Fellow in Geology
B.A., University of British Columbia, 1926; B.A.Sc., 1927; D.Phil, Oxford
University, 1929; British Columbia’s Rhodes Scholar at Oxford Uni-
versity, 1926-1929. California Institute, 1929- .

357 South Mentor Avenue

Hvueu CampreEry, Worrr, Pu.D.

National Research Fellow in Physics
A.B., Park College, 1926; M.S., University of Michigan, 1927; Ph.D., 1929.

California Institute, 1929-
. 335 South Catalina Avenue

Ricuarp vax pErR Rier WooriLey, B.A.

Commonwealth Fund Fellow in Physics

M.Sec., University of Cape Town, 1925; B.A., Cambridge University, 1928,
Wollaston Student in Gonville and Cauis Colleges, Cambridge, 1928-

1929. California Institute, 1929-
k 424 North Los Robles Avenue

WrapiMme M. ZAIKOWSKY

Research Fellow in Engineering

Graduate of Michel’s Artillery Academy, 1911, Research Officer of Main
Artillery Board (Russia), 1911-1914; Repetitor of Michel’s Artillery
Academy, 1914-1915, Captain of Russian Artillery, 1914-, Member of
Russian Artillery Commissions in the United States, 1915-1921. Cali

fornia Institute, 1923- A
346 South Michigan Avenue

Ravymoxnd Acer, B.S.
Teaching Fellow in Electrical Engineering
B.S., California Institute, 1922, 138 South Holliston Avenue
Carr, Davip AxpersoN, B.S,

Teaching Fellow in Physics
B.S., California Institute, 1927, 897 Granite Drive
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Georce HaroLp ANbpErsoN, A.M.
Teaching Fellow in Geology

A.B., Stanford University, 1917; A.M., 1920.
255 North Orange Grove Avenue, Burbank

‘WARREN NELsoN ARNquUist, B.S.
Teaching Fellow in Physics
B.S., Whitman College, 1927. 435 South Liake Avenue

Doxarp PortEr Barnes, B.S.
Teaching Fellow in Engineering
B.S., Oregon State Agricultural College, 1928. 314 South Allen Avenue

Raymonp ArtHUR BeeLER, B.A.
Assistant in Physics
B.A., Pomona College, 1927. 100 North Catalina Avenue

Kex~ere Arsert BELkwap, B.S.
Assistant in Engineering
B.S., California Institute, 1927. 5263 Aldama Street, Los Angeles

Russerr Lee Bipore, M.A.
Teaching Fellow in Biology

B.S., University of Pittsburgh, 1925; M.A., Columbia University, 1928.
1163 Steuben Street

Witriam McCHEsNEY BLeaxNEY, B.S.
Research Assistant in Physics (American Petroleum Institute)
B.S., Whitman College, 1926. 225 South Holliston Avenue

James LAwrRENCE Borsrorp, A.B.
Assistant in Mathematics
A.B., University of Washington, 1928. 1122 Cordova Street

Joun Hexry Avcust Bramtz, M.S.
Teaching Fellow in Engineering

B.S., Royal Technical College, Copenhagen, 1911; M.S., 1914.
No. 4, 406 South Chester Avenue

Lee Reep BraxtLEYy, M.S.
Assistant in Chemistry

A.B., University of California at L.os Angeles, 1927; M.S., California Insti-
tute, 1929. 4111, East Avenue 28, Los Angeles

Puire Davis Brasg, B.S.
Assistant in Chemistry
B.S., Yale University, 1928. Faculty Club
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Arcuer Hoyt, B.A.

Teaching Fellow in Physics
B.A., “Whitman College, 1927. 435 South Lake Avenue

Lorenz Dirmanx Hurr, M.S.

Assistant in Physics
A.B., University of Oklahoma, 1927; M.S., 1928. 191 South Lake Avenue

ErNEsT Braxcua Huce, B.S.
Assistant in Engineering
B.S., California Institute, 1929, 306 South Catalina Avenue

Rarrr Hurrerew, M.S.
Assistant in Chemistry

B.S., University of California, 1928; M.S., University of Utah, 1929
447 South Lake Avenue

Ceci. Epwarp Prurrr JerrrEvs, M.A.

Teaching Fellow in Chemistry
B.A., University of Texas, 1925; M.A., 1927, 196 South Sierra Bonita Avenue

LAawreNCE SanrForn KENNisoN, A.M.

Teaching Fellow in Mathematics
A .B., Dartmouth College, 1926; A.M., Brown University, 1928. Faculty Club

Cuarces Covie Lasu, B.S.

Assistant in Electrical Engineering
B.S., California Institute, 1928. 240 South Michigan Avenue

Evsoxn Cuurcuiut Leg, B.S.

Assistant in Physics
B.S., California Institute, 1929. 1385 East Villa Street

Jou~ Axprews LeerMaxers, M.Sc,

Assistant in Chemistry
B.Sc., Iowa State College, 1928; M.Sc., 1929. 1042 East Del Mar Street

Wirriam Brabrey Lewis, B.A.

Agsistant in Chemistry
B.A., Williams College, 1927. Faculty Club

Carr Crarence LiNpeerew, M.S.

Teaching Fellow in Biology
B.S., University of Wisconsin, 1922; M.S., 1923. 929 Chapman Avenue

Kenvere Eivo Louumaw, B.S

Assistant in Geology
B.S., California Institute, 1929, 4556 South Hill Avenue
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Staxrey Winntam Louymax, B.S,
Assistant in Geology
B.S., California Institute, 1929. 455 South Hill Avenue

Georee Scuip Lurkin, B.S.
Assistant in Engineering
B.S., California Institute, 1929. 289 South Madison Avenue

Rarpu Lroxarp LupHER, M.A.
Research Fellow in Geology
B.A., University of Oregon, 1926; M.A., 1927, 1673 Locust Street

RoserT S. MarTIN, B.A.
Assistant in Mathematics
B.A., University of Pittsburgh, 1929. 296 South Chester Avenue

JorN Haviraxo Maxsox, M.S.
Teaching Fellow in Geology
B.S., California Institute, 1927; M.S., 1928. 406 South Chester Avenue

Daxir, Brext McRag, B.S.
Assistant in Chemistry
B.S., University of Utah, 1926. 1521 South Third Street, Alhambra

Warter Crristian Micnzers, E.E.
Teaching Fellow in Physics
E.E., Rensselaer Polytechnic Institute, 1927. Faculty Club

WitLiam Hexry Momugr, B.S.
Assistant in Engineering
B.S., California Institute, 1929, 289 South Madison Avenue

Berxarp NerrieroNn Moore, B.S.
Teaching Fellow in Geology
B.S., California Institute, 1927 1026 West 20th Street, Los Angeles

RoserT TiromMas Moore, M.A.
Assistant in Vertebrate Zoology

B.A., University of Pennsylvania, 1903; M.A., Harvard University, 1904.
Graduate work, University of Munich, 1904-1905. Made zoological
exploration trips to Ecuador in 1927 and 1929, including the first
authentic ascent of Mount Sangai Volcano in 1929.

1420 East Mountain Street

James CarvisLe Mouzow, A.B.
Assistant in Physics
A.B., Southern Methodist University, 1927, Dormitory
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Purire Grirris Murnoc, B.S.

duPont Fellow in Chemistry
B.S., California Institute, 1929. 145 South Wilson Avenue

Hexry Vicror NEHER, B.A.

Teaching Fellow in Physics
B.A., Pomona College, 1926. 294 South Wilson Avenue

Frank AnprEw Nickerr, M.S.

Assistant in Modern Languages and in Physical Education
B.S., California Institute, 1927; M.S., 1928. 399 South Mentor Avenue

SamvuerL Oryan, B.S.
Assistant in Engineering
B.S., California Institute, 1929. 4621 South Normandie Avenue, Los Angeles

W. BaiLey Oswawrp, B.A.
Assistant in Aeronautics

B.A., University of California at Los Angeles, 1927,
8920 Beverly Boulevard, Hollywood

Joux MacwNus Prarson, B.S.

Teaching Fellow in Physics
B.S., University of Chicago, 1925. 129 North Michigan Avenue

Wansworter Eevoxt Pour, B.S.

Agsistant in Chemistry
B.S., California Institute, 1929. 1115 Constance Street

Ricaarp DuranT PomEROY, M.S.

Research Assistant in Chemistry (American Petroleum Institute)
B.S., California Institute, 1926; M.S., 1927. 173 South Meredith Avenue

Rosert EveeExne PucH, Jr, B.A.

Assistant in Physics
B.A., Lake Forest College, 1929. Faculty Club

Sor. Freperick Ravirz, ML.A.

. Teaching Fellow in Chemistry
B.A., University of Utah, 1927; M.A., 1928, 1135 Constance Street

Hoxmer Cuarvres Reep, B.S.

Assistant in Mechanical Engineering
B.S., California Institute, 1929. 1250 Carmen Drive, Glendale

Marcus MorToN RHoADES, M.S.

Teaching Fellow in Biology
B.S., University of Michigan, 1927; M.S., 1928. 1132 Constance Street
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Stepuex Oswarp Rice, B.S.

Assistant in Mathematics
B.S., Oregon Agricultural Coliege, 1929, 250 South Hill Avenue

Ly~~ Hanmwron RunsaveH, A.B.

Teaching Fellow in Physics
A.B., Miami University, 1928. Dormitory

Ernest Epwin SECHLER, M.S.

Assistant in Engineering
B.S., California Institute, 1928; M.S., 1929, 804 Santa Barbara Street

Marre Deros Suareperr, B.S.

Assistant in Chemistry
B.S., University of Arizona, 1921. 731 North Sunset Street, Temple City

Jack Smerman, B.S.

Assistant in Chemistry
B.S., University of California, 1929. 273 South Catalina Avenue

Wirriam Lavron Staxrton, B.S.
Assistant in Physical Education
B.S., California Institute, 1927. 515 Manzanita Avenue, Sierra Madre

Freperick Pearce Stare, A.B.
Research Assistant in Chemistry (American Petroleum Institute)
A.B., Stanford University, 1927. 410 North REuclid Avenue

Ricrmarp WerNER StENZEL, B.S.

Research Assistant in Chemistry (American Petroleum Institute)
B.8., California Institute, 1921. 136 South Holliston Avenue

Janmes Honmes Sturbivant, M.A.

Teaching Fellow in Chemistry
B.A., University of Texas, 1926; M.A., 1927, 1164 Steuben Street

Joux~x Crarxk SurHERLAND, B.S.

Assistant in Geology
B.S., California Institute, 1929. 243 South Greenwood Avenue

CuarLeEs ALBERT SwarTz, B.S.

Research Assistant in Physics (American Petroleum Institute)
B.S., California Institute, 1927. 135 North San Marino Avenue

Daxier Dwicar Tavror, A.B.

Research Assistant in Physics (American Petroleum Institute)
A.B.,, Colorado College, 1924. 189 North Oakland Avenue
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Georce Freperic Tavior, B.S.
Assistant in Geology
B.S., California Institute, 1929, 3939 West Seventh Street, Lios Angeles

Epwarp Movrrox THORNDIKE, A.M,
Assistant in Physics

B.S., Wesleyan University, 1926; A.M., Columbia University, 1927,
9027 East California Street

JomANNEsS ARcHIBALD VAN DEN AKKER, B.S.
Teaching Fellow in Physics
B.S., California Institute, 1926. 1042 Del Mar Street

Apriaax JoserE VAN RossEm
Asgsistant in Vertebrate Zoology
2561 Foothill Boulevard, Altadena

Guy WabpiNgroN, M.A.
Teaching Fellow in Chemistry

B.A., University of British Columbia, 1928; M.A., 1929.
225 South Holliston Avenue

HomEer Bicerow WerLwan, MLA.
Teaching Fellow in Chemistry

B.A., Carleton College, 1826; M.A., University of Michigan, 1927.
Faculty Club

Rarer RicaTer WENNER, M.S.
Teaching Fellow in Chemistry

B.S., Cooper Union Institute of Technology, 1926; M.S., Northwestern
University, 1927. 325 South Wilson Avenue

SiNEY WEINBAUM, B.S,
Assistant in Chemistry
B.S., California Institute, 1924, 214 South Catalina Avenue

Howarp M. WixEcarRDEN, M.S,
Teaching Fellow in Biochemistry

B.S., California Institute, 1924; M.S., 1927.
2827 Pina del Vista Drive, Altadena

Karr Morean Worrg, M.S.
Assistant in Electrical Engineering

B.8., West Virginia University, 1925; M.S., California Institute, 1929.
Faculty Club



Techniral Asnistants

Burr Beverry. Biology
1645 Rose Villa Street

Tuomas H. Borter.....Mechanic, Mechanical Engineering and Hydraulics
929 South Marengo Avenue

WirLiam H. BoweN......... Mechanice, Aeronautics
1671 Locust Street

Witriam H. BrEsLer Instrument Maker, Physics
1580 Locust Street

Franck C. BURGESS.......... Storekeeper, Physics
1084 Mar Vista Avenue

WitLiam Craxcy. Glass Blower, Physics
123 North Wilson Avenue

LAwReENCE G. FENNER oo Supervisor of Electrical Construction
249 North Holliston Avenue and Maintenance

Errzasera L. GrirriTHS Technician, Biology

1147 Lura Street

SHEPARD MACALLISTER Instrument Maker, Physics
1504 East Walnut Street

Bruxo E. MERrkEL ; Instrument Maker, Physics
515 North Michigan Avenue

S. E. PARKER Storekeeper, Chemistry
152 Sacramento Street, Altadena

JuLius Pearson Head Instrument Maker, Physics
1115 Attica Street, Altadena

Parkison PopexoE.... Curator in Invertebrate Paleontology
190 South Hudson Avenue

Jorx L. Ripeway .o, Scientific Illustrator in Vertebrate Paleontology
501 Fairmont Street, Glendale

A. SANDALL Instrument Maker, Physics
461 LeRoy Avenue, Arcadia

Erperr H. Sparir Instrument Maker, Chemistry
1009 Tipton Terrace, Los Angeles

Berxmarp M. Swansox Instrument Maker, Physics
621 Indiana Street, Los dngeles



Agsigtants in Administration

Eura BEYER. Geology and Paleontology
997 Elizabeth Street

ApeELATDE H., CARRIER. ... ettt Physies
712 South Pasadena Avenue

RUAMA M. GOttt evae e e e Library
801 West Burchett dvenue, (lendale

THERESA DIERKES. ... ..ot oo Registrar’s Office
362 South Hudson Avenue

ALICE GAZIN e Engineering
37 South Grand Oaks Avenue

MARGARET A, GANSSLE. ..ot acomeec e Registrar’s Office
336 South San Gabriel Blvd.

AvtcE FIAWXINS oo Secretary’s Office
1008 North El Molino Avenue

JosEPHINE HERMANN ... Humanities Library
686 South Lake Avenue

INga FIOWARD....oooooe Office of the Chairman of the
1126 Cordova Street Executive Council

LousE HUGENTOBLER......oco...... e Assistant and Secretary, Biology

1252 Kast Orange Grove Advenue

Herex LePrevost
656 South Mentor Avenue

Secretary’s Office

A, W. McCONNELL. .....cocecoeinne. Superintendent of Buildings and Grounds
8Yy North Primrose Avenue, Alhambra

HELENA MCFARLIN .o House Director, Dormitory
Dormitory

ADELINE M. MORRILI.....oooiiiiiiiiiici et Chemistry
827 North Catalina Avenue

HerrerT H. G, NASH oo Bookkeeper, Secretary’s Office
149 South Michigan Avenue

HELEN PFUSCH.... e Secretary’s Office
1271 East Villa Street

GRACE B SAGE..... e Secretary’s Office
3387 South Lake Avenue

MARGARET A, SHERIDAN oo eeeeee e Athletie Store

656 South Mentor Avenue
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R. A. MiLrikax, Chairman

PROFESSORS

Harry Batesxman, Mathematics, Theoretical Physics, Aeronautics
Eric T, Berr, Mathematics

Paur S. EestEIN, Theoretical Physics

Rosert A. MiLrixaN, Physics

Rovar W. Sorexsex, Electrical Engineering

Rricuarp C. Tormax, Physical Chemistry, Mathematical Physics
Harry C. Vax Buskmx, Mathematics

ASSOCIATE PROFESSORS
Ira S. Bowex, Physics
Arexanper Gokrz, Physics
Wirriam V. Housrtow, Physics
Aristorre D. Micmar, Mathematics
Earvest C. Warson, Physics
Luruer E. Wear, Mathematics
Fritz Zwicky, Theoretical Physics

ASSISTANT PROFESSORS
Samvern S. Mackeowx, Electrical Engineering
J. RoseErT OrPENHEIMER, Theoretical Physics
Wiriam R. Syyrae, Physics
Morcax Warp, Mathematics
Crype Wovrre, Mathematics

INSTRUCTORS

WirLrianm N, Bircusy, Mathematics
Fraxcis W. Maxsrapt, Electrical Engineering
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INTERNATIONAL RESEARCH FELLOWS

Rupor.F Frericus, International Education Board
WiLLzaM R. Morcans, Commonwealth Fund
RicHARD VAN pER Rier WooLiey, Commonwealth Fund

NATIONAL RESEARCH FELLOWS

Wirriam H, BENNETT Burrony W. JonEes
Fraxcis Brrerer Gomnox Paryn

FraNK W. CoNSTANT EmEersoN M. Pvcu
Howarp T. ExcstrRoM Rrcaarp E. VoLLRATH

Hucua C. WoLFe

JOHX SIMON GUGGENHEIM MEMORIAL FUND FELLOW
Roy James KENNEDY
RESEARCH FELLOWS

Micver. A. Basoco Joux D. ELpEr
Jesse W. M. DuMoxp CitarLes C. LAURITSEN
Rricuarp M. SurToN

TEACHING FELLOWS AND ASSISTANTE

RAYMOND AGER Lorexz D. Hurr

CarrL D. ANDERSON LawreNce S. KENNIsoN
WargeN N, ArRNQUIST Cmances C. Lasa
RavymoxNp A. BeErier Ensox C. LEe

J. LAWRENCE Botsrorp Rosert S. MABRTIN
SAMUEL BROADWELL ‘Warter C. Mrcuers
Joux S. CampeELL Jamres C. Movzox
Bexnepict CASSEN Hewry V. NEmer

Eiris O. Erickson Joux M. Pearsow
Rosrey D. Evans Roserr E. Pucnu
AxprEw V. HAEFF SrepHEN O. RIce
Mavurice F. Haster Ly~xy H. RuMBaver
Vaino A. Hoover Eowarn M. THORNDIKE
Arcuer Hoyr Jouanwes A, VAN DEN AXKER

Kart, M. WoLrE

INDUSTRIAL RESEARCH ASSISTANTS

WirLiam M. BLEAKNEY Lyx~ G. HoweLr

Rarenr K, Day CHARLES A, SWARTZ
D, Dwicar Tavror
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DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING
A. A. Noves, Chairman

PROFESSORS
Stuarr J. Bares, Physical Chemistry
James E. Berr, Chemistry
ArtHUR A. Noves, Chemistry
Ricmarp C. ToLmaN, Physical Chemistry, Mathematical Physics

ASSOCIATE PROFESSORS

Roscor G. Drckinson, Physical Chemistry
Wiiriam N, Lacey, Chemical Engineering
Howarp J. Lvcas, Organic Chemistry
Linus C. Pavring, Theoretical Chemistry

ASSISTANT PROFESSORS

Ricmarp McL. Bancer, Chemistry
Arxorp O. Beckumax, Chemistry

Er~xest H. Swrrr, Analytical Chemistry

Dox M. Yosr, Chemistry

NATION AL RESEARCII FELLOWS

TLouts S. KasseL

Hermax C. RAMSPERGER

JAPANESE DEPARTMENT OF EDUCATION SCHOLAR
Sminicumé Hakomort

RESEARCH FELLOW
Joserr B. KoerrLi

TEACHING FELLOWS AND ASSISTANTS

Lee R. BranTiey
Pririe D. Brass
Freo J. Ewixne
James L. Hoarp
Rarpa Hurrerex
Cecit. E. P. JEFFREYS
JouN A. LLEERMAKERS
Wirriam B. LEwis
Daxier B. McRaAE
Purere G. Murbocui
Wanswortin E, Pour

tPatroleum Research Institute.

RicHARD D. PoMEROYT
S. FreEpErRICK RAVITZ
MarLE ). SHAPPELL
JACK SHERMAN
Freperick P. Starp}
Rrcaarp W, STENZEL}
James H. STurpivaNT
Guy WADDINGTON
SIDNEY WEINBAUM
HomER B. WELLMAN
Rarrr R. WENNER

fduPont Fellow.
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DIVISION OF CIVIL. AND MECHANICAL ENGINEERING

FraxkrLix Twmoaas, Chairman

PROTFESSORS

Harry Bareman, Mathematics, Theoretical Physics, Aeronautics
W. Howarp Crarp, Mechanism and Machine Design

RoperT L. Davenerry, Mechanical and Hydraulic Engineering
Freperic W. Hinricus, Jr., Mechanics

Franzcriy Twmonas, Civil Engineering

ASSOCIATES
Turopor voN KirmaxN, Aeronautics
GrorcE Lomoxossorr, Engineering
Carr C. Tuoxas, Engineering Research

ASSOCIATE PROFESSORS

R. R. MarrEL, Civil Engineering
Wirrranm W. Micuaer, Civil Engineering

ASSISTANT PROFESSORS

Georee B. Bricuam, Engineering Drawing
ArrHUR L, KrEn, Aeronautics

Crark B. MirrLika~, Aeronautics

ArtHur I, Raymoxnp, Aeronautics

INSTRUCTORS
Frep J. Coxversg, Civil Engineering
ArtHUR F. Havri, Pattern Making and Machine Shop
Murray W. Haws, Pattern Making
Oscar L. Heawp, Forgin
Howarp B. Horroyp, Mechanical Engineering
RozerrT T. KNxarp, Mechanical Engineering®
Wiriam W, Marrin, Wood Working
Warrer W, OcIEr, Jr., Mechanical Engineering¥*

RESEARCIH TI'ELT.OW
‘WerapiMmir M. ZAIKOWSKY

TEACHING FELLOWS AND ASSISTANTS

DoxarLp P. BARNEs Riciarp G. Forsom
KenXETIT A. BELKNAP Erxest B. Huce
Jou~ H. A. Braurz Georce S. Lurkin
Crarres H, CartwrIGHT Witriam H. Momr
Doxarp S. CLARk SayuEL OLMaN
Freperick R. CriNe W. Bay OswaLp
Tioxas H. Evaxs Homer C. Reep

Erxest E. SECHLER

*On leave of absence, 1929-1930.
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DIVISION OF GEOLOGY AND PALEONTOLOGY
J_. P. Buwarpa, Chairman

PROFESSORS
J. P. Buwarps, Geology
F. L. RaxsomE, Economic Geology
CuszsrEr Stock, Paleontology
WernpeLn P. Woobrine, Invertebrate Paleontology

RESEARCH ASSOCIATE

Doxarwp R. Dickey, Vertebrate Zoology

INSTRUCTOR
Rexe Excer, Geology

CURATOR
Fustace L. Furrone, Vertebrate Paleontology

SCIENTIFIC ILLUSTRATOR
Joun L. Rincway

COMMONWEALTH FUND FELLOWS
Georce A. CUMMING
Harry V. WARREN

TEACHING FELLOWS AND ASSISTANTS

Georee H. ANDERSON Rarpu L. LuraER
Joux W. Dary Joanx H. Maxson
WiLrarp A. FiNpray Berwarp N, Moore
C. Lewis Gazin Joux C. SUTHERLAND
Kexxera E. Loumax Georee F. Tavror

StaNLEy W. Lonman AprisaaN J. vaN RossEm
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DIVISION OF BIOLOGQY

Tuonxmas H. Morcan, Chairman

PROFESSORS

Karr J. Brerar, Biology Avrren H. SturtEvaANT, Genetics
Tromas H. Morean, Biology

ASSOCIATF. PROFESSOR
Erxrst (G. Axnersow, Genetics

ASSISTANT PROFESSOR

Hexry Borsook, Biology Hermax E. Dorxk, Biology
TreonosrUs Doszuansxy, Genetics Srerrine H. EmersoN, Genetics

INSTRUCTOR
Axvsert Tyrer, Embryology

TEACHING FELLOWS AND ASSISTANTS

Russery L. Bmpre Carr C. LINDEGREN
Wiriam A. Heruerinerox Marcus M. Ruoaprs
Howarp M. WINEGARDEN

DIVISION OF ASTROPHYSICS

OBSERVATORY COUNCIL

Georee E. Harr, Chairman Arraur A. Noves
RoperT A. MILLIKAN Hexny M. RosinsoN

Joux A. Axpersow, Executive Officer
Epwarp C. Barpert, Secretary

ADVISORY COMMITTEE

Warter S. Apams, Chairman Epwixy HuBsLE
Cuarces G. ABROT Arsert A. MICHELSON
Ira S. Bowex Hexry N. RusseLL
Paur S. EpsTEIN Freperick H. Sesres

Ricuarp C. Torman

RESEARCH ASSOCTATES
JouN A. ANDERSON St HERBERT JACKSON

ASSOCIATES IN OPTICS AND INSTRUMENT DESIGN

Fraxcis G, Prasg RusseLr. W, PorTeR
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DIVISION OF THE HUMANITIES
C. K. Jupy, Chairman

PROFESSORS
C. K. Jupy, English Language and Literature
Gramam A. Laixe, Economics and Business Administratiop
Jounx R. MacartHUR, Languages
Wiiriam B. Muxro, History and Government

ASSOCIATES
Crarres ReEap Baskerviny, English Literature
Girmor Broww, Director, Public Speaking and Dramatics
Max Farranp, American History
George W. SuErBURN, English Literature
Turovore G. Sosres, Philosophy and Ethics

ASSOCIATE PROFESSOR
Georce R. MacMix~, English Language and Literature

ASSISTANT PROFESSORS
‘Harvey Eacuesow, English Language and Literature
Horace N. GuLsert, Business Economics
Wireiam Huse, Jr.,, English Language and Literature
S. Harrson THomsoxn, History

INSTRUCTORS
Louis W. Jones, English Language and Literature
Roser StanToN, English Language and Literature*
Ray E. UntEReINER, Economics and History

ASSISTANTS
Frep J. Ewixg Fraxnx A. NickeLn
READERS

Joun H. Maxsox WALTER WILKINSON

*QOn leave of absence, 1929-1930.
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DIVISION OF PHYSICAL EDUCATION
R. W. SorexsexN, Chairman

PHYSICAL DIRECTOR

Witnian L. StanTon

INSTRUCTOR

Harorp Z. MUSSELMAN

PHYSICAL TRAINER
Frovp L. Haxes

ASSISTANTS
Winston M. Gorrscimarx Fraxk A, NICKELL
Vaixo A. Hoover LayToN STANTON

S. Harrison TrHOMSON



@alifornia Institute Agsoriaies

The California Institute Associates are a group of public spirited citi-
zens, interested in the advancement of learning, who have been incorpo-
rated as a non-profit organization for the purpose of promoting the
interests of the California Institute of Technology.

Russerr. H. Barrarp

President
Harry J. BAUER

1st Vice-President
W. L. VALENTINE

2nd Vice-President
JouN Hupsox PooLE

3rd Vice-President

Russell H. Ballard
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F. W. Braun

E. P, Clark

I. C. Copley
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John Willis Baer
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OFFICERS
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Jouw~

DIRECTORS

John 8. Cravens
Stuart W. French
Irving H. Hellman
William Lacy

Ben R. Meyer

R. H. Moulton

MEMBERS

F. W. Braun

Mrs. Clara B. Burdette
Carleton F. Burke
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E. P. Clark

Elmer W. Clark
George I. Cochran
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Mrs. Joseph B. Dabney
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Secretary
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Treasurer
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James R. Page
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Meyer Elsasser
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George E. Hale

F. A. Hardy

Mrs. E. C. Harwood
S. M. Haskins
Irving H. Hellman
Mrs. Louise G. Hill
Frank P. Hixon
Joseph M. Hixon
W. I. Hollingsworth
‘Webster B. Holmes
William L. Honnold
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W. S. Hook, Jr.
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E. J. Miley
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Robert A. Millikan
Ernest E. Millikin
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Robert T. Moore
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R. H. Moulton
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Daniel Murphy
Walter M, Murphy
Arthur Noble
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Donald O’Melveny
Henry W. O’Melveny
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The complete list of members of the California Institute Associates

from the beginning includes, in addition to the foregoing, the names of
the following members, now deceased: Mrs. Norman Bridge, Frank P.
Flint, Herbert J. Goudge, Henry L. Huntington, Eugene A. Merrill,
William G. Kerckhoff, Seeley W. Mudd, Benjamin E. Page, George S.
Patton, Charles H. Ruddock, Douglas Smith.



Loucational Paolicies

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 Science and
they shall also possess suflicient 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, or in the various branches of engineering. This
Course shall include the same cultural studies as does the Engi-
neering 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 indus-
trial development, and which will most effectively fit able stu-
dents for positions in the research and development departments
of manufacturing and transportation enterprises.

(5) Yifth-year Courses leading to the degree of Master of
Science shall be offered in the sciences, especially in physics,
mathematics, chemistry, geology, paleontology, and biology. A
considerable proportion of the time of these Courses shall be
devoted to research. These will be supplementary to the Under-
graduate Course in Science, and will be intended to continue the
training for the types of professional positions referred to in the
preceding paragraph.

(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
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by courses of Jectures given each year by men of distinction from
other institutions; and the weekly assemblies, addressed by lead-
ing men in the fields of education, literature, art, science, engi-
neering, public service, commerce, and industry, shall be main-
tained as effectively as possible. Great importance is also
attached to making the campus attractive in its architectural and
landscape features, because of the influence of such surroundings
on the students and on the public. Moderate participation of all
students in student activities of a social, literary, or artistic
character, such as student publications, debating and dramatic
clubs, and musical clubs, shall be encouraged; and students shall
be required to take regular exercise, preferably in the form of
intramural games or contests affording recreation. It is the pur-
pose of the Trustees to create as rapidly as possible additional
facilities for these student activities by the erection of a gymna-

sium and student houses.

(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 ecreativeness
in its students. To insure the development of research the
Trustees will provide for it financially, not, as is so often the
case, out of the residue that may be left after meeting the de-
mands of the undergraduate work, but by duly limiting the
extent of this work, and by setting apart, in advance, funds for
research and graduate study.

(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
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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.



Buildings and Educational Furilities

THROOP HALL

Throop Hall, the central building on the campus, was erected
in 1910, the gift of a large number of donors, and the first build-
ing of the present group. It now contains the offices of adminis-
tration, 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 first unit contains a lecture room seating 260 persons, two
large undergraduate laboratories with adjoining dark rooms and
apparatus rooms, three classrooms, three laboratories for ad-
vanced instruction, nine offices, a stock and chemical room, the
graduate library of physics, and twelve research rooms, besides
shops, machinery, switchboard, and storage battery rooms.

The second 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 switchbhoard.
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.

The third unit houses on one floor eight more research rooms.
thus bringing the number of rooms devoted exclusively to re-
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search up to sixty-five, and on the other the Norman Bridge
Library of Physics, to provide for which Dr. Bridge gave
$50,000.

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 Professor R. W. Sorensen, which is capable of supply-
ing 1,000 kilovolt amperes at the above potential with one end
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 prescnt 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 rescarch 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
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
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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 people, class rooms, four research labora-
tories, professors’ studies, a storeroom for inflammable chemicals,
and the usual machinery, switchboard, and service rooms. The
architects for this unit were the Bertram G. Goodhue Associates,
with Clarence S. Stein.

RESEARCH LABORATORY OF APPLIED CHEMISTRY

With the Gates Chemical Laboratory is associated the Re-
search Laboratory of Applied Chemistry, which is located in the
new 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, roasting, melting, mix-
ing, dissolving, 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. '

LABORATORY OF STEAM ENGINEERING AND ENGINEERING RESEARCH

Through funds provided in part by the late Dr. Norman
Bridge, and in part from other sources, the Institute has erected
an engineering building, designed by the Bertram G. Goodhue
Associates, 50 by 140 feet in size. One section of this is occu-
pied by a new steam engineering laboratory, which contains a
steam unit consisting of two Babcock and Wilcox Sterling boilers,
each of 300 H.P. capacity, with all accessory equipment to pro-
vide for comprehensive tests of all portions of the installation.

The other half of the building is devoted to an engineering
research laboratory, in which the research section of chemical

engineering has already been installed.
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DANIEL GUGGENHEIM AERONAUTICAL LABORATORY

The Daniel Guggenheim Aeronautical Laboratory has recently
been completed. Iunds for its construction and for its operation
for a period of ten years have been provided through a gift of
about $850,000 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 is 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 much more than 200 miles
per hour has been produced. A complete set of aerodynamical
balances will permit testing and research work of all kinds to be
performed in the wind tunnel. At one end of the building a
room 50 by 20 feet and four stories high will house a large
testing machine capable of taking a specimen 30 feet long. In
the sub-basement is a water channel about 140 feet long with a
cross-section 10 by 10 feet, above which a light car will run,
attaining a speed of about 40 miles per hour. This equipment
will permit research to be conducted on seaplane hulls, pontoons,
ship models, and various surface phenomena. A group of com-
pressed air tanks capable of sustaining ten atmospheres pressure
will give a four-inch jet of air at approximately the velocity of
sound for a period of time long enough to allow accurate obser-
vations to be made on bodies placed in the jet. On the first
floor are the observation room of the wind tunnel, a wood shop
large enough for the building of complete airplanes, and an
engine-testing laboratory with dynamometers and equipment for
the testing of small engines. On the second floor are a machine
shop and a group of six small laboratories for research on the
various physical problems connected with engine studies. The
third floor contains the balance room in which the wind tunnel
measurements are made, a seminar room, library, drafting room,
auxiliary equipment room, and five offices.
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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

Cilbertson Hall, a beautiful 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 students 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 on a site
west of the Arroyo Seco. In it are carried on studies on earth
movements. The general program of research is outlined by the
Committee on Seismology of the Carnegie Institution of Wash-
ington, of which Dr. Arthur L. Day, director of its Geophysical
Laboratory, is chairman. Mr. Harry O. Wood is in immediate
charge of the investigations; and with him cooperate Dr. J. A.
Anderson, of the Mt. Wilson Observatory, and Prof. John P.
Buwalda, of the geological department of the Institute.

THE WILLIAM G. KERCKHOFF LABORATORIES
OF THE BIOLOGICAL SCIENCES

The first building of the William G. Kerckhoff Laboratories
of the Biological Sciences, the present quarters of the depart-
ment, contains over 60 rooms, including lecture rooms, seminar
rooms, undergraduate laboratories, private research rooms, and
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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 immediate vicinity available for plant work.

A marine station is in process of establishment at Balboa.
The building that has been acquired contains fourllarge rooms
and several smaller ones which will give ample opportunity for
research work in experimental embryology in general. The
proximity of the marine station to Pasadena (about 53 miles)
will make it possible to supply the biological laboratories with
living materials for research and teaching. The fauna at Balboa
and at Laguna Beach, which is near-by, is exceptionally rich
and varied, and is easily accessible.

