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Talendar

1929
JANUARY 2 Registration (9 A. M. to 3 P. M.)
JaNvary 19 Examinations for Removal of Conditions
Marcu 1...Last Day for Applications for Fellowships and Assistantships
Marcu 18-16 Term Examinations
Marcu 16 End of Second Term
Marcn 17-24 Recess
Marcr 20........ Notifications of Award of Fellowships and Assistantships
Marcu 23 Meetings of Registration Committees
Marcu 25 Registration (9 A. M. to 3 P. M.)
Arpin 18 Examinations for Removal of Conditions
Max 13 Last Day for Removing Senior Deficiencies
May 28......... Last Day for Examinations and Presenting Theses for the
Degree of Doctor of Philosophy
May 30 Memorial Day Recess
MAY 80........ Last Day for Examinations and Presenting Theses for the
Degree of Master of Science to be Conferred
in June
Juxne 1 End of Examinations for Seniors
JUNE 48l Term Examinations for all Students except Seniors
Juxe 4 Departmental Meetings (9 A. M.)
JUNE 4 Faculty Meeting (1:30 P. M.)
JuxE 6 Class Day
Juxe 7 Commencement
Juwe 7 Annual Meeting of Alumni Association
Ju~E 8 End of College Year
Juxe 6-8 Examinations for Admission to Upper Classes
June 17 Meetings of Registration Committees
JoLy 12 Examinations for Admission to Freshman Class and for
Freshman Scholarships
SEPTEMBER 23-24.. Examinations for Admission to Freshman Class
SEPTEMBER 24-25...ccovieeee. Examinations for Admission to Upper Classes

SEPTEMBER 25 Examinations for Removal of Conditions




CALENDAR—Continued

SEPTEM BER 26 . -.Registration of Freshmen (9 A. M.)
SEPTEMBER 27.omiricaceecenareen General Registration (9 A. M. to 3 P. M.)
SEPTEMBER 28 oo -..General Registration (9 A. M. to 12 M.)
SeprEMBER 30 Beginning of Instruction

NoveMBER 28-DECEMBER 1 Thanksgiving Recess

Decemeer 2...Last Day for Announcing Candidacy for Bachelor’s Degree

DecemBER 18-21 Term Examinations

DecemsER 21............ Last Day for Filing Applications for Candidacy for
the Degree of Doctor of Philosophy, to be Con-
ferred June, 1930

DecemBER 21 End of First Term (12 M.)
JaNvARY 4, 1930 Meetings of Registration Committees
JANUARY 6 Registration (9 A. M. to 3 P. M.)




@he Board nf Trustees

Arranged in the order of senjority of service)
8

Term
Expires

Hiram W. WabpsworTH 1932
716 South E! Molino Avenue, Pasadena.

ArtrUOR H. FLEMING 1930
1003 South Orange Grove Avenue, Pasadena.

Georee E. Hare 1932
739 Hermosa Avenue, South Pasadena.

CuARLES W, GaTEs 1928
Fordyce, Arkansas.

Hexry M. Romixsox 1931
195 South Grand Avenue, Pasadena.

R. C. Grris. 1932
215 West Ninth Street, Los Angeles.

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

Harry CHANDLER 1929
The Times, Los Angeles.

Hexry W, O’MEeLvENY. 1930
Title Insurance Building, Los Angeles.

Arranx C. BaLce 1928
Biltmore Hotel, Los Angeles.

Lovis D. Rickerts 1930
349 South Grand Avenue, Pasadena.

Josepa B. DABNEY. 1931
1208 Bank of Italy Building, Los Angeles.

Wirtiam L. HoNnxorp - 1931
523 West Sixth Street, Los Angeles.

Wirriam G. KercxHOFF 1928
740 South Broadway, Los Angeles.

OFFICERS

Arraur H. FrEmIiNG President

Arrax C. Bancu First Vice-President

Crarres W. GATEs Second Vice-President and Treasurer

Hirsy W. WADSWORTH..... Third Vice-President

Epwarp C. BarrerT Secretary and Assistant Treasurer

FINANCE COMMITTEE
Artrur H. Fremixe, Chairman
Arrax C. Barcu Wirriam L. HonxNorp
CuariLes W. GATES Lovis D. Rickerts



Abdministrative @fficers of the Institute

EXECUTIVE COUNCIL

RoseErt A. MiLrixaw, Chairman Tromas H. Moraax
Arvaxy C. Barcwm ‘Witrtam B. MuxNRo
Arrucr H. FreMing Artaur A. Noves

Georee E. Hare Hexry M. Roeinsox

Epwarp C. BarrerT, Secretary

CHAIRMEN OF DIVISIONS
RoperT A. MivLixax...Physics, Mathematics, and Electrical Engineering

ARTHUR A, NOYES coiiririieeeeene Chemistry and Chemical Engineering
FrankriNn Taomas Civil and Mechanical Engineering
Joux P. Buwarpa Geology and -Paleontology
Tromas H. Morean Biology
Crintox K. Jupy Humanities
Rovar W, SoreNsEN Physical Education

OTHER OFFICERS

Freperic W. Hinricas, Jr Dean of Upper Classmen
JouN R. MACARTHUR Dean of Freshmen
Epwarp C. BARrrerT Secretary
Harry C, Vax Buskmx Registrar

Aduigory Connril

Joun J. Carry, Vice-President, American Telephone and Telegraph
Company.
Gaxvo Duxw, President, J. G. White Corporation.

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

Joux C. Merriam, President, Carnegie Institution of Washington.
Cuaries L. Reese, Chemical Director, E. I. du Pont de Nemours and
Company.

ADVISER IN ATHLETICS
Davip BLankExHORN, Pasadena



Officers and Committees of the Farulty

OFFICERS
Crmamman, A. A, Noyes.
Secrerary, H. C. Van Buskirk.
Dea~x oF Upper Crassmen, F. W. Hinrichs, Jr.
Deax oF FresaMmENx, J. R. Macarthur.

GENERAL COMMITTEES

Facorry Boasrp, Chairman, F. W. Hinrichs, Jr.; Secretary, H. C. Van
Buskirk.

The Board consists of the officers of the Faculty, 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.

RecistraTioN, Chairman, H, C. Van Buskirk.
Fresuman REecistraTion, Chairman, J. E. Bell,
Course 1x ENGINEERING, Chairman, R. L. Daugherty.
Courst 18 Sciencg, Chairman, W. N. Lacey.
GrapuaTeE Stupy, Chairman, R. C. Tolman.
Ex~ciNeEriNG ReseEarcn, Chairman, C, C. Thomas.
Hoxor Stupents, Chairman, I. S. Bowen,

StupENT RELATIONS, Chairman, F. Thomas.
Prysicar Epvucarion, Chairman, R. W. Sorensen,

Regearch Asgoriates, 1928-1929

SamueL JacksoN Barwerr, Pu.D.
Research Associate in Physics
Goorrey Harorp Harpy, Sc.D,, LL.D.
Associate in Mathematics
Savilian Professor of Geometry, Oxford University

ArBErT ABRaHAM MicueLson, Pu.D., LL.D., Sc.D.
Nobel Laureate
Research Associate in Physics

Professor of Physics, University of Chicago

ARNOLD SOMMERFELD, Pr.D.
Research Associate in Physics
Professor of Physics, University of Munich
Hazrry O. Woon, M.A.
Research Associate in Seismology
Research Associate of Carnegie Institution of Washington



Staff of Inatruction and Research

RoserT AnDREWs MiiLixkan, Pa.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, 1902-1907; Asso-
ciate Professor, 1907-1910; Professor 1910-1921. Se.D. (hon.), ‘Oberlin
College, 1911; Northwestern University, 1913; University of Peunnsyl-
vania, 1915; 'Ambherst College, 1917; Columbia. University, 1917; Uni-
versity of Dublin, 1924; Yale University, 1925; Leeds University, 1927;
Princeton University, 1928, LL.D., University of Californja, 1924; Uni-
versity of Colorado, 1927. Ph.D. (hon.), King John Casimir University,
LWéW, Poland, 1926; University of Ghent, 1927, Vice-President, Amer-
ican Association for the Advancement of Science, 1911; President,
American Physical Society, 1916-1918; Vice- Chalrman National Re:
search Council, 1916-; Lieutenant- Colone] U. S. A., and Chief, Science
and Research Division of Signal Corps, 1917- 1919 American Repre-
sentative, Troisiéme Conseil de Physique, Solvay, Brussels, 1921;
Exchange Professor, Belgium, 1922; American Representative, Com-
mittee on Intellectual Cooperation, League of Nations, 1922-. Member,
American Philosophical Society, National Academy of Sciences, 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.
Member, Royal Institution of Great Britain, La Société Hollandaise
des Sciences, Royal Irish Academy, Die Gesellschaft der Wissenschaf-
ten zu Gottingen. 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 Engineers,
1926; and of the Messel Medal of the Society of Chemical Industry of
England, 1928, California Institute, 1916-

300 Palmetto Drive

Trzomas Huxt Morcaw, Pa.D., LI.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 TUniversity, 1904-1928,
LL.D., State College of Kentucky, 1916; Johns Hopkins University,
1917; MeGill University, 1921; Sc.D., University of Edinburgh, 1922;
Un1vers1ty of Michigan, 1924, Fellow of American Association for the
Advancement of Science; Member, American Philosophical Society;
Foreign Member, Royal Soeiety of TLondon: Corresponding Member,
Academy of Petrograd; Honorary Member, Royal Irish Academy,
Société Biologique de France Société Zoologlque 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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Wuriam BexNerT Muxro, 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
Artg and Sciences. California Institute, 1925-

268 Bellefontaine Street

Artaur Amos Noves, Pu.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, 189%0; ILL.D., TUniversity of Maine, 1908;
Clark University, 1909; University of Pittsburg, 1915; Sc.D. (hon.),
Harvard University, 1909; Yale University, 1913. Assistant and In-
structor in Analytical Chemistry, Massachusetts Institute of Tech-
nology, 1887-1892; Instructor in Organic Chemistry, 1892-1894; Assis-
tant and Associate Professor of Organic Chemistry, 1894-1899; Pro-
fessor of Theoretical Chemistry, 1899-1919; Director of the Research
Laboratory of Physical Chemistry, 1903-1919. Acting President,
Massachusetts Institute of Technology, 1907-1909; President, American
Chemical Society, 1904; President, American Association for Advance-
ment of Science, 1927; Honorary Fellow, Royal Society of Edinburgh;
Member, National Academy of Sciences, American Philosophical
Society, and American Academy of Arts and Sciences. Willard Gibbs
Medal, American Chemical Society, 1915. Davy Medal, Royal Society,
1927, California Institute, 1913-

1025 San Pasqual Street

Lewis M. Aoams, Lizur. CoLONEL
Corps of Engineers, U. S. Army (Rtd.)
Professor of Military Science and Tactics

Graduate, U. 8. Military Academy, West Point, 1903, with rank of 2nd
Lieutenant, Corps of Engineers; Engineer School, 1907; Honor Grad-
uate, Army Field Engineering School, 1914; Graduate, Army Staff
College, 1915. Colonel (temporary), Corps of Engineers, 1918-1920;
District Engineer (Galveston District, Gulf Division) 1920-1924, Cali-
fornia Institute, 1924-

1855 San Pasqual Street
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JoHN Avcusr ANDERsoN, Pu.D.
Executive Officer of the Observatory Council
Research Associate in Astrophysics®

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

tute, 1928-
642 North El Molino Avenue

Epwarp CeciL BarrerT, B.A.
Secretary of the Institute

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

942 North Chester Avenue

Harry BaTEMAN, Pa.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,
1907-1910; Lecturer in Mathematics, Bryn Mawr College, 1910-1912;
Lecturer in Applied Mathematics, Johns Hopkins University, 1915-
1917. Fellow of the Royal Society of London, 1928. California Insti-

tute, 1917~
1101 San Pasqual Street

Stusrt JEFFERY Bartes, Pu.D,
Professor of Physical Chemistry

B.A., McMaster 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, 1913-1914; Research Associate in Physical Chemistry,
Massachusetts Institute of Technology, 1922-1923 (on leave from Cali-
foi nia Institute of Technology). California Institute, 1914~

1671 Qakdale Street

Eric Tempre Brrr, Pu.D.
Professor of Mathematics

AB Stanford University, 1904; A.M., University of Washington, 1908;
Columbia Unlver51ty 1912, Instructor, Assistant Professor,

Assomate Professor, University of Washmgton 1912-1922; Professor,
1922-1926. Boécher Prize, American Mathematical Society, 1924; Vice-
President, American Mathematical Society, 1926-; Colloquium Lec-
turer, American Mathematical Society, 1927, Professor, summer
quarters, University of Chicago, 1924-1928; Visiting Lecturer, Harvard
University, first half 1926. Member of National Academy of Sciences.

California Institute, 1926- X
434 South Michigan 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.



STAFF OF INSTRUCTION AND RESEARCH 13

James Epcar Bery, PuH.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. 3, Box 639

C. F. Tuckzr Brooxe, M.A., B. Litr.

Associate in English Literature

B.A., University of West Virginia, 1901; M.A., 1902; Rhodes Scholar from
West Virginia at Oxford University, 1904-1907; B.A., Oxford Univer-
sity, 1906; B. Litt.,, 1907. Instructor in English, Cornell University,
1909; Instructor in English, Yale University, 1909-1913; Professor,
1920-; Exchange Professor, University of London, 1920; Research
i&ssociate of the Huntington Library, 1928-1929. California Institute,

928-
700 Ventura Street, Altadena

GiLmor 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

Joux PeTer Buwarpa, Pur.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 Crarp, E.M,

Professor of Mechanism and Machine Design

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

95 South Mentor Avenue

Roserr 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,
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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-, California Institute, 1919- i
373 South Euclid Avenue

Dowarp Ryper Dickey, M.A.
Research Associate in Vertebrate Zoology

A.B., Yale University, 1910; M.A. (hon.), Occidental College, 1925. Cali-
fornia Institute, 1926-
514 Rosemont Avenue

Pavt Sopuvs Ersteiy, Pa.D.
Professor of Theoretical Physics

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

Institute, 1921-
1083 Hlizabeth Street

Max Farraxp, 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 University, 1908; LI1.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, 1905-1906; Profes-
sor of History, Yale University, 1908-1925; Director of Research at the
Huntington Library, 1927-. California Institute, 1928~

179 South Orange Grove Avenue

Bernvarp Fay, Docteur es lettres
Lecturer in History
Agrégé des Lettres, Sorbonne, 1914; A.M., Harvard University, 1920;
Docteur és Lettres, Sorbonne, 1923, Croix de L.eopold II, 1916; Croix
de Guerre, 1917. Chapman Fellow, Harvard University, 1920. Lecturer
and Acting Professor of History, Columbia University, 1922-1924;
Professor of History, Université de Clermont-Ferrand, 1923-; Research
Associate, Huntington Library and Art Gallery, 1928-. California

Institute, 1928-
Pasadena Athletic Club

Freperic W. Hivricus, Jr.,, M. A,
Professor of Mechanics
Dean of Upper Classmen
A.B., Columbia University, as of 1902. M.A. (hon.), Occidental College,
1926, Graduate of the United States Military Academy, West Point,

1902. Assistant Professor, Professor of Applied Mechanics, University
of Rochester, 1910-1919. California Institute, 1920-

1071 Garfield Avenue
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Crintoy Keiry Juny, M.A.
Professor of English Language and Literature

A.B., University of California, 1903; M.A., 1907; B.A., Oxford University,
1909 M.A., 1913; M.A., Harvard Umvermty, 1917. Cahforma Institute,

1909~
1325 Woodstock Road, San Marino

Tureopor von Karmaw, Pua.D.
Associate in Aeronautics

M.E., Budapest, 1802; Ph.D., Gottingen, 1908. Privat docent, Géttingen,
1910- 1913; Professor of Mechanics and Aerodynamics, Director of the
Aerodynamical Institute, University of Aachen, 1913-, California In-

stitute, 1928-
Faculty Club

GramaMm Arpan Laine, MLA.
Professor of Economics and Business Administration

B.A., Unijversity of Liverpool, 1908; M.A., 1909; Gladstone Prize in History
and Political Science, Rathbone Prize in Economics, Liverpool Uni-
versity, 1907; Workers' Educational Association Lecturer in Economic
History for Liverpool University, 1909-1913; Secretary, Department of
Education, Government of British Columbia, 1913-1914; Director of
Technical Education, Vancouver, B.C., 1914-1917; Instructor in Eco-
nomics and Hlstory University of Cahforma 1917~ 1918; Assistant
Statistician, United States Shipping Board, 1918- 1919; Assistant Pro-
fessor of Social Science, University of Arlzona 1919-1921. California

Institute, 1921-
1081 Elizabeth Street

JouN RoBERTSON MACARTHUR, PH.D.
Professor of Languages
Dean of Freshmen

B.A., University of Manitoba, 1892; Ph.D., University of Chicago, 1903.
Lecturer in Modern Lianguages, Manitoba College, 1893-1898; Professor
of English, New Mexico Agricultural College, 1903-1910, 1911-1913;
Professor of English, Kansas State Agricultural College, 1914-1920.
Agent of International Committee of Young Men’s Christian Asso-
ciation, Ellis Island, 1910-1911. California Institute, 1919-

866 South Pasadena Avenue

Fraxcis Gravpaemv Pease, D.Sc.
Associate in Optics and Instrument Design*

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

California Institute, 1928-
824 North Holliston Avenue
*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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Russgrr Winriams PortER, M.S.
Associate in Optics and Instrument Design

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

Freperick LEestie Ransome, Pu.D.
Professor of Economic Geology

B.S., University of California, 1893; Ph.D., 1896. Assistant in Mineralogy
and Petrography, Harvard University, 1896-1897; Assistant Geologist,
U. 8. Geological Survey, 1897-1900; Geologist, 1900-1923; in charge of
sections of western areal geology, 1912-1916, and of metalliferous de-
posits, 1912-1923; Professor of 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, Natijonal
Research Council; President, Geological Society of Washington, 1913;
President, Washington Academy of Sciences, 1918; Corresponding
Member, Societe Géologique de Belgique; President, Society of Eco-
nomic Geologists. California Institute, 1927~

543 South San Marino Avenue

Fraxnk Eimore Ross, Pu.D.
Research Associate in Optics

B.S., University of California, 1896; Ph.D., 1901. Teacher of Mathematics
and Physies, Mount Tamalpais Military Academy, 1896-1897; Assistant
Professor of Mathematics TUniversity of Nevada, 1900; Assistant,
Nautical Almanac Office, 1902-1903; Research Assistant, Carnegie In-
stitution, 1903-1905; Director, International Latitude Observatory,
Gaithersburg, Maryland, 1905-1915; Physicist, Eastman Kodak Com-
pany, 1915-1924; Associate Professor of Astronomy, Yerkes Observa-
}8?8,’ 1924-1928; Professor of Astronomy, 1928-. California Institute,

Tueovore GEraLp 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, Altadena

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

B.S., in Electrical Engineering, University of Colorado, 1905; E.E., 1928.
Associated with General Electric Co., Schenectady, N. Y., and Pitts-
field, Mass., 1905-1910; Consulting Engineer, Pacific Light and Power
Corporation, 1913-1917. Consulting Engineer, U. S. Electrical Manu-
facturing Company, 1917-. California Institute, 1910-

884 South Holliston Avenue
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CuEestER STOCK, PH.D.
Professor of Paleontology

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

Institute, 1926-
2480 Linda Vista Avenue

Avrrep HENRY STURTEVANT, Pa.D,
Professor of Genetics

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

1171 Steuben Street

Carr Crarp THOMAS, M.E.
Associate in Engineering Research

Stanford University, 1891-1894; M.E., Cornell University, 1895. Engaged
in Design and Construction of Marine Machinery for Merchant and
Naval Vessels, 1895-1904. Professor of Marine Engineering, Cornell
University, 1904-1908. Chairman, Department of Mechanical Engi-
neering, University of Wisconsin, 1908-1913; Head of Department of
Mechanical Engineering, Johns Hopkins University, 1913-1920. Man-
ager, Machinery Design and Fabrication, United States Government,
Hog Island Shipyard, 1917-1919 (on leave from Johns Hopkins Uni-
versity). Vice-President, Dwight P. Robinson & Company, Inc.,
Engineers and Constructors, 1923. Member American Kngineering
Council, 1928-. Longstreth Medalist, Franklin Institute, for work on
measurement of gases, 1912. California Institute, 1925-

165 Puente Drive

Frankrin Tuomas, C.E.
Professor of Civil Engineering

B.E., University of Iowa, 1908; C.E., 1913. Graduate work at McGill Uni-
versity, Montreal. Instructor in Descriptive Geometry and Drawing,
University of Michigan, 1910-1912. Construction Foreman, Mines
Power Company, Cobalt, Ontario, 1909-1910; Designer, Alabama PRower
Company, Birmingham, Alabama, 1912-1913. Assistant Engineer, U. S.
Reclamation Service, 1919. Member and Vice-Chairman, Board of
Directors, City of Pasadena, 1921-1927. California Institute, 1913-

685 South El Molino Avenue

Ricuarp Cuace Tormax, 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, 1810-1911; Assistant Professor of Physical Chemistry, Uni-
versity of Cincinnati, 1911-1912; Assistant Professor of Chemistry,
University of California, 1912-1916; Professor of Physical Chemistry,
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University of Illinois, 1916-1918; Chief, Dispersoid Section, Chemical
Warfare 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 -

345 South Michigan Avenue

FrepERICK JAcksox Turxer, Pu.D., LL.D., Lirr. D.
Associate in American History

A.B., University of Wisconsin, 1884; A.M., 1888; Ph.D., Johns Hopkins
University, 1890, LL.D., University of Illinois, 1908; Litt. D., Harvard
University, 1909; Johns Hopkins University, 1921; Ph.D. (hon.), Royal
Frederick University of Norway, 1911. Assistant Professor of History,
University of Wisconsin, 1889-1891; Professor, 1891-1892; Professor of
American History, 1892-1910; Professor of History, Harvard Univer-
sity, 1910-1924; Professor Emerltus 1924-. President of the American
Historical Assomatxon 1910-1911. Research Associate of the Hunting-
ton Library, 1926-. California Institute, 1928-

Harry Crark Vax Buskmk, Pu.B.
Professor of Mathematics
Registrar

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

WenpeL, Prirrirs Woobring, Pr.D.
Professor of Invertebrate Paleontology

A.B., Albright College, 1910; Ph.D., Johns Hopkins TUniversity, 1916.
Research Assistant, Johns Hopkinsg University, 1216-1917, 1919; Asso-
ciate Geologist, Geologist, U. S. Geological Survey, 1919-; Geologist
in Charge, Haitian Geological Survey, 1920-1923. California Institute,

1927-
925 South Los Robles Avenrue

Tuomas Epwarp Burrerrierp, M.E., C.E.
Visiting Professor in Mechanical Engineering

M.E., Stevens Institute of Technologv. 1895; C.E., Rensselaer Polytechnic
Institute, 1897, In engineering practice, 1897-1911; Lehigh University,
1912-1916; Captain, C. A., U, S. A., 1917; Major, 1918. Associate Pro-
fessor of Mechanical Engineering, Lehigh University, 1919-1921; Pro-
fessor of Heat Power Engineering, 1922-, California Institute, 1928-

187 North Rampart B Ievard mles

Avusrey Cuester Grugg, Pa.D. —1 [{
Visiting Professor in Chemistry

B.A., Iowa State Teachers’ College, 1917; M.S., Purdue University, 1919;
Ph.D., University of Chicago, 1921. Professor of Chemistry, Univer-
sity of Saskatchewan, 1921-, California Institute, 1928-

256 South Craig Avenue
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Wiiriam Leroy Harr, Pa.D.

Visiting Professor in Mathematics
B.A., University of Chicago, 1913; Ph.D., University of Chicago, 1916.
Insiructor in Mathematics, Harvard University, 1916-1917; Assistant

Professor of Mathematics, University of Minnesota, 1919-1920; Asso-
ciate Professor, 1920-1925; Professor, 1925-. California Institute, 1928-

1726 North Madison Avenue

Erxest Gustar ANDERsON, Pma.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
Reseafézzhg Council, University of Michigan, 1923-1928. California Ingti-
tute, - :

Ira Seracue Bowew, Pa.D.

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

Institute, 1921-
1170 Steuben Street

Roscor Gkey Dickinson, Pm.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-

212 South Grand QOaks Avenue

Wirttiam Nosie 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 Jounsow 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 Afenue
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GeorRGE RUpPErT MAcMINN, A.B.
Associate Professor of English Language and Literature

Brown University, 1905. Instructor in English, Brown University,

B,
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

Romeo Raovr MartEL, S.B.
Associate Professor of Civil Engineering

S.B., Brown TUniversity, 1912. Instructor in Civil' Engineering, Rhode

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

690 South Mentor Avenue

Wittiam W-, Micuaaer, 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. KEngineer, Palos Verdes Es-
tates, summer of 1922; Associate with County Engineer, Ulster
County, N. Y., summers of 1925 and 1928. California Institute, 1918-

376 South Wilson Avenue

WicLiam L. Stanton, 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, 1305-1306; 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

Earnest Cuarres Warson, Pu.B.
Associate Professor of Physics

Ph.B., Lafayette College, 1914; Scholar in Physics, University of Chicago,

1914-1915; Assistant in Physics, University of Chicago, 1915-1917.
California Institute, 1919-
1124 Mar Vista Avenue
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Luraer Ewine WEAR, Pu.D.
Associate Professor of Mathematics

A.B., Cumberland University, 1902; Ph.D., Johns Hopkins University, 1813.
Instructor in Mathematics, University of Washington, 1913-1918. Cali-

fornia Institute, 1918-
68 South Grand Oaks Avenue

GeorGeE Bicxrorp Bricmam, JE.
Assistant Professor of Engineering Drawing
Massachusetts Institute of Technology, 1910-1913. With William L. Mowll,
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

Louis J. Cratersos, B.S. 1v C. E., First LIEUTENANT

Corps of Engineers, U. 8. Army
Assistant Professor of Military Science and Tactics
Graduate, U. 8. Military Academy, West Point, with rank of Second
Lieutenant, Field Artillery, 1820. 'Transferred to Corps of Engineers
as Second Lieutenant, 1920. Graduate Engineer School, Fort Humph-
reys, Virginia, 1921; B.S. in C.E., Rensselaer Polytechnic Institute,
1922. California Institute, 1925-

665 South Mentor Avenue

Harvey Eicrzsow, Pr.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-
543 South Oakland Avenue

Sterrtine H. Emersox, Pa.D.
Assistant Professor of Genetics
B.S., Cornell University, 1922; M.S., University of Michigan, 1924; Ph.D.,

1928. Instructor in Botany, University of Michigan, 1924-1928. Cali-
fornia Institute, 1928-

1132 Constance Street

WiLtiam VermirrLion Housrvow, Pa.D.
Assistant 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
Physies, 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~

335 South Parkwood Avenue
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SamuEL StuarT Mackeoww, Pa.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

J. Roserr OprENHEIMER, Pr.D.*
Assistant Professor of Physics

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

Lixus Cart Paviineg, Pr.D.
Assistant 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 Founda.tlon
1926-1927, California Institute, 1922-

320 South Wilson Avenue

Howarp P. RoserTson, Pu.D.*
Assistant Professor of Mathematics

B.S., University of Washington, 1922; M.S., 1923; Ph.D., California Insti-
tute of Technology, 1925. Fellow of the National Research Council,
1925-1928; Acting Assistant Professor of Mathematics, Princeton Uni-
versity, 1928-. California Institute, 1925-

Wirriam Rarrzr Smyrue, 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,
1923-1926;, Research Fellow, 1926-1927, California Institute, 1923-

426 South Michigan Avenue

Ernest Haywoop Swirr, Pu.D.
Assistant Professor of Analytical Chemistry

B.S. in Chemistry, University of Virginia, 1918; M.S., California Institute
of Technology, 1920; Ph.D., 1924. California Institute, 1919-

1131 Lura Street

‘Warter Tickxor WHITNEY, PR.D.
Assistant Professor of Physics
B.S., Pomona College, 1910; M.S., 1912; Ph.D., University of Chicago, 1916.
Staff of Mount Wilson Observatory, 1913 and 1917, Fellow in Physics,
University of Chicago, 1914-1916. California Institute, 1917-
1947 San Pasqual Street

*On leave of absence, 1928-1929,
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CrLype Worrg, Pu.D.