LIBRARIES
The library of the Institute comprises the General Library
and six departmental libraries: for Physics, Chemistry, Geology,
Biology, Aeronautics, and the Humanities.
THE ATHENEUM
The Atheneum, which is now in process of construction, is
situated at the eastern end of the campus fronting on South Hill
Avenue. It will afford a place of residence for visiting profes-
sors, research fellows, and a limited number of graduate students.
The building will provide ample dining facilities, a large lounge,
a library, and an assembly hall. It will serve as a gathering
place where members and friends may discuss topics of interest
in science, art, literature and history. The Atheneum is a gift
to the Institute from two of its loyal and generous friends, Mr.
and Mrs. A. C. Balch, of Los Angeles. It will be ready for oc-
cupancy in September, 1930. :

OTHER BUILDINGS
In addition to these permanent buildings, a temporary dormi-
tory affords accommodations for about sixty students; and other
temporary buildings house the hydraulic and steam laboratories,
and the department of physical education.



Extra-Curriculum 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 cxperiments, are
given by the members of the Institute faculty in the lecture room
of the Norman Bridge Laboratory of Physics. Special oppor-
tunities are made available to students for attendance at concerts
given by noted artists under the auspices of the Pasadena Music
and Art Association. 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
students 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 Association
elects its officers and a board of control, which investigates
breaches of the honor system, or cases of misconduct, and sug-
gests disciplinary penalties to the Associated Student Body for
recommendation 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.
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The Associated Students exercise general direction of matters
of wundergraduate 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 Tue CarirorNIiA
TrcH, a weekly paper, and the Biec 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
Seciety of Mechanical Engineers, and the American Society of
Civil Engineers. A Chemists’ Club and a Geology Club include
men interested in these particular fields. Other organizations
are the Dramatic Club, the Economics Club, the Press Club, the
Radio Club, and the Aeronautics Club.

The Astronomy and Physics Club, while composed of mem-
bers of the faculty, graduate students of the Institute, and
members of the staffs of mnecighboring scicntific 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
junior 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 extempore speaking con-
tests. At the national conventions held every even-numbered
vear, the Institute speakers have an opportunity to compete for
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national honors in the forensic field. On the odd-numbered years
they enter the competition for the trophies offered by the Pacific
Provinee of the order.

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 other nearby colleges,
and frequently with eastern teams traveling through California.
On the Pi Kappa Delta trips to the National Conventions, de-
bates are scheduled with the best of the institutions that can
be met en route. Institute orators also compete in the annual
contest of the Intercollegiate Peace Association, and the Better
America Federation contest on the Constitution.

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. FEach 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 Mr. Gilmor Brown, Director of the internation-
ally famous Pasadena Community Playhouse.

A thriving Young Men’s Christian Association with a full time
Secretary has its office in Dabney Hall and performs many
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valuable services. Receptions for new students, hikes, meetings,
classes for the study of life and other problems are conducted
by this organization. Under its auspices has been formed a
Cosmopolitan Clab, membership in which is evenly divided be-
tween foreign and American students.



Requirements for Admission fo
Hudergraduate Stamding

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 114,
Group A Trigonometry A
Physics 1
Chemistry 1
United States History and Government ..o 1

Foreign Languages, Shop (up to 1 unit); additional En-
glish, Mathematics, Laboratory Science, or History.
Group C:  Drawing, Commercial subjects, additional Shop, etc.

Group B:

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 14 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 certificate of recommendation from an approved school show-
ing his complete scholarship record.!

IIncomplete certificates of recommendation 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
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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 those listed in group A. 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 examination questions
for admission to the freshman class of the Institute are not
available for distribution.

Entrance examinations will be held at the Institute Monday
and Tuesday, June 80th and July 1st, and Tuesday and Wednes-
day, September 16th and 17th. Applicants who take the June-
July examinations should report in the Lounge of Dabney Hall
June 30th at 8:30 A.M. Applicants who take the September
examinations should report in the same place September 16th at
8:30 A.M. _

Students living at a distance from Pasadena may, upon re-
quest, be allowed to take the spring 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 and unless also the Board has notice from the

notebooks at the time of the examination. The schedule for 1930 is as
follows: Wednesday, September 24, 9:00 A.M., Mathematics; 2:00 P.M.,
English. Thursday, September 25, 2:00 P.M. History and Foreign
Languages.

These examinations may also be taken under the direction of the
College Entrance Examination Board. The examinations are held at
various points in the TUnited States on June 16-21, 1930. 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 19, 1930.

*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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Institute that the candidate has its permission to take his ex-
aminations under the New Plan (Plan B).

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 22-24. If reports of these examinations
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 physician before
coming to Pasadena in order to avoid unnecessary expense if
obvious physical defects exist. All students entering the Insti-
tute for the first time are required to be vaccinated or to submit
satisfactory evidence of recent vaccination.

Application for admission to the Institute may be made at any
time, but there is a distinet advantage in having it on file by the
first of May, or even earlier. This enables the Institute to make
full use of all information available from high school sources.
Applicants whose preparatory work is complete should submit
certificates of recommendation from the principals of their high
schools, together with their complete scholastic record before
taking the entrance examinations. Applicants who wish to take
the spring entrance examinations and who have completed their
preparatory work but are not able to secure their scholastic
records before the examinations, will be admitted to the examina-
tions if such a request is received from their principals. Certifi-
cates of recommendation and scholarship 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 principal’s recommendation and his complete scholastic
record are received. Applicants are advised to take the June
30th-July st examinations if possible.
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Blanks for application for admission to the Institute and cer-
tificate of recommendation will be provided upon request.

Applicants who comply with these conditions not later than
July 10th will be notified by the Registrar as to their acceptance
on or about July 15th.

Upon receipt of the registration fee of $10.00 (which will be
deducted from the first-term tuition), each accepted applicant
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 Lounge September
25th 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 well for students
planning to transfer to send their credentials to the registrar at
an early date. A personal interview is desirable; during the
summer months it may be 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 185-151) 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
review examinations covering the work of the freshman year are
required. Copies 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, prospective stu-
dents may judge for themselves which examinations they are pre-
pared 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 examinations
in one or more subjects for admission to one class and in others
for admission to the work of another class. Their ultimate classi-
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fication will be determined by the committee on the basis of the
results of all the examinations taken.

The cxaminations may be taken either in June or in September.,
The schedule for 1930 is as follows: Thursday, June 12, 9 A.M.,
Chemistry; Friday, June 13, 9 AM., Mathematics; Saturday,
June 14, 9 A.M., Physics; Monday, September 22, 9 A.M.,
Mathematics; 1:30 P.M., Physics; Tuesday, September 23, 9
AM., 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 re-
view courses in Mathematics and Physics to prepare for their ex-
aminations. These courses are offered during the three weeks pre-
ceding the opening of the fall term. The fee is $20 for each course.

Physical examinations and certificates of vaccination are re-
quired as in the case of students entering the freshman class.
If reports of these examinations are delayed until after regis-
tration it will be understood that registrations are tentative
pending such reports and are subject to cancellation if the re-
ports are unsatisfactory. '

Because of the very thorough, intensive study of Physics,
Mathematics and Chemistry 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
vears of the Institute Courses without incurring much loss of
time and serious difficulty in the pursuit of the more advanced
subjects. Students intending to complete the Institute Courses
are thercfore recommcnded, as far as possible, to take their
freshman and sophomore work also at the Institute.



£ xpenges

TUITION

The tuition fee for undergraduate students who entered the
Institute as freshmen prior to September, 1929, and have pur-
sued their course continuously in the Institute, is two hundred
and fifty dollars ($250) a year, payable $90 at the opening of
the first term and $80 at the opening of each of the other terms.

The tuition fee for undergraduate students entering the Insti-
tute as freshmen in September, 1929, and subsequently is two
hundred and fifty dollars ($250) for the freshman year and three
hundred dollars ($300) a year for each of the succeeding years.

For graduate students, see pages 69 and 107.

The Associated Student Body fee, payable by all under-
graduate students, is $11.00 a year. This fee is used for the
support of athletics and of other student activities. There is
also a fee of 50c¢ a term for locker rental. There are no other
fees, but in the Division of Chemistry and Chemical Engineering
an annual deposit of $10 is required the first year, and $15 the
last three years, to cover breakage and loss of laboratory ma-
terials. There are also small deposits for locker keys and for
padlocks issued in the drawing rooms. Deposits are also required
to cover the expense of inspection trips taken by students in
various courses.

The cost of supplies and of books ranges from $60 to $75 the
first year, the larger part of which is required the first term, and
from $20 to $30 a term thereafter.

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 1928, Mr. Howard R. Hughes, of Galveston, Texas, gave
$5,000 to constitute an additional fund for loans to students.
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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.
Additional gifts of $5,000 and $1,000 have been made by anony-
mous donors for the same general purpose.

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

THE PUBLIC WORKS FUND

Mr. William Thum, of Pasadena, has established a fund known
as the Public Works Scholarship Fund, thereby making provision
for the employment of a limited number of students in the vari-
ous departments of municipal work. Under the provisions of
this Fund, students approved by the faculty are employed in the
Municipal Lighting Department, and other departments of the
city of Pasadena, thereby gaining valuable practical experience.

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.

DORMITORY

The Institute has provided on the campus one dormitory, of
frame construction, two stories in height, with rooms for about
sixty students. Several of the rooms have sleeping porches, and
there are attractive living and recreation rooms. Accommodations
in the dormitory are limited to first-year students, and students
entering the Institute are expected to live in the dormitory dur-
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ing their first year unless they live at home or for other satisfac-
tory reasons are permitted to live off the campus.

The present minimum rate for room rent and dinner five nights
in the week is $190, the maximum is $230 for the year. The
rates are subject to modification by the Institute prior to the
opening of any college year. The students are expected to fur-
nish their own bed linen, blankets, and towels. A cafeteria con-
ducted in connection with the dormitory provides breakfast and
luncheon to occupants of the dormitory and any other students
who may wish to take these meals there.



Regiatration and General Regulations

Registration for the second term, 1929-1930, will take place
January 6, 1930 (9 A.M. to 3 P.M.); for the third term, March
31, 1980 (9 A.M., to 8 P.M.). Registration for the first term,
1980-1981, will take place, for freshmen, September 25, 1930
(8:30 A.M.), and for other students September 26, 1930 (9 A.M.
to 8 P.M.), and September 27, 1930 (9 AM. o 12 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.



Scholastic Grading and Regquirements

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,

i denotes Incomplete.

Incomplete means that the student has been prevented from
completing the required work of the subject on account of sick-
ness or other emergency. This mark will only be given in those
cases where the student has carried with a grade of 2 or better
at least three-fourths of the required work of the subject. Upon
completion of the required work, the record of incomplete shall
not be considered a deficiency on the student’s record.

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.

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-
gency.

Special examinations may be arranged by the instructor for
students who have been allowed to postpone the regular examina-
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tions. But these special examinations must be taken within four
weeks from the beginning of the following term; or, if in work
of the third term, during the week preceding the next year’s reg-
istration.

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. Any condition not so removed automatically 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. Subjects are of two classes, those of the
one class being distinguished from those of the other by having
their subject numbers printed in italics, both as given in the
Course Schedules and in the Description of Subjects. For ful-
filling scholastic requirements set forth in the following para-
graphs, not less than 90 per cent of the credits required must be
received in non-italicized subjects, after December, 1928.

1. A student will be placed on probation, if, at the end of any
term, he does not receive at least 80 credits.*

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 suflicient 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,

*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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and must arrange his schedule of studies and limit his outside
activities'in accordance with the advice of his Dean.

2. A student is ineligible for registration: (a) if in the pre-
ceding term he did not receive at least 60 credits; (b) if he has
already been on probation in any preceding term and did not re-
ceive at least 80 credits in the term just completed; (c¢) if during
the preceding school year he did not receive 800 credits (corre-
sponding 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 reasons 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. From a student so reinstated who again fails to
fulfill the scholastic requirements for registration, a second peti-
tion for reinstatement will not be entertained.

4. For graduation a total of 1,200 credits is required (corre-
sponding to an average of 100 credits per term), as well as the
satisfactory completion of the work of some one Option of the
Course in Engineering or of the Course in Science, amounting to
approximately 650 units.

5. 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.

6. A student will be given honor standing in any term if he re-
ceived during the preceding term 145 credits, 180 of which re-
sult from grades of 3 and 4 in non-italicized subjects; such honor
standing to entitle him to special privileges and opportunities,
such as relief from some of the more routine study and labora-
tory work, and admittance to more advanced subjects and re-
search work. But a student in honor standing may not be ad-
mitted to an honor section pursuing any particular subject (other
than those of the freshman year) unless he has also obtained a
grade of 8 or better in the work prerequisite to that subject.
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7. A student will be graduated with honor who has received on
the average throughout his Course the credits required for honor
standing, and who maintains average honor standing through the
three terms of the senior year.

SPECIAL REGULATIONS

With the permission of the Registration Committee, a student
of ability who must support himself wholly or in part by outside
work and consequently would be unable to meet the scholarship
requirements in four years may be admitted at the beginning
of his sophomore year to a part-time schedule allowing an extra
year for the completion of his course. The scholastic standing
of students in these part-time courses shall be determined on the
basis of seventy-five per cent of the credits mentioned in scho-
lastic requirements 1 and 2 above. Tuition shall be at the rate
of $200 per year for students who entered as freshmen prior to
September, 1929, and have pursued their course continuously in
the Institute. For students entering as freshmen in September,
1929, or thereafter, the tuition will correspond to the advanced
rates of tuition as stated on page 71.

If for any other reason a student is carrying less than 40 units,
the credits required (as stated in paragraphs 1 and 2 on pages
76-77) shall be prorated on the basis of 40 as a maximum. For
example, a man carrying 32 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 preseribed num-
ber of units must be approved by the Registration Committee.

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.
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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 and not more
than 40 credits behind the requirement in the regular work of
his course. All subjects required for graduation, with the ex-
ception 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 commencement.



Scholarships and Hrizes

FRESHMAN PRIZE SCHOLARSHIPS

A number of freshmen scholarships are awarded by the Insti-
tute, and a further scholarship by its Alumni, upon the basis of a
competition open to properly qualified male students in the senior
classes of the high schools or college preparatory schools. The
Institute Scholarships will carry a payment sufficient to cover
either the whole or half of the year’s tuition; and the Alumni
Scholarship one of $300.

To enter the competition the student must meet the following
conditions: He must complete by the end of the current school
year at least fifteen units of studies of such a character as will
fulfill the requirements for admission to the Institute, as set
forth on pages 65-68, and he must, if awarded a scholarship, ex-
pect to enter the Institute at the beginning of the next college
year. The competitor for the Alumni Scholarship must be
elected by vote of the male members of the senior class of his
high school. Any competitor for the Alumni Scholarship is
eligible for an Institute Scholarship (in case he should fail to
receive the Alumni Scholarship).

Each student nominated for the Alumni Scholarship must mail
to the Registrar of the Institute not later than June 10th, on
forms provided for the purpose, credentials giving the usual
statistical information, and showing his high-school record, his
participation in student activities, and his outside activities and
personal interests.

All competitors for the scholarships must present themselves
at the Institute for examination on June 30th and July 1st. The
examinations will cover the branches of mathematics required
for admission to the Institute, high-school physies and chemistry,
English, American history, and general information. They will
be of such a character as to determine the ability of the student
to think and to express himself clearly, and to demonstrate his
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initiative and resourcefulness in planning experiments, and his
power of applying his knowledge to concrete problems, rather
than to test memorized information. The ten or twelve most
successful applicants will be expected to present themselves later
for personal interviews.

The scholarships will be 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 the personal interviews. The awards
will be made without reference to financial need; but any suc-
cessful student with adequate resources may relinquish the money
payment 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 Freshman Scholars,
and will be so registered in the Institute Catalogue.

DRAKE SCHOLARSHIPS

In addition to the foregoing, Mr. and Mrs. A. M. Drake of
Pasadena, in 1927, made provision for an annual scholarship
available for a graduate of the high schools of St. Paul, Minne-
sota, and a similar annual scholarship available for a graduate

of the high school of Bend, Oregon.

SOPHOMORE AND JUNIOR PRIZE SCHOLARSHIPS

An endowment fund for undergraduate and graduate scholar-
ships and fellowships, known as the Robert Roe Blacker and
Nellie Canfield Blacker Scholarship and Research Endowment
Fund, has recently been given to the Institute. The income of
this fund is used for maintaining scholarships covering a part or
the whole of the tuition and known as the Blacker Junior and
Sophomore Schdlarships. Half of these scholarships are avail-
able for the junior year and the other half for the sophomore
year. Normally, these scholarships will carry half-tuition; but
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the awards may be further subdivided, or combined to afford
full tuition, when the qualifications of the contestants make this
advisable. They are awarded at the end of each year to students
of the freshman and sophomore classes, on the basis of a compe-
tition of the character described below.

JUNIOR TRAVEL PRIZES

Two Travel Prizes, each carrying an award of $900, have
been established through the liberality of anonymous donors, in
order to emphasize the educational value of travel as a means
of broadening the student’s cultural and professional view-points.

These two travel prizes are awarded, at the end of the sec-
ond term of each year, to the two most worthy students in
the junior class upon the basis of a competition carried out
as described below. They are to be used for a trip to Furope
during the vacation between the junior and senior years. These
tours are planned in consultation with representatives of the
Faculty Committee on Honor Students, and include about ten
days’ sightseeing in the United States on the way to Europe and
on the return. The winners of the prizes are expected to keep
a diary of their experiences, and upon their return to file with
the Institute a summarized report of their travels and expenses;
and to present an interesting account of some of their experiences
at an Assembly of the student body.

CONDITIONS OF THE COMPETITION FOR 'THE PRIZE SCHOLARSHIPS
AND TRAVEL PRIZES

For the competition for the Sophomore and Junior Scholar-
ships and for the Junior Travel Prizes the faculty have adopted
the following regulations:

(1) Award of the Blacker Prize Scholarships. These Schol-

arships will be awarded to those students who receive the largest
nunker of “points” computed as follows:
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Maximum
(a) Rating in scholastic subjects, equal weights being
assigned to the total credits received during the three pre-
ceding terms (including credits for previous summer read-
ing), and to the ratio of these total credits to total units.... 300
(b) Originality, ideals, ability, and personality, as rated
by members of the Committee on Honor Students and by in-
dividual instructors 225
(c) Rating by fellow-students of the first honor section
on personal qualities, such as integrity and trustworthiness,
morals, native ability, disposition, initiative, efficiency, ability
to deal with others, judgment, gentlemanliness, and the like 150

(d) Rating on ability to write 100
(e) General information and breadth of interest as
shown by special examination 75

(f) Detailed statement of each student as to his “student
activities,” participation in outside affairs, general reading,
ete. 75

(g) Physical development and attention to health during
the preceding year as rated by the Physical Education De-
partment* 75

Total 1,000

(2) Qualifying for the Travel Prizes. At the end of each
year the Committee on Honor Students will designate not more
than six students of the sophomore class as having “qualified”
for the competition for the Travel Prize of the ensuing year.
The students who receive the largest number of “points” will
be so designated.

(8) Competition for the Travel Prizes. The competitors
qualifying for the Travel Prizes in the way stated above shall
report at once (before the summer vacation) to representatives
of the Committee on Honor Students; and a plan for summer
reading and study and for special work during the first two
terms of their junior year to meet the requirements of the com-
petition will be laid out.

(5) Award of the Travel Prizes. These prizes will be
awarded to those students who, having qualified in the way stated

*Students desiring to compete for the scholarships or travel prizes
should report this fact at the beginning of the school year to the Physicai
Education Department, in order that they may receive special instruec-
ions.
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above, receive the highest rating by the members of the Com-
mittee on Honor Students. This rating will be based upon:

(a) Accomplishment in scholastic subjects, and grades re-
ceived in the comprehensive examinations given to “high honor”
students at the end of the second term of the junior year,

(b) Research and other creative ability as rated by instruc-
tors who have had contact on this side.

(¢) Power of clear, forceful expression (oral and written),
as rated by instructors who have had contact on this side.

(d) Acquaintance with European geography, politics, social
problems, and recent history, with art and nature, with German
and French, and other knowledge conducive to the success of a
European trip as rated by Dean Macarthur on the basis of the
seminar on “Europe” which he conducts during the fall and win-
ter terms. :

(e) Student activities, physical development, health, as rated
at the end of the sophomore year (items d and g of that rating).

(f) Personal qualities as rated by fellow students at the end
of the sophomore year (item b of that rating).

(g) Personal qualities conducive to fullness of life and suc-
cess in a scientific or engineering career, as rated by the Honor
Student Committee and instructors who have had close contact.

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.

SCHOLARSHIP AID FOR HONOR STUDENTS

In addition to the prize scholarships described above, certain
scholarship funds, limited in amount, are available for students
in honor standing whose financial resources might etherwise
prevent them from continuing at the Institute. Any such students
are requested to consult the Deans.



Tihysics at the California Inatitute

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,
some ten in number, 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, eighteen to
a section, save for one rather elaborate demonstration lecture
each week throughout the freshman and sophomore years. All
of the ten members of the staff participate in giving this lecture.
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 forty
to fifty major papers. There are three general seminars per
week, which are regularly attended by all research workers, in-
cluding in general ten or a dozen National and International
Research Fellows and all graduate students, numbering from
forty to fifty. In addition there is a weekly theoretical seminar



86 CALIFORNIA INSTITUTE OF TECHNOLOGY

conducted for the benefit of those interested primarily in mathe-
matical physics.

The main outlets for the graduates of the Norman Bridge
Laboratory are positions in colleges and universities, and in the
increasing number of industrial research laboratories of the

country.



Study and Research in Mathematics

The Institute is now prepared to offer competent students
advanced study and research in pure mathematics. Owing to the
exceptional status of the Institute in theoretical and mathematical
physics, it is expected that students specializing in mathematics
will desire to devote some of their attention to the modern appli-
cations of mathematics, even when their first interest is in pure
mathematics, in order that they may acquire a well-rounded view
of the entire field. On the other hand, specialists in theoretical
physies will find much that is useful for their work in the ad-
vanced courses in mathematics. It is one of the aims of the
mathematical department of the Institute to provide definitely
for such a liaison between pure and applied mathematics by the
addition of instructors whose training and interests have been
in both fields. .

An effort will be made to guide research students in the direc-
tion of their own interests and abilities. As enrollment at the
Institute is limited, it is possible for the staff to take an indi-
vidual interest in the research students. In particular, students
wishing to pursue a line of research chosen by themselves will
be encouraged, and all will be advised to find the problem which
they wish to attack, since the discovery of significant solvable
problems is the initial difficulty in mathematical research. Those
who are not far enough advanced to find their own problems
will be assigned to investigation in the fields of work of members
of the staff. Teaching fellows and research associates in mathe-
matics are appointed, so that a considerable nucleus of research
workers is built up as in the other sections of the Institute.

Upon the completion of the presecribed graduate work in mathe-
matics, the degree of Doctor of Philosophy is awarded, and the
graduate may look forward to a career of teaching or of research.
In the larger universities teaching and research are ordinarily
combined, but academic advancement and freedom for research
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usually depend upon demonstrated ability to do original work.
Positions as mathematicians with engineering corporations main-
taining research departments are available from time to time;
and the United States Civil Service frequently announces posi-
tions for trained mathematicians.

The opportunities for research work in mathematical physics
include such basic subjects as aerodynamics, atomic structure,
cosmoguny, crystal structure, elasticity, the new quantum me-
chanics, relativity, and statistical mechanies.

The Seminar in Theoretical Physics brings the research men
together and enables each one to get the views of other workers
on recent important advances in mathematical physics. The lec-
tures which are given each year by some eminent foreign mathe-
matician or physicist, are particularly helpful and inspiring.



Study and Kesearch in Chemistry and
Chemiral 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 Chemical Engineering. 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 inorganie, 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-
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 chemieal 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
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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 given to the highly important
field of chemical reactions between gases and between gases and
solids, which is often neglected in elementary instruction.

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, advanced qualitative, and electrometric 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 inorganie, 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.

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; crystal and molecular structure determined by
X-rays; and the absorption of X-rays in its chemical relations.



Study and RKesearch in Engineering

Courses are offered at the Institute in Civil, Mechanical and
Electrical Engineering. There are also courses in Chemical and
Aeronautical Engineering which are described under the respec-
tive heads of Chemistry and Aeronautics.

The plan of instruction embodies a four-year course of broad,
yet intensive and thorough character, leading to the degree of
Bachelor of Science, and a fifth year of graduate study, quite
definitely outlined within the selected field, leading to the degree
of Master of Science. Additional work is offered leading to the
Ph.D. degree. The Civil, Mechanical and Electrical Engineering
groups are not separated during the first three years, all follow-
ing the same program of the fundamental subjects, mathematics,
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 fourth
vear when the study of the professional subjects of specialized
nature is introduced. Courses in the Humanities—English, his-
tory, 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-
scarch 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



92 CALIFORNIA INSTITUTE OF TECHNOLOGY

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 strue-
ture of metallic alloys and effects of heat treatment; thermo-
dynamics and power plant design and analysis; internal com-
bustion engines; refrigeration.

ELECTRICAL ENGINEERING

The courses in Electrical Engineering provide for advanced

work in the theory of electrical machine design, electric tran-

sients, high voltage engineering courses, electrical engineering

problems involving the use of vacuum tubes, and problems relat-

ing to the distribution of electrical power for lighting and indus-
trial purposes.



Baniel Guooenheim Graduate Schonl
of Apronautics and
The Daniel Guggenheim Airship Institute

Through the aid of the Daniel Guggenheim Fund for Aero-
nautics the Institute has established the Daniel Guggenheim
Graduate School of Aeronautics and has constructed a laboratory
containing a ten-foot, high-speed wind tunnel. (See page 58.)
Recently the Daniel Guggenheim Fund has provided funds for
the Daniel Guggenheim Airship Institute to be located at Akron,
Ohio. The research work at the Airship Institute is to be di-
rected by the California Institute of Technology, and this labora-
tory will contain a large wind tunnel and other experimental
facilities for lighter-than-air research. The Institute will carry
on theoretical and experimental work in the lighter- than—alr field
both at Pasadena and at Akron.

A few fellowships are available for selected workers in both
fields of Aeronautics.

The following program of instruction and research is being
undertaken:

1. Extension of the Institute’s theoretical courses in aero-
dynamics, hydrodynamics, and elasticity, with the underlying
mathematics and mechanics, taught by Professors Harry Bate-
man, Eric T. Bell, Paul S. Epstein, and Theodor von Karman.
Professor von Karman, one of the leading authorities in Europe
in the field of aerodynamics, has associated himself permanently
with the Institute staff on a part-time basis.

2. Initiation of a group of practical courses in airplane design
conducted by the Institute’s experimental staff in cooperation
with the engineering staff of the Douglas Company, with the aid
of the facilities now being provided at the Institute combined
with those of the Douglas plant.



94 CALIFORNIA INSTITUTE OF TECHNOLOGY

3. Initiation of a comprehensive program of research on air-
plane, airship, and motor design, as well as on the theoretical
basis of aeronautics.

As in the older departments of physics, chemistry, and mathe-
matics, emphasis is placed primarily upon the development of
graduate study and research in the different branches of aero-
nautical engineering; 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 will
afford a broad and thorough preparation in the basic science and
engineering upon which aeronautics rests, and will include an
introductory 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 Engincer-
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 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-
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.

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.



Balch Graduate Schonl of the Genlogiral
Srienres

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, 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 Imstitute, 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 basic 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,
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
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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 geologists.

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
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.

Excellent opportunities are available for studies in physical
and geological seismology. A fully equipped Seismological Re-
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search Laboratory is situated on a site west of the Arroyo Seco
in Pasadena. The laboratory is largely devoted to researches
conducted by the Carnegie Institution of Washington, but grad-
uate 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 ecologic 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 118.



Study and Research in Binlogy

The establishment of a Department of Biology, rather than
the traditional departments of Botany and Zoology, calls for a
word of explanation. It is with a desire to lay emphasis on the
fundamental principles underlying the life processes in animals
and plants that an effort is being made to bring together, in a
single group, men whose common interests are in the discovery
of the unity of the phenomena of living organisms rather than in
the investigation of their manifold diversities. That there are
many properties common to the two great branches of the living
world is becoming almost daily more manifest, as shown, for ex-
ample, in the discoveries that the same principles of heredity
that obtain among flowering plants apply also to human traits,
and that, in their response to light, animals and plants conform
to a common law of physics. 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 already been
gained to make evident that this diversity is in large 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.
The animal physiologist today, who wishes to have a broad out
look over his field, can as little neglect the physiology of bacteria,
yeast and higher plants as the bacteriologist and plant physiolo-
gist can ignore the modern discoveries in animal physiology.
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 opportuni-
ties if they overlook the advances in cytology and embryology.
It is, then, to bring together in sympathetic union a group of in-
vestigators and teachers whose interests lie in the fundamental
aspects of their subjects, that a department of Biology has been

organized.
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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. As rapidly as leaders
can be found, it is proposed to organize groups of investigators
in general physiology, genetics, biophysics, biochemistry, develop-
mental mechanics, and perhaps later experimental psychology.
The choice of these fields of modern research implies that em-
phasis will be laid on the intimate relations of biology 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.



e Astrophysical Obgervatory and
Laboratory

The International 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 and structure of the galactic
system; of the distance, radiation, and evolution of stars; of the
spectra of the brighter stars under very high dispersion; of the
distance and nature of the spiral nebule; and of many phenomena
bearing directly 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-
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tensive scientific equipment. The other will be an Astrophysical
Laboratory located on the Institute eampus, 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. Shops will also be built for the construc-
tion of instruments and optical apparatus.

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 lighi-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.

An Observatory Council, consisting of four members of the
Executive Council of the Institute, has been placed by the trus-
tees in full charge of the design, construction, and operation of
the Astrophysical Observatory and Laboratory. With the ap-
proval of the Carnegie Institution 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, in-
cluding the Director and Assistant Director of the Mount Wilson
Observatory and many other prominent astronomers and physi-
cists, will aid the Observatory Council in determining matters of
policy. The organization of the Observatory Council and the
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personnel of its Advisory Committee are shown on page 46 of
this Catalogue.

The Observatory Council, supported by the unanimous opinion
of the Advisory Committee and of others consulted, decided to
use fused silica for the 200-inch mirror and other mirrors of the
large telescope. President Gerard Swope and Dr. Elihu Thom-
son of the General Electric Company promised the full coopera-
tion of that company in this undertaking; and much progress has
already been made in the preliminary work.

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, Sir Herbert Jackson, Sir Charles
Parsons, the Philips Lamp Works, Professor Joel Stebbins, and
others. The Research Laboratory of the Eastman Xodak Com-
pany has generously agreed to deal with many of the special
photographic problems. A Zciss recording microphotometer has
been ordered, and will be used in a comparative study of various
forms of this instrument. The radiometer recently used very sue-
cessfully by Dr. C. G. Abbot, of the Smithsonian Institution, in
measuring the distribution of energy in the spectra of stars of
several types has been developed and improved. A comparative
study of possible sites for the 200-inch telescope has been under-
taken by Dr. Anderson, aided by a dozen trained observers.

It is expected that, as soon as the Astrophysical Laboratory on
the campus has been built and 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. Under-
graduate students who desire to prepare themselves for such
graduate work should take the Physies Option of the Course in
Science, in which electives in astronomy will be offered in the
senior year.
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Owing to the rapid development of astronomical and spectro-
scopic research throughout the country, there are now more pro-
fessional positions in universities, endowed observatories, and the
Government service than can be satisfactorily filled, for able
young men well trained in optics, astrophysies, and subatomic
physies. The number of such positions, however, is not large;
and only those well qualified for such work should undertake
graduate study and research.



The Fumanities

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,
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 engineering 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-
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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 field 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
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 new
Hall of the Humanities, erected in 1928, was given by Mr. and
Mrs. Joseph B. Dabney, of Los Angeles. In connection with
the acceptance 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
Dr. Max Farrand, formerly of Yale University and now Direc-
tor of the Huntington Library; Professor Charles Read Basker-
vill, of the University of Chicago, and Professor George W.
Sherburn of the same institution. With the opportunities for
research in English Literature and American History which are
afforded by the proximity of the Huntington Library, it is an-
ticipated that the instruction given at the Institute in these fields
will be steadily strengthened by the association of visiting
scholars. :



Information and Kegulations
for the Guidanre of Graduate Students

I. ADMISSION TO GRADUATE STANDING

1. A graduate student is defined to be any man who has been
admitted to graduate standing; (a) by the Committee on Grad-
uate Courses of Study for work normally leading to the degree
of Doctor of Philosophy, or (b) by the Committee on Engineer-
ing Courses or the Committee on Science Courses for work
normally leading to the degree of Master of Science. 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 undergraduate course in science or engineering
substantially equivalent to one of those offered by the Institute.
He must, moreover, have attained such a scholastic record and
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 to work either for the Master’s or 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. In the case of insufficient preparation, applicants for the
Doctor’s degree may be required to register for the Master’s
degree first. If the applicant’s preliminary training in science,
mathematics, and engineering 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.
Unless students who desire to register for work leading to the
degree of Master of Science, show definite promise to the Com-
mittece on Engineering or Science Courses of ability to secure
this degree within two years, they will not be admitted to grad-
uate standing. Doubtful cases will be referred to the Committee
on Admission to Upper Classes, who may require examinations
before admission to the Institute.
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3. Men of exceptional attainments who are not graduates of
a college or university of good standing may, in each case by
special vote of the Committee on Graduate Study, be admitted
to graduate standing.

4. Since admission to graduate work will be granted only to 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 do not need to make separate application
for admission to graduate standing. See Section X.

5. 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 110, 111.

II. FEES

1. Tuition for graduate students is in general $250 a year,
payable in three installments, $90 at the beginning of the first
term and $80 at the beginning of the second and third terms
(except that holders of Institute Fellowships and Assistantships
pay only $180 a year, payable in three installments of $60 each).
For graduate students who have been admitted to candidacy for
the Doctor’s degree, the tuition will thereafter be at one-half the
above rates. Graduate students who are permitted to carry on
research during the summer will not be required to pay tuition
fees; but in order to obtain credit for such summer work, they
must register for it in advance.

2. No other fees except for breakage are required of graduate
students. Students in chemistry are required to make a deposit
of $15 at the beginning of the school year to cover their breakage
charges. ’

8. No degrees will be granted until all bills due the Institute

have been met.
III. REGISTRATION

1. Application for admission should be made well in advance
of the time of registration (see page 68).



108 CALIFORNIA INSTITUTE OF TECHNOLOGY

2. All graduate 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 carrying on research or independent reading, or
writing a thesis or other dissertation.

3. Before registering the graduate student should consult with
members of the department in which he is taking his major work
to determine the studies which he can pursue to the best advan-
tage.

4. 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.

5. 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 therefor.
The student himself is charged with the responsibility of making
certain that all grades have been recorded to which he is entitled.

6. 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 in the laboratory throughout the
term, or a somewhat shorter number of hours of intensive study.

7. 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.

8. Graduate students who are devoting their whole time to
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their studies will be allowed to register for not more than 60
units in any one term. Students on part time teaching appoint-
ments will not be allowed to register for so many units. Teach-
ing fellows will be allowed to register for not more than 45 units.

9. Research Associates, National Research Fellows, Travel-
ling Fellows from other institutions, and other guests of the
Institute 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, etec.

IV. EXAMINATIONS AND GRADES

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 turned in to the Regis-
trar’s office at the close of each term.

8. 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, F 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. In the case of students who
are planning to take a Master’s degree and of undergraduates,
when allowed to carry graduate work, specific grades are re-
quired.

The same scholastic requirements apply to students who expect
to receive a Master’s degree as are in force for undergraduates.