Assistant Professor of Mathematics

B.S., Occidental College, 1906; M.S., 1907; A.M., Harvard University, 1908;
Ph.D., University of Cahforma 1919. Suweyor, ‘Western States, 19102
1912,  Acting Professor of Phy51cs Occidental College, 1912-1516;
Associate Professor of Mathematics, 1916-1917. Teachmg Fellow in
Mathematics, University of California, 1917-1919. Dean, Santa Rosa
Junior College, 1919-1920. California Institute, 1920-

401 South Chester Avenue

Fritz Zwicky, Pua.D.
Assistant Professor of Theoretical Physics

Graduate, Eidg. Technische IHochschule, 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

Arxorp OrviLLe BeEckymaw, Pu.D,
Instructor in Chemistry
B.S., University of Illinois, 1922; M.S,, 1923; Ph.D., California Institute of
Technology, 1928. California Institute, 1928-

107 South Grand Oaks Avenue

WiLtiam Norn Bircmsy, ML.A.
Instructor in Mathematics

A.B., Hope College, 18%9; M.A., Colorado College, 1305. Instructor, Colo-
rado College, 1905 and 1907; Instructor in Physics, University of South-
ern California, summer session, 1916. California Institute, 1918-

1500 Sinaloa Avenue

ReciNaLD Branp

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

Frep J. ConvErsg, B.S.
Instructor in Civil Engineering

B.S. in Mechanical Engineering, University of Rochester, 1914, With
Cleveland Electric Illuminating 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 Airecraft Productlon T. S.
1917-1918. With Gleason Gear Works, Rochester, New York, 1919!
Designer, Bureau of Power and Light, Los Angeles City, 1920, Cali-

fornia Institute, 1921- R
168 South Craig Avenue
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Rexe ExeEr, 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,
1913-19814 and 1920-1923; Chemical Engineer, Military Research Labo-
ratory, Sorbonne, Paris, 1914-1917; Member, Scientific Commissions,
U.S.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 Street

Evustace L. Furroxe
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

Artuur Freperick Harp!
Instructor in Pattern Making and Machine Shop Practice (Part Time)

With Sullivan Machine Company, Claremont, N, H., 1891-189%4; B. W,
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. California Institute, 1912-

1090 Mar Vista Avenue

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

California Institute, 1923~ .
200 South Madison Avenue

Murray W, Hawsg, M.A?
Instructor in Pattern Making (Part Time)

A.B., Stanford University, 1906; M.A., University of Southern California,
1928. With Tracy Engineering Company, 1906-1908; Santa Fe Railway
Company, 1908-1916; Instructor in Machine Shop and Machine Draw-
ing, Technical High School, Oakland, 1916-1923; Instructor, Manual
?91;75 Department, Pasadena High School, 1923-, California Institute,

1911 Summit Avenue

Oscar Lrsvie Heavp'

Instructor in Forging (Part Time)

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

2180 Santa Anita Avenue

tAssociated with Pasadena Junior College.
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Lours WincHEsTER JONES, A.B.
Instructor in English Language and Literature

A.B., Princeton University, 1922. California Institute, 1925-
351 California Terrace

Rosert TaLsor Kxare, B.S.
Instructor in Mechanical Engineering

B.S., Massachusetts Institute of Technology, 1920. Designer with C. M.
Gay & Son, Refrigerating Engineers, 1920-1921. California Institute,

1922
163 South Greenwood Avenue

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

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

fornia Institute, 1911-
1782 Rose Villa Street

Fraxcis Winniam Maxstapr, M.S.
Instructor in Electrical Engineering

M.E., Cornell University, 1916; Certificate of E.E., 1916; M.S., Califurnia
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, FKdison Laboratories, 1919. California Institute, 1919-

3782 Elma Road

ArBerT Apams MERRILL
Instructor in Experimental Aeronautics and in Accounting

California Institute, 1918- .
1172 North Michigan Avenue

Harowp Z. MUssELMAN, 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 Street

‘Warrer WirLiams OGIER, Jr., B.S.
Instructor in Mechanical Engineering
Assistant Director of Music

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

184 South Oak Avenue

IAssociated with the Pasadena Junior College.
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Joax L. Rmeway
Scientific Illustrator in Vertebrate Paleontology

Chief Illustrator, in charge of Division of Illustrations, United States Geo-
logical Survey, 1898-1920; in charge of illustrations, Carnegie Institu-
tion of Washington, 1904-1920; Artist, Carnegie Institution, 1921-1925.

California Institute, 1926~
501 Fairmont Street, Glendale.

Frances Harsey Spinine
Librarian
California Institute, 1914-
1067 North Catalina Avenue
ALEXANDER J, SMITH
Band Instructor

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

Rocer StanTon, M.A.
Instructor in English Language and Literature
B.S., Colgate University, 1920; M.A., Princeton University, 1924. In-
structor in English, Colorado College, 1924-1925. California Institute,

1925-
840 East Del Mar Street

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 HEconomics
and Social Science, Joliet Junior College, 1924-1925. Member of Cali-
fornia Bar. California Institute, 1925-

351 West Marigold Street, Altadena

Dox M. Yosr, Pa.D.*
Instructor in Chemistry

B.S., University of California, 1923; Ph.D., California Institute of Tech-
nology, 1926. Instructor in Chemistry, University of Utah, 1923-1924;
Research Fellow in Europe, 1928-1929.- California Institute, 1924-

WirLarp Hagrrisoxn BEnNerr, Pa.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~

252 South Catalina Avenue

Francis Brrrer, 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-

*On leave of absence, 1928-1929,
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Fraxk Woongringe Coxstant, PH.D.
National Research Fellow in Physics
B.S., Princeton UmverSIty, 1925; Ph.D., Yale University, 1928, California

Instltute, 1928-
676 South El Molino Avenue

George ALexanper Cummineg, Pu.D.
Commonwealth Fund Fellow in Geology

B.Sc., University of St. Andrews, Scotland, 1923; Ph.D., 1927. Assistant
Lecturer, Umniversity College, Dundee 1923-1927. Cahforma Institute,

1928-
238 North Catalina Avenue

Rosert HENNAH DartoxN, Pa.D.
Research Fellow in Chemistry
B.S., California Institute of Technology, 1925; M.S., 1926; Ph.D., 1928.
Faculty Club

Treonostus DOBZHANSKY

Research Fellow in Biology of the International Education Board
Diploma, University of Kiev, 1921, Assistant in Zoology, Polytechnic
Institute of Kieve, 1921- 1924, Lecturer in Genetics, University of
Leningrad, 1924; Reésearch Fellow, Bureau of Genetics, Russian Acad-

emy of Sciences, 1926.
1134 Cordova Street

JEssE WiLLiam Moxroe DuMoxp, M.S.
Research Fellow in Physics
B.S., California Institute of Technology, 1916; M.S. in E.E., Union College,
1

’ 615 South Mentor Avenue

JouxN Groree FrayxNE, Pu.D.
National Research Fellow in Physics

A.B., Ripon College, 1918; Ph.D., University of Minnesota, 1922. Instructor
in Physics, Umversmy of Mlnnesota 1919-1922; Professor of Physws
Antioch College, 1922-1928. California Inst1tute, 1928-

1766 Las Lunas Street

ArexaxpEr Gorrz, PH.D.
Research Fellow in Physics

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

1927~
721 Calaveras Street
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Louis ARMaAND Martiarn Hexry, Sc.D.
Fellow in Physics of the C. R, B. Educational Foundation

Science Candidate of the Science Faculty of Namur, 1924; Sc.D., Univer-
sity of Brussels, 1927. Research Fellow of the International Institute
of Chemistry, Solvay, Brussels University, 1927-1928. California Insti-

tute, 192§-
Faculty Club

Yosuarraga Imai, Pa.D.
Fellow of the International Education Board in Biology and
Research Scholar of the Department of Education of Japan
Graduate, Tokyo Imperial University, 1916; Ng.H. (Ph.D.), 1928. Califor-

nia Instltute 1928-
1147 Lura Street

Lovus Stevexnson 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 KEnNEDY, PH.D,
Fellow in Physics of the John Simon Guggenheim Memorial Fund

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

ArtaUur Lovis KLeiN, Pu.D.
Research Fellow in Aeronautics

B.S., California Institute of Technology, 1921; M.S., 1924; Ph.D., 1925.
California Institute, 1921-
125 Fremont Place, Los Angeles

Josera Brake Korerri, D. PaiL,
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, Los Angeles

Avorr Hexry Kuwz, Pu.D.
National Research Fellow in Chemistry
A.B.,, William Jewell College, 1923; M.S., University of Iowa, 1926; Ph.D,,

1928, California Instltute 1928-
1100 East Del Mar Street

Crarx Braxcmarp MirLixkax, Pa.D.
Research Fellow in Aeronautics

A.B., Yale University, 1924; Ph.D., California Institute of Technology,
1928, California Instltute 1925-
700 Laguna Road
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WirLiam Ricxarp Moreans, M.Sc.

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

California Institute, 1928-
238 North Catalina Avenue

Marrin Exmery NorpBErg, Pr.D.
Research Fellow in Chemistry

B.S., Towa State College, 1924; M.S., 1925: Ph.D., California Institute of
Technology, 1928. California Institute, 1928-
Faculty Club

GLENN H., Parmer, M.S., FirsT LIEUTENANT
Signal Corps, U. S. Army
Research Fellow in Physics (Signal Corps)
Graduate U. 8. Military Academy, with rank of Second Lieutenant, Signal
Corps, 1923; M.S., Yale University, 1924, Instructor, Signal School,
U. S. Army, 1925. California Institute, 1926-

501 Rio Grande Street

Fraxco Raserr, Pa.D.
Fellow in Physics of the International Education Board
Ph.D., University of Pisa, 1922. Assistant in Physics, University of Flor-
ence, 1922-1927; Habilitation, University of Rome, 1927-1928. Califor-

nia Institute, 1928-
1122 Cordova Street

Hermax C. Ramspercer, Pu.D.
National Research Fellow in Chemistry
B.8., Utah Agricultural Coliege, 1919; M.S., University of California, 1923;
Ph.D., 1925. Instructor in Chemistry, University of California, 1926-
1927. National Research Fellow in Chemistry, 1927-. California Insti-
tute, 1929-

Oscar K~erFLER RICE, PH.D,
National Research Fellow in Chemistry
B.S., University of California, 1924; Ph.D., 1926. Fellow in Chemistry,
University of California, 1924-1926¢; Associate in Chemistry, 1926-1927.
California Institute, 1927-
1871 San Pasqual Street

Morcax Warp, Pa.D.
Research Fellow in Mathematics

A.B., University of California, 1924; Ph.D., California Institute of Tech-
nology, 1928. California Institute, 1925-
1391 Linda Vista Avenue
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Wrapmmr M. ZAIKOWSKY
Research Fellow in Physics (Standard Oil Company)

Graduate of Michel's Artillery Academy, 1911. Research Officer of Main
Artillery Board (Russia), 1911-1814; 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- .
346 South Michigan Avenue

Axprew P. Acrorp, A.B.
Teaching Fellow in Physics

A.B., University of California, 1924,
Faculty Club

Cars Davip ANbpegson, B.S.
Agsistant in Physics

B.S., California Institute of Technology, 1927. X .
897 Granite Drive

‘WarreN Nersoxn Arxaquist, B.S.
Assistant in Physics
B.S., Whitman College, 1927.
435 South Lake Avenue
Doxarp Porrer Barxes, B.S.
Teaching Fellow in Engineering
B.S., Oregon State Agricultural College, 1928.
314 South Allen Avenue
Micurr AxToxio Basoco, M.S.
Teaching Fellow in Mathematics
B.A,, University of California, 1924; M.S., University of Chicago, 1926.
129 West Forty-third Street, Los Angeles
Russerr. Lee Bioore, M.A.

Teaching Fellow in Biology
B.S., University of Pittsburg, 1925; M.A., Columbia University, 1928.

1163 Steuben Street
Avpert ConsTANT Biricke, M.S.

Research Assistant in Organic Chemistry
A.B., Williams College, 1924; M.S., California Institute of Technology, 1927.

363 South McCadden Place, Los Angeles

Lee Reep BeaNTLEY, A.B
Assistant in Chemistry
A.B., University of California at T.os Angeles, 1927,

411, East Avenue Twenty-eight, Los Angeles
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Wirrarp CaarLes Bruce
Assistant in Physics

B.A., University of Minnesota, 1926.
130 North Mentor Avenue

Jorx Stuart Camererr, B.S.
Assistant in Physics
B.S., California Institute of Technology, 1926. Rice Institute, 1927-1928.

873 North Chester Avenue

Crarres Hawiey CarrwricHT, B.S.
Teaching Fellow in Engineering
B.S., California Institute of Technology, 1926.
R.F.D. Box 485-6, San Gabriel

Bexepicr Cassew, M.S.
Assistant in Physics

A.R.C.S., Imperial College of Science and Technology, I.ondon, 1927; M.S.,
California Institute of Technology, 1928.
1156 Constance Street

Guy Lewis CHILBERG, B.S.
Assistant in Engineering

B.S., California Institute of Technology, 1928. 3
289 South Madison Avenue

Arexaxper Crark, B.S.
Assistant in Paleontology
B.S., California Institute of Technology, 1928.
' 522 North Newlin Avenue, Whittier

Tromas CLEMENTS, .M.
Teaching Fellow in Mineralogy
Mining Eng., University of Texas, 1922,
1308 North Wilcox Avenue, Hollywood

Fraxx Cursizaw Croxrow
Assistant in Chemistry

B.A., Ohio State University, 1927: M.A., 1928.
940 Del Mar Street

Rarpa Warno Currer, B.S.
Teaching Fellow in Engineering
B.S., California Institute of Technology, 1928.

6341 Seville Avenue, Huntington Purk
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Cuarres Roserr Damny, A.B.
Teaching Fellow in Physics

A.B., Colorado College, 1925,
670 South Lake Avenue

‘Rareu Konirauvsca Day, Pu.B.
Research Assistant in Physics (American Petroleum Institute)

Ph.B., Yale University, 1925,
Faculty Club

RoserT TrOUTMAN Diiroxn, B.S.
Teaching Fellow in Chemistry
B.S., California Institute of Technology, 1925.
97 North Holliston Avenue

Roriix Porrarp Ecxis, B.A.
Teaching Fellow in Geology and Paleontology

B.A., Pomona College, 1927.
104 North Holliston Avenue

Joux Dver ErLDER, B.S.

Teaching Fellow in Mathematics

B.S., University of Chicago, 1925.
1122 Cordova Street

Rosrey Duxncrison Evaws, B.S.
Reader in English

B.S., California Institute of Technology, 1928.
973 Del Mar Street

Freperick Junior Ewing, B.S.
Teaching Fellow in Chemistry

B.8., California Institute of Technology, 1927,
354 South Chester Avenue

ArrFrep Bosworta Focxe, B.S.
Assistant in Physics

B.S., Case School of Applied Science, 1928.
2926 Nina Street

Ricuarp Ginman Forsom, B.S.
Assistant in Engineering

B.S., California Institute of Technology, 1928.
399 South Mentor Avenue

CuarrLes LEwis Gazin, M.S.
Assistant in Paleontology
B.S., California Institute of Technology, 1927; M.S., 1928.
672 South Mentor Avenue
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Ferpiwaxp Guxxer GramaTky, B.S.
Assistant in Engineering
B.S., California Institute of Technology, 1928.
501 East Whitmore Street, Wilmar

Georce TroMAs Harwess, Jr., B.S.
Assistant in Electrical Engineering
B.8., California Institute of Technology, 1928.
473 Riverdale Drive, Glendale

Cravne Dewavyve Haywarn, M.S.
Teaching Fellow in Electrical Engineering
B.S., California Institute of Technology, 1926; M.S., 1927,
79 South Wilson Avenue

WitLiam Arrorp HeETmeriNerowN, M.A.
Teaching Fellow in Biology

A.B., Columbia College, 1926; M.A., Columbia University, 1927. Assistant
in Biology, New York University, 1925-1926; Fellow in Biology, College
of the City of New York, 1926-1927; Assistant in Zoology, Columbia
University, 1927-1928.

Faculty Club

Howarp Byineroxn Horrovp, B.S.
Assistant in Physics (American Petroleum Institute)

B.S. in M. Eng., Towa State College, 1924.
323 South Chester Avenue

Lozerr Cuarres Hooxway, B.S.
Assistant in Paleontology

B.8., California Institute of Technology, 1928. .
810 North Michigan Avenue

Varivo Arexanper Hoover, M.S,
Assistant in Physical Education and in Electrical Engineering
B.S., California Institute of Technology, 1927; M.S., 1928.
406 South Chester Avenue

Ly~x~ GoemaNx Howgrr, M.A.
Assistant in Physics (American Petroleum Institute)

B.A., University of Texas, 1925; M.A., 1926.
Faculty Club

Arcuer Hoyr, B.A.
Assistant in Physics

B.A., Whitman College, 1927.
435 South Lake Avenue
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Lorexz Diryax Hurr, M.S.
Assistant in Physics

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

Kexyera Kxieur Iruineworrm, M.A.
Assistant in Physics
A.B., Colorado College, 1924; M.A., Dartmouth College, 1926,
90214, East California Street

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

Norris Jounsron, S.M.
Research Assistant in Physics (American Petroleum Institute)
S8.B., Massachusetts Institute of Technology, 1924; S.M., 1925,
1124 East Mountain Street

Lawrexce Saxrorn Kenwison, A.M.
) Assistant in Mathematics
A.B., Dartmouth College, 1926; A.M., Brown University, 1928.
1122 Cordova Street

Dovcras G. Kineman, B.S,
Assistant in Engineering
B.S., California Institute of Technology, 1928.
900 Bushnell Avenue, Alhambra

Cuarres Covie Lasm, B.S.
Assistant in Physics

B.S., California Institute of Technology, 1928.
248 South Michigan Avenue

Crarces CuristiaN LAURITSEN
Teaching Fellow in Physics

Odense Tekniske Skole, 1911.
352 South Chester Avenue

Wirriam AsBerT LEWIs, Jr., M.S.
Teaching Fellow in Electrical Engineering

B.S., California Institute of Technology, 1926; M.S., 1927.
664 South Lake Avenue
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Carr Crarexce LINDEGREN, M.S.

Assistant in Bioclogy

B.S., University of Wisconsin, 1922; M.S., 1923.
929 Chapman Avenue

Avrperr Earox Lomsamrp, Jr.,, B.S.
Assistant in Aeronautics

B.S., California Institute of Technology, 1928.
1277 San Pasqual Street

Ravpu Leoxasarp LurmEer, MLA,
Research Assistant in Geology and Paleontology

B.A., University of Oregon, 1926; M.A., 1927.
1673 Locust Street

Jor~x Havipaxo Maxsoxn, M.S.
Teaching Fellow in Geology and Reader in History
B.S., California Institute of Technology, 1927; M.S., 1928.
488 North Marengo Avenue

Epwin Marrison McMirLax, B.S.
Assistant in Physics (Standard Oil Company of California)
B.S., California Institute of Technology, 1928.
387 South Los Robles Avenue

Daxniern Brext McRAE, B.S.
Assistant in Chemistry

B.S., University of Utah, 1926.
461 South Hudson Avenue

‘Warter CHrisTiaNn Micueis, E.E,
Assistant in Physics

E.E., Rensselaer Polytechnic Institute, 1927.
1455 North Marengo Avenue

Berxarp NeETTI.ETON MoOORE, B.S.
Teaching Fellow in Geology
B.S., California Institute of Technology, 1927.

1026 West Twentieth Street, Los Angeles
Mozrris MuskaT, M.A.

Teaching Fellow in Mathematics

B.A., Ohio State University, 1926; M.A., 1926,
1124 Del Mar Street

Hexry Vicror Nrmer, B.A.
Assistant in Physics

B.A., Pomona College, 1926.
1122 Cordova Street
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Frank AxprEw Nickerr, M.S.
Assistant in Languages
B.S., California Institute of Technology, 1927; M.S., 1928,

104 North Holliston Avenue

JorN Wivrrep Parrerson, M.A,
Research Assistant in Geology and Paleontology
E.Met:.z,6 Colorado School of Mines, 1925; M.A., University of Wyoming,
1926.

434 North Holliston Avenue

Joux Macxvus Prarsow, B.S.
Teaching Fellow in Physics

B.S., University of Chicago, 1925.
Faculty Club

Roperr Irvine Piper, B.A.
Assistant in Mathematics

B.A., University of Montana, 1928.
373 South Wilson Avenue

Ricearp Duraxt PomEiroy, B.S.
Research Assistant in Chemistry (American Petroleum Institute)
B.S., California Institute of Technology, 1926; M.S., 1927.

173 South Meredith Avenue

EmersoN MarTiNDare Puen, M.S.
Assistant in Physics (American Petroleum Institute)
B.S., Carnegie Institute of Technology, 1918; M.S., University of Pitts-

burgh, 1927,
115 South Mentor Avenue

Sor. FrepERICK RaviTz, M.A.
Teaching Fellow in Chemistry

B.A., University of Utah, 1927; M.A., 1928,
461 South Hudson Avenue

Burt Ricmarpsox, Pu.B,
Assistant in Physical Education

Ph.B., Yale University, 1919.
Faculty Club

Kenxerg H. Rosixson, B.S.
Assistant in Engineering

B.S., California Institute of Technology, 1928.
735 North Lake Avenue



STAFF OF INSTRUCTION AND RESEARCH 37

Ly~xyx Hamirron RumBaven, A.B.,
Assistant in Physics

A.B., Miami University, 1928.
1122 Cordova Street

Norwoop KorTer Scuarrer, M.S.
Assistant in Biology

B.S., University of Washington, 1926; M.S., 1927,
Faculty Club

Josepa WiLLiam ScHWEINFEST, B.S.
Assistant in Mathematics and in Languages

B.S., California Institute of Technology, 1928.
593 East California Street

Naruan Frost ScuppEr, M.S.
Research Assistant in Chemistry (American Petroleum Institute)
B.S., California Institute of Technology, 1926; M.S., 1928.
225 South Holliston Avenue

Er~xest Epwin Securer, B.S.
Assistant in Engineering
B.8., California Institute of Technologv, 1928,
804 Santa Barbara Street

Joux Eeox Skarte, B.S.
Assistant in Engineering
B.S., California Institute of Technology, 1928.
2591, Isabel Street, Los Angeles

Hampron SMmrrm, B.S.
Assistant in Languages
B.S., California Institute of Technology, 1928.
248 Fast Orange Avenue, Monrovia

Vapim MicHovitcH Soxororr, B.S,
Research Assistant in Physics (American Petroleum Institute)

B.S., California Institute of Technology, 1926. .
240 South Chester Avenue

KeNn~xerH A. SoromoN, B.S.

Research Assistant in Physics (American Petroleum Institute)
Reader in History

B.S., California Institute of Technology, 1928.
1605 North Pacific Avenue, Glendale



38 CALIFORNIA INSTITUTE OF TECHNOLOGY

Wirniam Layroxy SranTox, B.S.
Assistant in Physical Education
B.S., California Institute of Technology, 1927.
515 Manzanita Avenue, Sierra Madre

James HormEes SturpIvanT, M.A.
Teaching Fellow in Chemistry

B.A., University of Texas, 1926; M.A., 1927,
1164 Steuben Street

Ricmaro MawLIFrFE SurTon, B.S.
Teaching Fellow in Physics

B.S., Haverford College, 1922.
406 South Chester Avenue

CrarLEs ALBERT SWARTZ, B.S.
Research Assistant in Physics (American Petroleum Institute)
B.S., California Institute of Technology, 1927.

135 North San Marino Avenue

Daxter DwiecaT Tavror, A.B,
Research Assistant in Physics (American Petroleum Institute)

A.B., Colorado College, 1924.
189 North Oakland Avenue

Joux WitLiam TwmarcuEer, B.S.
Assistant in Electrical Engineering
B.S., California Institute of Technology, 1928.
236 Greenwood Avenue, Montebello

Epwarp Movrrox Twmorypixe, A.M.
Assistant in Physics
B.S.,, Wesleyan University, 1926; A.M., Columbia University, 1927.
90214, East California Street

Arsert TrrLEBAUM, A.M.
Teaching Fellow in Biology
A.B., Columbia University, 1926; A.M., 1927, Assistant in Zoology, Colum-

bia University, 1926-1928,
1145 Steuben Street

Jouan~NESs ArcHIBALG VAN DEN AKKER, B.S.
Teaching Fellow in Physics
B.S., California Institute of Technology, 1926.
660 North St. Andrews Place, Los Angeles
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AbpriaaN JosepH vaN Rossent
Assistant in Vertebrate Zoology
2656 Foothill Boulevard

Hoyer BreEow WELLMAN, M.A.
Teaching Fellow in Chemistry
B.A., Carleton College, 1926; M.A., University of Michigan, 1927,
290 South Michigan Avenue

Rarra Ricuarer WeENNER, M.S.
Assistant in Chemistry
B.S., Cooper Union Institute of Technology, 1926; M.S., Northwestern

University, 1927.
325 South Wilson Avenue

Rarrm Epcar WINGER, A.B.
Teaching Fellow in Physics

A.B., Baker University, 1914,
358 South Euclid Avenue

Kazrr Moreax Worrg, B.S.
Assistant in Electrical Engineering

B.S., West Virginia University, 1925.
Faculty Club

Wirriam Gourp Youxne, M.A.
Du Pont Fellow in Chemistry

A.B., Colorado College, 1924; M.A., 1925. Assistant Research Chemist,
Coastal Laboratory, Carmel, Carnegie Institution, 1925-1927.

353 North Holliston Avenue

Lovuis H. Baney, Firsr SerceanT, D. E. M. L., U. S. Azmy, RETIRED
Assistant, Department of Military Science and Tactics

California Institute, 1920-
686 South Lake Avenue

JosErH Laracy, MastEr SERGEANT, ENGINEERs, U. S. Army, RETIRED
Assistant, Department of Military Science and Tactics

California Institute, 1920-
1084 Mar Vista Avenue



@echuiral Aggistants

Burr BEVERLY S, Biology
1645 Rose Villa Street

Tromas H. Borrer.....Mechanic, Mechanical Engineering and Hydraulics
929 South Marenga Avenue

Wirriam H. BresiLer . Instrument Maker, Physics
1680 Locust Street

Wittiam Crancy... Glass Blower, Physics
123 North Wilson dvenue

Evizaserr L. GriFrFrrHs : Technician, Biology
1147 Lura Street

HermaN Kxarre Storekeeper, Physics
1177 Copeland Place, Los Angeles

SHEPARD MACALLISTER.... Instrument Maker, Physics
1504 E. Walnut Street

Bru~xo E. MErRkEL Instrument Maker, Physics
515 N, Michigan dvenue

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

Jurius PEarsow .Head Instrument Maker, Physics
1115 Attica Street, Altadena

ILoyp RovEer Mechanic, Aeronautics
255 Terrace Avenue, Altadena

A, SaNDpaIL Instrument Maker, Physics
461 LeRoy Avenue, drcadia

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

Berxmarp M. SwaNsox Instrument Maker, Physics
621 Indiana Street, Los Angeles




Aggistants in Administration

FErra Bever .Geology and Paleontology
1785 North Garfield Avenue
Ruanra M. COIT wooomicae - Library
801 West Burchett Avenue, Glendale
THERESA DIERKES....coooooece Registrar’s Office
362 South Hudson Avenue
ALICE GAZIN oot cenacna Engineering
672 South Mentor Avenue
Marcarer A. GANSSLE Registrar’s Office
336 South San Gabriel Blvd.
LaLLIAN C. GRUNDY oot em e cenes s ep e Physics
1581 North Michigan Avenue
Arice Hawxins Secretary’s Office
1008 North El Molino Avenue
JosEPHINE HERMANN Humanities Library
937 East California Street
Inga HowaRD......ooo Office of the Chairman of the
1126 Cordova Street Executive Council
Lovuise HuGENTOBLER Assistant and Secretary, Biology
1067 San Pcwqual Street
Heien LePrEvost Secretary’s Office
107V, West Tremont Street
A, W. McCONNELL oo Superintendent of Buildings and Grounds
490 East Delmar Street
HerLexa McFarLIN .House Director, Dormitory
Dormitory :
ADELINE M. MoORRILL Chemistry
827 North Catalina Avenue
HEerBeErT H. G, NASH. oo Bookkeeper, Secretary’s Office
145 South Michigan dvenue
" Herex Prusch Secretary’s Office
1271 East Villa Street
Grace E. Sace..._. . Secretary’s Office
337 South Lake Avenue
MARGARET A. SHERIDAN Athletic Store

656 South Mentor Avenue



Staff of Justruction and Research
Summary

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

PROFESSORS

Harry Bareman, Mathematics, Theoretical Physics, Aeronautics
Enric T. Berr, Mathematics

Paur S. Ersrein, Theoretical Physics

RoserT A, MILLIKAN, Physics

Rovar W. Sorensex, Electrical Engineering

Ricaarp C. Tormax, Physical Chemistry, Mathematical Physics
Harry C. Vax Buskirx, Mathematics

ASSOCIATE PROFESSORS
Ira S. Bowex, Physics
Earnest C. Warson, Physics
Luraer E. Wear, Mathematics

ASSISTANT PROFESSORS
WirLiam V. Houston, Physies

Samuer S. Mackeowx, Electrical Engineering
J. RosErT OPPENHEIMER,” Physics

Howarp P. Rosertsox,* Mathematics
Wireiam R. Ssyrue, Physics

Warter T. Warrxey, Physics

Crype Worre, Mathematics

Frirz Zwicky, Theoretical Physics

INSTRUCTORS

‘Wiriam N. Bircury, Mathematics
Francrs W. Maxsrapr, Electrical Engineering

*On leave of absence.
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INTERNATIONAL RESEARCH FELLOWS

Lousis A. M. Hexry, C. R. B. Educational Foundation
Witniam R. Morcans, Commonwealth Fund
Fraxco Raserri, International Education Board