4. The Master’s degree is awarded with the designation “with
honor,” or without designation.

5. The Doctor’s degree is awarded with the designations
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EZIN14 33 45 3

“summa cum laude,” “magna cum laude,” “cum laude,” or with-

out designation.
V. REQUIREMENTS FOR HIGHER DEGREES

- The Institute gives two higher degrees, the degree of Master
of Science, and the degree of Doctor of Philosophy.

Members of the permanent Institute staff of rank higher than
that of Assistant Professor are not admitted to candidacy for a
higher degree.

The course of study of each candidate will be in eharge of
the department in which the student is pursuing his major work,
which will exercise general oversight over his work.

Each student should consult his departmental adviser, con-
cerning special divisional and departmental requirements. See
Section VI for special requirements for the Doctor’s degree in
Mathematics, Physics and Electrical Engineering, Section VII
for special requirements in Chemistry, and Section VIIT for
special requirements in Geology.

A. MASTER OF SCIENCE

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 Fifth~-Year Courses, as well as in the schedule of
the Four-Year Course in Science or in Engineering (see pages
188-189, 143-146), except that in the case of students transfer-
ring from other institutions equivalents will be accepted in sub-
jects in which the student shows by examination or otherwise
that he is proficient, and except in so far as substitutions may be
approved by special vote of the Committee in charge.

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-
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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.

All programs of study, and applications for candidacy for the
degree of Master of Science, shall be in charge of the Commit-
tee on Courses in Science (in case the advanced work is to be in
Physics, Chemistry, Chemical Engineering, Mathematics, Geol-
ogy, Paleontology, or Biology), and of the Committee on the
Courses in Engineering (in'case the work is to be in Civil,
Mechanical, Electrical, or Aeronautical Engineering); and rec-
ommendations to the Faculty of 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.

B. DOCTOR OF PHILOSOPHY

1. General Requirements: The degree of Doctor of Phil-
osophy is conferred by the Institute in recognition of breadth of
scientific attainment and of power to investigate scientific prob-
lems independently and efficiently as exhibited by the candidate
during his period of graduate work. While the degree is not
awarded for the completion of definite courses of study con-
tinued through a stated term of residence, the advanced study
and research must in general be pursued for at least three
academic years. Advanced work done at other institutions will
be given due credit, but not less than one year must be spent in
residence at the Institute. ’

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 some branch of science or
engineering, which will be termed the “major subject” of the
candidate. In addition as “minor subject” (or subjects) studies
such as will give a fundamental knowledge and research 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’
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be approved in each case by the department in charge of the
course of study.

The minor subject must involve not less than 45 units of
advanced study. 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.

Proficiency in the major and minor subjects which includes
the power to use them effectively will be tested by an examina-
tion, which may be written or oral or both, at the discretion of
the departments concerned.

2. Technical Requirements. (a) Residence: At least three
years of work in residence subsequent to a baccalaureate degree
equivalent to that given by the Institute is required for the
Doctor’s degree. Of this at least one year must be in residence
at the Institute; but it should be understood that this is a mini-
mum requirement, 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 this summer work in the office of the Registrar.

A student whose undergraduate work has been insufficient 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.

(b) Admission to Candidacy: Any student in graduate stand-
ing who has been in residence one term or more, who has satis-
fied the several departments concerned by written or oral ex-
amination or otherwise that he has a comprehensive 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 fa-
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cility, who has shown ability in carrying on research and whose
research subject has been approved by the chairman of the divi-
sion concerned, and whose program of study has been approved
by both his major and minor departments may on recommenda-
tion of the chairman of the division in which he is working be
admitted by the Committee on Graduate Study to candidacy for
the degree of Doctor of Philosophy.

Examinations in French and German, prerequisite to admis-
sion to candidacy for the degree of Doctor of Philosophy, will
be given on the fourth Friday of September and on the first
Friday of December. Students expecting to file application for
candidacy in December are advised to take the September exam-
ination, so that, if they have had inadequate preparation, they
may enroll for the fall term in one of the regular language
classes of the Institute. Students having taken regular language
classes in the Institute, and having passed the examinations, may
be exempted from further requirement. Graduate students may,
in lieu of the examinations offered in September or December,
take the regular final examinations given at the end of any one
of the three terms.

A regular blank is provided for making application for admis-
sion to candidacy. This blank may be obtained. from the chair-
man of the Committee on Graduate Study, and the application
must be on file in the office of the Registrar before the close of
the first term of the year in which the degree is to be conferred.
The student himself is responsible for seeing thal admission is
secured at the proper time.

(¢) Ezaminations: A final examination is required of all
candidates for the Doctor’s degree. This examination, 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 it must take place at least two weeks
before the degree is to be conferred. The examination may be
written or oral or both, and may be divided in parts or given all
at one time at the discretion of the departments concerned.



114 CALIFORNIA INSTITUTE OF TECHNOLOGY

The student must petition for examination on a form obtained
from the chairman of the Committee on Graduate Study after
consultation with the division chairman.

(d) Thesis: The candidate is required to submit to the
Chairman of the Committee on Graduate Study two weeks before
the degree is to be conferred two copies of a satisfactory thesis
describing his research, including a one-page digest or summary
of the main results obtained.

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 Chairman of the Committee
on Graduate Study, the candidate must obtain approval of it by
the chairman 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 Chairman of
the Committee on Graduate Study. The candidate himself is
responsible for allowing sufficient time for the members of his
committee to examine his thesis.

V1. 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-
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gree in Mathematics the applicant must pass the following
courses with a grade of 2 or better:

Modern Algebra, Ma. 123 a, b, ¢, including the Galois Theory;
Algebraic Geometry, Ma. 109 a, b, ¢, including Metric Differen-
tial Geometry and Tensor Analysis; Theory of Functions of Real
and Complex Variables; any one of the courses, other than the
purely mathematical, listed under 1, b, preferably Ph. 15 a, b, ¢,
or Ph. 8 a, b, c.

b. To be recommended for candidacy for the Doctor’s degree
in Physies the applicant must pass the following courses with a
grade of 2 or better: Analytical Mechanics, Ph. 12 a, b, ¢,
Eleetricity and Magnetism, Ph. 8 a, b, ¢, Physical Optics, Ph. 22
a, b, ¢, and Introduction to Mathematical Physics, Ph. 15 a, b, c.
In case the applicant is minoring in Mathematics he must also
pass with a grade of 2 or better the following courses: Advanced
Calculus, Ma. 8 a, b, and Differential Equations, Ma. 11. In
case the applicant is minoring 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.
12, a, b, ¢, or Applied Mechanics, AM. 1 a, b, and Strength of
Materials, AM. 1 c; Electricity and Magnetism, Ph. 8 a, b, ¢, or
Electricity and Magnetism, Ph. 7 a, b, and Theory of Elec-
tricity and Magnetism, Ph. 122; Advanced Calculus, Ma. 8 a, b,
and Differential Equations, Ma. 11; Alternating Current Anal-
ysis, EE. 20; Induction Machinery, EE. 22; Transmission Lines,
EE. 44; Dielectrics, EE. 52.

2. An applicant may also satisfy the requirement 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. In general at least one-half of the requirements should
be met by the end of the first year of graduate work. TFailure
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to do this raises grave doubts as to the advisability of the stu-
dent continuing graduate study and he should not register for
further work until after consultation with his department.

3. In general a student will find it necessary to continue his
graduate study and research for two years after admission to
candid acy.

A student in Electrical Engineering will, in general, be ex-
pected to have had six months or more of practical work in
manuf acturing, operating, or engineering research, in addition
to the time required for college residence.

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

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 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 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 physics.
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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 réport and his laboratory work the applicant must have
given evidence 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 preparation 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 not less than 5 terms (count-
ing equivalent summer work) before they will be recommended
by the Division of Chemistry for the final examination for the
Doctor’s degree.

VIII. 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 recommended for candidacy for the Doctor’s degree
in the Division in Geology and Paleontology the applicant must
have shown more than average ability in mastering the previous
geological and paleontological subjects.

2. The candidate must pass a qualifying examination which
may be oral, or written, or both.

8. After admission to candidacy, students must in general



118 CALIFORNIA INSTITUTE OF TECHNOLOGY

pursue advanced study and research for not less than six terms,
or approximately two years (counting each summer of field work
as a term), before they will be recommended by the Division of
Geology and Paleontology for the final examination for the Doc-
tor’s degree.

IX. GRADUATE LIFE

The Atheneum, now under construction, will be ready for occu-
pancy in September, 1980. (See page 60.) It will afford oppor-
tunity for contact between the Associates of the Institute, dis-
tinguished foreign 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 will also provide living quarters for a limited num-
ber of men associated with the foregoing institutions.

X. FELLOWSHIPS AND ASSISTANTSHIPS

The Institute offers a number of Fellowships and Assistant-
ships, carrying salaries ranging from $500 to $1,000 for ten
months’ service. (The tuition of such fellows and assistants is
$180 until admitted to candidacy for the Doctor’s degree, when
it becomes $90.)

The primary object of these appointments is to give a group
of well-qualified men a training in research which will prepare
them for university teaching and research and for the many
important positions in scientific and industrial research labora-
tories and in development departments of American industries.

Teaching fellows will devote not more than fifteen hours a
week to instruction of a character that will afford 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; and the obligation to prosecute this
earnestly is regarded as no less binding than that of showing
proper interest in teaching. Advanced courses of study may also
be pursued as far as time permits.

Teaching Fellows and Assistants must obtain permission from
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their department before undertaking work for remuneration out-
side of the Institute.

In general only those men will be appointed Fellows who have
had experience equivalent to that required for the Master’s de-
gree at a college or university of recognized standing, and who
intend to carry on work for the Doctor’s degree. Students who
have completed thorough undergraduate courses in chemistry
and physics and also courses in mathematics through calculus,
and who have already demonstrated their interest and resource-
fulness in scientific work may, however, be appointed Assistants
with a salary which varies with the competence of the man and
the character of the work which he pursues. Assistants who
show ability in research and are satisfactory teachers may be
promoted to Teaching Fellowships the second year.

Blanks for making application for Fellowships or Assistant-
ships may be obtained on request from the chairman of the
Committee on Graduate Study. When possible, these applica-
tions should reach the Institute before March 1st, and notices of
awards will be mailed to successful applicants on March 20th.
Appointments to Fellowships and Assistantships are for one
year only; and a new application must be filed before March 1st
of each year by all who desire appointments for the following
year regardless of whether they are already holders of such
appointments or not.

XI. RESEARCH FELLOWSHIPS

1. Institute Research Fellowships: In cases where the suec-
cess of the research justifies it, Assistants and Fellows may
be relieved from teaching in order to devote all their time to
research.

2. The National Research Fellowships in Physies, Chemistry,
and Mathematics established by the Rockefeller Foundation are
awarded by the National Research Council to men who have
their Doctor’s degree. TFellows may choose the institution in



120 CALIFORNIA INSTITUTE OF TECHNOLOGY

which they desire to pursue research. Applications should be
made to the National Research Council, Washington, D. C.

3. The Petroleum Institute has, through the National Re-
search Council, inaugurated researches at the Institute which
call, in 1929-1930, for an expenditure of $12,000. These funds
are used mainly for supporting the work of research fellows who
are carrying on fundamental researches connected with the
physics or chemistry of petroleum or of the hydrocarbons of
which it is composed.

4. The Inspiration Consolidated Copper Company has pro-
vided a fund for research on the flotation process.

XII. INSTITUTE GUESTS

Members of the Faculties of other educational institutions who
have already received their Doctor’s degree and desire to carry
_on special investigations may be granted the privileges of the
facilities of the Institute without payment of fees. Arrange-
ment should be made in advance with the Chairman of the
Executive Council of the Institute. 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.
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Tue MEASUREMENT OF INsoraTioN BY MEANS OF A Pan.
Burt RicHArDsON and Caron MoNTGOMERY, Bull, of the Nat. Research Council,
No. 68 (1929).
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Benepict CasseN, Proc. Nat. Acad. Sci., 15, 29-31 (1929).

New REesuvrrs ox Cosmric Ravs,
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DIsMAGNETISMUS UND WELLENMECHANIK,

Francrs BiTTer, Physikal, Zeit.,, 30, 497-504 (1929).

TRANSMUTATION OF KLEMENTS.

L. TroMASSEN, Phys. Rev. 33, 229-238 (1929).

Tue RELATION OF SCIENCE TGO INDUSTRY.

RoperT A. MILLIKAN, Science, 69, 27-31 (1929),

Ramanx Errecr 1¥ GASEs.

F. Raserri, Nature, 123, 205 (1929).
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ALExaNDER GoETZ, Zeit. fiiy Phys., 53, 494-525 (1929).
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PavL S. EesreiN, ZEIT. fiir. Phys. 54, 537-563 (1929).

Some REeraTionsairs BETWEEN SINGLETS AND TRIPLETS IN THE SPECTRA
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WiLLiam V. HoustoN, Phys. Rev., 33, 297-304 (1929).
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TeEMPERATURE DEPENDENCE OF KrectrRoNy EnissioN UnpEr Hieu Fievps.
Wirriam V. Houston, Phys. Rev. 33, 361-363 (1929).
ToxizaTION O¥ GasEs BY PosiTive Ioxs.
Ricuarp M. SurtoN, Phys. Rev., 33, 364-372 (1929).
Trae ProToerecrric Brrect oF MorteN Tix axp Two or Its ArroTropic
MODIFICATIONS.
ALExXANDER GoErrz, Phys. Rev., 33, 873-385 (1929).
O~ THE Ramax ErrFeEcr 1x Diatoymic GASEs.
F. RasETT1, Proc. Nat. Acad. Sci., 15, 234-237 (1929).
O~ 1HE IMPERFECTIONS OF CRYSTALS,
F. Zwicky, Proc. Nat. Acad. Sci., 15, 2563-259 (1929).
Tue PRESENCE OF SULPHUR IN THE GaSEoUs NEBULAE.
1. S. Bowexs, Nature, 123, 450 (1929).
VArRIATION 1N ~THE INTENSiTIES oF MERcUry SpEcrrum LiNes WitH
PRESSURE OF THE VAPOR.
Joun G. FrayNE and Caron G. MoNTGOMERY, Phys. Rev. 33, 549-552 (1929).
DePENDENCE oF ErkctrRoN Emisston FroM METALs UroN FIELD STRENGTHS
AND TEMPERATURES.
RoperT A. MrrrrkaN and Cuarres C. LAURITSEN, Phys. Rev. 33, 598-604 (1929).
Ox tHE PossiBLE Line ELEMENTS FoR THE UNIVERSE.
Ricaarp C. ToLMAN, Proc. Nat. Acad, Sci., 15, 297-304 (1929).
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H. N. Russerr and I. S. BoweN, Astrophy. Jour., 69, 196-208 (1929).
ComprroN Mobiriep LINE STRUCTURE AND ITs REraTioN TOo THE KiEcTRON
TuarEORY OF SoLip Bobigs.
Jesse W. M. DuMoxp, Phys. Rev., 33, 643-658 (1929).
Pure RoTaTION SPECTRUM OF AMMONIA.
Ricuarp M. Bapcer and C. HawLey CarTwWrIGHT, Phys. Rev. 33, 692-700 (1929).
VarratioNn or PrororrLectric Krrecr WirH TEMPERATURE AND DETER-
MINATION OF THE Long Wave-LExera Limit ror TUNGSTEN,
A, H. WarNER, Phys. Rev. 33, 815-818 (1929).
Ox 1HE INTERNAL PRESSURE OF STRONG ELECTROLYTES.
H. M. Evyen and F. Zwicky, Phys. Rev., 33, 860-868 (1929).
ABour THE Propuctiox oF THE CoNTiNUOUs X-RaY SPECTRUM,
A. SoMMERFELD, Proc, Nat. Acad. Sci., 15, 393-400 (1929).
O~ Tae CoNTINUOUS SPECTRUM OF THE HYDROGEN ATOM.
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ON A FLUORESCENCE SPECTRUM OF OXYGEN.
F. Raserri, Proe. Nat, Acad. Sei., 15, 411-414 (1929).
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¥OR THE UNIVERSE.
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F. Raserti, Proc. Nat. Acad. Sci., 15, 5156-519 (1929).
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Tur TEMPERATURE DEPENDENCE OF FLECTRICAL CONDUCTIVITY.
WirriaM V. HoustoN, Phys. Rev., 34, 279-283 (1929).
IxcoHERENT ScATTERED Rapiation 1x Diatomic MOLECULES,
F. Raserti, Phys. Rev., 34, 367-371 (1929).
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THE ProBLEm oF THE IoN1zEp HYDROGEN MOLECULE.
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FURTHER INVESTIGATION IN INCOHMERENT SCATTERING IN (GASES.
F. Raserri, Nature, 124, 93 (1929).
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1. S. Bowen, Phys. Rev., 34, 534-536 (1929).

RamaN SpeEcTRA OF PoryanToMmic (GASEs.

R. G. Dicrinson, R. T, Dirron and F. Raserri, Phys. Rev. 34, 582-587 (1929).
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A Crass or PoryNomiars Ax¥D RariovaLl FuxcrioNs 1N E1¢HT VARIABLES,
E. T. BeLy, Téhoku Math. Jour., 31, 321-329 (1929).
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PENTOXIDE.
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193. Tue DEcomposiTION oF NITROGEN PENTOXIDE AT MODERATELY Low
PRESSURES.

H. C. RamsPERGER, M. E. NorpserG and R. C. TorLman, Proc. Nat. Acad. Sci.,
15, 453-459 (1929).

194, THE VOLUMETRIC DETERMINATION OF VANADIUM BY MEANS OF
Porassium Iopate.
l(IIRNEs)T H. Swirr and Raymono W. Hogerrer, J. Am. Chem. Soc., 51, 1366-1371
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195. NoTE oN THE PAPER oF A. SCHROEDER: BEITRAGE zUrR KENNTNIS DES
FeINBAUES DEs BROOKITS, Usw.

J. H. Sturpivant and Linus Pavring, Z. f. Krist,, 69, 557 (1929).

196, TaEr POTENTIOMETRIC DETERMINATION OF OCTAVALE‘TT OsMiom,
Wirriax R. Crowerlr and H. Darwin Kirscaman, J. Am. Chem. Soc., 51,
175-179 (1929).

197. Tuae ImrorTANCE OoF RETAINING Gas PreEssure 1IN PETROLEUM
Derosrts.

WILLIAM N. Lacey, Report of the U. S. Bureau of Mines and Am. Pet. Inst.,

198 RELATIVE ADVANTAGES OF VARIous Gases For PRESSURE MAINTE-

NANCE OR RESTORATION.
Wririam N. Lacey, Report of the U. S. Burean of Mines and Am. Pet. Inst.,
1929.

199. Tue CRYSTAL STRUCTURE OF THE A-MODIFICATION OF THE RARE
EArRTH SESQUIOXIDES.
Linus Pavring, Z, f. Krist.,, 69, 415-422 (1929).
200. Caravyric ErFect or RUTHENIUM SALTS ON THE REDUCTION OF
Percuroric Acm By HyproBrROMIC AcCID.
Wirtriam R, Crowery, Don M. Yosrt, and James M. Carter, J. Am. Chem.
Soc., 51, 786-794 (1929).
201. PERTURBATIONS IN MOLECULES AND THE THEORY oF PREDISsocIATION
AND DIFFUSE SPECTRA.
Oscar K. Rice, Phys. Rev., 33, 748-760 (1929).
202. Ox REeactions Wite VERY LARGE APPARENT TEMPERATURE COEFFI-
CIENTS.
Louis 8. Kasser, J, Am. Chem. Soc., 51, 1131-1145 (1929).
203. Am Oxmarion oF HyprocarBons CaTarysen sy NiTtroceN OXIDEs,
I. NaTUuraL Gas,
Cariiste H. Biss and Howarp J. Lucas, Ind. Eng. Chem., 21, 633 (1929).
204, A Test oF Tue Rapiarion Hyrornesis oF Caemicar Reactiow.
WitaiaM Ure and Ricuarp C. TorMaN, J. Am. Chem. Soc., 51, 974-984 (1929).
205. Tue ActivaTioN oF OXYGEN BY ELEctrRoN Impacrt.
Rogpert H. Davrron, J. Am. Chem. Soc., 51, 2366-2373 (1929).
206. Tue PorextialL oF INErr ELECTRODES IN SOLUTIONS OF SULFUROUS
Actp AxD Its BEHAVIOR As AN OXIDIZING AGENT.
A?ll;glét)m A. Noves and Harorp H. STEINOUR, J. Am. Chem. Soc., 51, 1409-1429
207. A OxmwarioNn oF HyprocareoNs Caravryzep By Nitric OXIDES.
I1. BENZENE.
Howarp J. Lucas and CarrisLe H. Biss, Ind. Eng. Chem., 21, 635 (1929).
208. SvrraBiLity oF EvucaLyerus ForR Parer Pure.
BeEnnErT PRrEBLE, Paper Trade Journal, June 27, 1929.
209. Types or UnimoreEcurar REAcTIONS,
Oscar K. RicE, Proc. Nat. Acad. Sci., 15, 459-462 (1929).
210. Der THERMIscHE OzoNZzERFALL BEI KLEINEN DRUCKENXN,
Louis S. Kasser, Z, f. Phys. Chem., B 2, 264-265 (1929).
211. Tue StorY or THE CHEMIcAL ELEMENTS.
ArtrUR A. Noves, Science, 69, No. 1776, pp. 19-27 (1929).
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12. "X'ue TEmPErRaTURE COErrICIENT oF RaDIOACTIVE DISIN TEGRATION.
Oscar K. Ricg, Proc. Nat. Acad. Sci., 15, 593-596 (1929).

213. JRAMAN SPECTRA Or SOLUTIONS OF SoME IoNIZED SUBST.ANCES.

Ros ¢oE G. Dickixson and Roeert T. Dirrow, Proc. Nat. Acad. Sci., 15, 334-337

192 9).
214, Ox e CresTAL STRUCTURE oF T1TE CHLORIDES oF CERTAIN BIvarexT

ELEMENTS,
Lix us Paviing, Proc. Nat. Acad. Sci., 15, 709-713 (1929).
215. "LaE IopoMETRIC DETERMIN ATIO\I OF TroxN.
Erxgest H. Swrivr, J. Am. Chem. Sec., 2682-2690 (1929).
216. "LTHE PrEPARATION OF AXN HYDROUS "HYDROGEX IODIDE.
ROB}:DR)T T. Diiron and WitLiam G. Youwg, J. Am. Chem. Soc., 51, 2389-2391
192
217.< "'HE SYNTHESIS oF TIIE IsoMERIC 2-BUTENES,
Wir.riam G. Young, Rorert T. Dirrow, and Howarp J. Lucas, J. Am. Chem.
Soc., 51, 2528-2534 (1929).
218, (CONDENSATION OF ACETALDEHYDE WITH Mermyrayaronie FEsTer;
MexrayLaTioxs Wrrn METnyr. Bromipe.
%Iowg)r\n J. Lucas and WriLLiam G. Young, J. Am. Chem. Soc., 51, 2535-2538
1929).
219, UJINIMOLECULAR REAcCTIONS,
Lou s S. Kasser, Proc. Nat. Acad. Sci., 15, 601-604 (1929).
220, RAamMAN SpeEctrRa oF Porvaromic Gases.
R. G. Dickinson, R. T. Dirrox and F. Rasert:, Phys. Rev., 34, 582-589 (1929).
221. T uE Ioxization CoxstanT oF Para CyYaNoBENzOIC AcIn.
](EDGAQR) P. Varey and Howarp J. Lucas, J. Am. Chem. Soc., 51, 2717-2720
1929).
2292, T HE RaMax SrEcTRUM OF GYPSUM.
I(Qosc;;)l: G. Dicxinson and Roserr T. Divron, Proc. Nat. Acad. Sci., 15, 695-699
1929).
223. A. METHOD OoF STUDYING THE REACTIONS IN A PPorTr.AND CEMENT
K.
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225. T e MoLECULAR STRUCTURE oF TiE TUNGSTOSILICATES AND RELATED
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Linus Pavring, J. Am. Chem. Soc., 51, 2868-2880 (1929).
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STITUTION,
Linus Pavring, Phys. Rev., 34, 954-964 (1929).
227. Txe Hear or Dissoctariox or OXYGEN.
Lours S. Kasser, Phys. Rev., 34, 817 (1929).
Tue MOMENTUM DisTriBuTioN 1IN HyYDROGEN-LIKE A'rous
Boris Poporsky and Linus Pavrixe, Phys. Rew., 34, 109-116 (1929).
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ScurapER 0N DIie GESCHLECHTSCIHIROMOSOMEN.
T. H. MorGaNn, Science, 6§, 405 (1928).
EXCEPTIONAL SEX-RATIOS 1¥ CERTATN M TTANT SToCKs Wrrtt ATracHED X's.
T. H. MorGaN, Carnegie Inst. Wash. Fubl., 399 (1929).
THE VARIABILITY OF EYELESS.
T. H. MorGan, Carnegie Inst. Wash, Publ., 399, 139-168 (1929).
Dara RELATING 10 S1x MUTANTS oF DROSOPHILA.
T. H. Morcan, Carnegie Inst. Wash. Publ., 399, 169-199 (1929),
ExpeErIMENTS Wit DROSOPIITLA,
T. H. Morcax, Carnegie Inst. Wash, Publ., 399, 201-222 (1529).
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THE MecBANISM AND Laws or HereorTy, CuaprTER 1, THE FoUuNpaTIONS
or ExpEriveNTAL PsycuHorocy, 1-44.

T. H. Moreavn, Clark University Press (1929).

BatesoN Axp MewperisM. A ReviEw or “SciextiFic PApErs oF WiLLiam
Barrsox,” Vors. I axo I, Entrep 3y R. C. PuxNETT.

T. H. Morcan, Nature, 124, 171-172 (1929).

A SecoND Cask OF SILKLESSNESS IN MAIZE.

E. G. Axprrson, Mich. Acad. Sci. A. & L., 9, 1-3 (1928).

DzscriprioN or A Mossic Pericare Coror 1xn Maize.

E. G. Axprrsovy and A. L. Ter Louw, Mich. Acad. Sci A. & L., 9, 5-9 (1928).

Stunies ox A Case or HicH NoN-DissuNcTioNy 15 DrosorHILA MELANO-
GASTER. )

E. G. Axpersown, Zetts. Abst-Vererb. 1T, 3, 26-441 (1929).

CrroM0sOME CONFIGURATION IN A DWARF SEGREGATE FROM OENOTHERA
“FRANCISCANA SULFUREA.”

STERLING H. EmEerson, Mich., Acad. Sci. A. & L., 9, 117-120 (1928).

MueniprE-Facror INHERITANCE 1N CrossEs BETWEEN OpNoTHERA GRANDI-
FLORA AND QENOTHERA Fraxciscawa.

SterLING H. EmersoN, Mich. Acad. Sci. A. & L. 9, 121-188 (1928).

Tue Repvcerion Division 18 4 Harrom OENOTHERA.

SterLiNGg H. Emrrson, La Cellrle, 39, 157-165 (1929).
Tue GENETICS OF DRrosorritLa SIMULANS.
A. H. SruyrtEvanTt, Carnezic Inst. Wash. Publ.. 399, 1-62 (1929).

Some Puvsico-Cuemicar Aspects oF Lire, MurarioNn aAND Evorurion.
C. B. Drinces and J. ALExXaxDER, Biology and Medicine: Collotd Chemistry,
Theoretical and Applied, Chemical Catalogue Co., 9-58 (1928).

TuaE CHROMOSOMES OF DrOSOPHILA MELANOGASTER,

C. B. Bripges, The Collecting Net, 3, No. 4, 10 (1928).

Tue Beravior oF MuTABLE GENES—REVIEW,

C. B. Brivges, The Collecting Net, 3. No. 4, 10 (1928).

Varrations 1Ny Crossing OVER 1x RELATION TO AGE oF FEMALE 1N Droso-
PHITA MELANOGASTER.

C. B. Bripces, Carnegie Inst. Wash. Publ.,, 399, 63-89 (1929).

DerrcieNnT Recions oF Norcues 1n DrosoPHILA MELANOGASTER.

C. B. Bripges and Ju CHr Li, Carnegie Inst. Wash., Publ, 399, 91-99 (1929).

ReprropvcTive Systems oF Trirrom INTERsExes 1N DrosorHILA MELANO-
GASTER.

Tit. Dozuansky and C. B. Brinces, Am. Naturalist, 62, 425-434 (1928).

Tue ErrEct or TEMPERATURE ON THE VIABILITY OF SUPERFEMALES IN
DrosoPHILA MELANOGASTER.

Tx. Dorzuansky, Proc. Nat. Acad. Sci., 14, 671675 (1928).

Twue INFLUENCE OF THE QUANTITY AND QUALITY oF CHROMOSOMAL Ma-
TERTAL ON THE S1zE OF THE Crris IN Drosorpmina MELANOGASTER.
Tu. Dorzransky, Roux’ Archiv. f. Entwicklungsmechanik, 115, 363-379 (1929).

GENETICAL AND CYTOLOGICAL Proor oF TraNsLocaTIiONs INvOLVING THE
THIRD AND THE FoURTH CHROMOSOMES OF DR0OSOPHILA MELANOGASTER,
Tu. DoBzraxsky, Biol. Zentr, 49, 405-419 (1929).

A Homozycous TRANSLOCATION IN DROSOPHILA MELANOGASTER.

Tu. Dorzuansky, Proc. Nat. Acad. Sci., 15, 633-638 (1929).

ArTIFIcIAL PropucTioN OF JANUs EMBRYOS OF CHAETOPTERUS.
AvrBeErRT Trrrnesaum, Proc. Nat, Acad. Sci., 14, 245-247 (1928).

GEOLOGY AND PALEONTOLOGY

A Neocexnt Erostoxn Surrace ¥ CENTRAL OREGON.
J. P. Buwarpa, Carnegie Inst, Wash. Publ. 404, 1-10 (1929).

Tue NaLLEs aAND Hoop River Formarrons, aANp THE CoLumBra RIVER GORGE.
J P. Buwarpa and B. N. Moorg, Carnegie Inst, Wash., Pub., 404, 11-26 (1929;.



128 CALIFORNIA INSTITUTE OF TECHNOLOGY

Hicu Dams: THE VIEWPOINT OF THE (EOLOGIST.
F. L. RansoMmE, Proc. Amer. Soc. Civil Engineers, $5, 2337-2346 (1929).
SIGNIFICANCE OF ABRADED AND WEATHERED MAMMALIAN REMAINS FROM
RaxcHO LA Brrea.
C. Stock, Bull. South. Calif. Acad. Sci., 28, Part 1, 1-5 (1929).
A CExsUs oF THE PLE1sSTOCENE Mammars oF Rancuo La BrEA, Basen on
e CoriecrioNs oF THE Los ANGELES MUSEUM.
C. STock, Jour. Mammalogy, 10, 281-289 (1929).
MroceNE MorLusks From Bowbpew, Jamarca, Parr II, GasTtrOPODS AND
Discussion or REsuLTs.
W. P. WoobriNG, Carnegie Inst. Wash. Pub., 385, 564 pages (1928).
TecroNIC FEATURES OF THE CARIBBEAN REGION.
W. P. WoobriING, Proc. Third Pan-Pacific Sci. Cong., 401-431 (1929).
DisTr1BUTION IN Tropicar AwmEricA or TurriTELLAS oF THE PHYLUM OF
Turritella Ocoyana.
W. P. WoobriNG, Bull Geol. Soc. Amer., 40, 256-257 (1929).
Ecorosy oF THE MorLusks oF THE BowDEN ForMATION, JAMAICA.

W. P. WoobriNG, Bull. Geol. Soc. Amer., 40, 259-260 (1929),

HUMANITIES

Tue Crry as A MuniciearL CORPORATION.

WirLLiam B. Muwro, Public Management, 11, 577-580 (1929).
Tue CAMPAIGN IN RETROSPECT.

WirLriam B. Munro, Yale Review, 18, 246-261 (1929).

Is Economics A SCIENCE.
GramaM A. LaING, Opinion (Los Angeles), 1, 4-7 (1929).

ENGINEERING

Tue CarHopE DRor 1N ax Erkcrric Arc.
S. 5. MackeowN, Phys. Rev., 34, 611-614 (1929).
CompuraTiON oF THE Tarn-Warer Depra or THE Hyprauvric Juse 1v
Srorine Frumes (DiscussioN).
R. L. Daveuerty, Trans. Amer. Soc. of Mech. Eng., 50, 9 (1928).
Drepee-Pump Pressures aNp THrust Loans (Discussion).
R. L. Davcuerty, Trans. Amer. Soc. of Mech. Eng., 51, 40 (1929).
Locarrramic SPIRAL Frow oF AN INcoMPRESSIBLE FLUID.
Crark B. MiLLirAN, Math. Annal,, 101, 446-451 (1929).
Inpucenp Drac ViEwpoinT OF PERFORMANCE.
Crark B. MrILrLikaN, Aviation, 27, 3G4-368 (1929).
Winp TUNNEL AT THE CALIFORINA INsTITUTE OF TECHNOLOGY.
Crarxk B. MiLLikan, S, 4. E. Jour., 25, 520-524 (1929).
O~ THE SrEapny Motion oF Viscous, Incompressisie Frums; Wirn
Parrrcurar REFERENCE TO A VArIATION PRINCIPLE,
Crark B. Mivrixan, Phil, Mag. 7, 641-662, (1929).
Preciston SpEED REGULATION FOR Wind TuNNEL Morors AT CALIFORNIA
InsTiTUTE oF TEcHNOLOGY.
WiLLiam A. Lewis, Jour. A. I. E. E., 48, 686-691 (1929).
Errect oF EarTH SHOCKs ON STRUCTURES (DIscUSSION).
R. R. MartEL, Proc. Am. Soc. C. E., Nov., 1928, 2603-2705.
MEeTROPOLITAN WATER DISTRIBUTION.
FrankLiN TroMas, Hydraunlic Engineering, July, 1929.
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R. R. Maxter, Bul, of the Seis. Soc. of Am., 19, 167-178, 1929,
BOOKS

MAXERS OF THE UNWRITTEN CONSTITUTION.
WiLriam B, Muxgro, 158 pages. The Macmillan Company, 1930.
AMERICAN INFLUENCES 0N CANADIAN GOVERNMENT.
Wirrram B, Munro, 153 pages. The Macmillan Company of Canada, 1929.
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AN INTRODUCTION TO BUSINESS.
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Bescription of the Wndergraduate and
Fifth-Year Courses

The Institute offers two four-year Courses of Undergraduate
Study, known as the Course in Engineering and the Course in
Science. For the satisfactory completion of these Courses the
degree of Bachelor of Science is awarded. The Course in Engi-
neering is supplemented by definitely laid out fifth-year Courses
in Civil Engineering, Electrical Engineering, Mechanical, and
Aeronautical Engineering. The Course in Science prepares for
fifth-year Courses in Chemistry, Chemical Engineering, Physics,
Geology, Paleontology, Biology, and Mathematics. For the com-
pletion of any of these fifth-year Courses the degree of Master
of Science is awarded.

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 will train, 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 fit satisfactorily into 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
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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 physics 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 mechanics, ¢n-
gineering materials, hydraulics, and preliminary courses in civil,
mechanical, and electrical engineering.

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 structures, railways, and
water systems; the Mechanical Engineering Course, with ma-
chine design, steam and gas engineering, and power-plant design
and operation; the Electrical Engineering Course with the gen-
eration and transmission of electric power; and the Aeronautical
Engineering Course with the principles of aerodynamics, the
design and construction of airplanes, their engines and instru-
ments. Of all these Courses, engineering research 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 engineering. Accordingly, the
four-year Course in Science, while including the same historical,
literary and economic subjects as the Course in Engineering,
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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
research and development departments of the larger chemiecal,

metallurgical, and electrical companies.