NATIONAL RESEARCH FELLOWS
Wirriam H., BENNETT Fraxk W. CoNsTANT

Frawxcis Brrrer Joun G, Fray~NE

JOHN STMON GUGGENHEIM MEMORIAL FUND FELLOW
Roy James KENNEDY
RESEARCH FELLOWS

Jesse W. M. DuMoxp Wiriaym L. Harr*
ALEXANDER GOETZ Morcan Warp
Wrapimir M. ZAIKOWSKY

TEACHING FELLOWS AND ASSISTANTS

Axprew P. ALFoRrD Crrarres C. LAURITSEN
Carr D. ANDERSON Wirrtiam A, Lews
‘Warren N. ARNQUIST Warter C. MicHELS
Micuer A. Basoco Morris MuskaT
Wirrarp C. Bruce Hexry V. NeHER

Joux S. CAMPRELL Grexx H. Parmer
Bexepict CASSEN Joux M. Pramsox
Crarces R. DaiLy Rosert I. Preer

Joux D. ErpEr Ly~x~ H. RumBaven
Avrrep B. Focke Joserr W, SCHWEINFEST
Groree T. Harness, Jr. Ricuaro M. Surron
Cravpe D. Havywarp CuarLeEs A. SwarTzZ
Arcuer Hoyr Joux W. THATCHER
LorExz D. Hurr Epwarp M. THORNDIKE
Kenyera K. ILLixeworTH JomanNEs A. VAN DEN AKKER
Lawrence S. KENNIsox Rarea E. WINGER
Crarces C. Lasg Karr M. Worre

INDUSTRIAL RESEARCH ASSISTANTS

Rarex K. Day Epwin M. McMILLAN
Howarp B. Horroyn EnmEersoNn M. Pucu
Lyny G, Howery Vapim M. SoxoLOFF
Norris JouNsTON Kexyera A. SoLomon

D. Dwicar TAYLOR

*Visiting Professor.
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DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING
A. A. Novgs, Chairman

PROFESSORS

Stuarr J. Bates, Physical Chemistry

James E. Brrr, Chemistry

Axrtaur A. Noves, Chemistry

RicuarDd C. Tormax, Physical Chemistry, Mathematical Physics

ASSOCIATE PROFESSORS

Roscor G. Dickinson, Physical Chemistry
WiLiam N. Lacey, Chemical Engineering
Howarp J. Lucas, Organic Chemistry

ASSISTANT PROFESSORS

Linus C. Pavring, Theoretical Chemistry
Ernest H. Swirr, Analytical Chemistry

INSTRUCTORS

Arxorp O. BEckmaw, Inorganic Chemistry
Dox M. Yosr, Inorganic Chemistry§

NATIONAT, RESEARCH FELLOWS
Louis S. KasseL Hermax C. RAMSPERGER
Aporr H. Kuxz Oscar K. Rice

RESEARCH FELLOWS

Rosert H. Darrox Josera B. KoerrLi
Avurrey C. Gruss* Martin E. Nororgre

TEACHING FELLOWS AND ASSISTANTS

Arsert C. Binicke Ricuarp D. PomEerovt
Lee R. BranTLEY S. FreEpErRicK Ravirz
Fraxx C. CroxToN Naruax F. Scunpert
Ropert T. Dirrow James H. SturbpivanT
Frep J. Ewirvg Homer B, Werimax
Ceci. E. P. JEFFREYS Rarr R. WENNER
Daxier B. McRaE Witriam G. Youwef
*Visiting Professor. §On leave of absence in Europe.

fPetroleum Research Institute. iduPont Fellow.
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DIVISION OF CIVIL, AND MECIHANICAL ENGINEERING

Fraxkrixy Tuoiras, Chairman

PROFESSORS
Lewis M. Apawms, Military Science and Tactics
Harry Bartemaxn, Mathematics, Theoretical Physics, Aeronautics
‘W. Howaro Crapp, Mechanism and Machine Design
Roserr L. Daveuerry, Mechanical and Hydraulic Engineering
Freperic W, Hixricus, Jr., Mechanics
Frankrin Taomas, Civil Engineering

ASSOCIATES
Trrovor vox Karmax, Aeronautics
Carr C. THomas, Engineering Research

ASSOCIATE PROFESSORS
R. R. MarreL, Civil Engineering
WitLiam W. Micuagr, Civil Engineering

ASSISTANT PROFESSORS
GeorGe B. Bricumam, Engineering Drawing
Louis J. Cratersos, Military Science and Tactics

INSTRUCTORS
Fren J. Coxverse, Civil Engineering
ArrHUR F. Hary, Pattern Making and Machine Shop
Murray W. Haws, Pattern Making
Oscar L. Hearp, Forging
Roserr T. Knarp, Mechanical Engineering
Wirriam W. MartiN, Wood Working
Arsert A. MERRILL, Experimental Aeronautics
Warrer W. Ocrer, Mechanical Engineering

RESEARCH FELLOWS
Taomas E. BurTerrFiELD* Arruuvr L. Kiemy
Crsrk B, Mirrikax

TEACHING FELLOWS AND ASSISTANTS

Doxarp P. BArNES FErDINAND G, GRAMATKY
Craries H. CarrwricHT Dovcras G. KiNnevan
Guy L. CHILBERG ArserT E, LoMBARD
Ravea W. Currer Kexxera H. RosiNson
Ricuarp G. Foisom Erxest E. SEcHLER

—_T. Joux E. Sxarre
*Visiting Professor.
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DIVISION OF GEOLOGY AND PALEONTOLOGY
J. P. Buwarpa, Chairman

PROFESSORS
J. P. Buwarna, Geology
F. L. RaxsomE, Economic Geology
Cuester Stock, Paleontology
WenpeELL P. Woonring, Invertebrate Paleontology

RESEARCH ASSOCIATE
Doxarp R. Dickey, Vertebrate Zoology

INSTRUCTOR
Rexe ExecEr, Geology

CURATOR
Eustace L. Furtong, Vertebrate Paleontology

SCIENTIFIC ILLUSTRATOR
Jounx L. Ripeway

COMMONWEALTH FUND FELLOW
Georce A. CUMMING

TEACHING FELLOWS AND ASSISTANTS

A1EXANDER CLARK Ravra L. LuraER
Tromas CLEMENTS Jounx H. Maxson
RorLixy P. Ecxis : Berxarp L. Moore
C. Lewis Gaziy Joux W. Parrersox

LozeLn C. Hooxway Apriaax J. vax Rossem
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DIVISION OF BIOLOGY
Troxmas H., Moreaxn, Chairman

PROFESSORS
Tromas H. Moreax, Biology Avrrrep H. SrurtEvanT, Genetics

ASSOCIATE PROFESSOR
Erxest G. AxpErsow, Genetics
ASSISTANT PROFESSOR
SterLine H. Emerson, Genetics
INTERNATIONAL RESEARCH FELLOW
Yosurraxa Imar International Education Board
Tueonosius DoBzuansky, International Education Board
TEACHING FELLOWS AND ASSISTANTS

Russerr L. BmoLe Norwoon K. SCHAFFER

Wirtriam A. HETHERINGTON Carr C. LINDEGREN
AvrBerT TITLEBAUM

DIVISION OF ASTROPHYSICS

OBSERVATORY COUNCIL

Georee E. Harg, Chairman Arrauvr A. Noves
RoseErT A, MILLIKAN Hexry M. Rosinsox

Joux A. Axnperson, Executive Officer
Eopwarp C. Barrerr, Secretary

ADVISORY COMMITTEE

Warter S. Apawms, Chairman Epwix HussLe
Crxarces G. ABBoT A1rsErT A. MICHELSON
Ira S. Bowex Hexry N. RusserL
Pavr S. EpsTEIN Freperick H. Sesres

Ricusro C. ToLman

RESEARCH ASSOCIATES
Joux A. AxpErsox Fraxk E. Ross

ASSOCIATES IN OPTICS AND INSTRUMENT DESIGN
Fraxcis G. Pease Russer. 'W. PorTER
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DIVISION OF THE HUMANITIES
C. K. Jupy, Chairman

PROFESSORS

C. K. Jupoy, English Language and Literature

Gramam A. Laing, Economics and Business Administration
Joun R. MacartHUR, Languages

Wirrram B. Muxro, History and Government

ASSOCIATES

C. F. Tucker Brooxe, English Literature

GiLmor BrowN, Director, Public Speaking and Dramatics
Max Farranp, American History

Berxarp Fav, Lecturer, History

Tuaeovore G. Soares, Philosophy and Ethics

Freperick J. TurNer, American History

ASSOCIATE PROFESSCR
George R. MacMinw, English Language and Literature

ASSISTANT PROFESSOR
Harvey Eacreson, English Language and Literature

INSTRUCTORS

Louis W. Joxes, English Language and Literature
Axrsert A. MERRILL, Accounting

Rocer Stanrtow, English Language and Literature
Ray E. UntereiNer, Economics and History

ASSISTANTS
Fraxnk A. NickerLn JoserH W, SCHWEINFEST
Hampron Syiru

READERS
Rosrey D, Evaxs Joux H, Maxson
KexNETH A. Soromon
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DIVISION OF PHYSICAL EDUCATION
R. W. Sorexsew, Chairman

PHYSICAL DIRECTOR
Wirrax L. StanNTow

INSTRUCTOR
Harorp Z. MUSSELMAN

PHYSICAL TRAINER
Froyp L. Hanes

ASSISTANTS
Lovuis J. CLATERBOS Vaivo A. Hoover
ArTrUrR GRIFFITH LAYTON STANTON

Burt Ricmarpsox
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Historiral Sketch

The California Institute, first known as Throop Polytechnic
Institute and then as Throop College of Technology, was in its
early years an undergraduate and secondary polytechnic school.
It owed its origin to a donation made by Amos G. Throop in
1891. In 1910, when the present campus was acquired and the
building now known as Throop Hall was erected, its trustees,
under the leadership of and with large financial support from
the president of the board, Mr. Arthur H. Fleming, adopted the
broader policy which led to its development into an institution
of university grade devoted not only to undergraduate but also
to advanced instruction, in the fundamental sciences as well as in
the various branches of engineering, and to research in these
fields. It has thereby become a college, graduate school, and
research institute of pure and applied science.

During the first ten-year period on the new campus, under the
effective presidency of Dr. James A. B. Scherer, there were
developed mainly its professional undergraduate courses in civil,
mechanical, and electrical engineering, resting on a solid founda-
tion of mathematics, physics, and chemistry, and reinforced on
the cultural side by strong departments of English and history.

The progress of the Institute during the last ten years has
been especially rapid, owing to the substantial financial support
it has received from many individuals and from some of the large
national foundations, and owing to the group of scientific men of
the first rank who have associated themselves with it.

In 1917, the chemistry building, named the Gates Chemical
Laboratory from its donors, Messrs. C. W. Gates and P. G.
Gates, was erected and equipped; and Dr. Arthur A. Noyes be-
came its Director. An extension to this laboratory, made possible
by a further gift from the same donors, was completed in 1926.
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During the years 1920 to 1923, the Norman Bridge Laboratory of
Physics, given by the late Dr. Norman Bridge of Chicago, was
erected. Dr. Robert A. Millikan became Director of this Labora-
tory in 1921. In 1922, Culbertson Hall, an auditorium seating
500 persons, was erected. In 1924, the High-Potential Research
Laboratory was built and equipped through the cooperation of
the Southern California Edison Company. A laboratory of Steam
Engineering and an Engineering Research Laboratory, and a
Seismological Laboratory were erected in 1927. A building for
the Daniel Guggenheim Graduate School of Aeronautics has just
been completed ; also a new Hall of Humanities, provided by the
gift of Mr. and Mrs. Joseph B. Dabney. This includes a commo-
dious lounge used as a social meeting place and reading room for
the students and faculty. Additional provision for undergraduate
student life on the campus has been made by the erection of a
temporary building provided by Mr. and Mrs. Robert Roe
Blacker. The first large unit of the William G. Kerckhoff Lab-
oratories of Biology has also been just completed; and Professor
Thomas H. Morgan has assumed charge of the development of
research and instruction in the various branches of biology. All
of this construction has been carried out in the style of Spanish
architecture, under the direction of the late well-known architect,
Bertram G. Goodhue, and his associates.

Along with the material development of the Institute in the
past few years has gone a striking development of its educational
and research work. This has been made possible through the
liberal support of various national foundations and a large num-
ber of people of this locality interested in the development in
Southern California of an important institution of this type.
These include Eldridge M. Fowler, Mr. and Mrs. John Wads-
worth, M. H. Sherman, R. C. Gillis, Mrs. Marjorie Fleming
Lloyd-Smith, Mrs. Van Santvoord Merle-Smith, Mr. and Mrs.
James A. Culbertson, Mrs. Mae M. Bridge, Mr. and Mrs. R. R.
Blacker, Henry M. Robinson, A. C. Balch, L. D. Ricketts, Wil-
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liam G. Kerckhoff, W. L. Honnold, Frank L. Clark, Mr. and
Mrs. A. M. Drake, Mr. and Mrs. Arthur Noble, Mrs. Caroline
M. Dobbins, Herbert Earlscliffe, Mrs. Emily A. Humphry, Miss
Harriet Harvey, and the whole group of Associates of the Insti-
tute. The General Education Board has given an endowment of
$300,000 to be used for salaries, one of $450,000 for general
purposes, and two, aggregating $2,100,000, for enlarging the
resources and facilities for graduate instruction and research in
the physical sciences and for initiating similar activities in the
biological field. The Carnegie Foundation for the Advancement
of Teaching has provided an endowment of $40,000 for teachers’
insurance and annuities. The Carnegie Institution of Washington
has appropriated $30,000 a year for a period of years for the
support of researches on the structure of matter and the nature
of radiation, under the direction of Dr. R. A. Millikan and Drzr. A.
A. Noyes, and $12,000 for researches on genetics conducted by
Dr. T. H. Morgan. The Carnegie Corporation of New York has
given $25,000 for the initiation of a department of instruction
and research in geology, $60,000 for the endowment of research
in physics and chemistry, and $100,000 for general endowment.
The Daniel Guggenheim Fund for the Promotion of Aeronautics,
Inc., has appropriated about $350,000 for the erection and equip-
ment of the aeronautics building and for support of the Graduate
School through a period of years. The Rockefeller Foundation
has, through the National Research Council, provided payments
totaling about $20,000 a year to National Research Fellows now
working at the Institute,



Edurational Folicies

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 sufficient similarity to make interchange
between them not unduly difficult.

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

(8) TFifth-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 efficiency
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-
maties. 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.

(6) Tifth-year Courses leading to the degree of Master of
Science shall be offered in the sciences, especially in physies,
mathematics, chemistry, geology, paleontology, biology, and
chemical engineering. A considerable proportion of the time of
these Courses shall be devoted to research. These will be supple-
mentary to the Undergraduate 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 lectures 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 creativeness
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 meecting 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 Edurational Farilities

THROOP HALL

Throop Hall, the central building on the campus, contains the
offices of administration, the classrooms and drawing-rooms of
the engineering departments, and some of the engineering labora-
tories.