The Option and the fifth-year Courses in Chemical Engineer-
ing differ from those in Chemistry in that they include, in place
of some of the science work, general subjects in mechanical and
electrical engineering, and (in the fifth year) an extended treat-
ment of chemical engineering itself. This Course is designed to
fit men for the installation, operation, and the research develop-

ment 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 will
prepare 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.
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The Option of the Undergraduate Course will afford a prelimi-
nary training, with emphasis on the fundamental sciences, for
those who desire to pursue graduate studies in medicine, sanita-
tion, and the public health. The Biology Option will be in effect
for sophomore students in 1929-30 and those of higher classes
in the succeeding years. The special subjects included in that

option will be announced later.



Schedules of the Yndergradvate Conrses

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.

The subject numbers correspond to those given in the Deserip-
tion of Subjects on pages 152-214. For the explanation of the
subject numbers in italics, see page 76. The abbreviations denote
the various branches of instruction as follows:

Aeronautical Engineering.. AE
Applied Mechanics ... AM
ASSeMBLY oo As
Biology .. - Bi
Chemistry ... Ch
Civil Engineering CE
Drawing ... D
Economics

Electrical Engineering ......
English
Geology e

History and Government....

HyAraulics e
Languages

Mathematics ..ocoooeoiiieiieneene

Mechanical Engineering ...._......

Philosophy oo




BOTH COURSES

FIRST YEAR, ALL THREE TERMS

SUBJEGT HOURS PER WEEK )
SUBJECTS
NUMBER | Class | Lab. | Prep.| "0
English,..,.............. En label 3 0 3 6
Physies.................. Ph 1abe 3 3 6 12
Chemistry................ Ch 1abe 3 6 3 12
Mathematics. ............ Malabe 4 0 8 12
History.................. H labe 3 0 2 5
Drawing*................ D1or1o0,
40, 41a 0 3 0 3
Assemblyf............... As 1abe 1 0 0 1
Physical Education. ....... PE 1abec O 3 0 3
54

*Students with a recommended high school credit of 1% unit or more
in mechanical drawing, and all science students, take D 1; others take
D 10. All freshmen are required to take D 40 and D 4la the second and
third terms, respectively.

{Freshmen attend in the second and third terms, in addition to the
general assemblies, six orientation assemblies.
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COURSE IN ENGINEERING

FOR STUDENTS PREPARING FOR CIVIL, MECHANICAL, ELECTRI-
CAL, AND AERONAUTICAL ENGINEERING

SECOND YEAR

HOURS PER WEEK | UNITS
SUBJECTS SUBROT First qpig
NUMB Class | Lab. | Prep. T’I;yn(:s r'f‘ell':n
Mathematies*f.......... .. Ma 2abec| 4 0 8 12 8%
Physies*f................. Ph 2abecl 3 3 6 12 ¢+ 8%
Mathematics Reviewt. ... .. Ma 2d 4 0 8 .. 4%
Physics Reviewt........... Ph 2d 3 3 6 Y o
History............ e H 2abe 2 | 0 | 4 | 6| 6
Descriptive Geometry....... ;D 4labe| 0 3 0 8 3
Machine or Structural D 20abe s 0 3 0 3 3
Drawingi............... or D 30 abe
Mechanism§............... ME 1 3 3 4
Surveying§............... CE1 3 4 3 10 10
Engineering Chemistry§..... Ché6 4 0 6 ‘
ShOD....................|Sh 14 0} 4]0 4 4
Assembly................. As 2abe 1 0 0 1 1
Physical Education........ PE 2abc 0 3 0 3 3
54 54

*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
?ﬁldegndt)s do not take Physics Review (Ph 2d) and Mathematics Review

a .

FStudents 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 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 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) during the three weeks preceding the opening of the fall term, pro-
vided not less than six students apply for it.

iDrawing D 51 may be substituted for Drawing D 30bc by students
preparing for Civil Engineering.

§Each student takes one of these subjects in each of the three terms.
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COURSE IN ENGINEERING

THIRD YEAR
UNITS
HOURS PER WEEK
SUBJECTS ;%ifgg s )
Class | Lab. | Prep. %‘él:; -%ce?;d %]él:g
English............. En 7abel 3 0 5 8 8 8
Economics. . ... ..... Ec 2,3,4 837 0 | 8 6 6 | ..
Business Law........ Ee 25 3 0 3 .. 6
. Accounting....... ... Ee 17 3 0 6 .. 9
c{Geology. . ... ... ... Ge la 3 3 3 9 ..
- jPaleontology...... .. Ge 1b 4 1 4 .. .. 9
Applied Mechanics. . .[AM1abe| 4 3 7 14 14 14
Direct Currents*. . ... EE 2,3 3 3 6
Alternating Currents*. |EE 4, 5 3 3 6 12 | 12 | 12
Heat Engineering*. . .|ME 15 3 3 6
Assembly. .......... As 3abel 1 0 0 1 1 1
Physical Education. . .|PE 8abel 0 3 0 3 3 3
53 | 53 | 53

*Hach student takes one of these subjects in each of the three terms.



COURSE IN ENGINEERING

FOURTH YEAR

SUBIECTS sussmor | HOURS PER WEEK UNITS
NUMBER Class | Lab. | Prep. Tleitxzn 'Ig:ren ']?er;im

Humanities Electives* ...... 3 0 6 9 9
Philosophy.......... PL1 3 0 6 .. 9
Current Topies.. .. ... H.5ab 1 0 1 2 2 ..
U. 8. Constitution....{H 10 1 0 1 . 2
Engineering

Conferences.......| _ . .. .. . 2 2 2
Hydraulies or Option}ifyy 1 4 0 8 |12 12 |12
Testing Materials. ... |AM 3 0 3 3
HydrauliesLab..:... .|\gy 2 }+ 0 3 3 6 6 6
Heat Eng. Lab.. ... .. ME 25 0 3 3
Assembly. .......... Ashtabe 1 0 0 1 1 1
Physical Education.. .[PE Labe 0 3 0 3 3 3
Options, see next page. 18 18 18

53 53 | 53

*For the Humanities Electives see below.
jHydraulics is given in the first term for Electrical Engineering stu-

dents, second term for Civil Engineering students, and third term for
Mechanical and Aeronautical Engineering students.

iEach student takes one of these three subjects in each term.

HUMANITIES ELECTIVES (9 units)

First Term

American Literature (MacMinn)
Modern Drama (Huse, MacMinn)
Contemporary Literature (Judy,

Eagleson)

Third Term
American Literature (MacMinn)
Contemporary Literature (Judy,

Eagleson)

German Literature (Macarthur)
Literature of the Bible (MacMinn)
Modern Drama (Huse, MacMinn)
Sociology (Untereiner)
History of Christianity (Thomson)
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COURSE IN ENGINEERING

FOURTH YEAR (Continued)

HOURS PER WEEK | UNITS
SUBJECTS m"ggg ; "
i Class | Lab. |Prep. Tlesrgn 1?;?“ Ti‘;sn
Mechanical Engineering
Option:
Structures.. .... ... CE9 + 6 3 3 6 | .| 12 |~
Machine Design.... ME 34 , | 2 3 4 9 . 9
Machine Design.....ME8454 | 2 6 4 12 | ..
Metallurgy......... ME 10 3 0 6 9 ‘e ..
Heat Engineering.. . . ME 16 4 0 8 12 .. ..
Heat Engineering.. . .ME 17 3 3 3 . .- 9,
Heat Eng. Lab.or ME 26 0 3 3 6 | ..
Elective(see below)
Electrical Engineering
Oplion:
Structures.. ... .... CE 9 3 3 6 .. .. 12
Diff. Equations. ....Ma 11 4 0 8 .. .. 12
Heat Engineering.. . .|\ME 16 4 0 8 .. 12 ..
Electrical Eng. Lab..EE 7 0 .8 3 .. .. 6
Elect. and Magnetism. Ph7and9abl 3 3 6 12 | A2~ ..
Electrical Machinery EE 6ab- | 2- 0 4 6.1% 6 |
Electrical Machinery EE 40 2 0 4 .. 6
Civil Engineering
Option:
Advanced Surveying. CE 2 6 3 12 AU
Railway Engineering CE 82 b ¢ .. .. 6 6 6
Theory of Structures |[CE 10ab¢ 3 3 6 12 12 12
Highway Engineering/CE 4 3 0 3 .. .. 6
Reinforced Concrete./CE 12 2 0 4 6
Aeronaulics Option:
Advaneced Calculus. .Ma 8ab¢ 4 0 8 12 12 12
Aeronauties. ... .... AE 1 3 0 6 | .. 9 ..
Metallurgy......... ME 10 3 0 6 9 .. ..
Machine Design.....ME 8 3 3 6 12 .. ..
Structures. ........[CE1llab | 2 3 4 .. 9 9
General Electives:
Advanced Calculus. ..Ma 8 abe 4 0 8 12 12 | 12
Accounting......... Ee 17 3 0 6 . 9 ..
Business Study .....| ...... .. 6 6 6
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COURSE IN SCIENCE
FOR STUDENTS PREPARING FOR CHEMISTRY, CHEMICAL ENGI-
NEERING, PHYSICS, INDUSTRIAL PHYSICS, MATHEMATICS,
GEOLOGY, PALEONTOLOGY, BIOLOGY, ASTRONOMY

AND MEDICINE
SECOND YEAR
suBymor | HOURS PER WEEK UNITS
SUBJECTS
NUMBER | Class | Lab. | Prep. Tleizn ’I? eli'(rin 'I§ err?n
Mathematics*t. ... ... MaZ2abe 4 0 8 12 12 8*
Physies*f............ Ph 2abe 3 3 6 12 | 12 8*
Mathematics Review. . |Ma 2 d 4 0 8 4*
Physics Review.. ... .. Ph 2d 3 3 6 .. 4
History.............. H 2abe 2 0 4 6 6 6
Chemistry. .......... Chl2ab 2 6 2 10 10
Geology . ............ Ge la 3 3 3 9 ..
Biology.............. Bi 1 3 3 3 9
Paleontology or)... ... Ge 1Db 4 1 4
Biology ory.......Bi 2 . 3 4 2 9
Astronomy  J...... Ay 1 3 1 5
Options as belowf.....[ ...... .. .. .. .. 10
Assembly............ As 2abe 1 0 0 1 1 1
Physical Education....|\PE 2abe¢ 0 3 0 3 3 3
Oplionst
Analytical Chemistry.. Ch 12 2 6 2 10
Organic Chemistry. .. .|Ch43 2 6 2 10
Surveying............ CE1 3 4 3 10
Theory of Equations. .|Ma 8 4 0 8 12
@Descriptive Geometry.|D 42 0 6 ;0 6
e

*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) and
Physics Review (Ph 24).

tStudents 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 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 8 weeks preceding the opening of the fall term, provided not
less than six students apply for it.

iStudents take Qualitative Analysis (Ch 12¢) if they are preparing for
the Option in Chemistry or Chemical Engineering; Organic Chemistry
(Ch 43) if preparing for the Option in Experimental Physics or Biology;
Surveying (CE 1) if preparing for the Option in Geology; Theory of Equa-
tions (Ma 3) if preparing for the Option in Mathematics or Theoretical
Physics. Non-honor students are admitted to the Mathematics Option
only by special vote of the Committee on Science Courses. Students in
the Geology Option substitute for the 3rd term Mathematics, Descriptive
Geometry (D 42) and Crystallography (Ge 3a).
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COURSE IN SCIENCE
FOR CLASSES ENTERING IN 1928 AND THEREJAFTER

THIRD YEAR
|
nrons ‘\ supsEcr | HOURS PER WEEK ! UNITS

NUMBER Class | Lab. | Prep. Tifrtm .ﬁ:gﬂ [ ngim

English.............. En 7abcel 3 0 5 8 8 8

German............. L 32abe 4 0 6 10 10 | 10
Chem. Principles. ... .. [Ch 21 abc{ s 98 } 10 | 10 | 10t

Options, as below. ... | ...... .. .. .. 21 21 | 21

Assembly........ .. .. As 3abel 1 0 0 1 1 1

Physical Education....|[PE 3abc¢| 0 3 0 3 3 3

53 53 | 83

Experimental Physics ) .

Option: U S .
Muathematies. .. ... . Phov a3 | o ﬁw 9l 9| 9
Direct Currents....({EE 2,3 3 3 6
Alternating Cur’nts{ |EE 4, 5 3 3 6 ¢ 12 12 | 12
Heat Engineering. . ([ME 15 3 3 6 )

or
Opties............ {gﬁ %% Zgg g g g } 12 12 | 12
Theoretical Physics
Option:
Advanced Calculus. .[Ma8abel 4 ¢ 0 8 | 12| 12 |12
DisieseLiuion (ﬂk..MaIOabc 3 7.0 6 |1&] )% |2
i C‘Iiémisiry Option: N
_=Inorganic Chemistry|Ch 13 ab 2 0 2 4 4
/~ Surface and Colloid
- Chemistry....... Ch 29 3 0 5 .. .. 8
/ Instrum’tal Analysis/Ch 16 0 6 2 8 R R
Physico-Chem. Lab.{ 8}}11 %g 3('3 b 8 g ? v 8 4
\'“‘%norganic Chem.Lab/Chl4ab| 0 | 9 | 0 | 9| 9| 9
“"or Mathematics...|Plice. /7 0 S 9| g1.9
L
Options:
(Cont’d next page)

*Students who have taken Modern Physics substitute Chemical Re-
search for Physico-Chemistry ILaboratory.
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COURSE IN SCIENCE

THIRD YEAR (Continued)

HOURS PER WEEK UNITS
SUBJECTS SUBJECT - -
NUMBER | Class | Lab. | Prep. | mirst |Second, Third
Chemical Engineering
Option:
Applied Mechanics. .[AM 2ab | 4 0 8 12 12 | ..
Heat Engineering. . .[ME 15 4 0 8 .. .. 12
Economics. ........ Ee2, 8,4 3 0 3 6 6 ..
Physico-Chem. Lab..[Ch 26 ab | 0 3 1 .. 4 4
Industrial Chemistry|Ch 61 2 0 4 .. 6
Mathematics Option*:
Advanced Calculus..Ma 8abecl 4 0 8 12 12 | 12
Differ. Equations...[Mal0abe¢| 3 0 6 9 9 9
Astronomy Option: L )
Mathematics....... [N 3 0 6 9 9 9
Opties............. Ph 22 and
28,abec| 8 3 6 12 12 | 12
Geology Optioni:
Mineralogy. ....... Ge 83be .. .. .. 8 10 0
Drawing........... D 50, 51 0 6 0 6 0 6
Petrology.......... Gebab . .. .. 0 11 7
Field Geology...... GeTa .. .. . 0 01|12
Historical Geology. .|Ge 1l ¢ 2 3 4 8 0 0
Summer Field Geology required after Junior year.
Biology Option: ]
Physico~-Chem. Lab..|Ch 26 0 3 1 4 4
Colloid and Surface -

Chemistry....... Ch 29 3 0 5 .. .. 8
Economics. ........ Ec2, 38,4 3 0 3 6 6 ..
‘General Biology....[Bi3 3 4 2 9 ..
Histological Tech...Bi4 0 6 0 6 .. ..
Physiology......... Bisbe .. .. . 11 9

*Students taking the Mathematics Option substitute in the 2nd and
3rd terms Analytic Geometry (Ma 4 a b) for Chemical Principles...

+8tudents taking the Geology Option substitute in the 3rd term Plane

Table Surveying (CE 3)

for Chemical Principles.



COURSE IN SCIENCE

FOR CLASSES ENTERING PREVIOUS TO 1928

FOURTH YEAR

HOURS PER WEEK UNITS
SUBJECT :
SUBIECT NUMBER | Class | Lab. | Prep. Tirst |Second) Third
Humanities Electives*| ...... 3 0 6 9 .. 9
Philosophy . ......... Pl 1 3 0 6 .. 9
Current Topics. ... .. H 5ab 1 0 1 2 2 ..
U. S. Constitution....|H 10 1 0 1] .. .. 2
Economics. ......... Be 2,3,4| 3 0 3 6 6 ..
Assembly........... As Labe 1 0 0 1 1 1
Physical Education .. |PE 4a bcl 0 3 0 3 3 3
Options as below.....| ...... 33 | 33 | 33
54 54 48
Physics Option: 5/ f"{‘ : _,;;j# ) -
Asnalytte-Mechanids. |Ph't2 a b ¢f 4 0 8 12 12 12
Electricity . . ...|Ph 8abel 3 0 6 9 9 9
Electrical Measure. Ph 9abe 0 3 0 3 3 3
Electrical Eng.t....|EE 2,3,4,5| 3 3 6 12 12 ..
Heat Engineeringf{.. |ME 15 3 3 6 12
Mathematics Option:
Differ. Equations. . ... Mal0abel 8 0 6 9 9 9
Electives: :
Complex Variable..|Ma 114 4 0 8 12
Modern Theory of
Diff. Equations..{Ma 116 ab| 4 0 8 .. 12 12
Relativity ......... Ma 122 4 0 11 15 .. .
Modern Algebra....|Ma 123 abc| 4 0 8 12 | 12 | 12.
Differ. Geometry...|Ma 108 abe| 4 0 8 12 12 | 12
Other Options:

See next page.

*See page 138.

+Or research for Honor Students.
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COURSE IN SCIENCE

FOR CLASSES ENTERING PREVIOUS TO 1928

FOURTH YEAR (Continued)

SUBJECT HOURS PER WEEK UNITS
JBJE
SUBJECTS NUMBER  (Cpueq | Lab. | Prep. ,E‘;;E S;cegxx;d %lelgg
Chemistry Option:
Organic Chemistry...|Ch 41ab 3 0 5 8 8 ..
Organic Chemistry...|Ch 41 ¢ 2 0 4 6
Organic Chemistry
Laboratory....... Ch46 ab 0 9 0 9 9
Chemical Thermo-
dynamics......... Ch 22ab 3 0 6 9 9
Instrumental Analysis{Ch 16 0 6 2 8t .. ..
Industrial Chemistry.|Ch 61 2 0 4 .. 6 6
Research........... Ch 70-73 20
Chemical Engineering
Option:
Organic Chemistry...{Ch 41ab 3 0 5 8 8 ..
Organic Chemistry...|Ch 4lc¢ = 2 0 4 .. .. 6
Organic Chem. Lab.|Ch 46 ab 0 9 0 9 9
Chemical Thermo- Q
dynamics......... Ch 22ab! 3 0 6 9 A
Electrical Engineering|EE 2,3,4,5 3 3 6 12 | 12
s Heat Engineering....|ME 15 3 3 6 .. 12
' Accounting. .. .....|Ec 17 ' 3 0 6 9 .. ..
Industrial Chemistry [Ch 61 1 2 0 4 6* 6
Geology Option: \
Historical Geology ..|Ge 1¢ S 2 3 4 9 ..
Petrology........... Ge 5ab 1 6 2 9 9 .
Field Geology....... Ge Tab ' .. | .. | .. 8 10
Structural Geology...[Ge 9 \ 3 0 5 . 8
Vertebrate Paleon.,.|Ge 12 P2 6 2 . 10 8
Invertebrate Paleon. {Ge 11ab ! 10 8 ..
Research........... Ge 21, 22 | 8 8

*Fonor students,

especially those intending to take the fifth-year

Course in Chemical Engineering, should take Thermodynamic Chemistry
in the second term, and should take Industrial Chemistry (3 units) as an
extra subject.

THonor students may suhstitute Research for Ch 16,
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COURSE IN. SCIENCE
FOR CLASSES ENTERING IN 1928 AND THEREAFTER

FOURTH YEAR

HOURS PER WEEK | UNITS

SUBJECTS SUBJECT

UMBER "[ass X ‘ .. | First {Second| Third
N Class | Lab Prep Term | Term | Term

Humanities Electives*.| ...... 3 0 6 | 9 .. 9
Philosophy........... Pl. 1 3 0 6 .. 9 ..
Current Topics. ... ... H 5ab 1 0 1 2 2 .
U. S. Constitution. .. .|H 10 1 0 1 .. .. 2
Economies. .......... Ec 2,8,4,] '3 0 3 6t 6t ..
B L 35abe
German or French. . . or 4 0 6 10 6 6
L 1lab 10 10 | 10
Assembly............ As Labe 1 0 0 1 1 1
Physical Education....|PE fabc 0 3 0 3 3 3
Options as below. . ...| ...... .. .. .. 22 22 28
53 49 | 49
or or
53 53
Experimental Physics
Option:
Applied Mechanics. . AMlabec 4 3 7 14 14 14
or Analytical Mech.Ph12abe| 4 0 8 12 12 12
Electricity and
Magnetism. . Ph 7ab 3 0 6 9 9
Elec. Measurements.[Ph 9 a b 0 | 3 0 3 3 ..
Vacuum Tubes. . . .. EE 62 4 0 8 .. 12
or Fourth Year En-
gineering Subjects! ...... .. .. .. .. .. 12

Theoretical Physics
Option:
Analytlcal Mech.. . .|Ph12abe| 4 0 8 12 12 12
Electricity and
Magnetism. . {Ph 8abe 3
Elec. Measurements.[Ph 9abe|l 0

WO
<
V&)
W
(V]

Chemistry Option: 3 0 5
Organic Chemistry. .[Ch4labe {3 0 3} 8 6 8
Organic Chem. Lab..[Ch46ab 0 9 0 9 9
Thermodynamic Ch. |[Ch 22 a b {g g 2} 6| 8
Industrial Chem.....|Ch 61 2 0 4 6
Chemical Research..|Ch 70-73 0 12 0 12

‘@ee page 188.
+Omit in Chemical Engineering and Riology Options, leaving 28 units
for these options in all terms.
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COURSE IN SCIENCE
FOR CLASSES ENTERING IN 1928 AND THEREAFTER

FOURTH YEAR (Continued)

HOURS PER WEEK UNITS
SUT BJECTS SUBJECT -
NUMBER | Class | Lab. | Prep.| First [Second| Third
Term | Term | Term
Chemical Engineering

Option: 3 0 5
Organic Chemistry.|Ch4labe | 18 0 3 8 6 8
Organic Chem. Lab.[Ch 46ab 0 9 0 9 9 ..
Chemical Thermo-

dynamies. ... ... Ch22a 3 0 3 6
Industrial Chem....|Ch 61 2 0 4 6
Colloid and Surface.

Chemistry......|Ch 29 3 0 5 .. 8
Direct Currents.... EE 2,3 3 3 6 12 .
Alternating Currents|EE 4, 5 3 3 6 .. 12

M athemalics Option:
Electives to total

24 units.

Complex Variables. {Ma 114 4 0 8 12
Modern Theory of

Differ. Equations.|Ma 116 ab 4 0 8 .. 12 12
Modern Algebra...|Ma 123 abe| 4 0 8 12 12 12
Differ. Geometry. ..|Ma 108 abe| 4 0 8 12 12 12

Astronomy Option:
Analytical Mech....[Ph12abe| 4 0 8 12 12 12
Astronomy ........ Ay 5abec| 4 1 7 12 12 12
Geology Option:
Field Geology. . ... Ge 7b .. .. .. 6 0 0
Structural Geology.|Ge 9 .. .. .. . .. 10
Vertebrate Paleon..|Ge 12 a b .. .. .. .. 10 8
Invertebrate Paleon.|Ge 11 a b .. .. .. 10 8 ..
Thesis. ........... Ge 21, 22 .. .. .. 4 4 8

Summer Geology required after Senior Year.
Biology Option:
Details to be arranged later.
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Sehedules of the Fifth-Year Courges

SUBJECTS COMMON TO ALL COURSES, ALL TERMS

NUMBER
OF UNITS

Seminar in American History and Government
or English Literature. .........................
or Philosophy.............. e

| 1

Engineering or Research Seminars. ..................... 2

Professional Subjects. . ........... .. ... ... ... ...

39

53

CIVIL ENGINEERING

NUMBER OF UNITS

SUBJECT
PROFESSIONAL SUBJECTS NUMBER 1st ond 3rd
Term | Term | Term
Statically Indeterminate Structures.|CE 23 15 ..
Masonry Structures. ............. CE 16 .. 9
Machine Design. . ............... ME 9 9 ..
Irrigation and Water Supply.......|CE 15 .. 12
Structural and Civil Engineering
Design........................ CE2labe 9 9 12
Sewerage. ............. ... CE 17 .. .. 9
Research or Other Thesis.......... 6 9 9
Accounting...................... Ee 17 . .. 9
39 39 39
Supplementary Professional Subjects
Water Power Plant Design........ CE10lab 10 10 .
Arched Dams.................... CE103ab 5 5 ..
Statically Indeterminate Structures.|CE 105 b ¢ .. 15 15
Geodesy and Precise Surveying..... CE107abe 6 6 6
Highway Problems............... CE 108 .. .. ..
Sewage Treatment Plant Design....[CE 110b ¢ 10 10
Sanitation Research.............. CE 112 .. ..
Analysis of Earthquake Effects upon
Structures. .................... CE 114
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FIFTH-YEAR COURSES

ELECTRICAL ENGINEERING

NUMBER OF UNITS

PROFESSIONAL SUBJECTS i%;fgg st | 2nd | srd
Term | Term | Term
Alternating Current Analysis...... EE 20 12 ..
Advanced A. C. Machinery........|EE 22 12 ..
Transmission Lines. .............. EE 44 .. .. 12
Alternating Current Laboratory....|EE 2l abe 6 6 6
‘Specifications and Design......... EE 48 6 ..
Electric Transients . .............. EE 60 6 ..
Dielectries. .. ................... EE 52 .. .. 6
Research or Thesis............... S 9 9 9
Electives, as below ............... 6 6 6
39 39 39
Electives :
Vacuum Tubes................ EE62ab .. 6 6
Electric Traction............... EE 28 6
Electrical Communication. ... ... EE 56 6 ..
Light and Power Distribution. ... |EE 30 .. 6
MECHANICAL ENGINEERING
Power Plant Engineering. ... ...... ME 121,122 .. 12 12
Thermodynamics................. ME 120 12
Heat Engineering Laboratory. ... .. ME 130 15 .. ..
Research or Thesis............... ME 100 .. 15 15
Electiveasbelow.................|...... 12 12 12
Electives: 39 39 39
Science of Metals.............. ME 111 .. 12
Metallography................. ME 110 12 ..
Metals Research.............. ME 112 .. 12
Machine Design. . ............. ME 101 12 .. ..
Machine Design. . ............. ME 102,103 12 12
Internal Combustion Engines. ... | ME 185,136 12. 12
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FIFTH-YEAR COURSES

AERONAUTICAL ENGINEERING

NUMBER OF UNITS

SUBJECT .
NUMBER 1st 2nd 3rd

Term | Term | Term

PROFESSIONAL SUBJECTS

Aerodynamics of the Airplane. .. .. .. AE251abel 9 9 6
Elementary Airplane Design........ AE252abe] 11 15 20
Mathematical Analysis............ Mall9 15 15 15
Aeronautical Power Plants. .. ....... ATI256 6 | .. ..
Aerodynamics. .................... AE 266 .. .. 15

Research or Electives. ..............

Electives as follows:
Subjects of Four-Year Engineering

or Science Course 12 12 12
Properties of Fluids and Elementary
Hydrodynamics................. AE265 .. 9
Wind Channel . ................. AE286abel ..

Advanced Thermodynamics . . . . .. ME120 12 .. ..
Calculus of Observations . ........ Mal05 .. .. 6
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FIFTH-YEAR COURSES

PHYSICS OR INDUSTRIAL PHYSICS

NUMBER OF UNITS
SUBJECT
SUBJECT NUMBER | 1st | 2nd | 8rd
Term | Term | Term
Electives as follows:

Kinetic Theory................. Ph 110 .. .. 12
Thermodynamics................ Ph 111 12 ..
Atomic Struecture. ............... Ph 114 9 .. ..
Mathematical Physies .. ......... Ph15abel 12 12 12
Opties....... ..., Ph22abe 9 9 9
OptiesLab..................... Ph23abe 3 3 3
Vacuum Tubes................. BE62ab o 6 6
Mathematical Analysis........... Mall9abe| 15 15 15
Research....................... .. 15 15 15

CHEMISTRY OR CHEMICAL ENGINEERING*

Electives from Four-Year Course in

Science or Fifth-Year Course in
Physics

Other Electives as follows:
Photochemistry .. .............. Ch 158 6 . ..
Quantum Theory Practicum. .. ... .. .. 6 6
Chemical Reaction Rates.........[Ch 175 .. .. 6
Crystal Strueture................. Ch177abe 2 2 2
Organic Chemistry (special topics).[Ch 161ab .. 6 6
Organic Chemical Analysis....... Ch 162 6 .. ..
Chemical Engineering*.......... Ch166abec| 12 12 12
Research....................... .. 12-18 | 12-18 | 12-18

*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 Chemi-
cal Engineering Option of the Four-Year Course in Science.
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FIFTH-YEAR COURSES

GEOLOGY AND PALEONTOLOGY

PROFESSIONAL SUBJECTS

NUMBER OF UNITS
SUBJECT

NUMBER 1st 2nd 3rd
Term | Term | Term

Electives as follows:

FEconomic Geology. .. .......

....|Ge 195-196| .. 10 10

Paleontology. .................. Ge 187-188] 10 10 10
Petrography.................... Ge 18labe| 10 10 10
Geomorphology................. Ge 186 10
Seismology . .................... Ge 183 6 .. ..
Seminar................... ... 5-10 5-10 | 5-10
Electives. . .................... .. 20 20 20
Research....................... Ge 187 | 12-18 | 12-18 | 12-18
MATHEMATICS
| NUMBER OF UNITS
SUBJECT |
SUBJECT NUMBER ‘ ist | 2nd | 3rd

| Term | Term | Term

Electives as follows:

Modern Algebra ............
Differential Geometry .......
Modern Geometry ..........
Relativity ..................
Analytic Mechanies. . .......
Electricity .................
Research ...................
Subjeects in fifth-year Physics Course

..,.Ma123abc{ 12 12 12
....IMa108abe 12 12 12
....1Mal09abc 12 12 12

....|Ma122 15 - .
....|Ph12abe| 12 12 12
..../Ph8 9 | 12 12 12
I 6 8 6
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Bivision of Physicrs, Mathematics, and
Llertrical Engineering

PHYSICS

Proressors: Ropert A, MirrLikanN, Harry Batemax, Pave S. EesTEIN,
Ricrmarp C. Tormaw
AssociaTe Proressors: Ira S. Bowew, Witriam V. Houston, Earxest C.
WarsoN, Frirz Zwicky
AssistaANT Proressors: SamueL S. Mackeoww, J. RoserT OPPENHEIMER,
Wirtrzam R. SmYTHE
Narronar ResearcH Frerrow: Fraxcrs Brrrer, Franx W, CoNsTaNT

Researca Ferrows: Cmarrpes C. Lavrrrsen, Ricearn M, Surrow

TeacHING FeELLows AND GrapuaTE Assistants: Carr ID. ANDERsSON,
Warreny N. Arxquist, Ravmonp A. BreLer, Joux S. CamesrLry,
RoBLEy D. Evawns, Mavrice F. Haster, Arcuer Hovr, Lorexz D.
Hurr, C. C. Lasa, Epsox C. Lrg, Warter C. Micurrs, James C.
Movzon, H. Vicror Nener, Rogert E. Puvcew, Jr., Lyxn H. Rum-
BAUGH, Epwarp M, TaorNDIKE, J. A. VAN DEN AKKER

UNDERGRADUATE SUBJECTS

Ph. 1 a, b, ¢. MEecuaxics, MoLECULAR Puvsics, axnp Hear. 12 units
(3-3-6) ; 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, and Heat, Millikan,

Instructors: Watson, Houston, Anderson, Arnquist, Evans, Rum-
baugh, Thorndike, Van den Akker.

Ph. 2 a, b, ¢. Eiecrricity, Souxp, anp Licur. 12 units (8-3-6),
first and second terms; 8 units, third term.
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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: Smythe, Sutton, Campbell, Constant, Hoyt, Lauritsen,
Neher.

Ph. 2 d. Pmysics 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 a, b, c).

Ph. 3. Moveenx PHysics. 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, ¢ h, and other fundamental constants will be performed. Open

m
only to students on honor standing, sophomore year.

Instructor: Bowen,

Ph. 7 a, b. Erectricrry axp Macwerism. 9 units (8-0-6); first and
second terms.

Prerequisites: Ph. 1 a, b, ¢, 2 a, b, c,'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: Electrodynamics for Engineers, Bennett and Crothers.

Instructor: Mackeown.

Ph. 8 a, b, ¢. Evrecrricrry aND MaeNETisM. 9 units (8-0-6); first,
second and third terms.

Prerequisites: Ph. 1 a, b, ¢, 2 a, b, ¢, d; Ma. 8 a, b, ¢; Ma. 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.
Ph. 9 a, b, ¢ (Electrical Measurements) should accompany or precede
this course.

Text: Electricity and Magnetism, Jeans.

Instructor: Smythe.

Ph. 9 a, b, c. Erecrricar MeasuREMENTS. 3 units (0-3-0).
Prerequisites: Ph. 1 a,b,c,2 a,b, ¢, d; Ma. 2 a, b, ¢, d.
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A laboratory course in advanced electrical measurements.
, Text: Mimeographed instructions.
‘k‘ “Instructors: Smythe, Michels, Lash, Lee, Neher.
7 Ph. 12 a, b, c. AxaryTicar MEcHANICS. 12 units (4-0-8); first, sec-
ond and third terms.
Prerequisites: Ph. 1 a, b, ¢, 2 a, b, ¢, d; Ma. 8 a, b, ¢c; Ma. 10 a, b, c.
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.
Texts: Statics, Lamb; Dynamics, Lamb; Higher Mechanics, Lamb.
Instructor: Zwicky.

FIFTH-YEAR SUBJECTS

Ph. 15 a, b, ¢. INTRODUCTION TO MATHEMATICAL PHYSICS 12 units
(4-0-8) ; first, second and third terms. “a I .

Prerequisites: Ph. 1 a, b, ¢, 2 a, b, ¢, d Ma 8~a—;~brc~ Mar40- a, b [

An introduction to the application of mathematics to physics and
chemistry, and practice in the solution of problems.

Tesxct:-Introduction fo Theoretical PRYStesPrge

Instructor: Houston.

Ph. 22 a, b, e. Oprics. 9 units (3-0-6) ; first, second and third terms.

Prerequisites: Ph. 1 a, b, ¢, 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

Lecture and class work dealing with the fundamental equations of
geometrical optics, of diffraction, interference, spectroscopy, ete., and
their experimental verification. Ph. 23 a, b, ¢ (Optics Laboratory), should
accompany this course.

Text: Theory of Optics, Drude.

Instructor: Bowen.

Ph. 23 a, b, c. Optics Laboratory. 3 units (0-3-0); first, second and
third terms.

Advanced laboratory work in light, consisting of accurate measure-
ments in diffraction, dispersion, interference, polarization, spectropho-
tometry, and spectroscopy.

Text: Manual of Advanced Optics, Taylor.

Instructors: Bowen and Mouzon.

Ph. 110. Kixeric Tueory. 12 units; third term.

Prerequisites: Ph. 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

Presents the modern aspects of the kinetic theory of gases, liquids
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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, etc.; in liquids, criti-
cal states, Brownian movements, diffusion, osmotic pressure;’ in solids,
the interpretation of specific heats.

Instructor: Bitter.

Ph. 111. THErMopyNamics. 12 units; first term.