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, 128 by 58 feet, connected at the north by a third
unit of two floors, 80 by 52 feet, 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 experimenta-
tion.

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 switchboard,
storage-battery, electric furnace and machinery rooms. On the
second and third floors of this unit of the Norman Bridge Labora-
tory, is housed, temporarily, the Division of Geology and Paleon-
tology.

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.

Ample funds are also available for the purchase of special
apparatus and supplies and for the upkeep of the laboratory.
Capital funds for the support of research in physics specifically
now amount to approximately $865,000. The income of this
sum does not, however, represent the total amount available for
work in physics. The Trustees have undertaken to provide for
the work of the department of physics an income of $95,000
a year. This includes both teaching and research, although the
larger portion of this income is to be expended on research. In
addition to the Institute funds available for research, the Car-
negie Corporation of New York provided through the Carnegie
Institution of Washington $15,000 a year for a period of years
to be used in researches in physics to be conducted at the Insti-
tute under the direction of Dr. Millikan. This annual appropria-
tion has now been capitalized by the Carnegie Corporation.

The relations of the Institute with the staff of the Mount
Wilson Observatory are most cordial and one of the chief assets
of the Institute is its associations with the Observatory group
both informally and in the joint Astronomy and Physies Club.

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
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problems having to do with the improvement in the art of trans-
mission at high potentials. It also provides opportunities for
instruction in this field, such as are not at present easily obtain-
able by students of science and engineering.

GATES CHEMICAL LABORATORY

The Gates Chemical Laboratory includes laboratories used for
the following branches of undergraduate instruction: Inorganic
Chemistry, accommodating 160 freshman students; Analytical
Chemistry, 40 students; Organic Chemistry, 28 students; Physi-
cal Chemistry, 20 students in two sections; Instrumental Analy-
sis, 20 students in two sections.

The remainder of the Gates Chemical Laboratory is devoted
to facilities for research work. There are six unit laboratories
for physico-chemical research accommedating two men each;
organic and biochemical research laboratories with space for six
workers ; and research laboratories of photochemistry and radia-
tion chemistry providing for ten or more research men. In
separate rooms special research facilities are also provided, in-
cluding a well-equipped instrument shop, a students’ carpenter
shop, a glass-blowing room, a storage battery room, and large
photographic dark rooms.

Ample funds are available for the purchase of special ap-
paratus and supplies. An endowment of $700,000 provides an
annual income of $35,000 for chemical research. In addition to
the Institute funds available for research the Carnegie Corpora-
tion of New York provided, through the Carnegie Institution
of Washington, $15,000 a year for a period of years to be used
in researches in chemistry to be conducted at the Institute under
the direction of Professor A. A. Noyes. This annual appropria-
tion has now been capitalized by the Carnegie Corporation.

An addition to the laboratory, for which funds have been pro-
vided by C. W. Gates and his brother, P. G. Gates, since de-
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ceased, adjoins the first unit on the west, is approximately 80 feet
by 50 feet in area, 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 30 people, class rooms, four
research laboratories, professors’ studies, a storeroom for inflam-
mable 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
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research laboratory, in which the research section of chemical

engineering has already been installed.

DANIEL GUGGENHEIM AERONAUTICAL LABORATORY

The Daniel Guggenheim Aeronautical Laboratory has recently
been completed. I'unds for its construction and for its operation
for a period of ten years have been provided through a gift of
about $350,000 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 500 horse-power, direct-current motor drives a 15-foot
propeller, and a wind velocity of much more than 100 miles
per hour will be 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
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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.

Attention will be centered for the next year or two on the wind
tunnel ; the installation of the remaining apparatus will follow as

rapidly as time permits.

DABNEY HALL OF THE HUMANITIES

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

CULBERTSON HALL

Culbertson Hall, 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

A Seismological Research Laboratory, located on a site west
of the Arroyo Seco, has recently been completed. 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 Washington, 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
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with him cooperate Dr. J. A. Anderson, of the Mt. Wilson Ob-
servatory, and Prof. John P. Buwalda, of the geological depart-
ment of the Institute.

THE WILLIAM G. KERCKHOFF LABORATORIES
OF THE BIOLOGICAL SCIENCES

The first unit of the William G. Kerckhoff Laboratories of the
Biological Sciences was completed and occupied in the fall of
1928. This building, designed by the Bertram G. Goodhue Asso-
ciates, is located on the western end of the campus north of its
main axis and parallel to it. It is approximately 50 by 160 feet
in size, four stories in height, and contains over fifty rooms.

The basement includes two workshops, chemical room, switch-
boards, and five special laboratory rooms. The first floor is given
over largely to undergraduate instruction. It includes two lec-
ture rooms each seating about fifty students, four large labora-
tories, and six small instructors’ rooms. On the second and third
floors are the research laboratories, including the private labora-
tories of the staff, offices, and laboratories for graduate and more
advanced work and research. The library is temporarily housed

on the second floor.

On each floor of the building there is a large cold storage
room. These rooms can be individually regulated within a wide
range of temperatures, and should suffice for carrying on experi-
mental work in which temperature measurements are required.

Land has been purchased in the vicinity for the erection of
greenhouses for genetic work.

LIBRARIES
The library of the Institute comprises the General Library
and five departmental libraries: for Physies, Chemistry, Geology,
Biology, and the Humanities. The General Library, situated in
the central unit of the Norman Bridge Laboratory of Physics,
contains the books, periodicals, and society papers on engineer-
ing, general science, and other general subjeets. With it is



64 CALIFORNIA INSTITUTE OF TECHNOLOGY

incorporated the Webb Library, which is a collection of some
8,000 volumes largely in French and German and in popular
science. This library, together with an endowment of $30,000,
is the gift of the late William E. Webb of New York.

The Physics Library is situated in the east wing of the Norman
Bridge Laboratory of Physics, and contains all books and periodi-
cals required for the advanced study of physics and mathe-
matics. An endowment of $40,000 for books for this library is
the gift of the late Dr. Norman Bridge.

The Chemistry Library is located on the first floor of the new
unit of the Gates Chemical Laboratory. This library contains
the books and periodicals on chemistry and chemical engineering.

The Geology Library is situated on the second floor of the
west wing of the Norman Bridge Laboratory of Physics. Dr.
Ralph Arnold has recently given his valuable geological library
to the Institute.

The biological library is located on the second floor of the
William G. Kerckhoff Laboratories of the Biological Sciences.

The Humanities Library is situated on the first floor of the
Dabney Hall of the Humanities, and contains books and periodi-
cals on economics, history, literature, and philosophy.

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 departments of military engineering and physical
education.
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LECTURE AND CONCERT COURSES

Under the auspices of the Pasadena Lecture Course Committee
there are given each year a number of public lectures on science,
literature, and other subjects of general interest, to which the
members of the Institute are admitted. Weekly public lectures
in science, illustrated by experiments, are given by the members
of the Institute faculty in the lecture room of the Norman Bridge
Laboratory of Physics. Special opportunities are made avail-
able 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 occasional talks to small groups of students
at 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.

The Associated Students exercise general direction of matters
of undergraduate concern in cooperation with the faculty.



6o CALIFORNIA INSTITUTE OF TECHNOLOGY

Athletic contests are managed by the Athletic Council, composed
of faculty and student representatives. The student body,
through its elected representatives, manages Tare CALIFORNIA
TecH, a weekly paper, and the Bic T, the annual. A glee
club, an orchestra, and a band are maintained, with assistance
from the Institute. There are at the Institute student branches
of the American Institute of Electrical Engineers, the American
Society of Mechanical Engineers, and the American Society of
Civil Engineers. A Chemists’ Club and a Geology Club include
men interested in these particular fields. Other organizations
are the Dramatie 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 mneighboring scientific institutions,
admits to its meetings undergraduate students who may be in-
terested in its discussions.

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

A chapter of Tau Beta Pi, the national scholarship honor
society of engineering colleges, is maintained at the Institute.
Elections are made each year from the highest eighth of the
junior class, and from the highest quarter of the senior class.
The additional qualifications of personal worth are also con-
sidered.

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
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year, the Institute speakers have an opportunity to compete for
national honors in the forensic field. On the odd-numbered years
they enter the competition for the trophies offered by the Pacific
Province 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 Peace Association, and the Better America League
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. Each year a classical play, Greek or Roman, is presented
under the auspices of Pi Kappa Delta, participation in it, how-
ever, being open to the whole student body. A modern play is
given under the auspices of the English Department, open like-
wise to all students. Both of these plays are produced under
the direction of Mr. Gilmor Brown, Director of the internation-
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ally famous Pasadena Community Playhouse. Mr. Brown also
supervises the delivery of the students taking part in forensic
contests.

A thriving Young Men’s Christian Association with a full time
Secretary has its office in Dabney Hall and performs many
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 Club, membership in which is evenly divided be-
tween foreign and American students.



Requirements for Admission to
Undergraduate Standing

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

/ English 3
Algebra ... 2
Plane and Solid Geometry ....... 1%
Group A Trigonometry £
Physics 1
Chemistry 1
United States History and Government .......eeeeeeee. 1

Group B: ; F?reign Langua-ges, Shop (up to. 1 unit) ; a}dditional En-
glish, Mathematics, Laboratory Science, or History.
Group C:  Drawing, Commercial subjects, additional Shop, ete.

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 thelr
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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.

Students planning to enter the Institute in September, 1929,
may take the examinations Monday and Tuesday, July 1st and
2nd, or Monday and Tuesday, September 23rd and 24th.

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 College Board examinations in Comprehen-
sive English, Comprehensive Mathematics (Elementary and Ad-
vanced ), Physics, and Chemistry. The last three examinations
must be taken in the summer immediately preceding entrance to
the Institute. FEach applicant who offers College Board exami-
nations should arrange with the College Entrance Examination
Board to have his papers sent to the Institute after they have
been graded.

Each applicant must present a physician’s certificate showing
that he is physically qualified to carry the work of the Institute.
All students entering the Institute for the first time are required
to be vaccinated or to submit satisfactory evidence of recent
vaccination.

notebooks at the time of the examination. The schedule for 1929 is as
follows: Wednesday, September 25, 9:00 A.M., Mathematics; 2:00 P.M.,,
English. Thursday, September 26, 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 United States on June 17-22, 1929, Application
for these examinations must be addressed to the College Entrance Ex-
amination Board, 431 West One Hundred and Seventeenth Street, New
York, N. Y., and must be received by the Board on or before May 20, 1929,
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Application for admission to the Institute may be made at any
time, but there is a distinct 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 July
examinations if possible.

Blanks for the physician’s certificate, application for admis-
sion to the Institute, and certificate 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) and a satisfactory physi-
cian’s certificate, each accepted applicant will be sent a registra-
tion card which should be presented at the Institute at the time
set for freshman registration.

Checks or money orders should be made payable to the Cali-
fornia Institute of Technology.
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ADMISSION OF UNDERGRADUATES FROM OTHER COLLEGES
" TO UPPER CLASSES

For admission to the upper classes of the Institute applicants
who have been students (but are not graduates) at other insti-
tutions of collegiate rank must present letters of honorable dis-
missal, together with statements 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; they should
arrange for a personal interview, if possible. These students take
examinations in Mathematics, Physics, and Chemistry; except
that the examinations in Physics and Chemistry are required only
of those desiring to pursue the Course in Science. In addition,
students desiring credit for work in Science and Engineering
Courses taken elsewhere will be required to pass review exam-
inations in these subjects unless both the quality and the extent
of their previous work appear to be entirely satisfactory. The
examinations in Mathematics, Physics and Chemistry taken by
students planning to transfer to the third and fourth-year classes
are the review examinations required of all students of the Insti-
tute before they undertake the work of the third year, and are
taken at the same time by both regular and transfer students.
For men planning to enter the sophomore year, similar review
examinations covering the work of the freshman year are re-
quired. Copies of previous examination papers will be sent to

approved applicants upon request.

The examinations may be taken either in June or in Septem-
ber. The schedule for 1929 is as follows: Thursday, June 6,
1 9:00 A .M., Chemistry; Friday, June 7, 9:00 A.M., Mathematics;
Saturday, June 8, 9:00 A.M., Physics; Tuesday, September 24,
9:00 A.M., Mathematics; 1:30 P.M., Physics; Wednesday, Sep-
tember 25, 9:00 A.M., Chemistry.
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Applicants residing at a distance may take the June examina-
tions elsewhere than at the Institute, provided arrangements are

made in advance.

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

course.

Physicians’ certificates and certificates of vaccination are re-
quired as in the case of students entering the freshman class.

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

ADMISSION OF COLLEGE GRADUATES TO UPPER CLASSES

Applicants who are graduates of colleges and scientific schools
of recognized standing should also submit a detailed statement of
the courses previously pursued, and of the grades received. They
will be admitted without examination, provided their previous
scholastic record indicates attainment not inferior to the average
of Institute students, and provided they have creditably com-
pleted thorough courses in the basic scientific subjects required
in the first two years of the Institute’s Undergraduate Courses.
If these provisos are not fulfilled, examinations are required
as in case of non-graduates.



£ xpenses

TUITION

The tuition is two hundred and fifty dollars ($250.00) a year
for undergraduate students, payable $90 at the opening of the
first term, and $80 at the opening of each of the other terms.
(For graduate students, see pages 112 and 122.)

The Associated Student Body fee, payable by all under-
graduate students, is $10.00 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 Department of Chemistry an annual deposit of
$10 is required the first year, and $15 the last three years, to
cover breakage and loss of laboratory materials. 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 1923, Mr. Howard R. Hughes, of Galveston, Texas, gave
$5,000 to constitute an additional fund for loans to students.
Mr. Raphael Herman, of Los Angeles, has provided a like sum
to establish the Raphael Herman Loan Fund, which may be used
for loans or for scholarships at the discretion of the Institute.
Additional gifts of $5,000 and $1,000 have been made by anony-
mous donors for the same general purpose.
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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
Munijcipal 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 large, airy, and
well-lighted 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 during their first year unless
they live at home or for other satisfactory reasons are permitted
to live off the campus.

The present minimum rate for room rent and dinner five nights
in the week is $160, the maximum is $210 for the year. The
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rates are subject to modification by the Institute prior to the
opening of any college year. A cafeteria conducted in connec-
tion with the dormitory provides breakfast and luncheon to occu-
pants of the dormitory and any other students who may wish to

take these meals there.