Prerequisites: Ph. 2 a, b, ¢, 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.

Instructor: Epstein,

Ph. 114. Aromic Structure. 9 units; first term.

Prerequisites: Ph. 2 a, b, ¢, d; Ma. 2 a, b, ¢, d.

A general presentation of the developments of the past fifteen years
in the field of atomic structure, including photo-electric, isotopic, spec-
troscopic, field current, and cosmic-ray effects and their interpretation.

Instructors: Millikan and Bowen.

Ph. 142. Rrsearca 1§y Prysics. Units in accordance with the work
accomplished.

ADVANCED SUBJECTS

Ph, 121. Porestiar Treory. 15 units; third term.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, ¢, 101.

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,

(Not given in 1929-1930.)

Instructor: Bateman.

Ph. 122. Tueory or ELectriciry AND MaceNerism. 12 units; first
term,

Prerequisites: Ph. 8 a, b, ¢c; Ma. 8 a, b, ¢, 10 a, b, c.

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.

(Not given in 1929-1930.)

Instructor: Epstein.
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Ph. 123. Tueory or ErecrromacNETIc WavEs, 12 units; second
term.

Prerequisites: Ph. 8 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.

(Not given in 1929-1930.)

Instructor: Epstein.

Ph. 125. Hieuer Dynamics. 12 units; third term. i

Prerequisites: Ph. 12 a, b, ¢, 15 a, b, ¢; Ma. 8 a, b, ¢, 10 a, b, c.

Methods of solution of the Hamiltonian equations, conditionally peri-
odic motions, contact transformations, introduction to the theory of
perturbations, applications to special cases of interest in atomic theory
and the theory of quanta.

(Not given in 1929-1930.)

Instructor: Epstein.

Ph. 126. Hear Rapiation axp Quaxtum Tureory. 12 units; second
term.

Prerequisites: Ph. 8, a, b, ¢, 12 a, b, ¢, 111; 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.

Instructor: Epstein.

Ph. 127, Puysicar Oprics AND QuaNTum THEORY OF SrECTRAL LINES,
12 units; third term.

Prerequisites: Ph. 12 a, b, ¢, 22 a, b, ¢; Ma. 8 a, b, ¢, 10 a, b, c.

Treatment of dispersion and optical activity on the basis of the classi-
cal theory. Rutherford’s atom model and the application of the quantum
theory to it. Action of magnetic and electric fields on the emission of
spectral lines. X-ray spectra and the structure of atoms.

(Not given in 1929-1930.)

Instructor: Epstein.

Ph. 128. MobeErN AsPECTS oF THE QUaNTUM THEORY. 12 units; third
term.

Prerequisites: Ph. 12 a, b, ¢, 15 a, b, ¢, 126, 127; Ma. 8 a, b, ¢,
10 a, b, c.

Principle of correspondence, Heisenberg’s form of it, Born and Jor-
dan’s matrix calculus, Schroedinger’s wave equations, Weyl’s theory,
applications to spectroscopic problems.

Instructor: Epstein.
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Ph. 130. Hypropy~Nanmics. 30 units; first term.

Prerequisites: Ma. 114,

Mathematical theories of sustenance and resistance. Waves and
tides. Vortex motion and turbulence. Motion of a viscous fluid. Rotat-
ing masses of fluid.

(Not given in 1929-1930.)

Text: Lamb, Hydrodynamics.

Instructor: Bateman.

Ph. 181. Tueory oF Erasticiry. 30 units; first term.

Stresses in beams, bars, struts, springs, plates, tubes, and shells from
the standpoint of the mathematical theory of elasticity. Theories of
plasticity and failure. ‘Strength of crystals. Waves in elastic solids.
Earthquake waves.

(Not given in 1929-1930.)

Texts: Love, Mathematical Theory of Flasticity; Jeffery, The Farth;
J. Prescott, Applied Elasticity.

Instructor: Bateman.

Ph. 132. AEgrorocy aAND MEerEOROLOGY. 15 units; one term.

Variation with altitude of pressure, wind velocity, temperature, and
humidity., General circulation of the atmosphere. Prevailing winds.
World’s air routes. Studies relating to clouds, fogs, thunderstorms,
evaporation, and atmospheric eddies. Atmospheric electricity, visibility.

(Not given in 1929-1930.)

Text: Shaw, Forecasting Weather; Gregg, Aeronautical Meteorology;
Humphreys, Physics of the Air.

Instructor: Bateman.

Ph. 134 a, b. Quaxtum TmxEORY. 9 units (3-0-6); second and third
terms.

Prerequisites: Ph. 12 a, b, ¢, 15 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-
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.
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Ph. 136 a, b. INntrODUCTION TO THE THEORY OoF RELATIVITY. 6 units;
first and second 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.

Recommended Texts: First term, Tolman, The Theory of the Rela-
tivity of Motion. Second term, Eddington, The Mathematical Theory of
Relativity. ,

(Not given in 1929-1930.)

Instructor: Tolman,

Ph. 138, Seminar 1N Twurorericar, Prysics. 4 units; first, second
and third terms.

Recent development of the theory of quanta for specialists in mathe-
matical physics.

Instructors: Epstein, Bateman, Houston, Oppenheimer, Zwicky.

Ph. 141. Researcu CoNreEreNcEs IN PHysics. 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. All advanced
students in physics and members of the physics staff are expected to
take part.

Instructors: Millikan, Bateman, Epstein, Tolman, Watson.

Ph. 142. Researcu 1N Paysics. Units in accordance with the work
accomplished.

AsTtrONOMY AND Puysics Crus.

The club, consisting of physicists of the Institute and of the Mount
Wilson Observatory, a group of from fifty to one hundred, meets every
week either at the Institute or the Observatory Laboratory for the dis-
cussion of researches carried on by its members as well as those appear-
ing in the physical journals.
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MATHEMATICS

Proressors: Harry BaTeman, Eric T. BELL, Harry C. Vax Buskirk

AssociaTtE Proressors: Aristorie D. MicHaL, Luraer E. WEAr

AssisTANT Proressors: MoreaN Warp, Crype WoLrFE

IxstrUcTOR: WiLLiam N. BiRcHBY

Researcu Ferrows: Micurr A. Basoco, Joun D. Erper

TeacHING FELLOWS AND AssisTaNTs: J. LawrexceE Borsrorn, LawRreNce S.
KenxNison, Roserr S. Marrin, StepHEN O. RicE

The work in engineering and science is so largely mathe-
matical in character that too much emphasis can hardly be placed
upon the necessity of a good foundation in mathematics. Care
is taken to present both underlying principles and a great variety
of applications, thus connecting the mathematical work closely
with the professional studies.

UNDERGRADUATE SUBJECTS
Ma. 1 a, b, ¢. TresmymanN Maraemarics. 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.
Text: Analytical Geometry, Hardings and Mullins; Differential and

Integral Calculus, Cohen.

Ma. 2 a, b, ¢. Sopromore MaruEMaTIcS. 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.

Text: Analytic Geometry, Ford; Differential and Integral Calculus,
Cohen.

Ma. 2 d. MaruemaTtics 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.
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Ma. 3. Turory or Equartions. 12 units (4-0-8); 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. Awarvyric GEomETRY., 12 units (4-0-8); second and third
terms.

Will include selected topics in analytic geometry, both of the plane as
well as of space.

Instructor: Wear.

Ma. 8 a, b, ¢. Apvawxcen Cavrcurus. 12 units (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.

Instructors: Birchby, Basoco.

Ma. 10 a, b, c. DirrerexTiaL Equarions, 9 units (8-0-6); first, sec-
ond and third terms.

Prerequisite: Ma. 8 a, b, ¢, or to be taken concurrently with
Ma. 8 a, b, c.

An introductory course in differential equations, designed to be help-
ful both to the student of mathematics and the student of science or
engineering.

Texts: Differential Equations, Piaggio, Woods.

Ma. 11. DrrrerEnTIAL EqQUaTtioxs. 12 units (4-0-8); third term.

Prerequisite: Ma. 2 a, b, ¢, d.

An abridged course in Differential Equations for students in Elec-
trical Engineering.

Texts: Differential Equations, Piaggio.

Instructor: Birchby.

Ma. 12. ProBapiLiTy axDp Leasr Squares. 5 units (2-0-8); third
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
Ineasurements.
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Text: Theory of Errors and Least Squares, Bartlett.
Instructor: Wolfe.

Ma. 14. VEcror Axavysis, 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.

Text: Weatherburn’s Vector Analysis.

UNDERGRADUATE OR GRADUATE SUBJECTS

Ma. 108 a, b, ¢. DirFERENTIAL GEOMETRY. 12 units; first, second and
third terms.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, c.

In this course geometrical ideas gained in previous courses will be
extended, and the methods of the calculus applied to twisted curves and
surfaces.

Instructor: Wear.

Ma. 109 a, b, c. Arcesraic GeomeTRY. 12 units; first, second, and
third terms.

Prerequisites: Ma. 1 a, b,c,2 a, b, ¢, d, 4 a, b.

A course in the modern methods of analytic geometry.

(Not given in 1929-1930.)

Instructor: Wear.

Ma. 112 a, b, c. THEORY 0oF REAL Variasres. 12 units; first, second,
and third terms.

Real number system, theory of point sets and classes, continuity of
functions, derivatives, Riemann integration, Lebesque integration, in-
finite series, implicit functions, Fourier series.

(Not given in 1929-1930.)

Instructor: Ward.

Ma. 114, ComprLEx VariaBLe. 12 units; first term.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, c.

Real and complex numbers, limits, convergence and continuity, Rie-
mannian integration. Properties of analytic functions, Cauchy’s theory
of residues. Conformal representation, elementary Riemann surfaces,
multiform funections.

Texts: Whittaker and Watson, Modern Analysis; Ince, Ordinary Dif-
ferential Equations.

Instructor: Ward.
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Ma. 116 a, b. MooerNy TwuEORY or DIFFErRENTIAL EquUaTiONs. 12
units 3 second and third terms.

Prerequisites: Ma. 114, or equivalent.

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 thei:
solution by definite integrals and contour integrals. Classification of
linear differential equations of the second order.

Texts: Whittaker and Watson, Modern Analysis; Ince, Ordinary
Differential Equations.

Instructor: Ward.

Ma. 118 a, b, ¢. Partiar DrrrerEnTiaAl Equartions axp Texsor
Axavrysis. 12 units; first, second, and third terms.

Prerequisite: Ma, 8 a, b, ¢, 10 a, b, c.

An introductory course in the calculus of tensors and the classical

~theory of partial differential equations of the first order from the tensor

Stapdpoint. The topics treated will include Cauchy problems, complete
systems of partial differential equations, Pfaffian systems, invariants of
quadratie differential forms, Riemannian differential geometries, ele-
mentary Lie theory of continuous groups, calculus of variations, dynami-
cal systems and their integral invariants.

Instructor: Michal,

Ma. 123 a, b, c. MoDERN ALGEBRA. 12 units; first, second and third
terms. ' :

Prerequisite; Ma. 8,

Introductions to algebraic invariants, matrices and-bilinear forms,
substitution groups and their simpler applications.

(Not given in 1929-1930.)

Instructor: Bell.

ADVANCED SUBJECTS

Ma. 101. VEcTrorR ANALYsis. 15 units; second term.

In this course the fundamental operations of vector analysis are de-
veloped, using the notation of Gibbs, and the use of the analysis is il
lustrated by means of examples in mechanics and other branches of
mathematical physics. Complex quantities are also represented by vec
tors and geometrical applications are indicated.

(Not given in 1929-1930.)

Instructor: Bateman,
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Ma. 104, ArieNMENT CHARTS AND MATHEMATICAL INstRUMENTs. €
units; one term.

Prerequisites: Ma. 1 a, b, ¢, 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,

Instructor: Wolfe.

Ma. 105. Carcurus oF OBsErvaTIONS. 6 units; one term.

Prerequisites: Ma, 8 a, b, ¢, 10 a, b, ¢, 12,

Methods of determining the roots of algebraic and transcendental
equations, Method of least squares. Law of error and theory of gradu-
ation of data. Statistics. Periodogram analysis. Numerical solution
of differential equations.

(Not given in 1929-1930.)

Text: Whittaker, Calculus of Observations.

Instructors: Bateman, Wolfe.

Ma. 112. Ixtecrar Equarions. 9 units; third term.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, ¢, 101.

In this course the linear integral equations of the first and second
kinds are discussed and the solutions of Abel, Fourier and Fredholm
are applied to various physical problems.

(Not given in 1929-1930.)

Instructor: Bateman.

Ma. 113. GeomEeTRICAL TRANSFORMATIONS AND INVARIANTS. 15 units;
third term.

Prerequisites: Ma. 1 a, b, ¢, 2 a, b, ¢, d.

Linear and bilinear transformations of one variable. Simple alge-
braic invariants. General theory of linear transformations and their
invariants. Conformal transformations. Birational transformations.
Contact transformations,

Instructor: Bateman.

~~/ Ma. 118 a, b, c. InrFiNire SEriEs. 15 units; first, second and third
" terms.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, c.

Uniform convergence, integration of series, methods of summation
and expansion, use and applications of complex variable, elliptic func-
tions.

Instructor: Bell.
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Ma. 119 a, b, ¢. MarHEMATICAL ANALYsIs. 15 units; first, second and
third terms.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, c.

Fourier series and integrals, functions of Legendre, Bessel; the
fundarnental equations of mathematical physics; functions of a complex
variable. Numerous applications to physical problems; tensor analysis.

Texts: Byerly’s Fourier Series and Spherical Harmonics; Curtis,
Complex Variable; MacRobert, Functions of a Complex Variable; Ed-
dington, Mathematical Theory of Relativity; assigned readings.

Instructor: Bell

Ma. 120. Moperxy Awnarvsis, 15 units; first, second, and third terms.

Prerequisites: Ma. 8 a, b, ¢, 10 a, b, c.

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.

Text: Whittaker and Watson, Modern Analysis.

Instructor: Bateman.

Ma. 121 a, b, c. Foxcrionars anD Fuxcriovan Equations. 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, partial differential
equations of the second order; differentials of functionals, functional
equations with functional derivatives; infinite matrices.

(Not given in 1929-1930.)

Instructor: Michal.

Ma. 122, Rerariviry, 15 units; third term.

Prerequisites: Ma. 8, 10; Ph. 1, 2.

Tensor analysis; the general theory of relativity and gravitation.

Instructor: Bell.

Ma. 140 a. Semixar (I) 1¥ ALGEBRA AND THE THEORY oF NUMBERS.
9 units; third term.

Prerequisites: Graduate standing.

The Dedekind theory of algebraic numbers, Kronecker’s theory of
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modular systems with applications to algebraic functions; comparison of
recent theories of algebraic numbers.

(Not given in 1929-1930.)

Instructor: Bell.

Ma. 140 b. Sesinar (IT) 1n Arcesra aND THE THEORY oF NUMBERS.
9 units, third term.

Prerequisite: Graduate standing. (A course in elliptic functions de-
sirable.)

Applications of algebra and special functions to the theory of num-
bers.

Instructor: Bell.

Ma. 141 a, b, c. SEminar iy Ervieric Funcrions aANp ANaLvsis. 6
units; first, second and third terms.

Prerequisite: Graduate standing in Mathematics, including a course
in Complex Variable.

The theories of Jacobi, Hermite, and Weierstrass will be developed
and applied, particularly to algebra and the theory of numbers.

(Not given in 1929-1930.)

Instructor: Bell.

Ma. 145 a, b, ¢. SEmiNar 1Ny CoxtiNnvouvs Groups. 9 units; first,
second, and third terms.

Prerequisite: Graduate standing in Mathematics.

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. 146 a, b, c¢. Seminar v Funcrionars Anp Fuxcriovan Equa-
TIoNs. 10 units; first, second, and third terms.
Prerequisite: Graduate standing in Mathematics.

Selected topics in the theory of differential and integral equations.
Differential and integral invariants. Algebra and analysis of functionals.
Tensor analysis and its generalizations to function space,

Instructor: Michal.

One or two of courses Ma, 118, 121, 145, 146, will be given according
to demand.
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ELECTRICAL ENGINEERING

Proressor: Rovar, W, SORENSEN
AssisT.ANT PROFEssOrR: SAMUEL S, MACKEOWN
InsTrorcTor: Francis W, MaAxsTapr

AssistANTS: Ravmonp Acer, Anprew V. Harrr, Vaino A. Hoover,
Cxrarces C. Lasn, Kart M. WoLrFe

UNDERGRADUATE SUBJECTS

EE:.. 2. Direcr CurrexTs. 7 units (3-0-4); first or second terms.

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: Elements of Electrical Engineering, Cook.

Instructors: Maxstadt, Ager, Hoover.

EE. 8. Dmecr CurreNT LaBoraTORY. 5 units (0-3-2); first or sec-
ond terms.

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: Laboratory notes.

Instructors: Maxstadt, Lash, Wolfe.

EE. 4. Avrervarine CurrenTs. 7 units (8-0-4); second or third
terms.

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: Elements of Electrical Engineering, Cook.

Instructors: Maxstadt, Ager, Hoover.

EE. 5. Avrernarine CurreNt LABORaTORY. 5 units (0-3-2); sec-
ond or third terms.
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Prerequisites: Ma. 2 a, b, ¢, d; Ph. 2 a, b, ¢, d; EE. 2, 3, and regis-
tration for EE. 4.

Uses of alternating current indicating and recording instruments;
operation of alternators, induction and synchronous motors and trans-
formers; determination of characteristics of these machines,

Text: Laboratory Notes.

Instructors: Maxstadt, Lash, Wolfe.

EE. 6 a, b. Erecrricar Macmizery. 6 units (2-0-4); first and
second terms.

Prerequisites: EE. 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, Lyon.

Instructor: Maxstadt.

EE. 7. ErecrricaL Lasoratory. 6 units (0-3-3); third term.

Prerequisites: EE. 2, 3, 4, 5, 6; Ph. 7,

A continuation of EE. 3 and 5. Efficiency 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, Lash, Wolfe.

EE. 80 Eirecrric LieuTiNg AND Powkr DistriBurioN. 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: Electric Power Equipment, Tarboux.

Instructor: Ager. )

EE. 56. ErecrricaL ComyvunicarioN. 6 units (2-0-4); first term.

Prerequisites: EE. 2, 8, 4, 5.

A study of the elements of telephone, telegraph and signalling devices,

Instructor: Mackeown.

EE. 70 a, b, ¢. ENGINEERING SEMINAR. 2 units (1-0-1); first, second
and third terms.

Prerequisites: EE. 2, 3, 4, 5.
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Presentation and discussion of new developments in the industry.
Review of current literature.

Instructors: Sorensen, Mackeown, Maxstadt.

FIFTH-YEAR SUBJECTS

EE. 20. AvrtervaTinG CURRENT ANALvsis. 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; analysis of
electromotive force and current, nonsinusoidal wave forms; analysis of
oscillograms.

Texts: Alternating Current Phenomena, Steinmetz; Problems in
Electrical Engineering, Lyon.

Instructor: Sorensen.

EE. 21 a, b, c. AvrerNariNg 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.

Instructors: Maxstadt, Haeff.

EE. 22. Apvanxcep ALTERNATING CuURrRENT MacHINERY. 12 units
(5-0-7) ; second term.

Prerequisites: EE. 20 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. 28. Erecrric TracrioN. 6 units (2-0-4); first term.

Prerequisites: EE. 2, 4, 6.

The electric railway, selection of equipment in rolling stock, location
and equipment of sub-stations, comparison of systems and power re-
quirements for operation of electric cars and trams.
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Text: Electric Traction and Transmission Engineering, Sheldon and
Hausman.
Instructor: Maxstadt.

EE. 44. TranxsmisstoNn Lines. 12 units (4-0-8); third term.

Prerequisites: EE. 22 and preceding courses.

Determination of economic voltage for transmission lines; line pro-
tection; elementary transient phenomena; corona; use of hyperbolic
functions in line calculations.

Instructor: Sorensen.

EE. 48. Sexrcirrcarions axp Desiexy oF ErecrricAl MACHINERY., 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. 52. Dierecrrics. 6 units (2-0-4); third term.

Prerequisites: EE. 22 and preceding courses.

A study of electric ficlds 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, Maxstadt.

EE. 60. Evrecrric TraxsiENTS. 6 units (2-0-4); second term.

Prerequisites: EE. 20 and preceding courses.

A detailed study of circuits, including advanced work in wave propa-
gation and transient phenomena in electric conductors; oscillographic
study of transients in simple inductances and capacities.

Text: Electric Transients, Magnusson.

Instructor: Mackeown.

EE. 62 a, b. Vacuvm Tuses. 6 units (2-0-4); second and third
terms.

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.
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ADVANCED SUBJECTS

Stupy AxND REsEarRcH IN ErLEcTRICAL ENGINEERING

The science of electrical engineering has, due to advances in physics
and its applications, reached a status such as to demand electrical engi-
neers qualified to conduct researches involving a knowledge of mathe-
matics, 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 engi-
neering 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.

Students desiring to become research men, college teachers or profes-
sional experts in electrical engineering will naturally continue their work
at least two years more for the degree of Doctor of Philosophy,

This graduate school of electrical engineering 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.

EE. 200. Apvancen Work 1IN ErecTrRIcAL 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 Professor R. W, Sorensen; Electrical Engineering Problems
using vacuum tubes under the direction of Professor S. S. Mackeown;
Electrical Engineering Problems relating to the distribution and uses
of electric power for lighting and industrial uses under the direction of
Mr. F. W. Maxstadt.

EE. 220. Semixar ox Tecuwicar Hiem Vorrace ProsreEms. Units
to be based on work done; first, second and third terms.

A study of the literature of high voltage phenomena, and insulation
problems.

Instructor: Sorensen.

EE. 221 a, b. TraxsmissioN LiNeE ProsrEms. 15 units.

A study of transmission line transient problems, inductive interfer-
ence, power limit analysis, etc.

Instructor: Sorensen.



ELECTRICAL ENGINEERING 171

EE. 223 a, b. Erccrric STRENGTH oF DIELECTRICs. 15 units.
A study of the effect of high potentials applied to dielectrics.
Instructor: Sorensen.

EE. 224 a, b, c. Vacuvvm Tuse axp Rapio 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. Princirres oF Erecrricar Desiew. 15 units.

A discussion and calculation course in the analysis of the principles
and methods used in the design of electrical machinery.

Instructors: Sorensen, Maxstadt.



Bivision of Chemigtry and Chemiral
Lngineering

CHEMISTRY

ProrEssors: ARTHUR A. Novrs, Stuart J. Bates, James E, Berr, Ricu-
ArD C. ToLmax

Associare Proressors: Roscor G. Dickinson, Winriam N. Lacey, How-
ARD J, Lucas, Lixus C. PavLiNe

AssisTANT Proressors: Ricmarp McLean Bapcer, ArNorn O. Beckaaw,
Erxest H. Swirr, Dov M. Yosr

ResearcH Ferrows: Louls S. Kasseryr, Josepu B, Koeerri, Heryax C.
R AMPSBERGER

TeacEiNG FELLOws AND GrapuatTe Assistants: LEe R, BraxTLEY, PHILIP
D. Brass, Frep J. Ewine, James L. Hoarp, Rarerr Hurrerex, Crcin
E. P. Jerrreyvs, Joun A. Leermaxers, Witriam B. Lewis, Danier
McRag, Pamwrr G. Mugnock, S. Frepericax Ravirz, Marre D. Suar-
PELL, Jack SHErMaN, James H. Srorovant, Guy WabbpiNerow,
Sioney Weinsaum, Homer B. WeLLman, Rarer R. WENNER

UNDERGRADUATE SUBT]ECTS

Ch. 1 a, b, c. Curmistry. 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; in the second term
with qualitative analysis; and in the third term with equilibria in gaseous
systems and with the chemistry of solids and gases.

Texts: A. A. Noyes, Introduction to the Chemistry of Solutions;
A. A. Noyes, Qualitative Analysis.

Instructors: Bell, Beckman, and Teaching Fellows.

Ch. 6. Exciveerine CmeEmisrry. 10 units (4-0-6); first, second or
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.
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Text: Leighou, Chemistry of Engineering Materials.

Instructor: Lacey.

Ch. 12 a, b. QuaxtrTaTivE ANaLvsis, 10 units (2-6-2); first and
second terms. ‘

Prerequisite: Ch. 1 c.

Laboratory practice in the methods of gravimetric and volumetric
analysis, supplemented by lectures and problems in which the principles
involved in the laboratory work are emphasized.

Text: Treadwell-Hall, Quantitative Analysis.

Instructor: Swift.

Ch. 12 ¢. QuawntiTaTive Axarysis. 10 units (2-6-2), third term.

Prerequisite: Ch. 12 b,

A study of special methods in chemical analysis. These will include
electrolytic and electrometric determinations and the analysis of selected
alloys and minerals. The principles involved in the laboratory work will
be emphasized by conferences and problems.

Text: Treadwell-Hall, Quantitative Analysis.

Instructor: Swift.

Ch. 18 a, h, Ixoreaxic CHemIsTRY. 4 units; first and second terms.

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. Ixoreaxic CuemistRYy Lasoratory. 9 units; first and
second terms.

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 ANALyYsis. 8 units (0-6-2); first term. (1929-
80, 10 units, 0-6-4.)

Prerequisite: Ch. 12 b. ‘

Laboratory practice designed to familiarize the student with special
" analytical apparatus and methods, used both for process control and for
research.

Text: Lacey, Instrumental Methods of Chemical Analysis.

Instructor: Lacey.
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Ch. 21 a, b, ¢. CmeEmricar Privcireres. 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.

For certain groups of students this course may be given as 2-0-4-6 in
the second term, in order that they may take the laboratory course
Ch. 26 a.

Text: Noyes and Sherrill, Chemical Principles.

Instructors: Bates, Dickinson.

Ch. 22, a, b. Taermopy~Namic CHEMISTRY. 6 units (3-0-3) first term;
second and third 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 mimeographed
notes.

Instructor: Bates.

Ch. 26 a, b, ¢. Puysicar, CHEMisTRY LaBoraTORY. 4 units (0-3-1);
second and third terms.

Laboratory exercises to accompany Ch. 21.

Text: Sherrill, Laboratory Experiments on Physico-Chemical Prin-
ciples.

Instructor: Bates. )

Ch. 29. Coivoip axp SurrFace CHEMIsSTRY. 8 units (3-0-5); third
term,

Prerequisite: Ch. 22.

Class-room exercises with outside reading and problems, devoted to
surface tension, 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: Mimeographed Notes.

Instructor: Badger.
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Ch. 41 a, b, ¢. Oreanic CHemisTRY. 8 units (3-0-5), first and sec-
ond terms; 6 units (2-0-4), third term. ’

Prerequisite: Ch. 12,

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: Norris, The Principles of Organic Chemistry.

Instructor: Lucas.

Ch. 43. Ozreaxic Caemistry., 10 units (2-6-2); third term.

Prerequisites: Ch. 1 a, b, c.

Lectures and recitations, accompanied by laboratory exercises, deal-
ing with the more important compounds of carbon and with the struc-
tural theory from the electron point of view.

Text: Moore, Outlines of Organic Chemistry.

Instructor: Lucas.

Ch. 46 a, b. Oreanic Cuemistry LaBorATORY. 9 units (0-9-0); first
and second terms.

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 work of research
nature,

Text: Adams and Johnson, Experiments in Organic Chemistry.

Instructor: Lucas.

Ch. 61. Inpustriar CmeEmisTrY. 6 units (2-0-4); second and third
terms. (1930-1931, third and first terms.)

Prerequisites: Ch. 21 a, b, c.

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: Badger and Baker, Inorganic Chemical Technology.

Instructor: Lacey.

Ch, 69. TForeieN Sciexce Jourwars. 6 units (2-0-4); third term.

This subject consists in readings and reports by the students on re-
searches published in recent German and French chemical journals. It
has the double object of giving practice in the reading of scientific Ger-
man and French and of affording an acquaintance with important lines
of research in progress.
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Ch. 70-73. Cmemicar REesesrca.

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. 152. Svurrace axp Corrom CHEMISTRY. 8§ units; third term.
Lectures and classroom discussions with outside reading and problems,
devoted to the general principles relating to surface-tension, absorption,
contact catalysis, and to disperse systems and the colloidal state.
Text: Mimeographed Notes.
Instructor: Badger.

Ch. 153 a, b. Tuermopyxamic CuemisTRY. 9 units; first and second
terms.

This course is the same as Ch. 22 a, b. See page 174.

Text: Chemical Principles, Noyes and Sherrill, and mimeographed
notes.

Instructor: Bates.

Ch. 154 a, b. Sraristicar MeEcHAaNIcs (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 fo 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
Boltzmann’s H-theorem and the relations between statistical mechanics
and thermodynamics.

Text: Statistical Mechanics with Applications to Physics and Chem-
istry, Tolman

(Not given in 1929-1930.)

Instructors: Tolman, Dickinson, Yost.
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Ch. 156 a, b. IxTropUcTiON TO WAVE MECHANICS, witH CHEMICAL
AppLicaTIONS. 6 units; first and second terms.

After a discussion of the development and significance of the new
quantum mechanics, the wave equation of Schridinger is used in the
treatment of the oscillator, rotator, and hydrogen atom. The perturba-
tion theory and the theory of the Heisenberg-Dirac resonance phenome-
non are then developed and applied to various problems, including the
Stark effect, helium atom, hydrogen molecule ion, hydrogen molecule,
forces in the hydrogen halides, Van der Waals’ forces in helium, the
scattering of X-rays by bound electrons, and the shared electron pair
bond.

(Not given in 1929-1930.)

Instructor: Pauling,

Ch. 157. Tae Strucrure oF Crystars. 6 units; third term.

The' subject treats the methods of determining the structures of
erystals with X-rays; the various structures occurring in nature, and
their relation to the phenomena of isomorphism, solid solution formation,
cleavage, etc.; ionic and atomic sizes and their bearing on the chemical
properties of substances; interatomic forces in crystals; the crystal
energy and its use in chemical thermodynamics, and related topics.

(Not given in 1929-1930.)

Instructor: Pauling,

Ch. 158. PmorocHeEmIstRY. 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.

(Not given in 1929-1930.) ) o

Instruetor: Dickinson. e ol P

Ch, 160. Iworeawic CmenistrRY (Seminar). 6G-uniissseecond-terss

Selected groups of inorganic conipounds (e.g., the various compounds
of nitrogen with hydrogen and with oxygen) 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), the ionization of
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those that are weak acids or bases, and their electron structure and
valence relations.
“+. Imstructors: Noyes, Yost, Swift.

.,
)

— Ch. 161 a, b, Orcaxic Cmemistry (Special Topics). 6 units; sec-
ond and third terms.

A series of lectures and discussions on selected topics of organic
chemistry that have special interest from theoretical, industrial, or
biological view-points.

Instructor: Lucas.

Ch. 169; Orcanic CHEMICAL ANALYsIS. 6 units; first term,

A laboi‘atory study of the class reactions of carbon compounds and
practice in the methods of identifying unknown substances, followed by
the quantitative determination of the elements through combustion an-
alysis. .

Instructor: Lucas.

Ch, 166 a, b, ¢. Cuemicar ENGINEERING. 12 units (4-0-8); first, sec-
ond and third terms.

" Prerequisites: Ch. 61; ME, 15,

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. 170-173. CuemicarL Researcm,

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).

The main lines of research now in progress are:

Ionized substances in relation to the ion attraction theory.
Free-energies, equilibria, and électrode-potentials of reactions.
Rates of chemical reactions in relation to the quantum theory.
Crystal structure determined by X-ray methods.

The determination of the distribution of electrons in crystals,
Catalytic mechanism of homogeneous reactions.

Chemical reactions produced by atoms excited by radiations.
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Activation of atoms and molecules by electron impact.

Band spectra in their chemical relations.

Relation between the chemical properties and the electron struc-
tures of carbon compounds.

Isomerism in the ethylene series.

Substitution in the benzene series.

Rates of absorption of gases by liquids.

Flow of liquids through porous solid masses.

Drying of wood.

Conduction of heat by liquids.

For a fuller survey of the researches in progress, see Publications of
the Gates Chemical Laboratory, pages 130-133.

Ch. 174. REesearcH CoNFERENCE IN OrcaNic CHEmisTRY. 2 units.

Weekly reports on recent researches in organic chemistry, including
those in progress in the Gates Chemical Laboratory.

Instructors: Lucas, Alles, Koepfli.

Ch. 175. Cuemicar APPLICATIONS OF SPECTRAL Data (Seminar).
6 units; first, second and third terms. ‘

A phenomenological discussion of atomic and molecular spectra, in-
cluding pure rotation and oscillation-rotation spectra, Raman spectra,
and molecular spectra involving electronic transitions, followed by their
interpretation with the aid of the guantum mechanics and the vector
model of the atom and molecule. Especial emphasis is laid on the appli-
cations of spectral data to chemical problems, such as: ionization poten-
tials and ion-formation; the determination of heats of dissociation of
molecules and of heat capacity and entropy values of gases from
molecular spectra; dissociation through rotation; predissociation spectra;
isotope effect in molecular spectra; symmetric and antisymmetric mole-
cules; molecules of transitory existence.

Texts: Condon and Morse, “Quantum Mechanics”; Pauling and Goud-
smit, “The Structure of Line Spectra.” -

Instructors: Tolman, Dickinson, Pauling, Badger.

Ch. 176. Prorocriemistry (Seminar). ¢ units; first, second and third
terms. .

Reports on selected topics and recent researches in photochemistry
and related subjects are presented by those attending the seminar.

Instructors: Dickinson, Beckman.
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Ch. 177. Crysrar STRUCTURE AND MOLECULAR STRUCTURE (Seminar).
2 units; first, second and third terms.

Reports on recent researches dealing with the structure of crystals
and molecules are presented by those taking part in the seminar.

Instructor: Pauling.

Ch. 178. Researcu CoNFERENCES IN PHysicaL axp Inoreanic CHEM-
1sTRY. 2 units; first, second and third terms.

This subject consists of reports on the researches in progress in the
laboratory and on others which have appeared recently in the literature.
These conferences are participated in by all men engaged in research in
the laboratory.

Instructors: Noyes, Tolman, Dickinson
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Proressor: FrankriNn THomAs

AssociaTE Proressors: Romeo R. MarTEL, Wirriam W, MicHAEL
IxsTRUCTOR: FRED J. CONVERSE

TeacHING Frrrows aAxp AssisTants: J. H. A, Brawrz, Witriam H.

Moxr, SamMvEL OLMAN

UNDERGRADUATE SUBJECTS

CE. 1. Sourvevine. 10 units (3-4-3); first, second or third term.

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, topographic mapping
and field methods.

Text: Surveying, Davis, Foote, and Rayner.

Instructor: Michael.

CE. 2. Apvaxcep SurveviNG. 12 units (8-6-3); 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 circumpolar star observations, curves,
cross-section surveys and earthwork estimates, stream gauging, draught-
ing room methods and mapping, and the solution of problems.

Text: Surveying, Davis, Foote, and Rayner.

Instructor: Michael.

CE. 8. Prane TasiLe Survevine. 8 units (1-6-1); third term.

A course offered primarily for students in geology but may be elected
by arrangement with the department. Ti’leory 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, Davis, Foote,’and Rayner,

Instructor: Michael.

*See Division of Physics, Mathematics and Electrical Engineering
pages 166-173, for subjects in Electrical Engineering.



182 CALIFORNIA INSTITUTE OF TECHNOLOGY

CE. 4. Hiecaway ExNGINEERING. 6 units (3-0-3); third 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 Pavements, Agg.

Instructor: Michael.

CE. 8 a. Ramway E~NcINEERING. 0 units (8-0-3); 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,

Instructors: Thomas, Michael.

CE. 8 b. Ramway SurveEviNe. 6 units (2-0-4); second term.

Prerequisites: CE, 1, 2.

The theory of railway location and surveys; problems relating to
curves, track layout, grades and earthwork, including a study of the
mass diagram as applied to railway earthwork.

Text: Railway Curves and Earthwork, Allen.

Instructor: Michael.

CE. 8 ¢. Ramwway Surveving. 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 b.

Text: Railway Curves and Earthwork, Allen.

Instructor: Michael.

CE. 9. EvemENTs oF STRUCTURES. 12 units (3-3-6); second term for
Mechanical Engineering students; third term for students in Electrical
Engineering.

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.

Instructors: Thomas, Martel, Converse.

CE. 10 a. THEoRrY oF Strucrures. 12 units (3-3-6); first term.
Prerequisites: AM. 1 c.



CIVIL ENGINEERING 183

Methods used in the calculation of stresses in and proportioning of
beams, girders, and columns of timber, steel and concrete; study of
the effects of moving load systems; graphic statics applied to roofs and
bridges.

Text: Theory of Structures, Spofford.

Instructors: Thomas, Martel.

CE. 10 b, ¢. THEORY oF StRUCTURES. 12 units (3-3-6), second and
third terms.

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: Theory of Structures, Spofford.

Instructors: Thomas, Martel.

CE. 11 a, b. Strucrures. 9 units (2-3-4), second and third terms.

Prerequisite: AM. 1 c.

A brief course adapted for aeronautical engineering students in the
analysis of forces by analytical and graphical methods and the calcu-
lation of stresses in beams, girders, columns and simple trusses of
timber, steel, and light alloys. The third term is devoted to a study of
continuous beams and trusses, trusses with redundant members, effect of
flexure and direct stress, deflections in beams and trusses.

Text: Airplane Structures, Niles and Newell.

Instructors: Thomas, Martel.

CE. 12. ReixrorceEp CoNcrETE. 6 units (2-0-4); 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: Reinforced Concrete Construction, Vol. I, Hool.

Instructor: Martel.

CE. 14 a, b, c. ExciNneerince CoNFERENcEs. 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.
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FIFTH-YEAR SUBJECTS

CE. 15. IrricatioNn anp Warer SupprLy. 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: Principles of Engineering Irrigation, Newell and Murphy.

Instructor: Thomas.

CE. 16. MasoNRrRY STRUCTURES. 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: Masonry Structures, Spalding, Hyde and Robinson.

Instructor: Martel.

CE. 17. SEwerace. 9 units (3-0-6); third term. "

Prerequisite: Hy. 1.

Systems for the collection and disposal of sewage; the design of
sewers and storm drains; inspection of local sewage disposal plants; the
drainage of land; cost assessments.

Text: Sewerage and Sewage Disposal, Metcalf Eddy.

Instructor: Martel.

CE. 21 a. SrrucruraL Desie¥. 9 units (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.

Instructors: Thomas, Martel.

CE. 21 b. SrtructurarL 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. i

Instructors: Thomas, Martel.

CE. 21 ¢. Ciwvir. ExaiNeERING DEsioN. 12 units (0-12-0); third term.

Prerequisites: CE. 15, 21.

Special problems including preliminary investigations of irrigation or
water povrer projects; study of stream flow data, the effect of reservoir
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storage upon distributed flow, determination of size and type of economic
development,
Instructors: Thomas, Martel.

CE. 23. StaricaiLy INDETERMINATE STRUCTURES., 15 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: Statically Indeterminate Stresses, Parcell and Maney.

Instructor: Martel.

CE. 30. ExeINEERING SEMINAR. 2 units (1-0-1); first, second and
third terms.

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 engineering and related
sciences, with special consideration given to the progress of research
being conducted at the Institute.

ADVANCED SUBJECTS

Special 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 Profs. Thomas and Martel.

CE. 101 a, b. Warer Power Praxt Desien. 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 struc-
tural features.

Instructor: Thomas.

CE. 103 a, b. Arcuep Dams. 5 units; first and second terms.

A study of the distribution of stresses in arched dams. Design and
investigation of the stresses in an arched dam for a given site.

Instructor: Martel.
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CE. 105 b, c¢. StaricarLy INDETERMINATE STRUCTURES. 15 units; sec-
ond and third terms.

A continuation of the study of indeterminate structures as begun in
CE. 23, with the use of analytical and instrumental methods of solution.

Text: Statically Indeterminate Stresses, Parcell and Maney.

Instructor: Martel.

CE. 107 a, b, c. GrobEsy aAND Precise SurvEYING. 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. Hicrrway Proprems. 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
subgrade materials, wearing surfaces, economics of vehicle operation, and
allied subjects.

Instructor: Michael.

CE. 110 b, c¢. SEwace TrearMeENT Praxt Desiex, 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.

Instructors: Thomas, Martel.

CE. 112. Sawrmramion Reszarca. 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.

Instructors: Thomas, Martel.

CE. 114. Axavrysis oF EartaQUuake ErrFects vroN STRUCTURES. Units
to be based on work done; any term.

An experimental study of effects of vibrations in framed models
used with a shaking table.

Instructors: Thomas, Martel.
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MECHANICAL ENGINEERING

Proressors: Roserr L. DaveHERTY, W, Howarp Crare

InstrRUCTOR: Howarn B, Horrovp

TeacHiNG FELLOWS AND AssisTANTs: Doxarp S. Crarx, Riczarp G. For-
som, Ernest B. Huee, Homer C. ReEp, Erxest E. SECHIER

. UNDERGRADUATE SUBJECTS

ME. 1. Mecua~msm. 10 units (3-3-4); first, second or third term.

Prerequisites: Ma. 1 a, b, ¢; Ph.1a, b, ¢; D. 1 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: Mechanism, Clapp and Sechler.

Instructor: Clapp.

. ME. 2. MacHINE DEsioNT—S-1IMre=e0=8e03 ; first term.

Prerequisites: ME. 1; AM. 1 a, b.

Applications of mechanics of machinery and mechanics of materials
to practical design and construction. Riveting and welding; boilers and
pléte vessels; bolts and screws; force and shrink fits; hydraulic cylin-
ders; cylinders 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.

Text: Principles of Machine Design, Norman.

Instructor: Clapp.

‘ .. ME. 3. Macuine Desiey. 12 units (2-6-4) ; second term.
Prerequisite: ME. 2.

A continuation of the work in design with especial reference to belt-
ing; pulleys; rope driving; chains; friction drives; wire rope and
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hoisting ; plain bearings; ball bearings; roller bearings; shafts and
couplings; clutches; brakes; high speed disks; piping. Class exercises
and drawing board studies.

Text : Principles of Machine Design, Norman.

Instructor: Clapp. & e e (=9 -

- M/ 4. MacHINE DEsioN. ~S—umits—(6=8=09~ third term.
TJ 7 Prerequisite: ME. 8.
A study of manufacturing processes with especial reference to the
economics of design. Lectures and inspection trips.
Instxructor: Clapp.

ME. 8. MacHINE DEsioN. 12 units (8-3-6) ; 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: Machine Design, Kimball and Barr. Lectures and problems.

Instructor: Holroyd.

ME. 9. Macmixe DesieN, 9 units (3-0- 6) first term.

Prerequisites: ME, 1; AM. 1 a, b.

An abbreviated course in machine design for fifth-year students in
civil engineering, somewhat similar in scope to course ME. 8.

ME. 10. Merarrurcy, 9 units (3-0-6); first term.

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.

Instructor: Clapp.

ME. 15. Hear Exeineerine. 12 units (3-3-6); first or third term.

Prerequisites: Ma. 2 a, b, ¢, d; ME. 1.

Principles of thermodynamics, and their application to steam engines,
steam turbines, and internal combustion engines; types of steam, gas,
and oil engines, boilers, and auxiliaries. Inspection of local power
plants, elementary tests in the laboratory, and computing or drawing
room exercises.

Instructors: Daugherty, Folsom, Holroyd.
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ME. 16. Hear ExciNeeriNe. 12 units (4-0-8); first or second term.

Prerequisite: ME. 15.

Additional work in thermodynamics; properties of gases, saturated
and superheated vapors; various cycles of steam and internal combus-
tion engines; flow of gases and vapors through orifices, nozzles, and
pipes; air compression.

Instructor: Daugherty.

ME. 17. Hear ExciNeeriNg, 9 units (8-3-3); third term.

Prerequisite: ME. 16,

A study of the application of thermodynamics to modern practice in
power plants and also to refrigeration; heating and ventilating; and
other thermal processes. Class-room work and computing-room prob-
lems. '

Instructor: Daugherty.

ME. 25. Hear ExciveeriNe LaBoraTory, 6 units (0-3-3); first,
second or third term.

Prerequisite: ME. 15.

Tests of steam engine, steam turbine, blower and gas engine, ete., for
efficiency and economy.

Text: Power Plant Testing, Moyer.

Instructors: Clark, Folsom.

ME. 26. Hear ExciveErine LaroraTory. 6 units (0-8-3); second
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.

Instructor: Folsom.

ME. 50 a, b, ¢. ExciveeriNe CONFERENCES, 2 units (1-0-1); first,
second and third terms.

Presentation and discussion of new developments in the industry.
Review of current literature.

Instructors: Daugherty, Clapp.

FIFTH-YEAR AND ADVANCED SUBJECTS

ME. 100. Apvanxcep Work IN ENGINEERING.

In addition to the regular fifth-year and other advanced courses
which are here outlined, the staff of the mechanical engineering départ-
ment will arrange special courses or problems to meet the needs of
advanced students.



190 CALIFORNIA INSTITUTE OF TECHNOLOGY

ME. 101. Abvaxcep MacuiNe DesieN, 12 units (4-0-8); first term.

Prerequisites: AM. 1 a, b; ME. 4, 10.

The student electing this course will be expected to have a compre-
hensive knowledge of the constitution and properties of the principal
materials of construction, and to be acquainted with machine shop
processes. The various relations developed in mechanics of materials
are examined as to their authority and limitations and as to their appli-
cation. Examples of evolved design for parts subjected to complex
stresses are critically studied. Investigation of the failure of materials
under repeated stresses.

Text: Applied Elasticity, Timoshenko and Lessells.

Instructor: Clapp.

ME. 102 and 103. MacmiNE Desiexy Oprions. 12 units (0-12-0);
second and third terms.

The work in these terms may follow various lines as the student may
elect. He may desire to work out the design of some especial machine,
or he may wish to take up internal combustion engine design, or other
suitable project. This time may be combined with that for thesis, in
case the latter is of a design character.

Instructor: Clapp.

ME. 110. MEerarrocrarHY. 12 units (2-6-4); first term.

Prerequisite: ME. 10.

A continuation of the course ME. 10 with especial reference to the
structure of metallic alloys, their causes, and the relation between struc-
ture and physical properties.

Text: Science of Metals, Jeffries and Archer.

Instructor: Clapp.

ME. 111. Sciexce or MEeTars. 12 units (2-6-4); second term.

Prerequisite: ME. 110.

The structure of the ferrous alloys; causes and effects of the thermal
critical points; theories of hardening and hot and cold working; consti-
tution, properties, heat treatment, and uses of the principal alloy steels;
the phase rule; preparation of specimens for microscopic analysis;
optics of metallography. Lectures and laboratory exercises.

Text: The Metallography of Iron and Steel, Sauveur.

Instructor: Clapp.

ME. 112. MEerars ResearcH. 12 units (1-9-2); third term.
Special problems investigated with the aid of the electric furnace,
microscope, and testing materials equipment.
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ME. 120, Tuermopy~amrcs. 12 units (4-0-8); first term.

Prerequisite: ME. 17. :

Advanced work in engineering thermodynamics, with applications tc
combustion, heat transfer, and similar practical problems.

Instructor: Daugherty.

ME. 121 and 122. Power PranT Ex6INEERING. 12 units (1-9-2); sec-
ond and third terms.

Prerequisite: ME. 120,

A study of modern power plant engineering, computation of typical
problems, and design and layout for a complete plant. Class room and
computing room.

Instructor: Daugherty.

ME. 125. RerricEratioN Praxts. 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. Hear ENGINEERING LaABoraTory. 15 units (1-9-5); first
term.

Prerequisites: ME. 17, 26.

Advanced work on steam turbines, internal combustion engines, lubr?
cation, and similar subjects. Each problem will be studied in enough
detail fo secure a thorough analysis. Conference hour for progress dis-
cussion.

ME. 135 and 136. IxtErNaL ComnustioN Excines, 12 units (8-3-6);
second and third terms.

Prerequisites: ME, 120, 130.

Theoretical, experimental, and design problems. The subject wiil be
approached from the performance point of view rather than from that
of the mechanical design. Fuels, carburetion, superchargers, explosion,
combustion, detonation, heat transfer. Work with test engine equipped
with optical indicator.

ME. 132. ExciNe Lasoratory. 15 units; first, second and third
terms.

Use of the dynamometer. Experimental work in engine performance,
carburation, ignition, fuel consumption, ete.
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AERONAUTICS
Proressor: Harry BaTedax
AssociaTE: THEoDOR von Karmax
AsstsTANT ProrEssors: ArTHUR L. Kreix, Crarx B, MinrLikaN, ARTHUR
E. Ravaoxp
TeEscuine Ferrows: W, Bamry Oswarp, Erxest E, SEcHLER

UNDERGRADUATE SUBJECTS

AE. 1. GeveraL ArroNavtics. 9 units (8-0-6); 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: DBedell, The Airplane; Monteith and Carter, Simple Aero-
dynamics and the Airplane.

Instructor: Sechler.

See also Courses CE. 11 and ME. 8.

FIFTH-YEAR AND ADVANCED SUBJECTS

AE. 251 a, b. ELEMENTARY AERODYNAMICS OF THE AIRPLANE, 9 units,
first and second terms; 6 wunits, third term.

Prerequisites: AM. 1 a, b, ¢, AM. 3, CE. 11.

Airfoils, wings, and tail groups, stability and control, drag, pertoun—
ance and spinning.

Texts: Warner, Airplane Design; Diehl, Engineering Aerodynamics.

Instructor: C. B. Millikan.

AE. 252 a, b, ¢. E1eMENTARY AIRPLANE DesieN, 11 units, first term;

15 units, second term; 20 units, third term.
Prerequisites: AM. 1 a, b, ¢, AM. 3, CE. 11.

Properties of aircraft materials, beams, trusses, columns, and inde-
terminate structures, design of airplanes, shop and drafting room
practice. 252 must be taken concurrently or subsequently to 251.

Texts: Niles and Newell, Airplane Structures; Boyd, Strength of
Materials.

Instructors: Klein, Raymond,.

AE. 253 a, b. Avvaxcep Proprems 1N AmrrLANE DEsieN. 9 units;
first, second, and third terms.

Prerequisite: AE. 251.

Instructor: Raymond.
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AE. 256, Aeroxavuricar, Power Praxts, 6 units, first term.

Prerequisites: AM, 1 a, b, ¢, AM, 3.

Survey course in airplane engines, pelfmmance, propellers, cooling
systems, fuel and oil systems, installations.

Text: Aircraft Power Plants, Jones, Insley, Caldwell, and “Kohr.

Instructor: Klein.

AE. 258, ProrEirER DesicN. 6 units; one term.

Prerequisite: AE. 251.

Design of propellers for aircraft, windmills, wind channels, and air
turbines.

Instructor: Klein,

AE. 260 a, b. Apvancep THERMODYNAMICS AND AIRPLANE LENGINES.
9 units; second and third terms.

Prerequisites: M. 101, 120.

Thermodynamics of the internal combustion engine. Ideal and real
efficiencies. Mechanics of high speed engines. FEngine balance. Car-
buration. Conduction, radiation and cooling. Ignition systems. High
speed gearing. Lubrication.

Text: Judge, Automobile and Aircraft Engines.

(Not given in 1929-1930.)

AE. 264. DrsicNn or Aero Forrs aNp STREAMLINE Bopies. 6 units;
third term.

Instructor: Bateman,

AE. 265. Prorerries or Frums axp Eremextary HypropyNamics. 9
units; second term.

Prerequisites: Ph. 1 a, b, ¢, or Hy. 1, 2

Density, compressibility, viscosity. Equations of motion and theory
of steady flow. Flow through pipes and around obstacles. Pitot and
Venturi tubes. Principles of similitude. Turbulence and Reynolds’
criterion. Theory of lubrication.

Text: The Mechanical Properties of I'luids, a collective work.

Instructor: Bateman.

AR, 266. ArrooyNamrcs. 15 units; third term.

Prerequisite: Ma. 114, v

Elementary hydrodynamical theory as applied to aeronautics. Air-
foils, shapes and streamlines. Wing theory. Theories of resistance.

Texts: Glauert, The Elements of Aerofoil and Airscrew Theory;
Prandtl, Applications of Modern Hydrodynamics to Aeronautics.

Instructor: C. B. Millikan.
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AFE. 267. ProrerLrer THEeoRrIEs. 9 units; second term.

Prerequisite: AE. 266.

Various extensions and developments of the blade element theory.
Froude theory. Vortex theory. Effect of constricting walls; effect of
fuselage and wings.

Text: Glauert, The Elements of Aerofoil and Airscrew Theory.

Instructor: Bateman,

AFE 268, ApvaNceEp AERODYNAmICs. 12 units; third term.

Prerequisite: AE. 266.

Mathematical discussion of various theories of lift and drag. Soar-
ing flight. Katzmayr effect. Autorotation. Special types of flight
Theory and discussion of new types of aircraft.

Instructor: Bateman,

AE. 269. Trrory oF StaBiriTy aND CoNTROL. 15 units.

Prerequisite: AE. 266.

Discussion of stability based on the mathematical theory of small
oscillations. Effect of prescribed movements of the control surfaces.
Effect of slipstream and downwash.

Texts: Bairstow, Aerodynamics; Wilson, Aeronautics.,

Instructors: Bateman, C. B. Millikan,

AR. 286 a, b, c. AeroNavTics LaBoraTory. Units by arrangement.

Experimental work of all kinds in the aerodynamical laboratory:
wind tunnel, water channel, structure laboratory, ete.

Instructors: C. B. Millikan, Klein, Martel.

AE. 290 a, b, ¢. ArrowavuricaL SEMINAR., 2 units; first, second and
third terms,

Study and critical discussion of current contributions to aero-
dynamics and aeronautical engineering.

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 of-
ficially at the Institute, but there are ample opportunities for a student
to learn to fly at one of the neighboring flying fields.



APPLIED MECHANICS 195

APPLIED MECHANICS

Proressor: Frebperic W. Hixricus, Jr.

IxstrucTor: FrED J. CONVERSE

Teacuine Frrrows: Doxawn P. Barxes, C. Hawiey CARTWRIGHT,
Tuoxas H. Evaxs

UNDERGRADUATE SUBJECTS

AM. 1 a, b. Arpriep Mecuaxics. 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: Seely and Ensign’s Analytical Mechanics for Engineers.

Instructors: Hinrichs, Converse, Cartwright, Evans.

AM. 1 ¢. StrENGTH oF MATERIALs. 14 units (4-8-7); 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
joints; structural shapes.

Texts: Poorman’s Strength of Materials, and Steel Construction,
A LS. C.

Instructors: Hinrichs, Converse, Cartwright, Evans.

AM. 2 a, b. AppriEp MEcHANICS AND STRENGTH OF MATERIALS. 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 Chemical Engineering
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, ¢,

Texts: Wood’s Text-book of Mechanics; Poorman’s Strength of Ma-
terials; and Steel Construction, A, 1. S. C.

Instructor: Barnes.
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AM. 3. Tesrineg Materiars LaporaTory. 6 units (0-3-3); first, sec-
ond, or third term.

Prerequisite: AM. 1 c.

Tests of the ordinary materials of construction in tension, compres-
sion, torsion, and flexure; determination of elastic limits; yield point,
ultimate strength, and modulus of elasticity; experimental verification
of formulas derived in the theory of strength of materials.

Texts: Upton’s Materials of Construction, and Hinrichs’ and Martel’s
Laboratory Manual for Testing Materials.

Instructor: Converse.

FIFTH-YEAR AND ADVANCED SUBJECTS

AM. 202 a, b, c. Tureory or Erasricrry. Units to be based on work
done; first, second and third terms.
A study of the behavior of an elastic solid under stress.

Instructor: Hinrichs.
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ENGINEERING DRAWING

AssisTANT Proressor: Georce B. Bricuan, Ja.

TeacuHine FELLOWS AND Assisrants: Doxarp P. Barxes, KENXNErH A.
Berxwap, FrEperick R. Crixne, Erxest C. Hirman, GeorcE S. Lur-
KIN, SAMUEL OrmaN, ErxNsEr E. SeEciiter, NatHAN D. WHITMAN

D. 1. Freemaxp Drawine. 3 units (0-3-0); 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.

Instructor: Brigham.

D. 2. FreeuanNp Drawixe. 3 units (0-3-0); elective.
Prerequisite: D. 1.
Similar to D. 1 but with advanced subject matter.

Instructor: Brigham.

D. 10. EremeNtary MecuaNicar, Drawixg, 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. Accuracy and
precision are required.

Text: Svensen, Machine Drawing.

Machine Drawing, D. 20 a, b, and ¢, and D. 21 a, b, ¢, and 22 a, b, ¢,
are planned to prepare all engineering students for the drawing required
in the professional work of the engineering departments. Accuracy,
neatness and good lettering are required.

D. 20 a. MacHixeE Drawine axp LEerrErRINe. 3 units (0-3-0); first
term.

Prerequisite: D. 10.

The study of the general principles of working drawings of machin-
ery covering conventional representations and dimensioning. The work
includes the making of simple working -drawings. It also includes let-
te;ing plates.

Text: Svensen, Machine Drawing.

Instructors: Belknap, Sechler.
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D. 20 b. MacHINE Drawing aND LerTErING. 3 units (0-3-0); second
term.

Prerequisite: D. 20 a.

A continuation of D. 20 a, covering dimensioned freehand sketches
of machine parts, and complete detail working drawings made from the
sketches. The lettering plates will continue throughout this course.

Text: Svensen, Machine Drawing.

Instructors: Belknap, Sechler.

D. 20 ¢. Macuine Drawineg axp Lerrerixe. 3 units (0-3-0); third
term.

Prerequisite: D. 20 b,

A continuation of D. 20 b, covering assembly and outline drawings of
small machines or groups of machine parts. The lettering plates will
continue in the form of bills of material.

Text: Svensen, Machine Drawing.

Instructors: Belknap, Sechler.

D. 21 a, b, ¢. Apvaxcep Macuink Drawixe. 3 units (0-3-0) ; elective
any term.

Prerequisite: D. 20 a, b, c.

The study and execution of design drawings for proposed mechanisms
designed by upper class students.

Instructor: Brigham.

D. 22 a, b, ¢. Aobvaxcep MacuiNE Drawina, 6 units (0-6-0); elective
any term.

Prerequisite: D. 20 a, b, c.

A six unit course similar to D. 21 a, b, c.

Instructor: Brigham.

‘Structural Drawing, D. 30 a, b, ¢, and D. 31 a, b, ¢, and 32 a, b, c,
are especially planned to prepare civil engineering students for the
drawing required in the professional work of the civil engineering de-
partment. Accuracy, neatness and good lettering are required.

D. 30 a. Strucrural DrawiNG aND LETTERING. 3 units (0-3-0); first
term.

Prerequisite: D. 10.

The study of the general principles of working drawings of struc-
tural steel and reinforced concrete covering conventional representa-
tions, billing and dimensioning. The work includes the making of
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simple working drawings. It also includes lettering plates similar to
those required for D. 20 a.
Text: Bishop, Structural Drafting and the Design of Details.
Instructors: Brigham, Barnes.

D. 30 b. StrUcrURAL DrRawING AND LETTERING. 3 units (0-3-0); sec-
ond term.

Prerequisite: D. 30 a.

A continuation of D. 30 a, covering complete detail working draw-
ings of structural steel members. The lettering plates will continue
throughout this course.

Text: Bishop, Structural Drafting and the Design of Details.

Instructors: Brigham, Barnes.

D. 30 ¢. Strucrurar Drawine axp LerTERING. 3 units (0-3-0); third
term.

Prerequisite: D. 30 b.

A continuation of D. 30 b, covering working drawings of trusses,
erection plans, and checking. The lettering plates will continue in the.
form of material, shop and shipping bills.

Text: Bishop, Structural Drafting and the Design of Details.

Instructors: Brigham, Barnes. '

D. 81 a, b, ¢. Apvaxcep STRUCTURAL Drswine. 3 units (0-3-0); elec-
tive any term.

Prerequisite: D. 30 a, b, c.

The study and execution of drawings of structural steel or reinforced
concrete for structures designed by upper class civil engineering stu-
dents.

Instructor: Brigham,

D. 32 a, b, c. Apvaxcen StrucTursL Drawine. 6 units (0-6-0); elec-
tive any term.
Prerequisite: D. 30 a, b, c.
A six-unit course similar to D 31 a, b, c.
Instructor: Brigham.

Descriptive Geometry, D. 40, 41 a, b, ¢, 42 and 43, are planned to
cover a thorough study of shape description and representation. Espe-
cial emphasis will be placed upon the visualization of problems in order
to develop three dimensijonal observation. The work will include prae-
tical as well as purely geometrical problems. ’
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D. 40. Erexme~NTtary 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. 41 a. Dzscriprive GEomETRY. 3 units (0-8-0); first or third term.

Prerequisite: D. 40.

A continuation of D. 40 covering the “Analysis of Structures” and
straight and curved line constructions.

Text: Hood, Geometry of Ermgineering Drawing.

D. 41 b Drscrrerive GEomeTRY. 8 units (0-3-0) second term.

Prerequisite: D. 41 a.

A continuation of D. 41 a, covering problems involving the relation-
ship of lines and planes and the intersection and development of sur-
faces. )

Text: Hood, Geometry of Engineering Drawing.

D. 41 ¢. Drscrrerive GEOMETRY. 3 units (0-3-0); second or third term.

Prerequisite: D. 41 b.

A continuation of D, 41 b, covering more complicated problems in-
volving single curved surfaces, warped and double curved surfaces.

Text: Hood, Geometry of Engineering Drawing.

D. 42. Descrrerive GEoMETRY. 6 units (0-6-0) ; second term.

This course is planned primarily for geology students, and includes
practical problems in mining and earth structures.

Text: Cutter, Descriptive Geometry.

Instructor: Brigham.

D. 43. Apbvancep Descriprive GromEeTry. 3 units (0-3-0); elective
any term.

Prerequisite: D. 41 a, b, c.

The study of lineal perspective and the execution of mechanical per-
spective drawings of machines, bridges, and other structures.

Instructor: Brigham.

D. 44. PErspECTIVE SkETCHING. 3 units (0-3-0); elective any term.

Prerequisite: D. 43,

The study of freehand perspective drawing. Models will be selected
by the student and executed in various mediums. The work is planned
to illustrate the relation between mechanical and mnatural perspective
and to develop freedom in pictorial representation.

Instructor: Brigham.
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D. 50. Brocx Discrams AND Laxp Forums. 6 units (0-6-0); second
term. .
The graphical representation of land forms and geological structure
by means of pictorial drawings. The work, which will be mainly free-
hand, includes the drawing of block diagrams of various land forms in
perspective, and of “isometric diagrams and problems in structural
geology.”

Text: Lobeck, Block Diagrams.

Instructor: Brigham.

D. 51. PrysrograrHIC SKETCHING, 6 units (0-6-0); third term.

Freehand sketching from landscape forms and details of geological
structure. Sketches will be made in both the drawing room and the
field, and by means of various mediums. Required of geology students;
elective students of all other courses.

Text: Lobeck, Block Diagrams.

Instructor: Brigham.



202 CALIFORNIA INSTITUTE OF TECHNOLOGY

HYDRAULICS

ProrEssor: Rosert I.. DAUGHERTY
TeacHiNe FeErrows axp Assistaxts: Joux H. A. Braurz, Dovarp S.
Crark, Erxest B, Huce

UNDERGRADUATE SUBJECTS
Hy. 1. Hypraviics. 12 units (4-0-8); first, second or third term.
Prerequisite: AM. 1 a, b.

Physical properties of water; hydrostatics; flow of water in pipes,
nozzles, and channels; theory, construction, and installation of hydraulic
turbines, and a study of their characteristics with a view to intelligent
selection of the proper type for any given conditions; centrifugal pumps
and other hydraulic equipment.

Text: Hydraulics and Hydraulic Turbines, Daugherty.

Instructors: Daugherty, Brahtz, Clark.

Hy. 2. Hypravric LaBoratory. 6 units (0-3-83); first, second or
third term.

Prerequisite: AM, 1 a, b.

Experiments 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.

Instructor: Hugg.

ADVANCED SUBJECTS

Hy. 101. Hybraviic Macminery. Units to be based on work done;
any term.

A study of such machines as the hydraulic turbine and the centrifu-
gal pump and their design to meet specified conditions.

Instructor: Daugherty.

Hy. 200. Apvaxceo Work 1¥ Hypravric EXGINEERING.

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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SHOP INSTRUCTION

InsteucTors: ArtHUR F. Harr, Murray W. Haws, Oscar L. Hearp,
Warter W, MARTIN

The aim of the subjects listed under this heading is the experi-
mental determination of the more easily observed properties of
the materials used in engineering construction, and the effects on
such materials of the various manipulations and treatments com-
mon in the mechanic arts. These subjects are given in shop
laboratories suitably equipped for wood and metal working, and
it is assumed that during the preparation of specimens and the
experiments the student will acquire some skill in the handling
of tools and machines and an understanding of the practical

application of the processes studied.

UNDERGRADUATE SUBJECTS

Shk. 1. Woop WorkiNG. ProperriEs oF Woop aND OTHER MATERIALS
Usep 1Ny TimpeEr CONSTRUCTION.

Study of wood growth and structure from illustrative timber sections;
discussion of the relation of wood-cell structure to strgngth, hardness,
ete., of timber; experimental comparison of wood and metals as to their
strength and other properties; strength of joining devices, as glue, nails,
joints; study of the general design and operation of wood working tools
and machines,

Instructor: Martin.

Sh. 2. Foreixe. Hor WorkiNG oF METALS.

Experimental study of the strength, hardness, ductility, etc., of steel,
wrought iron, cast iron and other metals; their behavior when worked
at high temperatures; ability to unite by welding in forge or oxy-
acetylene flame; effects of case hardening, sudden cooling, annealing on
various metals; essential requirements in the design and operation of
forges, heating-furnaces and metal working tools or machines.

Instructor: Heald.
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Sh. 8. ParrErx MakinGg, METar CAsTINGS AND THE PaTTERNS
THEREFOR.

Lectures on the requirements of patterns for metal castings; the
necessity for and the determination of the amount of shrinkage, draft
and other allowances; the effects of chilling and other heat treatments
on cast metals; study of moulding methods and pattern construction.

Instructor: Henck.

Sh. 4. MacHINE Suor. WORKING OF METALS.

Experiments in the cutting of metals with shears, files, cold chisels
and drills, in lathes and other machine tools, with especial regard to the
hardness and other properties of the metals, and the suitability of the
tool cutting-edge; effect of speed and feed in machine tool operation;
methods of laying out work; experimental determination of necessary
accuracy in the fitting of machine parts.

Instructor: Hall.

Sh. 1-4. (Above subjects.) Distributed through the three terms
and the summer period .of the freshman year. (8 units for the year.)
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Proressors: Jou~N P. Buwarpa, F. L. Raxsome, CHESTER STock, WENDELL
P. WoobriNg

IxsTRUCTOR: RENE ENGEL

CuURATOR 1IN VERTEBRATE PareonNTtoLoGcY: Eustace L. FurLoNe

Curator 1IN INVERTEBRATE ParroxTorocy: W. P. PoreExoE

ArtisT: JoEN L. Rineway

Commonweartn Funp Frrrows: Georce A. Cuvmnnng, H. V. Warrew

Teacuine Ferrows anp Grapuarte Assistants: GEokee H. ANbDErsoN,
Joax W. Davy, Wirnarp A. Frnpray, C. Lewss Gazin, Kenyerua H.
Louamaxn, Staxrey W. Louman, Rarnena L. LupuaEer, Jorx H. MAXsoN,
Berxarp N, Mook, JouNn C. SurHerLaND, GrorceE F. Tavror

UNDERGRADUATE SUBJECTS

Ge. 1 a. Pavysicar 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 I

Instructors: Buwalda, Gazin, Maxson.

Ge. 1 b. ErEMENTARY ParpoNtorocy. 9 units (4-1-4); third term.

Prerequisite: Ge. 1 a.

A discussion of the principles on which the history of life is based.
Illustrations of evolution taken from certain groups of animals of
which the fossil record is essentially complete. Occasional field trips.

Text: Lull, Organic Evolution.

Instructors: Stock, Gazin, Maxson.

Ge. 1 ¢. Historicar Georogy. 9 units (2-3-4); first term.

Prerequisite: Ge. 1 b.

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 fleld trips.

Instructor: Woodring.
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Ge. 3 a. Crysrarrocrapmy. {2 units (1-6-2); third term.

Prerequisites: Ch. 1 a-c; Ph. 1 and 2.

A study of crystal systems and forms, not only from the classical
geometric view-point, but also in light of the modern atomic conceptions
of crystal structure; also, the physical properties characteristic of
crystals.

Text: Dana’s Text-book of Mineralogy.

Instructors: Engel, Anderson.

Ge. 3 b, ¢. MINERALOGY, {"é\ulnits (1-6-2), first term ;‘f'b‘vi‘xnits (1-3-2),
second term. ; i

Prerequisite: Ge. 3 a.

Lectures and laboratory work devoted to the study of the physical
and chemical properties of minerals, of their associations and modes of
occurrence, and to their identification.

Text: Dana’s Text-book of Mineralogy.

Instructors: Engel, Anderson.

Ge. 5 a, b. Prrrorocy. 11 units, second term; 7 units, third term.

Prerequisites: Ge. 3 a, b.

The origin, properties, and macroscopic identification of the common
rocks. Lectures and laboratory.

Text: Rocks and Rock Minerals, Pirsson-Knopf,

Instructors: Engel, Anderson.

Ge. 7 a, b. Fiewp Grorocy. 8 units, first term; 10 units, third term.

Prerequisites: Ge. 1 a-c; 3 a, b; 5 a, b:

During the first term students acquire a knowledge of technical tield
methods of mapping the distribution of rocks, determining structure,
and deciphering the geological history of a region. A representative
Coast Range area is mapped in detail and a report is prepared on its
stratigraphy, structure and history. The field work and selected text-
book assignments are discussed in weekly class meetings.

The second half of the course consists of brief studies of several
different localities in the Southwest exemplifying a wide range of geo-
logical formations and structures. The trips vary from one to three days
in length; often an expedition of about one week is arranged for the
spring vacation. Indoor exercises relate to the interpretation of map
data in the solution of geologic problems.
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Students will be called upon to expend small sums for traveling
expenses.

Text: Field Geology, Lahee.

Instructors: Buwalda, Moore.

Ge. 9. SrtrucrumarL Georoey. 8 units (8-0-5); third term.

Prerequisite: Ge. 7 a,

A consideration of the structural features of the Earth’s crust;
joints, folds, faults, foliation. Computation of thicknesses and depths.
Determination of the nature and amount of displacements on faults by
use of descriptive geometry,

Instructor: Buwalda,

Ge. 11 a, b. INVERTEBRATE ParEoNTOLOGY. 10 units first term, 8
units 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: Woodring.