Regigtration and General Regulations

Registration for the second term, 1928-1929, will take place
January 2, 1929 (9 A.M. to 3 P.M.); for the third term, March
25, 1929 (9 AM., to 3 P.M.). Registration for the first term,
1929-1930, will take place, for freshmen, September 26, 1929
(9 AM.), and for other students September 27, 1929 (9 A.M.
to 8 P.M.), and September 28, 1929 (9 AM. to 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 Kequirements

SCHOLASTIC GRADING

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

4 denotes Marked Distinction,
3 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 sukject 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 (3) 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 mon-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 sufficient extent to enable him to
meet the requirements. Any such student must report to the
Dean of Freshmen in case he is a member of the freshman class,
or to the Dean of Upper Classmen in case he is a member of a

*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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higher class, before entering upon the work of the ensuing term,
and must arrange his schedule of studies and limit his outside
activities in accordance with the advice of his Dean.

2. A 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 300 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
fulfil 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 655 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,*130 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-

*For the class of 1929, honor standing is determined on the basis of
140 credits.
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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.

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, and 8 above. Tuition shall be at the

rate of $200 per year.

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
79-80) 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 prescribed 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
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absences from any given exercise, arrangements must be made
with the instructor in charge.

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

CANDIDACY FOR THE BACHELOR'S DEGREE

A student must file with the Registrar a declaration of his
candidacy for the degree of Bachelor of Science on or before
the first Monday of December preceding the date at which he
expects to receive the degree. His record at the end of that
term must show that he is not more than 21 units 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 Yrizes

FRESHMAN PRIZE SCHOLARSHIPS

A number of freshman scholarships will be awarded by the
Institute, and a further scholarship by its Alumni, for the next
school year, and in succeeding years, upon the basis of a compe-
tition 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 69-71, 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 July 1st and 2nd. The
examinations will cover the branches of mathematics required
for admission to the Institute, high-school physics and chemistry,
English, American history, and general information. They will
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be of such a character as to determine the ability of the student
to think and to express himself clearly, and to demonstrate his
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 sue-
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.

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 Scholarships. 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 Europe
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
number 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,
= U O 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 T'ravel 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 Physical
Education Department, in order that they may receive special instruc-
tions.
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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.

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

(d) Acquaintance with Furopean 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 end of
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 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.



Beuelopments in the Fumanities

One of the distinctive features of the California Institute is
its traditional emphasis upon the humanistic side of the cur-
riculum. In the degree and genuineness of this solicitude the
Institute has differentiated itself from other American schools of
technology, most of which give little more than a gesture of
recognition to the liberal arts. As a rule, in schools of engineer-
ing, 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. Here and there, in most
specialized institutions, a lonely course in literature, history, or
philosophy is tucked into some corner of the crowded profes-
sional programs as a concession to the academic amenities.

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 technology, and it is to the training of such men that the
energies of the California Institute is primarily directed.

Hence the Institute, from the very outset, has recognized the
urgent desirability of making a place in its undergraduate cur-
riculum for a generous amount of instruction in the humanities.
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The faculty, in thorough sympathy with this aim, has cooperated
by eliminating some of the more specialized technical subjects
commonly included in undergraduate engineering courses. As a
result, 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. So far as is known, the California Insti-
tute is the only engineering school in the United States that
maintains and enforces this requirement. 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 ground-
ing, and not merely the superficial acquaintance which is too
often the outcome of a free elective system. The standards of
intellectual performance in these studies are maintained on ex-
actly the same plane as in the professional subjects, so far as
this is humanly possible. 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 Bernard Fay, of the
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University of Clermont-Ferrand in France; Professor Frederick
J. Turner, formerly of Harvard University and now Associate
at the Huntington Library; and Professor Tucker Brooke, of
Yale University. With the opportunities for research in English
Literature and American History which are afforded by the
proximity of the Huntington Library, it is anticipated that the
instruction given at the Institute in these fields will be steadily
strengthened by the association of visiting scholars. It is the
endeavor of the Trustees and Faculty to make the social sciences,
in no less degree than the natural sciences, contribute towards
the development of originality, intellectual versatility, and
breadth of human interest among the undergraduates.



Study and Kesearch 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
physics 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 will be appointed, so that a considerable nucleus of re-
search workers may be built up as in the other sections of the
Institute.

The Savilian Professor of Geometry in the University of
Oxford, Dr. Godfrey Harold Hardy, a man who has shown extra-
ordinary skill in the use and development of advanced mathe-
matical analysis, will lecture at the Institute during the winter
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term of 1928-1929; and it is expected that other mathematicians
of similar attainment will be brought to the Institute from time
to time.

Upon the completion of the prescribed 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
usually depend upon demonsirated 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,
cosmogony, crystal structure, elasticity, the. new quantum me-
chanics, relativity, and statistical mechanics.

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.
This year, Professor Arnold Sommerfeld, of Munich, will lecture

during the winter term.



Sty and KReasearch v Genlogy and
Haleontolngy

The Institute has recently added Geology and Paleontology
to its major branches of instruction and research.

As in the older science departments of physics, chemistry,
and mathematics at the Institute, emphasis is being placed pri-
marily on the development of graduate study and research in
geological directions; but provision has also been made for a
four-year course of undergraduate study. This will afford an
unusually broad and thorough preparation in the basic sciences
on which geology depends and an introduction:to the funda-
mental principles of geology itself. This is supplemented, for
students ' desiring to specialize in the subject, by Fifth-Year
Courses in Geology and in Paleontology leading to the degree
of Master of Science.

These Graduate Courses may be taken either by students who
have completed the four-year Course at the Institute, or by stu-
dents from other colleges who have substantially the same prepa-
ration. Properly qualified graduates from other colleges may
also pursue as graduate students the geological studies of the
senior year of the Undergraduate Course.

During the senior year of the Undergraduate Course and
throughout the Fifth-Year Courses in Geology and in Paleon-
tology much time will be devoted to investigation; but students
desiring to become research men or professional geologists or
paleontologists will naturally continue their work at least two
years more for the degree of Doctor of Philosophy.

PROFESSIONAL OPPORTUNITIES FOR GEOLOGISTS

Geology affords exceptional opportunities for an attractive
professional career, both on the scientific and industrial sides.
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There is a real demand, very inadequately met, for well-trained
geologists for teaching and research positions in colleges and
universities, for government posts in connection with geological
and mining surveys, and for places as directors and field ex-
plorers in connection with museums, and, above all, for positions

in the oil and mining industries.

Aside from these professional opportunities, the work of the
geologist is atiractive because it constantly offers new problems
to be solved, affords special opportunity for resecarch and expert
work, and gives close contact with nature and outdoor life.

THE INSTRUCTION IN GEOLOGY AND PALEONTOLOGY

The elementary geological subjects are given with a threefold
purpose. First, they serve 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; for it is assumed that the
intellectual equipment of any educated man, whether he be a
scientist or not, is incomplete without some acquaintance with the
fundamental principles of evolution. Secondly, the elementary
courses afford to engineering students geological knowledge
which will often be required by them in their professional prac-
tice. Thirdly, the undergraduate subjects give to those who are
to specialize in geological sciences the preparation required for
advanced work and research.

The courses in Economic Geology are intended particularly
for those who expect to become professional geologists or mining
engineers. Although economic geology is closely linked with
utility, the subject is taught at the Institute with the full con-
viction that the best work in economic geology can be done only
by those who have a thorough preparation in the fundamental
sciences and in general geology. All instruction in economic
geology is given with the realization that this branch of geology
offers ample opportunity for scientific investigation of the highest
order.
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The advanced subjects afford training for the profession of
geologist or paleontologist. 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 positions in geology or paleontology
and for service as professional geologists.

The thorough grounding in physics and chemistry afforded in
the freshman, sophomore, and junior years is a most advan-
tageous preparation for geologic studies; for geology is essen-
tially the application of the principles of physics and chemistry
to the Earth’s crust.

OPPORTUNITIES FOR RESEARCH IN GEOLOGY

No better field for geologic training exists than the region
around Pasadena. Within convenient reach is an almost un-
rivaled variety of rock types, geologic structures, and physio-
graphic forms. Field studies can be carried on comfortably
throughout the entire year; and this constitutes an important
part of the department program.

Stratigraphic studies may be pursued in the Cenozoic and
Mesozoic sedimentary rocks of the southern Coast Ranges, in
which the oil fields are located, and in the Mojave Desert region.
Thick sections of Paleozoic sediments in the desert region of
southeastern California remain almost unexplored.

Within easy reach of Pasadena a great variety of geologic
structures is exemplified. Folding and faulting on a large scale
have occurred in the Coast Ranges; and these same structural
phenomena in somewhat different form may be studied in their
clear development in the higher ranges of Southern California
and in neighboring parts of the Great Basin.

Magnificent examples of a large variety of physiographic
forms await study; these range from coastal features resulting
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from recent uplift and subsidence to forms due to recent folding,
faulting, and erosion of different rock structures. The effects
of humid, glacial, and desert climates can be seen in closely

adjacent areas.

Although Pasadena is not a mining center, it is adjacent to
some of the most productive and geologically interesting oil fields
in the world, to large Portland cement plants, and to the gem-
producing districts of San Diego County. Moreover, the gold,
silver, quicksilver, and copper deposits 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.

The region likewise offers excellent opportunity for studies
in physical and geological seismology (in connection with the
laboratory mentioned below), and in other branches of geology.

OPPORTUNITIES FOR RESEARCH IN PALEONTOLOGY

Students in both vertebrate and invertebrate paleontology find
in Southern California and adjacent regions splendid oppor-
tunities for investigational work. Much research remains to be
conducted in the phylogenetic history of organisms and in the

succession and relationship of faunas.

Within the Pacific Coast province occur many marine forma-
tions, having invertebrate assemblages at numerous horizons.
Many important problems are presented in the field of inverte-
brate paleontology relating to the evolution of specific types of
invertebrates, to oil and its formation, to the age and relationship
of marine deposits and faunas of the western border of North
America and the correlation of these accumulations and as-
semblages with those occurring in the Pacific Basin and else-
where. The determination of environmental conditions in which
invertebrate faunas of the past have maintained themselves, the
significance of invertebrates in problems of sedimentation, and
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the special studies of the micro-organisms furnish additional
fields attractive to the investigator.

Important contributions in vertebrate paleontology remain to
be made in monographic studies of many groups of fossil
vertebrates treating of the structure, relationships, and evolution
of these forms. Opportunities for studies leading toward con-
tributions of this type are afforded particularly by the extensive
collections of excellently preserved materials from the asphalt
deposits of Rancho La Brea and McKittrick, California, avail-
able at the Los Angeles Museum and at the California Institute.

Within the Great Basin province of western North America
occur many continental deposits of Tertiary and Pleistocene age
yielding mammalian remains. Valuable collections from several
Tertiary horizons in the John Day region of eastern Oregon are
available for study. Studies of the extinet faunas not only bring
to light the existence of new forms in these assemblages with
suggestions as to the environmental conditions under which the
groups existed, but they also yield important data relating to
the time correlation of the faunas with assemblages occurring
outside the Great Basin province.

Land-laid deposits intercalated in the Cenozoic marine sec-
tions of the Pacific Coast province furnish mammalian remains
of considerable importance in establishing the time relationship
between the marine record and the continental record of western
North America. Remains of marine mammals are also frequently
encountered in Tertiary and Pleistocene marine formations of
this region, revealing important stages in the evolution of the
group and affording a means of establishing world-wide correla-
tion between marine formations.

SEISMOLOGICAL RESEARCH LABORATORY

A Seismological Research Laboratory has recently been com-
pleted and equipped on a site west of the Arroyo Seco. It is
largely devoted to researches conducted by the Carnegie Insti-
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tution of Washington; but graduate students in the Division of
Geology and Paleontology will be received in the laboratory for
the purpose of taking part in the researches or of becoming
familiar with seismological methods.

TEACHING AND RESEARCH FELLOWSHIPS

Fellowships are available for properly qualified students who
desire to pursue advanced work in geology or paleontology, as
in other branches of science; see page 123.



Study and Researrh in Binlogy

The Trustees of the Institute have recently established a de-
partment of biology, and a new biological laboratory—the first
unit of the William G. Kerckhoff Laboratories of the Biological
Sciences—has just been completed. Funds were provided for
the endowment, construction, and equipment of the laboratories
by members of the Board of Trustees of the Institute and by the
General Education Board. Professor Thomas Hunt Morgan,
formerly Professor of Experimental Zoology at Columbia Uni-
versity, has accepted the position of Chairman of the new Divi-
sion of Biology, and is organizing its various branches. Dr.
Alfred H. Sturdevant has been appointed Professor of Genetics;
Dr. Ernest G. Anderson, Professor of Genetics; and Sterling H.
Emerson, Assistant Professor of Genetics.

As in the other departments of the Institute, emphasis will
be placed primarily on research and graduate study; and, even
in these directions, no attempt will be made to cover at once the
whole science of biology, but rather efforts will be 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, biophysies, 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. In England, Germany, Russia, Scandinavia, and France,
research institutes, specializing in different biological fields, yet
primarily concerned with the application of mathematical, physi-
cal and chemical methods to biological subjects, have developed
in recent years. The latest example is a gift of thirty million
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francs to the Paris Academy of Sciences to organize an Insti-
tute of Physico-Chemical Biology for the purpose of studying
“the physico-chemical mechanism of the phenomena of life.”

The California Institute is undertaking this development of
biological research by the application of physical and chemical
methods not only because of its intrinsic importance, but also
because the close association with the strong research depart-
ments of physics and physical chemistry of the Institute cannot
fail to contribute greatly to its success. Most physiological
laboratories have in the past, for practical reasons, been asso-
ciated with medical schools; and few of them have been in
intimate contact with the research staffs, and had the use of the
research facilities, of laboratories which are primarily devoted to
fundamental investigations in the physical sciences.

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 will be 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 physies. It is true that, at what may be
called the biological level, an immense diversity of form and
funetion 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.
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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 will be
organized.

For the study of biology, the Institute will, in 1929 and there-
after, make the following provision: It will introduce into its
four-year undergraduate Course in Science, which in its last two
years now has options in physics, chemistry, mathematics, and
geology, a new option in biology. This option will include those
fundamental biological -subjects that are an essential prepara-
tion for work in any special field of pure or applied biology; and
the four-year course as a whole will in addition afford a far more
thorough training in the basic sciences of physics, chemistry, and
mathematics than students of biology, medicine, or agriculture
commonly receive. This undergraduate course will be supple-
mented by a fifth-year course, leading to the degree of Master
of Science in Biology, in which students may specialize in study
and research in various branches of the science. Special oppor-
tunities will also be offered for the pursuit of more advanced
courses and extended researches leading to the degree of Doctor
of Philosophy, to students desiring to become college teachers,
research men, or professional experts.