Ge. 12 a, b. Verresrate PaireEoxtorocy, 10 units (2-6-2) second
term; 8 units third term.

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.

Ge. 21. Tuesis Prosrem 1¥ Georogy. 8 units; second and third
terms, .

Prerequisite: Ge. 7 a.

The student investigates a limited geologic problem, preferably of
his own choosing, under direction, 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.

Ge, 22. Twuesis ProbrEm 1xv PArroxrTorocy, 8 units; second and
third terms. .
Prerequisites: Ge, 11 a, b, or Ge. 12 a, b; may be taken concurrently.
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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 Firrp Grorogy. 12 units.

Intensive geologic mapping of a selected area from a centrally
located ficld camp. Determination of the stratigraphy, fossil content,
structure, and geologic history. The area chosen will probably lie in the
Calitornia Coast Ranges in odd-numbered years and in the Great Basin
region in the alternate years. Course begins immediately after Com-
mencement (about June 12th). Required at the end of both the Junior
and the Senior Year for the Bachelor’s degree in the Geology and
Paleontology course. Tuition, $15.00.

Instructor: Buowalda (even-numbered years); Woodring (odd-num-
bered years).

FIFTH-YEAR SUBJECTS

Ge. 181 a, b, ¢. Prrrograrrry. 10 units; first, second and third
terms.

Optical mineralogy and study of the petrographic characteristics of
certain important types of rocks. Use ot the microscope in the iden-
tification of minerals and rocks.

Instructor: Engel.

Ge. 183. Seisnroroey. 6 units; first term of even-numbered years.

Study and conferences on the priunciples of physical and geological
seismology.

Text: Davidson’s Manual of Seismology.

Instructor: Buwalda,

Ge. 184. Lanorarory Srunies 1x Seismorocy, [IFirst, second or third
term.

Laboratory practice in the measurement and interpretation of in-
strumental earthquake records; investigation of specific seismologic
problems.

Instructors: Staff of Seismological Laboratory.

Ge, 186. Geoxorrmorocy. 10 units; first term of odd-numbered
years,
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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: Buwalda.

Ge. 187. REesearcH. .

Original investigation, designed to give training in methods of re-
search, to serve as theses problems for higher degrees, and to yield
contributions to scientific knowledge. These may at present be most
advantageously carried on in the fields of (n) general areal geology,
(o) stratigraphic geology, (p) structural geology, (q) physiography or
geomorphology, (r) mineralogy and petrology, (s) vertebrate paleon-
tology, (t) invertebrate paleontology, (u) seismology, (v) economic
geology. Regions within easy reach of Pasadena offer an extraordinary
variety of research problems.

ADVANCED SUBJECTS
Ge. 188. Apvancep Srtupy.

Students may register for not to exceed 8 units of advanced study in
fields listed under Ge. 187. Occasional conferences; final examination.

Ge. 189 a, c. SEmiNar 1N Prysicar Grorocy, 5 units; first and third
terms.

Study and critical discussion of current contributions to geologic
knowledge. Papers taken up during the first term will be mainly in
Structural Geology. Papers on a variety of topics in General Geology
will be assigned in the third term.

Instructor: Buwalda.

Ge. 190 a, b. Seminar 1N VErTeBRATE Parronrtoroey. 5 units; sec-
ond 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. SEminar 1¥ InvERTEBRATE PALEONTOLOGY. & 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: Woodring.
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Ge. 195. Ore Derosrrs. 10 units; second term.

Prerequisites: Ge. 1, 8, 5, 7.

A study of metalliferous deposits with particular reference to their
geological relations and origins. Lectures, recitations, and field trips.

Text : Not prescribed, but Emmons’ Principles of Economic Geology
is suggested, with Lindgren’s Mineral Deposits as collateral reading.

Instructor: Ransome.

Ge. 196, No~N-MeTarLirErous Deposirs. 10 units; third term.

Prerequisites: Ge. 1, 3, 5, 7.

Modes of occurrence, distribution, and origin of the principal non-
metallic mineral products, including mineral fuels, building materials, ete.

Text: Not prescribed, but Ries’ Economic Geology or an equivalent
text will be found useful.

Ge. 197 a, b. Apvancep Ecoxomic Geornocy. 8 units; second and
third terms.

Prerequisites: Ge. 195, 196.

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. Ecoxomic GeorLocy 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 a, b. SeEMINAR 1N MINERALOGY AND PETROLOGY. 5 units; first
and second terms.
Discussion of current literature and recent advances in these fields.
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Proressors: THomas HuNt MorcaN, ALFREpD H. STURTEVANT

AssocrATE ProrFessors: Erxest G. ANDERsoN, KArRL Berar

AssistanTt Proressors: HExry Borsoox, Tureopostus Doszransky, H. E.
Dowrx, Sterring H. EMErsoN '

INsTrRUCTOR: ALBERT TYLER

Teacuixe Ferrows: Russern L. Bmpie, W. Arrorp HETHERINGTON,
Cars C. LinpEereN, Marcus M. RuoapEs

For the study of biology, the Institute provides the following
opportunities:

A new option in biology has been introduced into the four-year
undergraduate Course in Science. This option will include those
fundamental biological subjects that are an essential preparation
for work in any special field of pure or applied biology. This
three-year course will afford 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 will also be offered for the pursuit of more
advanced courses and extended researches leading to the degree
of Doctor of Philosophy.

UNDERGRADUATE SUBJECTS

Bi. 1. EieMeExTary Bioroey. 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. . ’

Bi. 2. Compararive PaysioLoay ANDp ANaromy. 9 units (8-4-2); third
term.

An introductory course for students expecting to elect the biological
group. The course will include a brief survey of the animal kingdom,
with dissection of representatives of some of the chief groups.

Bi. 8. GexeraL Borany. 9 units (8-4-2); first term.

A course in the structure and physiology of plants.

Bi. 4. HistorocicaL TEcHNIQUE. 6 units (0-6-0); first term.
A laboratory course in the preparation of materials for studies on
cells and tissues.
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Bi. 5 b, ¢. Pmvsiorogy. 11 units (3-6-2), second term; 9 units
(2-4-8), third term.

Physiology of animals and plants, each term dealing primarily with
one of these two divisions.

Fourth-year courses will be offered, as needed, in embryology, bio-
chemistry, cytology, and genetics.

ADVANCED COURSES
Instruction will be given by lectures and seminars; and reseach 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 carful selections of students
of exceptional ability and aptitude in order to avoid the formal instruc-
tion that large numbers entail.

Bi. 100. Gexerics: Seminar and research work will be given to
graduate students specializing in heredity and related subjects.
Instructors: Sturtevant, Anderson, Dobzhansky, and Emerson.

Bi. 110. Brocmemisrry: Courses in biochemistry will be offered to
graduate students who have completed work in General and Organic
Chemistry.

Instructor: Borsook.

Bi. 120. DeveropmexTan 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. 180. ExprrIMENTAL ZobroaY. A course of lectures and seminar
work, including reports to the Journal Club on the general field of ex-
perimental zodlogy, will be given to graduate students at the beginning
of their graduate work.

Instructor: Morgan.

Bi. 140. Cyrorocy. A seminar course with laboratory demonstra-
tions and individual laboratory work.

Instructor: Belar.

Bi 150. Pranxt PrvsroLosy. A course of lectures and laboratory
work on general plant physiology.

Instructor: Dolk.

Bi. 160. Apvaxcen Puysrorocy. It is expected to offer graduate
courses in general physiology to students prepared to carry on research
wark.
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ENGLISH

Proressor: Criztox K. Juny .
AssociaTes: CrHarres R. Baskerviri, GroRce W. SHERBURN
AssoctATE Proressor: GEorGeE R. MacMiINN

AssisTANT Proressors: Harvey EacresonN, Wirriam Husk, Jr.
Instrucror: L. W. JoNEs

Asststant: Warrer WILKINSON

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 the most significant authors, past and
present, 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.

UNDERGRADUATE SUBJECTS
En. 1 a, b, c. Excrisu ComrositioNn anp REeapine, ‘6 units (3-0-3);
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
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. Fach member of the section may study some
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carefully chosen topic in accordance with the elementary principles of
research. He is held to high standards of excellence in writing and
speakirag, and is expected to undertake a considerable amount of cul-
tural reading.

Texts: Freshman Rhetoric and Practice Book, Peckham and Wilson;
Contemaporary Thought, Taft, McDermott, and Jensen; Webster’s Col-
legiate Dictionary.

Instructors: Eagleson, Huse, Jones, MacMinn.

En. 7 a, b, c. Survey or Everisu Lrrerarore. 8 units (8-0-5); 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.

En, 8. ContEmporsary ExNGLISH aXD EUROPEAN LITERATURE. 9 units
(3-0-6) s first and third terms.

Prerequisite: En. 7 a, b, c.

A continuation of the survey of English literature to cover the period,
1890-1928; with some extension into Continental literature, Wide read-
ing is required.

Text: English Literature During the Last Half-Century, Cunliffe.

Instructors: Eagleson, Judy.

En. 9. CoNTEMPORARY AMERICAN LITERATURE. 9 units (8-0-6); first
and third terms.

Prerequisite: En. 7 a, b, c.

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: Recent American Literature, Foerster.

Instructor: MacMinn,
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En. 10. Moberx Draxa. 9 units (8-0-6); first and third terms,

Prerequisite: En. 7 a, b, c.

A study of the leading Furopean 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: Chief Contemporary Dramatists, first series, Dickinson.

Instructors: Huse, MacMinn.

En. 11. Lrreratvre oF THE Bmere. 9 units (3-0-6); 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 nodern literature
based on Biblical subjects.

Text: The Modern Reader’s Bible, Moulton.

Instructor: MacMinn. -

En. 12 a, b, ¢. DesarTing. 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, ¢. Reapixe ix Excrisir. Units to be determined for the
individual by the Department.

Elective, with the approval of the Registration Committee, in any
term,

Collateral reading in literature and related subjects, done in connec-
tion with regular courses in English, or independently of any course,
but under the direction of members of the department.

En. 14. Sreciar ComposiTioN, 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.
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En, 15 a, b, ¢. Jouvrnxarisy, 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.

Text = Newspaper Writing and Editing, Bleyer.

Instructor: MacMinn.,

En. 1 6. Seerrine. No credit. ’
This course may be prescribed for any student whose spelling is un-
satisfactory.

En, 20. SumMmer Reapixc. Maximum, 16 credits.

Credits are allowed to the maximum number of 16 for vacation read-
ing from a selected list of books in varjous subjects, and written report
thereon,

FIFTH-YEAR AND ADVANCED SURJECTS
En. 100. LrreraTure. 12 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: Baskervill, Eagleson, Sherburn.
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LANGUAGES

Proressor: Joun R. MacarrHUR
Assistants: Frep J. Ewine, FrRaxk A. NIckeLL

The courses in this department are primarily arranged 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. EremeNrtary FrExcu. 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.

Texts: An Introduction to the Study of French, Bond; Technical and
Scientific French, Williams.

Instructor: Macarthur.

L. 11. EremeNtary ItaLiax. 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 scientific
Ttalian, especially in the field of Mathematics,

Text: Elementary Italian, Marinoni and Passarelli,

Instructor: Macarthur,

L. 32 a, b, ¢. EremexTtaRy GERMAN. 10 units (4-0-6); first, second
and third terms.

This subject is presented in the same manner as the Elementary
French.

Texts: First German Course for Science Students, Fiedler and Sand-
bach; German Science Reader, Wright,

Instructors: Macarthur and Assistants.
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L. 35 a, b, c. Scixtiric Geryrax. 10 units (4-0-6) first term; 6 units
(3-0-3) second and,.ﬂg{rd terms.

Prerequisite: T, 81 \T;, b, ¢, or one year of college German.

This is a continﬁbtion of L.’VSI‘}}, b, ¢, with special emphasis on the
reading of scientific literature.

Texts: Aus der Werkstatt grosser Forscher, Danneman; Die Radio-
aktivitat, Fajans; German Science Reader, Wright.

L. 39 a, b, c. REaping 1v FrRENCH, ITAL1AN, orR GErRMaN. 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 Gelman, done
under direction of the department. S e f’T‘”"‘f‘“

S
L. 40. Gerxax LigeraTore. 9 units (8- -0-6) 5 m“.
Prerequisites: L. 37 a, b, ¢; L. 38 a, b, ¢. .

The reading of selected-German classms, poetry and drama, accom-
panied by lectures on the development of German literature.

Instructor: Macarthur.

L. 51 a, b, e. 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.

Texts: Alpha, Frost; Xenophon’s Anaba&s The Study of Greek
Words in English, Including Scientific Terms, Hoﬁ'man

Instructor: Macarthur.
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HISTORY AND GOVERNMENT

Proressors: Joux R. Macartaur, Witriam B. Muwro
AssoctaTE: Max Farraxp

AssistaNt Proressor: S. Harrisoxy THoMsox
IxstrUcror: Ray E. UNTEREINER

REeaper: Jomx H. Maxsox

—
’ UNDERGRADUATE SUBJECTS b
H.1a,b, c. ANCIENT AND MEDIEVAL Hrs'roxn'/t/units (2-0-2) ; 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.

Texts: Ancient Times, Breasted; History of Western Fu10pe, Vol. 1,
Robinson.

Instructors: Macarthur, Thomson

H. 2 a, b, c. Moper~ Evurorean History, 6 units (2-0-4) ;- first, sec-
ond and third terms.

Prerequisite: En. 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: Judy, Munro, Untereiner.

H. 5 a, b. CurreNT Torics. 2 units (1-0-1); first and second terms.
This course is given collaterally with En. 10, and is articulated with
a selected weekly journal of general information and opinion.

H. 10. Tur Coxsrrrurion or THE Uwirep 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.

H. 14. Hisrory or CHrisTianITy. 9 units (3-0-6); third term.

Lectures and class work on the historical facts underlying the origin
of Christianity, the rise and content of early Christian literature, and
the growth of the Christian organization to the present time.

Text: Walker, History of the Chrlstlan Church.

Instructor: Thomson.
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FIFTH-YEAR AND ADVANCED SUBJECTS

H. 100. Sexaxar 1x AMericaN History axp GovERNMENT. 12 units
(1-0-11) ; first, second and third terms. i

Open only to fifth-year students and seniors who have attained honor
grades.

First and Second terms: The Framing of the Federal Constitution
(1786-1788), and the subsequent Development of Certain Constitutional
Provisions, Farrand.

Third term: The Development of American Political Institutions
During the Era Since the Civil War, Munro.
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ECONOMICS

Proressor: Gramant A. LaiNe
AssisTANT Proressors: Horace N. Givsrrr, CLype WOLFE
IxsTrUcTOR: 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. Gexeran Ecoxomics. 6 units (3-0-3); first term.

The principles of economics governing the production, distribution,
and consumption of wealth, with particular reference to some of the
important business and social problems of the day.

Text: Economics, Vol. I, Fairchild.

Instructors: Laing, Untereiner,

Ec. 3. Ecoxomrc Hisrory. 2 units (1-0-1); second ierm.

The general purpose of the course is to show the dynamic nature of
economic society. The various stages in the development of economic
life from primitive beginnings to the industrial revolution are dealt with.
The problems of economic organization that have arisen under a com-
petitive and a quasi-competitive system are considered from the point of
view of the causative and developmental influences which have pro-
duced them.

Text: Introduction to Economic History, Gras.

Instructor: Laing.

Ec. 4. Serecren Economic Prosrems. 4 units (2-0-2); second term.

Prerequisite: Ec. 2.

A development of the course in General Fconomics, presenting a
fuller treatment of specific problems such as: transportation, agriculture,
labor legislation, socialism, present labor policies.

Text: Economies, Vol. IT, Fairchild.

Instructors: Laing, Untereiner.
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Ec. 10. Maruemarics oF FINANCE. 4 units (1-0-3); first term.

The mathematical theory underlying compound interest, annuities,
and mathematical expectation, with application to such subjects as the
accumulation of reserves, the amortization of debts, evaluation of bonds,
partial payments, capitalized costs, and insurance.

Text: Mathematics of Investment, Hart.

Instructor: Wolfe.

Ee. 11. Staristics. 3 units (1-0-2) ; second term.

Statistical methods and the graphic portrayal of results, with their
application to concrete business problems.

Text: FElements of Statistical Method, King.

Instructor: Wolfe.

Ec. 12. Ecoxomic History. 6 units (2-0-4); third term.

A more detailed treatment of the subjects discussed in Economics 3.

Text: Introduction to Economic History, Gras; and other reading
to be assigned.

Instructor: Laing.

Fe. 14. TaxarioN. 4 units (2-0-2); second term.

A study of the general principles of public expenditure and public
revenues with special reference to American taxation methods.

Text: Introduction to Public Finance, Plehn.

Instructor: Untereiner.

Ec. 17. AccouxTting. 9 units (3-0-6); second 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: Problems in Accounting Principles, Walker.

Instructor: Gilbert.

Ee. 20. Financian OrGaNizaTioN. 8 units (8-0-5); third term.

Prerequisites: Ec. 2, 4,

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
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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 (3-0-3); third term.

The principles of law as applied to business affairs, including discus-
sion of such fundamental topics as the definition of law, its sources, and
a brief study of the law governing contracts, negotiable instruments,
agency, partnership, corporations, and employer’s liability.

Text: Business Law, Conyngton and Bergh.

Instructor: Untereiner.

Ec. 30 a, b. Business ApMINIsTRATION. 8 units (3-0-5); first and
second terms.

General consideration of the problems of business and more detailed
study of the main problems, including location of industry and plant,
scientific management, wage systems, labor relations, marketing and
sales problems, financial organization and business risks, outlining prin-
cipal forms of risk and methods of dealing with them. Discussion of
the forms and varieties of business unit; individual producer, partner-
ship, joint-stock company, and corporation. The principles and technique
of foreign trade.

Instructor: Laing.

Ec. 34. CorroraTion FiwaNce. 6 units (2-0-4); 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.

Text: Corporation Finance, Dewing.

Instructor: Laing,

Ec. 45 a, b. Semivar 1N Sociar anp Ecowomic OreaNizaTioN., 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
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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.

Instructor: Laing,

FIFTH YEAR AND ADVANCED SUBJECTS

Ec. 100 a, b, ¢. Businzss Ecowoarrcs, 12 units (4-0-8) ; first, second,
and third terms. Open to graduate students in engineering.

This course presents the business aspects of engineering. There are
four major divisions of the material: (a) a general description of the
organization of business, with special attention to the activities which
concern and offer opportunities to students trained in engineering;
(b) the technology of business, including, more especially, accounting
and statisties; (c) some principles of business economics, representing
deduced generalizations based upon an observation of a large number of
business situations; (d) an analysis of executive decisions in business to
observe the executive point of view and to define the qualities exercised
by business executives in the conduct of their affairs, as contrasted with
the qualities used by engineers in the technical divisions of business.
The case system of instruction developed by the Harvard Graduate
Business School is employed throughout the course.

Text: An Introduction to Business, Gilbert and Gragg.

Instructor: Gilbert.
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PHILOSOPHY, ETHICS AND SOCIOLOGY

PHILOSOPHY, ETHICS AND SOCIOLOGY

AssociATE: THEoDORE G. SOARES
Ixstrucror: Ray E. UNTEREINER

UNDERGRADUATE SURBJECTS
PL 1. IxtrODUCTION To Pmirosormy. 9 units (3-0-6); second term.
A study of the development of Western thought and its issue in
modern philosophy. '
Text: John Herman Randall, The Making of the Modern Mind.
Instructor: Soares.

PL 4. ErHrics. 9 units (3-0-6); second term.

A study of the social experience exhibited in the Bible as a basw for
a consideration of the evolution of morality. Modern problems of con-
duct in the light of this historical survey.

Texts: Soares, Social Institutions and Ideals of the Bible; Dewey and
Tufts, Ethics. :

Instructor: Soares.

PL 5. Socrorogy. 9 units (8-0-6); third term.

The development of races, with a stady of biological selection, physi-
cal adaptation, and the influence of climatic and geographical conditions,
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: Untereiner.

FIFTH-YEAR AND ADVANCED SUBJECTS
Pl 100. A Stupy or Some Asrecrs oF PHInosormicar, ETHICAL oR
Sociar. DeveroryeNT. 12 units; first, second and third terms.
Instructors: Soares, Judy.



Bivigion of Physical Eduration

Pruysicar Dimkecror: Winrianm L. Stanron

InstrucTOR: HAROLD Z. MUSSELMAN

Assistants: Frank A. Nickerr, Hareisox S. Taomesow (football),
Varno A. Hoover, JouN Prrrcuerr (intramural sports), Lavrow
StanToNn (coach of freshmen), W. M. Gormscuark (football and
basketball), ArrrUr GrrirFira (wrestling and boxing), Orro Sass
(wrestling), WirLiam Cocex (boxing)

PrrvsicraNy 1o ATHLETES: Dr. Froyp L. HanEs

ApvISER IN ATHLETICS: DAaviD BLANKENHORN

All freshmen and other new students must pass a physical
examination before they will be admitted to the Institute; all
other students must satisfy the Department of Physical Educa-
tion that they are physically qualified to continue the work for
which they are registered. A student ambitious to become an
engineer must first be a man with a sound body and stored-up
nervous energy, fundamental to a sound mind and subsequent
success.

The program of physical education is designed to give general
physical development to all. When a student has completed the
vear’s work he should exhibit some progress in attaining the
following results: (1) strength and endurance, self-respecting
and erect carriage of the body, and neuro-muscular control; (2)
aggressiveness, self-confidence, courage, decision, perseverance,
and initiative; (8) self-control, self-sacrifice, loyalty, coopera-
tion, mental and moral poise, a spirit of fair play, and sports-
manship. / ’

The required work is divided into three parts: (1) corrective
exercises for those physically deficient; (2) group games; (8)
fundamentals of highly organized athletics. This work is modi-
fied by various activities designed to encourage voluntary recrea-
tional exercises, including football, basketball, baseball, track
and field athletics, boxing, swimming, wrestling, and other sports.
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PE. 1, 2, 8, 4. Puvysicar. Epvcation. $ units; first, second and third
terms.

The physical education program of the Institute is based on intra-
mural and intercollegiate sports in which all students are required to
participate during all four undergraduate years. The intramural sports
comprise competition between classes, clubs, fraternities, 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.
The intercollege sports comprise competition with other members of the
Southern California Intercollegiate Conference, of which the Institute
is a member. Representative freshmen and varsity teams, trained by
experienced coaches, in the major sports are developed. Fair-spirited
and clean-cut athletic competition is encouraged as a part of the phys-
ical program 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 examinations and strength 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.



Begrees Qonferved, June ¢, 18929

DocTor oF PHiLOsOPHY

Micuer. AxToNio Basoco, B.A., University of California; M.S,, Univer-
sity of Chicago

Cuarres Roserr Damry, A.B., Colorado College

RoserT Trovryan Dirrox, B.S. and M.S,, California Institute of Tech-
nology

Jesse Winniam MuxnroE DuMoxn, B.S,, California Institute of Technol-
ogy; M.S. in E.E., Union College

Jorx~x Dvyer Erper, B.S., University of Chicago

Hasxoxr Mvuus Eviex, E.E., Cornell University; M.S., California Insti-
tute of Technology

Cravpe DEWay~NE Havwarp, B.S. and M.S., California Institute of Tech-
nology

WiLriam Berraro Hincxe, B.S., University of Illinois

Howarp Byineron Horroyn, B.S,, Towa State College

H. Darwixn Kmscumax, B.S. and M.S., California Institute of Tech- -
nology

Ropert TarBor Kxare, B.S., Massachusetts Institute of Technology

CuarLes Crristian Lavritsex, Odense Tekniske Skole

Winiam Apserr Lewrs, Jr, B.S. and M.S., California Institute of Tech-
nology

Mozrris Musxat, B.A. and M.A., Ohio State University

Nicoras Mixmarrovica OroukirorF, University of Moscow ; T'echnological
Institute ¢f Kharkov; E.E., Ecole Superieure d’Electricite de Paris

Exerson Marrinpare Puenm, B.S., Carnegie Institute of Technology;
M.S., University of Pittsburgh

Duaxe Emerson Roirer, B.A. and M.S., University of Oklahoma

Ricuarp Maxrirre Suvrrox, B.S., Haverford College

Axisert TrrieBsum, A.B. and A.M., Columbia University

Wiry Uyrersorvex, C.E., University of Brussels

Rarpu Epcar Wiverr, B.A., Baker University

Wiirtam Gournp Youxg, B.A. and M.A,, Colorado College

MASTER OF SCIENCE
PHYSICS
Tuomas Hexry Brices, Jr., B.S.,, Wesleyan University
RoprEy Duxcrison Evawns, B.S,, California Institute of Technology
Epwix Marrson McMmrax, B.S., California Institute of Technology



DEGREES CONFERRED 229

CHEMISTRY
Lee Reep BraxtiEY, A.B,, University of California at Los Angeles
Wirriant Braniey Lewrs, B.A., Williams College

GEOLOGY AND PALEONTOLOGY
Troras Crements, E.M., University of Texas
Epwarp Crmarrrs SaNoeers, B.S. and E.M., Michigan College of Mines
Tromas Scorr Sovrnwick, B.S., California Institute of Technology

ELECTRICAL ENGINEERING
Georee Ricmarp CraNk, B.S., California Institute of Technology

Axprew Vasiny Haerr, E. and M.E., Polytechnic Institute of the Spe-
cial Region of the Eastern Province, China

Roy Frienp Srocum, B.A., University of Redlands
Karr Moreax Worrg, B.S.,, West Virginia University

MECHANICAL ENGINEERING
Guy Lewis Cmiusere, B.S., California Institute of Technology -
Rricmarp Giimax Fousom, B.S., California Institute of Technology
Doveras Georce Kinemax, B.S., California Institute of Technology
Airert Eatox Lomsarp, Jr., B.S., California Institute of Technology
Erxest Epwin SecHiEr, B.S,, California Institute of Technology

CIVIL ENGINEERING
Ravex Warpo Curier, B.S., California Institute of Technology
FerpINAND GUNNER Gramarxy, B.S., California Institute of Technology
KexxeraH Harr Rosixsox, B.S., California Institute of Technology
Joun Ecox Sxartr, B.S., California Institute of Technology
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BACHELOR OF SCIENCE
(Stars indicate graduation with honor)

IsaDORE BERMAN

WirLiaxr Warter Boorn
*JoHN WARLAUMONT DALY
*WILLARD ALEXANDER FINDLAY
KarrL ALBERT GaNSSLE
Mavrice FrEp HAsLer
Doxarp HaLr JouNsoN
Kexnerx Eowarp Kineaax
Kam Hvu Lav

Kex~yeran Fryvo Loamax
*STANLEY WiLLiaM Loamaw
Warrtace ANgus McMritLaN
Honer Gore McWILLiaMs

Science

*Puirir Grirris Murbocr
* ALBERT EpwARD MYERs
Wansworte Ecmont PonL
Russerr WarsoN Rarrr
True WiLLiam RoBinsox
AvrrrED RUMMELSBURG
MirtroNn HEYER SPERLING
JouNx CLARK SUTHERLAND
Georce Freperic Tavror
LintoN PavnL EveeENe von
BEROLDINGEN
Rogert James Wirre

Engineering

Harrax ROBERT AsquiTir
EUGENE ATWATER

Bty BAkER

WiLBerT Wiese Bavustiay
Wirriam Lirrer BErry
K~xowrLtox Roor Birer
CHARLES ASHTON BOSSERMAN
Horace ALLEN CAMPRELL
Doxarp SHERMAN CLARK
Freperick R. CrLixe
Daivras E, Core

Avrironse CRAMER
*Puirie CraViTZ

Howarp GriNpar Donce
James WariNg Dunmam
Avrrexy WiINFIELD DUnx
Tromas FArRrRErR Epsox
Jurius NeLsoN EspINosA
*Tuomas Havaurst Evaxs
*Sw~ey Tuomas Extey, Jr.
BeverLy Fraxx FrEDENDALL
ALBERT MUNROE GILMORE
Warter Bert GrivES
*LAWRENCE J. GRUNDER
Vivian Lymax Horpaway
Erxest Braxca Huce
Harorp Mirrox Hustow
Harry James KEELING
Lrox KiBorT

*Reymonp Jouw Kircirr
*Axraony James LARRECQ

Epsoxy CuurcHitL LEE
LeoN1p VrwapiMiR LEONARD
Roraxn WiLriam LINDHURST
GEORGE ScHILD LUFKIN
LAvrENcE Epwin LYNN
Doxarpb Boorsr MILLIKEN
Wittiam Hexry Mour
MAasauIRO NAGASHI

JosErr ALLEN NiLES
Tromas JEFFERsON NoLAND, Jr,
Husert Mavrice O’HavEr
SAMUEL OLMAN

Firra Pierce

Joux Cray Rarp

*ALBERT CLARK REED
Homer Crarres Reep
*BorivarR ROBERTS

Ricuard Goeper RoFELTY
Ken~NeETH FREELS RUSSELL
Karr Frirz SCHUMACHER
Lestie Owex Scorr

James CoNrAD SCULLIN
Crype Emerson SHirLps
MortoN KineMAN SHIELDS
MAaURICE HaroLD SINRAM
Fraxnk WarpeN TuomMpsox
AvLFrep Epwarp TowNE
GEORGE FraNcis WEISMANN
Karrt Wirson WESTLUND
I'rREp AstoN WHEELER
I'rEDERICK RuUsserr. Wirsox
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Junior Traver Prizes: Howarp Cary, Lowerr Greex, PuiLip JANSSEN,
Fraxk Movers

SeExtOR ScHOLARS: JoE Foranare, Roranp Hawes, Tureonore Stipp, Oscar
VAN BEvEREN

Bracker Juxnror Scmorars: Lucas A. Awprwn, Carrer H. Grecory,
Rosert B. Jacoss, Lawrexce E. Kinster, Raymoxp A. PeErErsoN

Bracker SopHOMORE Scrornars: Crarx Gooomaw, Cias, M. Harsig,
Cuarres W. Jones, WiLtam L. Kext. J. G. Scumaarsma, Carn I.
THIELE

FrESHMAN ScHOLARS:
*Taomas A. ANorew, Brea Olinda High School
Hagris Stouvr Bacxus, Pasadena Junior College
Evcene M. Bruxwer, Monrovia High School
Cuarrrs DuBors CorveLL, Alhambra City High School
SamvueL Yorks Jounson, Pasadena Junior College
Lawrence Jackson Lasterr, Santa Monica High School
WiLtiam Arvix MEersyan, Alhambra City High School
Warrer Scuorrz, Hollywood High School
Rerxmaror ScavaMANN, Jr., Long Beach Polytechnic High School
Roeert LEstie Smarimax, Los Angeles High School

CoxGer Peace Prize:
Wittiam Currs, Ravmoxn A. CroMIEY

*Alumni Scholarship.



Graduate Students

AMagor
NauMe SuBJECT HomEe ApDRESS
AGER, RavyyoNp WELLINGTON E.E. Pasadena
B.S., California Institute, 1922
ANDERSON, ArLrrEp B. C. Phys. Los Angeles
A.B., University of California at Los Angeles, 1928
ANDERsON, CarL Davip Phys. Pasadena
B.S., California Institute, 1927
ANDERSON, Grorc: HaroLp Geol. Burbank
A.B., Stanford University, 1917; A.M., 1920
ARNQUIST, WARREN NELSON Phys. Yakima, Washington
B.S., Whitman College, 1927
ATrinsoN, Ravra Braispernn Phys. Georgetown, Massachusetts
B.S., Massachusetts Institute of Technology, 1929
ATWATER, EUGENE E.E. Los Angeles
B.S., California Institute, 1929
Averirr, REx Grnman E.E. Pasadena
B.S., Purdue University, 1905
Baxker, BrL A.E. Piru
B.S., California Institute, 1929
Barxes, DoNarp PorteERr C.E. Pasadena
B.S., Oregon State College, 1928
Beck, Derwoop ANTHONY A.E. Sioux City, Iowa
B.A., Morningside College, 1929
BeeLER, RAYMOND ARTHUR Phys. Pasadena
B.A., Pomona College, 1927
Berxxap, KENNETH ALRERT Eng. Los Angeles
B.S., California Institute, 1927
Biore, Russerr Lee Biol. Crafton, Pennsylvania
B.S., University of Pittsburgh, 1925; M.A., Columbia University, 1928
Bracknurw, JouN Fraxcis Phys. Hollywood

B.S., University of Chicago, 1926
Breaxwrey, Wirriam McCuesNey  Phys. Pasadena
B.S., Whitman College, 1926

BorexN, Jack SCARBOROUGH E.E. Los Angeles
B.A., University of Redlands, 1927

Borsrorp, JAMES [LAWRENCE Phys. Seattle, Washington
B.A., University of Washington, 1928

Bowex, WiLtiam Harorp .E. Pasadena
B.S., University of California, 1928

Bowmaw, Joun Rmeway Phys. Pittsburgh, Pennsylvania
B.S., University of Pittsbhurgh, 1929

Bramtz, Joux HExry Acustus Phys. Copenhagen, Denmark
B.S., Royal Technical College in Copenhagen, 1911; M.S., 1914

Braxrtrey, LEE REED Chem. Los Angeles

A.B., University of California at Los Angeles, 1927
M.S., California Institute, 1929

Brass, Pairap Davis Chem. Elmwood, Connecticut

B.S., Yale University, 1928
BroapwrerLr, SAMUEL JoNATHAN Phys. I.os Angeles

B.S., Throop College of Technology, 1913; M.S., University of Chicago, 1920
Buckriey, Enpmoxp CoLuixs hys. Pasadena

E.E., Rensselaer Polytechnic Institute, 1927



GRADUATE STUDENTS

Major
Name SUBJECT
CanppELL, J. STUART Phys.
B.S., California Institute, 1926
CarrwricHT, CHARLES HawLEY Phys.
B.S., California Institute, 1926
CassEx, BeNEDICT Phys.

A.R.C.S., Imperial College of Science and Technology, London,

M.S., California Institute, 1928
Cuao, Cruxe-Yao Phys.

HoME ApprESS
Pasadena

San Gabriel

Long Beach

Chu-Xi, Chekiang, China

B.S., National Southeastern Umver51ty, Nankmg, China, 1927

Cuene, Yu-Fuxe Phys.

Tze, Chekiang, China

B. S National Central University, Nanking, Chma, 1925
M.

CrARK, DoNAID SHERMAN
B.S., California Institute, 1929

Bakersfield

CremENTs, THOMAS Geol. Hollywood
E.M., University of Texas, 1922; M.S., California Institute, 1929

Crirrorp, ALFRED HOBLITZELLE Phys. Pasadena
B.A., Yale University, 1929

Crixe, FrepEricx R, C.E. Covina
B.S., California Institute, 1929

Cra1y, Joux Jay Phys. Wallingford, Connecticut
M.E., Cornell University, 1896

Davy, Jorx WARLAUMONT Geol. Buena Park
B.S., California Institute, 1929

Fx~cer, Rexve L. H. Geol. Pasadena
B.S., University of Paris, 1909; M.S., 1912

Erickson, Ervrs Osyow E.E. Pasadena
B.S., University of North Dakota, 1923

Evaxs, RoprLey Duxcerison Phys. Pasadena
B.S., California Institute, 1928; M.S., 1929

Evaxs, Trosras Havaurst C.E. Los Angeles
B.S., California Institute, 1929

Ewixe, FrepERICK JUNIOR Chem. Pasadena
B.S., California Institute, 1927

FixprLay, WILLARD ALEXANDER Geol. Avalon
B.S., California Institute, 1929

Focke, ALFrRED BosworTH Phys. Pasadena
B.S., Case School of Applied Science, 1928

Forsom, Ricuarp GiLvAaN M. Pasadena
B.S., California Institute, 1928; M.S., 1929

Gazin, CaarrLes LEwis ‘Geol. Pasadena
B.S., California Institute, 1927; M.S., 1928

GoTTSCHALK, WINSTON MALCOLM Phys. Washington, D. C.
B.S., Princeton University, 1929

HasrurzeL, CHARLES Epwarp Phys. San Jose
A.B., Stanford University, 1925; A.M., 1926

HAEFF, ANDREW VASILY E.E. Harbin, China

233

England, 1927

Electrlcal and Mechanical Engmeer Polytechnic Institute of the Special Region
of the Eastern Province, 1928; M S California Institute, 1929

Harrvaxw, Epwix Pueres A.E.
M.E., Marquette University, 1929

Hasrer, Maurice Frep Phys.
B.S., California Institute, 1929

Hassrer, GeraLD L, Phys.

‘Waupaca, Wisconsin
West Hollywood

St. Louis, Missouri

B.A., Washington University, 1926; M.S., 1928

HercExNrOTHER, RUpnorr CLEmENs  Phys.

Pasadena

B.S., Cornell University, 1925; M.S., Pensylvania State College, 1928

Herneriveron, WILLIAM ALFORD Biol.

Walnut Creek

A.B., Columbia College, 1926; M.A., Columbhia University, 1927
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NAME
1o, Tsexc-Loit

SuBJECT

Phys. Patow,Chuki,Chekiang,China

Mayor
HoME ADDRESS

B.S., National Central University, Nanking, China, 1927

Hoarp, James LYNN

Chem. Seattle, Washington

B.S., University of Washington, 1927; M.S., 1929

Horpaway, Vivian LymaxN
B.S., California Institute, 1929
HoovEr, VAINO ALEX

E.E. Los Angeles
E.E. Pasadena

B.S., California Institute, 1927; M.S., 1928

Hovyrt, ARCHER
B.A., Whitman College, 1927
Hurr, LorENz DiTMAR

Phys. Berkeley

Phys. Norman, Oklahoma

A.B., University of Oklahoma, 1927; M.S., 1928

Huee, ErNEST BRANCH
B.S., California Institute, 1929
Hvurreren, RarpH RAYMOND

C.E. Huntington Park
Chem. Los Angeles

B.S., University of California, 1928; M.S., University of Utah, 1929

JerrrEYS, CECIL E. P,

Chem. San Angels, Texas

B.A., University of Texas, 1925; M.A., 1927

Keering, HarrRY JAMES
B.S., California Institute, 1929

KexxNr1soN, LAWRENCE SANFORD

M.E. Los Angeles
Math. Ayer, Massachusetts

A.B., Dartmouth College, 1926 ; A.M., Brown University, 1928

Keyes, RAYMOND STEDMAN

A.E. San Diego

M.E., United States Naval Academy, 1929

Kinxey, Epwarp EvErRETT

B.S., Michigan State College, 1915

KirkpATRICK, HARRY ALLISTER

B.S., Occidental College, 1914
Lasu, Cuarres CoyLE

B.S., California Institute, 1928
Ler, EpsoN CHURCHILL

B.S., California Institute, 1929
LEERMAKERS, JOHN ANDREWS

E.E. Lansing, Michigan
Phys. Eagle Rock

E.E. Los Angeles

Phys. Petoskey, Michigan
Chem. Omaha, Nebraska

B.S., Iowa State College, 1928; M.S., 1929

Lewis, CaarLTON MINER
B.A., Yale University, 1929
Lewis, WILLIAM BRraDLEY

Phys. New Haven, Connecticut

Chem. Los Angeles

B.A., Williams College, 1927 ; M.S., California Institute, 1929

I.1NDEGREN, CaRr CLARENCE

Biol. Pasadena

B.S., University of Wisconsin, 1922; M.S., 1923

Louamaw, Kexnvera Eimo
B.S., California Institute, 1929
ToumMAaN, STANLEY WILLIAM
B.S., California Institute, 1929
lLurxi~, GEORGE ScHILD
B.S., California Institute, 1929
Luruer, Rarea LEoNarD

Geol. Pasadena

Geol. Pasadena

AE. Los Angeles
Geol. Eugene, Oregon

B.A., University of Oregon, 1926; M.A., 1927

MarTiN, ROBERT SAMUETL

A.B., University of Pittshurgh, 1929

Maxsox, Joun Havioaxp

Math. Gary, Indiana

Geol. Pasadena

B.S., California Institute, 1927; M.S., 1928

Maxstant, FRANCIS WinLiam

E.E. Pasadena

M.E., Cornell University, 1916; M.S., California Institute, 1925

McRAg, DaNiet BrexT
B.S., University of Utah, 1926

Chem. Albhambra



GRADUATE STUDENTS

Mayor
Name SuBJECT HoME ADDRESS
MicrEers, WALTER CHRISTIAN Phys. Pasadena
B.S., Rensselaer Polytechnic Institute, 1927
Mirrs, Roscoe Harrax A.E. Hollywood
B.A., Pomona College, 1928
Moxnr, WiLLiam HeNry C.E. Santa Monica
B.S., California Institute, 1929
MooRE, BERNARD NETTLETON Geol. ILos Angeles

B.S., California Institute, 1927
MosrLEY, LOUIE WARREN
B.A., University of Texas, 1926

Movuzox, James CARLISLE Phys. Abilene, Texas
A.B., Southern Methodist University, 1927

Munnro, GEORGE CLARKSON Phys. Rifle, Colorado
A.B., University of California at Los Angeles, 1929

MurpocH, PHILIP GRIFFIS hem. Pasadena
B.S., California’ Institute, 1929

Nacasui, Masaairo Howarp A.E. Delta, Utah
B.S., California Institute, 1929

NEeuer, HENry Vicror Phys. Pasadena
B.A., Pomona College, 1926

Nr1ckerL, FRANK ANDREW Geol. Los Angeles
B.S., California Institute, 1927; M.S., 1928

OrMAN, SAMUEL C.E. Los Angeles
B.S., California Institute, 1929

OswaLp, W, BamLey A.E. Los Angeles
B.A., University of California at Los Angeles, 1927

Preasants, Jorx Gissow E.E. Los Angeles
B.S., University of Southern California, 1929

Poutr, WabswortH EeMoNT ‘Chem. Redlands
B.S., California Institute, 1929

PoxEeroY, RicHARD DURANT Chem. Pasadena
B.S., California Institute, 1926

PosxEer, Ezra C. A.E. Rochester, New York
M.E., Cornell University, 1924

Pucr, RoserT EUGENE, JR. Phys. Lake Forest, Illinois
B.A., Lake Forest College, 1929

Ravrrz, Sor. FREpERICK Chem. Salt Lake City, Utah
B.A., University of Utah, 1927; M.A., 1928

Reen, Homer CHARLES A.E. Glendale
B.S., California Institute, 1929

REvVELLE, ROGER Geol. Claremont

B.A., Pomona College, 1929

Ruoabes, MAarcus MorTON Biol Manhattan, Kansas

B.S., University of Michigan, 1927; M.S., 1928

Rice, StepHEN OswarLD Math. Waldport, Oregon

B.S., Oregon State Agricultural College, 1929
Ricuarvson, Burt Phys. Glendale
Ph.B., Yale University, 1919

RomEeR, ALFRED Phys. Brooklyn, New York

B.A., Williams College, 1928

RumBavem, Lyxy Hamivrox Phys. Carthage, Missouri

A.B., Miami University, 1928
SacE, BrRuce HorNBROOK

Scuorr, HERMANN FraNz Chem. Pasadena
B.S., California Institute, 1926
ScoviLLE, LLoreN P, Ch.E. Pasadena

A.B., University of Redlands, 1928

A.E. Lubbock, Texas

)

Chem. State College, New Mexicc
B.S., New Mexico College of Agriculture and Mechanical Arts, 1929

N3
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Magor
NaME SusJECT HoME ADDRESS
SEcHLER, ErNEsT Epwin A.E. Pasadena
B.S., California Institute, 1928; M.S., 1929
SuapPELL, MaPLE DELOS Geol. Temple City
B.S., University of Arizona, 1921
SHeErMAN, Jacor HENRY Chem. San Francisco
B.S., University of California, 1929
SKINNER, SELBY MILLMORE Phys. Seattle, Washington
B.S., University of Washington, 1928
Syt Huserr HENRY M.E. Phoenix, Arizona
A.B., University of Redlands, 1928
Sraxrow, W. Lavron Geol. Sierra Madre
B.S., California Institute, 1927 .
Starp, FFREDERICK PEARCE Ch.Ii. Pasadena
A.B., Stanford University, 1927
STENZEL, RicitarD WERNER Chem. Pasadena
B.S., California Institute, 1921
SturpivanT, James HormEs Chem. Greenville, Texas
B.A., University of Texas, 1926; M.A., 1927
SvrHERLAND, JOHN CLARK Geol. Pasadena
B.S., California Institute, 1929
SwarTz, CHARLES ALBERT Phys. Pasadena
B.S., California Institute, 1927
TayrLor, Daxier DwicHT Phys. Pasadena
A.B., Colorado College, 1924
TavLor, GEORGE FREDERIC Geol. Los Angeles
B.S., California Institute, 1929
TraorNDIXE, Epwarp MovurToNn Phys. Montrose, New York
B.S., Wesleyan University, 1926; A.M., Columbia University, 1927
Urmstow, JosEPH WINCHESTER Chem. San Marino

A.B., University of California at Los Angeles, 1928
VAN DEN AKKER, JOHANNES

ARCHIBALD Phys. Los Angeles
B.S., California Institute, 1926
WabbpiNgron, GUy Chem. Victoria, B. C., Canada
B.A., University of British Columbia, 1928
‘Warte, Howarp WINFRED A.E. Burbank
B.S., California Institute, 1929
WerLLmaN, Homer BicELow Chem. Cape Town, South Africa
B.A., Carleton College, 1926; M.S., University of Michigan, 1927
WENNER, RarpH RI¢HTER Chem. Pasadena

B.S., Cooper Union Institute of Technology, 1926; M.S., Northwestern Uni-
versity, 1927

WirLiamson, Roserr Porirock E.E. Greenville, Kentucky
B.S., Virginia Military Institute, 1927

Worr, Jorx Ricuarp Phys. New York, New York
B.A., Yale University, 1929

‘Worre, Karr Morean E.E. Kingwood, West Virginia
B.S., West Virginia University, 1925; M.S., California Institute, 1929

‘Woo, Sizo-Crow Chem. Ping-Hsiang, Kiangsi, China
B.S., National Central University, Nanking, China, 1925

WorraLL, Georee HossoN Phys. Collingswood, New Jersey
A.B., Temple University, 1929

Yvan, Hax-Cuine Chem. Nantuangchow, Kiangsu,
B.S., Tsing Hua University, Peiping, China China

ZauorskI, Apam TEoboOR AE.

B.S.E., University of Michigan, 1928



Undergraduate Students

Abbreviations: Eng., Engineering; Seci.,, Science; E.E., Electrical Engineering;
M.E., Mechanical Engineering; C.E., Civil Engineering ; Ch Chemistry; Ch.E,,
Chemical Engineering; Ph., Physxcs, Ge., Geology; Ma., Mathematlcs, AE.,
Aeronautical Engineering.

Students whose names are starred attained honor standing during the preceding
year, obtaining 145 credits in any one or more terms, 130 of which resulted from
grades of three and four in non-italicized subjects.

SENIOR CLASS

NaMmEe Course (Orr10N) HonMx AbDRrESS
Alderman, Frank Edward FEng.(C.E.) Santa Ana
Allison, Donald Kreeck Sci. (Ch.E.) Los Angeles
Anderson, John Edward Eng.(E.E.) Pasadena
Ayers, Wilbur Walter Eng.(A.E.) Highgrove
Baker, Howard Eugene Eng.(C.E.) Los Angeles
Bechtold, Ira Christian Sci.(Ch.E.) Anaheim

*Bernhardi, Tom George Sci.(Ch.E.) Los Angeles
Blohm, Clyde Lehnhard Sci. (Ch.E.) Los Angeles
Bode, Francis Dashwood Sci.(Ge.) South Pasadena
Boyle, James Robert Lester Eng.(M.E.) Santa Ana
Brasher, Bert Vessie Sci.(Ch.E.) Walnut Park

*Bungay, Robert Henry, Jr. Eng.(M.E.) Glendale
Butler, Albert Eng.(E.E.) Santa Barbara
Carberry, Deane Edwin Eng.(C.E.) Pasadena

*Carlson, Chester Floyd Sci.(Ph.) Pasadena
Cary, Henry Howard Eng.(C.E.) Los Angeles

*Chamberlain, Glenn John Eng.(E.E.) San Diego
Clark, John Drury Sci. (Ch.) Fairbanks, Alaska
Coupland, Bert Russell Eng.(E.E.) Los Angeles
Crane, Horace Richard Sci.{Ph.) Turlock

*Crawford, Franklin Goodrich Eng.(M.E.) Pasadena

*Cromley, Raymond Avalon  Sci. (Ph.) Long Beach
Deardorff, Herbert Hadley Eng.(C.E.) Pasadena
de Camp, Lyon Sprague Eng.(A.E.) Los Angeles
Doherty, Norman Frederick Seci.(Ch.E.) Los Angeles
Downs, Roscoe Phillips Eng.(C.E.) North Hollywood

*Eastman, Harvey Selden Sci.(Ch.E.) Pasadena
Effmann, Karl Herman Eng.(M.E.) Los Angeles
Elliott, Orrin Mathews Eng.(M.E.) San Diego
Ellis, Emory Leon Sci. (Ch.) San Diego
Ellis, Eugene Vance Eng.(E.E.) Okmulgee, Oklahoma
Foladare, Joe Sci.(Ph.) ILos Angeles
Fracker, Henry Edward Eng.(E.E.) Pasadena
Gates, Clinton Eugene Eng.(E.E.) Pasadena
Gaylord, John Wallace Sci. (Ch.E.) Pasadena
Giebler, Clyde Edgar Eng.(E.E.) Los Angeles
Grant, Edmund Glen Eng.(M.E.) Long Beach
Green, Lowell Forrest Sci.(Ph.) Santa Ana
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NaME SuBJECT HoME ADDRESS
*Groch, Fred Reston Eng.(E.E.) Los Angeles
Hall, John Leland Eng.(E.E.) Los Angeles
*Hamilton, John Douglas Sci.(Ch.E.) Sawtelle
Hatch, William Bell, Jr. Eng.(C.E.) Ypsilanti, Michigan
Hawes, Roland Cyril Sci.(Ch.) Rapid City, South Dakota
Hesse, John Fred, Jr. Eng.(E.E.) Las Vegas, Nevada
Hillman, Ernest Christian Eng.(C.E.) Los Angeles
Hiyama, Thomas Tamotsu Eng.(E.E.) Pasadena
Hoch, Winton Christoph Sci.(Ph.) Pacific Palisades
Hodder, Roland Frederick Sci.(Ge.) Glendale
*Hoeppel, Raymond Winfield Sci.(Ch.E.) Arcadia
Hopper, Rea Earl Eng.(A.E.) Riverside
Howse, Samuel Eric Eng.(E.E.) West Hollywood
Ignatieff, Alex Ivan Eng.(E.E.) Pasadena
Imus, Henry Oscar Sci.(Ph.) Los Angeles
Janssen, Otto Philip Sci.(Ch.) Pomona
Johnson, Josef Jerome Sci.(Ph.) Altadena
Jones, Harlen R. E. Eng.(M.E.) Fresno
Kelley, William Francis Eng.(E.E.) Santa Monica
Kleinbach, Hugo Otto Eng.(M.E.) Glendale
Koehm, Edward Eng.(C.E.) Los Angeles
Kuhn, Truman Howard Sci.(Ge.) Glendora
Leppert, Melvin Lawrence Fng.(E.E.) Monrovia
Levine, Ernest Eng.(C.E.) Los Angeles
Iiedholm, George Edward Sci.(Ch.E.) Long Beach
Lord, Roy Stanley Eng.(C.E.) Pasadena
Mchonald James H. Eng.(C.E.) Pasadena
Maitland, William Blackstock Sci(Ge.) Glendale
Mason, Harry Shattuck Eng.(C.E.) Los Angeles
Mauzy, Harris Xenneth Eng.(C.E.) South Pasadena
*McLean, Ralph Stewart Eng.(C.E.) Brea
MecMillan, John Robertson Eng.(M.E.) Los Angeles
*Miles, Kenneth Leonard Eng.(C.E.) Santa Barbara
Mitchell, Gordon Sylvester Eng.(E.E.) Hollywood
Moss, Harland Ray Sci.(Ch.E.) Los Angeles
Moyers, Frank Neff Eng.(M.E.) Highgrove
Muff, Elmer Mason Eng.(M.E.) Glendale
Murray, John Stalker Sci.(Ph.) Pasadena
Myers, Henry Glysson Eng.(M.E.) Artesia
Nelson, Warren Campbell ~ Sci.(Ch.E.) Los Angeles
Nomann, Arthur Behrend  Eng.(E.E.) Whittier
Nye, Lawrence Carlton Sei.(Ph.) Pacific Palisades
Pritchett, Jack Dean Eng.(E.E.) Cabazon
*Read, George Wilber Eng.(E.E.) Glendale
Reilly, James Thomas Sci.(Ge.) Pasadena
*Reynard, Willard Grant Sci.(Ch.E.) Los Angeles
Reynolds, George Lawrence Eng.(C.E.) Glendale
Riggs, William Christopher Eng.(A.E.) Pasadena
Ross, George Arthur Eng.(E.E.) Fillmore
Russell, Lloyd Wallace Eng. (E.E.) Pasadena

*Sass, Otto Sci.(Ch.) Los Angeles



SENIOR CLASS

NaME Susject
Sawyer, Herbert Goodman Sci.(Ph.)
*Scharf, David Walter Sci.(Ge.)
Scott, Frederick Schell Sci. (Ch.E.)
*Shetfet, David Eng.(E.E.)
*Shields, John Charles Eng.(A.E.)
Shuey, Clyde Wellar Eng.(E.E.)
Silverman, Michael Morris Eng (M.E.)
Smith, Richard Hale Sci.(Ph.)
Sprmgsholz, Charles Adolph Eng.(C.E.)
Stein, Myer Samuel Eng.(BE.E.)
*Stipp, Theodore Frank Eng.(E.E.)
*Stirton, Robert Ingersoll Sci. (Ch.)
*Strong, Austin Webber Eng.(E.E.)
Sturgess, Jack Bainbridge Eng (M.E.)
*Suzuki, Katsunoshin Eng.(M.E.)
Swift, Frederick Thayer, Jr. Eng.(E.E.)
Thayer, Eugene Merlin Eng.(E.E.)
*Towler, John William Eng.(A.E.)
*Trostel, Everett G. Sci. (Ph.)
Tucker, Merrill Douglas Sci.(Ge.)
Van Beveren, Oscar Franz Sci.(Ge.)
Weise, Carl Arthur Eng.(AE.)
*West, Samuel Stewart Sei.(Ph.)
*Wheeler, George Richard Eng.(E.E.)
‘White, Dudley Lawton =~  Eng.(A.E.)
‘Whitman, Nathan Davis, Jr. Eng.(C.E.)
*Wilkinson, Walter Dunbar Sci.(Ch.)
‘Wilmot, Charles Alfred Sci.(Ch.)
*Wilson, Robert Warren Sci.(Ge.)
Zahn, Oswald Francis Eng.(M.E.)
*Zipser, Sidney Eng.(E.E.)

239

HoME Appriss
Napa
Los Angeles
Pasadena
Venice
Pasadena
St. Bernice, Indiana
Los Angeles
South Pasadena
Santa Barbara
Los Angeles
Glendale
Los Angeles
San Diego
Glendale
Kanagawa, Ken, Japan
Altadena
Huntington Park
Santa Barbara
Santa Ana
Alhambra
Hollywood
Tustin
Pasadena
Richgrove
Los Gatos
South Pasadena
Santa Barbara
Imperial
Los Angeles
Coronado
Los Angeles



240 CALIFORNIA INSTITUTE OF TECHNOLOGY

JUNIOR CLASS

Namre Course Tloye Appriss
*Alden, Lucas Avery Sci.(Ch.) Montrose
* Amann, Jack Huber Eng. Pasadena
*Anderson, Maynard Marion Eng. San Diego
Atwood, Albert William, Jr. Eng. Washington, D. C.
Axline, Rea Andrew Eng. Norwalk
Babcock, William Chapman Sci.(Ge.) Los Angeles
Barnett, Richard Fames Eng. Temecula
Bell, Thomas William Eng. Whittier
Bennett, Elliott Powell Eng. Los Angeles
Biggers, John Carter Eng. Alhambra
Bolles, Lawrence William Sci.(Ge.) Santa Ana
Boothe, Perry Mattison Eng. Los Angeles
Bovee, John Leroy, Jr. Eng. Anaheim
Bowen, George Henry Sci.(Ch.E. ) TLos Angeles
Brooks, Arthur Clinton Eng. DBalboa
Bruce, Philip Lester Sci. (Ch.E. ) Newtonvile, Massachusetts
*Buffum, Charles Emery Sci.(Ph.) Long Beach
Bussey, George Leland Eng. Los Angeles
*Cate, Paul Herman Sci. (Ch.E. ) Los Angeles
Cogen, William Maurice Sci.(Ge.) Los Angeles
*Coleman, Robert Prewitt Sci.(Ph.) Pasadena
Connable, Harry Stanton Eng. Hollywood
Cordes, Nelson Myers Eng. Ilos Angeles
*Crawford, Albert Thomas  Sci.(Ch.E.) Santa Ana
Crawford, John Henry Eng. TLos Angeles
Crossman, Edward Bishop Sci.(Ge.) Brentwood Heights
Detweiler, John Struss Sci.(Ch.) Los Angeles
Dickerman, Charles Edwin Eng. Altadena
Dickey, Walter Linn Eng. Eagle Rock
#*Dorman, Stephen Chatrles Sci. (Ch.E. ) San Bernardino
Eastman, Samuel Clare En Los Angeles
*Eberz, William Ferdinand  Sci.(Ch.E. ) Altadena
*Ferguson, Lawrence LaVerne Eng. Glendale
Folsom, Theodore Robert Sci.(Ph.) San Diego
Ford, Frank Hubert Eng. Porterville
Frye, Calvin Barton Eng. San Diego
Futcher, Ralph Allan Fng. Vancouver, B. C.,, Canada
Girard, John Emile Eng. Los Angeles
Grafman, Abraham Jack Eng. Hollywood
Green, Edwin Francis Eng. Los Angeles
*Gregory, Carter Holt Sci. (Ch) San Marino
*Grifiin, Robert Hardy Eng. San Diego
Guhl, Robert Hills Eng. Los Angeles
Gunderson, Norman Rohert Sei.(Ch.)  Randsburg
Hacker, William Dillon, Jr. Eng. DPasadena
Hall, Marvin William Eng. Ios Angeles
*Hatcher, John Burton Sci.(Ch.) T.os Angeles

Holman, Emmette Rudolph Sci.(Ch.) Pasadena
Holzman, Benjamin Sei.(Ch.E.)  ILos Angeles



JUNIOR CLASS

SUBJECT

Eng.

NaMmEe
Horton, Warren Birch

Humphreys, Wendell Lewis Eng.
Hutchinson, Francis Eng.
Ingham, Herbert Smith Eng.
*Jacobs, Robert Byron Sei. (Ph)
*Jecker, Duroc Albert Sci. (Ch.E.)
Johnson, Byron Bethune Eng.
Johnston, William Elmore, Jr. Eng.
*Jurling, Theodore Waldemar Eng.
Keachie, Edward Chester Eng.
*Kinsler, Lawrence Edward Sci. (Ph.)

*Kircher, Charles Edmund, Jr. Sci.(Ch.E.)

Kuykendall, Charles Edwin Sci.(Ch.E.)
Labory, Raymond Frary Eng.
Laird, Francis Neil Sci.(Ch.E.)
Ieeper, Laverne Eng.
IL.ehman, Robert Marshall Eng.
Levine, Alex Herbert Sci. (Ma.)
Lewis, Charles Kimmel Eng.
Lewis, George Edward Eng.

Longyear, Edmund Joseph, Jr. Eng.
*Matison, Harry Sci. (Ph.)
McGarry, Jack Felbert Eng.
Mehl, John Wilbur Sci.(Ch.)
Merrithew, William Sterling - Eng.
Miller, Glen Wellington Eng.
Montgomery, John Cochran Sei. (Ph. )
*Morris, Ross Elliott Sci. (Ch.E.)
Murdock, DeWolfe ng.
Nelson, Theron Lyle Sci. (Ph.)

Newby, Oscar McMullin

ng.
Newcomb, Daniel Albert Seci.(Ch.E.)

Olmsted, Ennis Gunning Eng.
*QOverhage, Carl F. J. Sci. (Ph.)
Peer, Edward Stephen Sci. (Ch.)
*Peterson, Raymond Alfred Seci. (Ge.)
Pratt, Leland DeWitt Sei. (Ch.E.)
Rice, George Skidmore Eng.
Robinson, Roger Theophilus Seci.(Ch.E.)
Sarno, Dante Hector Sci.(Ch.E.)
¥*Shull, George Orval Seci.(Ch.)
Sinnette, John T. Sci. (Ch.)
*Smith, Robert Graves Eng.
Smits, Howard Gardner Eng.
¥Stipp, Charles Klopp Eng.
Sweet, Carl Herbert Sei. (Ch)
Tarbet, Thomas Vernon Fing.
Thompson, Isadore Eng.
Townsend, Arthur Ornes Eng.
Tutschulte, Alvin Carl Eng.
*Ugrin, Nick Thomas Fing.

HoME ADDRESS
Fargo, North Dakota
Huntington Park
Crockett
Los Angeles
Santa Monica
Los Angeles
St. Louis, Missouri
Van Nuys
Los Angeles
Los Angeles
Los Angeles
El Paso, Texas
South Pasadena
Los Angeles
Alhambra
San Bernardino
Pasadena
Tong Beach
Santa Ana
Pasadena
Altadena
Pasadena
Hermosa Beach
Upland
Los Angeles
Glendale
Pasadena
Hollywood
Santa Ana
Sacramento
Glendale
Corona
Glendale
Weida, Thiiringen, Germany
Long Beach
Denver, Colorado
Huntington Park
Alhambra
Altadena
Pasadena
Los Angeles
Pasadena
Riverside
Glendale
Glendale
Minneapolis, Minnesota
Pasadena
Los Angeles
Sedalia, Missouri
Los Angeles
T.os Angeles
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Name Course (OprIoN) Home Apokess
Ung, Philip Fay Eng. Los Angeles
Van Reed, Mabry Eng. San Diego
Voak, Alfred Suter Eng. Atascadero

*Webb, Glenn Miller Sci. (Ch.E.) Los Angeles
West, William Textor Eng. Hollywood
White, Thomas Robert Sci.(Ch.) Redlands
Wilking, Arnold Philip Sci.(Ch.) Pasadena
‘Wilson, Roger Montgomery Sci.(Ph.) Pasadena
Wineland, Jeff Andrew Eng. Durham
Yoshioka, Carl Kaorn Eng. Los Angeles

*Zabaro, David Eng. Los Angeles

SOPHOMORE CLASS

NaME Course HoME ADDRESS
Adams, William Avanzino Eng. Long Beach

*Anderson, David William Eng. Alhambra

* Anderson, Thomas Foxen Sci. Glendale
Arnerich, Paul Frank Eng. Pasadena
Arnold, Emmer Joseph Sci. Los Angeles
Ayers, John Kimball Eng. Los Angeles
Barton, Millard Vernon Eng. Hollywood
Bascom, John Dwight Sci. Pasadena

*Bates, Dana Barker Eng. Santa Monica
Beckman, Harold Porter Eng. Santa Ana
Behlow, Lewis Bushnell Eng. Alhambra
Bergren, William Raymond Sci. Pasadena
Berry, William Ladew Eng. Yonkers, New York
Bland, Reginald Barrett Sci. Pasadena
Bonner, James Fredrick Sci. Salt Lake City, Utah
Bonner, Lyman Gaylord Sci.  Salt Lake City, Utah
Bowden, Frederick William Eng. San Luis Obispo
Bowler, Gordon E. Eng. Pomona
Braasch, Albert Carl Sci. Eagle Rock

*Bradburn, James Rupert Eng. Los Angeles
Brakesman, Gordon Eng. Los Angeles

*Brown, Rupert Arthur Sci. Pasadena
Bruderlin, Henry Hurst TFng. Los Angeles
Burman, Paul Gustav Eng. San Gabriel

*Carey, Robert VanPelt Eng. South Pasadena

*Cawley, Clifford Comer Eng. T.0s Angeles
Chambers, John Voris Eng. Redondo

*Claussen, William Hammerich Sci.  Altadena
Cline, Franklin Joseph, Jr. Sci.  Covina
Cogen, Sol Sci. Los Angeles
Cox, John Luther Eng. Alhambra
Crater, Myron Lee Eng. Pasadena
Dean, Arthur Malcolm Sci. Chula Vista

*Eleonin, Victor Sei.  T.os Angeles
Feely, Martin Gerald Eng. T.0s Angeles
Finney, Howard William Sci.  T.0s Angeles

FFoss, Robert Edwin ) Eng. Rivera



SOPHOMORE CLASS

NaME

Freeman, Orville Wallace
Freeman, Robert Braman
Gelber, Murray Samuel
Giddings, Sylvester Nahum
*Goodman, Clark

Gould, Laurence Keeney
Graff, Donald Badger
Gregory, Jackson, Jr.
Grieger, John Miller
Griswold, Edward Allen
Groat, William

Hamlin, Charles Frederick
Hanson, Henry Foster
Harmon, Cliver
*Harsh, Charles Maxfield
Harshman, Elbert Nelson
Hastings, Allen

Hayes, Edward Adams
Haymaker, Herbert Eugene
Haynes, Benarthur Castle
Hegardt, Karl Edward
Hibbs, Frank John, Jr.
Hill, James W.

Horn, Aubrey
*Huntley, Walter Palmer
Iwasaki, Tetsuo

James, George Hall
*Jones, Charles Wright
Josenhans, John Frederick
Keeley, Kedric Vincent
*Kent, William Lyon
Killgore, Cecil Lloyd
Lani, Leslie Vincent
*Larsen, Delmar Herman
Lind, Carl Frank
*Lipp, James Everett
Love, James Herman
Maass, Randal Oscar
Maes, Alvin James
Mathews, Thomas Edwin
*McKinley, John Daniel
McLaughlin, James Patrick
Morgan, Richard David
Morse, Barnard Alexander
Nicholson, Hunter, Jr.
Noble, Robert James
*Qelschlager, Ray Troy
Oulton, Thomas Dixon
Packer, Walter Hamilton
Page, Hollis Bem
Parsons, Paul Gates

Course
Eng.
Eng.

Seci.
Eng.
Seci.
Eng.
Eng.
Sci.
Seci.
Sci.
Sci.
Eng.

Sei,
Eng.

Eng.
Eng.
Sci.
Sei.
Sei.,
Eng.

HoME ADDRESS
Pasadena
Pasadena
Los Angeles
Riverside
Los Angeles
Alhambra
Pasadena
Altadena
Pasadena
Alhambra
‘Whittier
San Luis Obispo

Oklahoma City, Oklahoma

San Diego
Eagle Rock
Los Angeles
Pasadena

E]l Monte

Van Nuys
Pasadena
Downey

Los Angeles
Los Angeles
South Pasadena
Tustin

T.os Angeles
Denair

I.ong Beach
Chiecago, Illinois
El Monte
Covina
Hollywood
Elko, Nevada
Sherman

Los Angeles
Eagle Rock
Chatsworth
Anaheim

Los Angeles
Glendale
Alhambra
Redondo Beach
Meacham, Oregon
Altadena

Los Angeles
San Diego
Kaweah
Pasadena

Philadelphia, Pennsylvania

Sawtelle
Hermosa Beach
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NaME

Paulson, Walter Henderson
Pelzel, Robert E.

Persson, Sture Henning
*Pickering, William Hayward
Pier, Everett Harry

*Polk, Wendell Robert
Pownall, Henry Bland
Prudames, Edwin Mott
Pruden, Worrell Franzoni
Rau, William Charles
Ritter, John

Roach, Harold
Rockefeller, William Curtis
Rossall, Kenneth Brown
Rule, Bruce Herbert
Saylor, William Henry
*Schaafsma, Jan Gerard
Schoeller, Charles Philip
Schuhart, Mervin Arno
*Schultz, Behrend Carl
*Schultz, Henry William
Schultz, William Francis
Searle, Richard Allen
Seavey, Walter Kelley
*Sheffet, Joseph

Shockley, William

Shuler, William Reeves
Simpkinsen, Arthur Albert
Skaredoff, Nicolai Nicolaevich
Skoog, Folke Karl

Smith, Alvin Joseph
Solomon, Hyman

Sparling, Jack Norman

St. Clair, Robert Woodland
Taylor, James Benjamin
*Thiele, Carl Leslie

Thomas, Richard Notley
Tickner, Alvin Joseph
Vander Goot, Herbert Albert
Van Wingen, Nico
Venerable, Grant Delbert
Warfel, John Spencer
Watson, George Gilbert
Wengren, Frank Eric
Wheeler, George

‘Wherritt, Robert Glay
*White, Wayne Bertrand
*Wilson, Chester Eugenc
Wilson, William Wayne
Wofford, George

*Wolfe, Halley
*Zuckerman, Herbert Samuel

SusJECT

Eng.

Sci.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.

Sci.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.

Sci.

Sel.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.

Sci.
Eng.

Sci.
Eng.

Sci.
Eng.

Sci.
Eng.
Eng.

Sci.

Sei.
Eng.

Sel.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Eng.

Sci.

Sei.
Eng.
Eng.

Sei.

Sei.
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HoME ADDRESS
Pasadena
L.os Angeles
Halsingborg, Sweden
Christchurch, New Zealand
Monrovia
T.os Angcles
Santa Monica
Los Angeles
Los Angeles
Las Vegas, Nevada
Whittier
Los Angeles
Salt Lake City, Utah
Glendale
Los Angeles
Covina,
Honolulu, T. H.
Palmdale
Pasadena
Los Angeles
Pasadena
Los Angeles
Los Angeles
Pasadena
Venice
Los Angeles
EIl Monte
Pasadena
Yokahama, Japan
Alhambra
Pasadena
Los Angeles
Glendale
Glendale
‘Wildomar
Hollywood
Riverside
Pasadena
Glendora
Pasadena
Los Angeles
Los Angeles
Torrance
Pasadena
Oceano
Tos Angeles
Los Angeles
North Hollywood
Pasadena
Los Angeles
Porterville
Berkeley



FRESHMAN CLASS

FRESHMAN CLASS

NamMEe
Allen, Robert James
Anderson, Henry Fredrik
Andrew, Thomas Adelbert
Backus, Harrison Stout
Bamberger, Sidney Francis
Barker, Neal Dow
Barlow, Wilson Howell
Barnett, Earl Edgar
Beach, Elbert Hubbard
Beckerlegge, Bernard Drake
Bender, David Fulmer
Berkley, George Merrill
Bernstein, Theodore Isra
Blossom, Howard Clifford
Bly, Victor Earl
Bonillas, Ygnacio
Bower, Evan George
Braun, Carl Allan
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