UNDERGRADUATE COURSES

It is planned to introduce into the four-year Course in Science,
if there is sufficient demand for them, three kinds of options in
elementary biology that will meet the needs of three classes of
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students: (1) Students of superior ability preparing to become
investigators and teachers; (2) Students expecting to go into
‘medicine; (8) Students desiring a general or cultural course
which will serve to impart an intelligent understanding of man
and living things in general from a biological standpoint. The
details of these courses will be announced later, but the following

is a preliminary outline:

1. Option Preparing for Biological Research and Teaching:
By accepting for this work only those students who have had
chemical, physical, and mathematical courses, it will be possible
to emphasize from the beginning the physiological side of biology,
starting with the more general aspects and leading through con-
secutively planned courses to the more difficult applications of
physical and chemical methods. These courses will be articu-
lated with the more advanced courses for graduates.

2. Pre-Medical Option: Preliminary medical students taking
a regular college course, with emphasis on the sciences, will be
given an opportunity to fulfil the entrance requirements of the
Medical Board. This course will not be planned to cover the
ground subsequently covered by the medical schools, but will at-
tempt to give a broad outlook on the animal and plant worlds.
The course will be supplemented by other courses more special-
ized in character that will insure a thorough training in the tech-
nical methods of the biological sciences.

8. General Biological Option: Arrangements will be made for
a general course designed especially for students in chemistry
and physics who desire to know, not only the phenomena of liv-
ing things in their relation to physics and chemistry, but also
something of their special characteristics resulting from their
highly complex organization. There will be included some lab-
oratory work, consisting largely of demonstrations; and every
encouragement will be given to individuals to carry out supervised
work, both in the laboratory and in the field, on any special prob-
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lems in which the student’s interest may have been aroused by
the lectures and demonstrations.
ADVANCED COURSES

Instruction will be given by lectures and seminars; and re-
search will be forwarded by intimate contact between students
and instructors in the laboratories. In view of the great ex-
pense of modern research along physiological lines, the Institute
will make careful selection of students of exceptional ability and
aptitude, in order to avoid the formal instruction that large num-
bers entail, and in order that the time of experienced investigators
on the staff be not dissipated by administration and unprofitable
instruction.

It is not possible to announce specific courses until the staff
has been selected, but it may be stated that advanced instruction

will be given in the following subjects:

General Physiology: General physiology differs in its aims
from the traditional physiology which relates more particularly
to man and the higher vertebrates in so far as it encompasses the
whole field of living things, selecting those for investigation that
are particularly suited to solve specific problems. To cover a
field so broad, a number of investigators having special training
and interests are to be selected. Such a group will include some
men who are particularly interested in the chemical constitution
of living matter (biochemists); others in its physical aspects
(biophysicists) ; and others whose interests lie in the reactions
taking place in the sense organs and central nervous system
{physiological psychologists).

Genetics: The study of heredity, under the more modern name
of Genetics, has replaced the older vague treatment of questions
of inheritanée, and has not only placed in our hands methods of
exact investigation, by means of which the processes involved
have come under control, but has furnished one of the most re-
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fined instruments as yet discovered for penetrating into the in-
visible structure of living cells.

Developmental Mechanics: Developmental Mechanics has come
to mean the expérimental investigation of problems of develop-
ment from the standpoint of the physical sciences. The prox-
imity of the ocean, which furnishes in California during the winter
an abundance of breeding animals, gives a unique opportunity
for intensive work in embryology. The egg furnishes, also, one
of the best opportunities for the study of intracellular phenom-
ena, since an abundance of individual cells is assured, each about
to pass rapidly through a series of changes, during which the
process of differentiation of the future organs is gradually
wrought out.

Other Professional Courses: While emphasis will be placed on
the study of those topics in which the investigators of the staff
are specially interested, care will be taken that students who ex-
peet to work for a higher degree will have an opportunity to be-
come familiar with a wide enough range of information and
technical training to insure a broad outlook. Special courses
with these ends in view will be organized.

The Division of Biology proposes to offer in the third term of
the current year (1928-29) an introductory course in biology,
which is intended to give a general survey of the field. It will
be devoted largely to discussion of present-day problems, with
emphasis on the relation of biology to other experimental sciences.
This course will be open this year to all juniors, and to those
sophomores who intend to take the Biology Option of the Science
Course. Other undergraduate subjects will be arranged later
for the two following years for students in the Biology Option.
Graduate courses will be announced later. For the year 1928-29,
the graduate work will consist of seminars, journal club, and

research work.



Che Agtrophysiral Obzeruatory 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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tensiv e scientific equipment. The other will be an Astrophysical
Labor atory located on the Institute campus, which will serve as
the headquarters in Pasadena of the Observatory Staff and of
the Graduate School of Astrophysics. Its equipment will include
instrumments 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. A shop 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 light-collecting power. In the present plan,
especial emphasis is therefore laid upon the development of all
forms of auxiliary apparatus, such as spectrographs and their
optical parts; photographic plates of the various types required
for astrophysical and spectroscopic research; radiometers, ther-
mocouples, and photoelectric cells; recording microphotometers
and other forms of measuring machines; and laboratory appara-
tus for reproducing or interpreting celestial phenomena.

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
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policy. The organization of the Observatory Council and the
personnel of its Advisory Committee are shown on page 47 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 auxiliary instruments, which
forms a prime feature of the general scheme, has been begun.
The Research Laboratory of the Eastman Kodak Company has
generously agreed to deal with many of the special photographic
problems. A Zeiss recording microphotometer has been ordered,
and will be used in a comparative study of various forms of this
instrument. The radiometer recently used very successfully by
Dr. C. G. Abbot, of the Smithsonian Institution, in measuring
the distribution of energy in the spectra of stars of several types
will be developed and improved.

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 Physics Option of the Course in
Seience, in which electives in astronomy will be offered in the
senior year.

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
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Government service than can be satisfactorily filled, for able
young men well trained in optics, astrophysics, and subatomic
physics. The number of such positions, however, is not.large;
and omnly those well qualified for such work should undertake

graduate study and research.



Baniel Guonenheim Graduate Srhonl
nf Arpronautics

The Institute has recently added to its major branches of in-
struction and research new work in aeronautics. This develop-
ment was made possible through a gift of about $300,000 from
the Daniel Guggenheim Fund for the Promotion of Aeronautics.
With the aid of this gift, the Institute established the Daniel
Guggenheim Graduate School of Aeronautics, and has constructed
a new Aeronautics Laboratory containing a ten-foot, high-speed
wind tunnel, at an expense of approximately $200,000. (See
page 61.)

The following program of instruction and research is being
undertaken:

1. Extension of the Institute’s theoretical courses in aero-
dynamics and hydrodynamics, with the underlying mathematics
and mechanics, taught by Professors Harry Bateman, 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 In-
stitute staff on a part-time basis.

2. Initiation of a group of practical courses 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.

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

4. Immediate perfection of the new stagger-decalage, tailless
airplane recently developed at the Institute by one of its instruc-
tors in aeronautics, A. A. Merrill, a radical departure from
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standard aeronautical design, which in recent tests has shown
promise of adding greatly to the safety of flying.

5. Establishment of a number of research fellowships in aero-
nautics at the Institute.

6. Building and testing not only of models for wind-tunnel
work, but also of full-size experimental gliders and power planes
for free flight.

As in the older departments of physics, chemistry, and mathe-
matics, emphasis will be 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 Engineer-
ing” and at the end of the second year, the degree of “Master
of Science for the completion of a Course in Aeronautical Engi-

neering.”

The 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 engincering 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-
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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.



Information aud Regulatinns
for the Guidance of Graduate Shdents

I. ADMISSION TO GRADUATE STANDING

1. To be admitted to graduate standing at the Institute an
applicant must in gencral 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. If the applicant’s preliminary training in science, mathe-
matics, 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 by the
Division in which he is to pursue graduate work. If the time
required for such subjects is small, he may be at once provision-
ally admitted to graduate standing. If the time required consti-
tutes the major part of a year’s work, he may enter upon a
two-year course for the degree of Master of Science, with the
expectation of being admitted to graduate standing when he has
substantially completed the assigned undergraduate studies.

8. 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. Application for admission to graduate standing at the In-
stitute should be made upon a form which can be obtained from
the Registrar. Since admission to graduate work will be granted
only to a limited number of students of superior ability, applica-
tions should be made as long as possible before the opening of
the school year, preferably by the first of March. Students
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applying for assistantships or fellowships do not need to make
separate application for admission to graduate standing. See
Section IX.

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 114-122.

II. FEES

1. Tuition for graduate students is in general $250 a year,
payablel in three installments, $90 at the beginning of the first
term and $80 at the beginning of the second and third terms, the
same as for undergraduate students (except that holders of
Institute Fellowships and Assistantships pay only $180 a year,
payable in three installments of $60 each).” For graduate stu-
dents 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 112).

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.
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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
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.
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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, ete.

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, 8
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 baving 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. Undergraduates, when al-
lowed to carry graduate work, may be graded P in any graduate
course, in which case the grade P carries the same credit as
grade 2.

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
> “cum laude,” or with-

2 i

“summa cum laude,” “magna cum laude,
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
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that of Assistant Professor are not admitted to candidacy for a
higher degree.

The course of study of each candidate will be in charge 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, and Section
V1II for special requirements in Chemistry.

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
148-144, 148-154), except that in the case of students transfer-
ing 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-
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
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Physies, Chemistry, Chemical Engineering, Mathematics, Geol-
ogy, Paleontology, or Biology), and of the Committee on the
Courses in FEngineering (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 mot
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
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
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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 inereased
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-
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-
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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 that 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.

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.
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(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
commitiee to examine his thesis.

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

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

1, a. To be recommended for candidacy for the Doctor’s de-

gree in Mathematics the applicant must pass the following
courses with a grade of 2 or better:
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Modern Algebra, Ma. 128 a, b, ¢, including the Galois Theory;
Modern Geometry, Ma. 109 a, b, ¢, including Metric Differential
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 Physics the applicant must pass the following courses with a
grade of 2 or better: Analytical Mechanics, Ph. 12 a, b, c,
Electricity 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. 10. 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 Mechaniecs, AM. 1 a, b, and Strength of
Materials, AM. 1 ¢; 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. 10; Alternating Current Anal-
ysis, EE. 20; Induction Machinery, EE. 22; Transmission Lines,
EE. 44; Dielectrics, EE. 52.

2. An applicant who has had a course equivalent to any of
the above may 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. Failure
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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. XIn 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
manufacturing, operating, or engineering research, in addition
to the time required for college residence.

VIXI. 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 report 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. GRADUATE LIFE

The Faculty Club of the Institute is open to graduate studerits
and affords the advantage of intimate associations with fellow
students and with members of the Faculty. A few rooms are
available to graduate students at a cost which is less than would
ordinarily be paid elsewhere and dining privileges are furnished
at cost.

IX. 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.)
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The primary object of these appointments is to give a group
of well-qualified men a training in research which will prepare
them for unmiversity teaching and rescarch 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.

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
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of each year by all who desire appointments for the following
year regardless of whether they are already holders of such
appointments or not.

X. RESEARCH FELLOWSHIPS

1. Institute Research Fellowships: In cases where the suc-
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 Resecarch Fellowships in Physics, Chemistry,
and Mathematies established by the Rockefeller Foundation are
awarded by the National Research Council to men who have
their Doctor’s degree. Fellows may choose the institution in
which they desire to pursue research. Applications should be
made to the National Research Council, Washington, D. C.

8. The Research Fellowship of the Standard Oil Company:
A special fund has been given to the Institute by the Standard
Oil Company (New Jersey) for maintaining a fellowship on
internal combustion engines.

4. The Petroleum Institute has, through the National Re-
search Council, inaugurated researches at the Institute which
call, in 1928-1929, for an expenditure of $18,000. 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.

5. The Standard Oil Company of California has provided a
fund for a research fellowship on the radio-active content of oil
bearing materials and other geological structures.

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



Jublirations
From October 1, 1927, to October 1, 1928

NORMAN BRIDGE LABORATORY OF PHYSICS

REFLECTED AND SECONDARY ELECTRONS FROM AN ALUMINUM TARGET.
J. B. BrRINSMADE, Phys. Rev., 30, 494-500 (1927).

EvaproraTiox FROM LAXEs.
N. W. Commzixncs and Burt Ricuaroson, Plys. Rev., 30, 527-5634 (1927).

TaeE VEerocity AND NUMBER OF THE Pxoro-EiLEcrrRoNs EJECTED BY
X-Ravs as A Fuxcriony orF THE ANGLE oF EMISSION.
E. C. WatsoN, Phys. Rev., 30, 479-487 (1927).

Direcrion oF Pmoro-ErLEcTtRON FEnissioN.
Donarp H. LOUGHRIDGE, Phys. Rev., 30, 488-493 (1927).

Tuae Oriciy oF THE NEBULIUM SPECTRUM.
1. S. Bowen, Nature, 120, 473 (1927).

TueE OriciN or THE NEBULAR SPECTRUM.
I. S. Bowen, Pub. A. S. P., 39, 295-297 (1927).

THE SYMMETRY OF THE STRESS-TENSOR OBTAINED BY SCHROEDINGER'S RULE,
H. Baremax, Proc. Nat. Acad Sci., 13, 771-778 (1927).

A SpEcTROSCOPIC DETERMINATION OF E/M.
WiLriam V. ¥ousrton, Phys. Rev., 30, 608-613 (1927).

A Rererition oF THE Micaerson-Moriey ExpEriMENT Usine KENNEDY’S
REFINEMENT.
K. K. ILLINGWORTH, Phys. Rev., 30, 692-696 (1927).

ReceNT DEVELOPMENTS IN SPECTROSCOPY,
R. A. MiLLiKAN, Bicentenary Number of the American Philosophical Society’s
Proceedings, 66, 211-230 (1927).

Tae ELECTROSTATICS OF THE THUNDERSTORM
A. W. Simoxn, Journal of the Franklin Institute, 204, 617-647 (1927).

Two Devices FACILITATING SPECTROMETRY IN THE FAR INFRARED.
Ricuarp M. Bancer, J. 0. S. 4. and R. S. 1., 15, 370-373 (1927).

Sertes SpEcTtRA oF CumroriyE, Crii, Ciiii, Criv, Crv, axp or Sii, Piii,
AND Siv.
1. S. Bowen, Phys. Rev., 31, 34-38 (1928).

TuaeE Lire oF ATOMIC STATES AND THE [NTENSITY OF SPECTRAL LINES.
I. S. BoweN, Proc. Nat. Acad. Sci., 14, 30-32 (1928).

Revatioxs oF Fierp-CurreENTs 1o THERMIONTIC-CURRENTS.
R. A. Miirikan and C. C. LauriTsEN, Proc. Nat. Acad. Sci., 14, 45-49 (1928).
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Tue ORIGIN OF THE NEBULAR LINES AND THE STRUCTURE OF THE PLANE-
TARY NEBULZ.
1. S. Bowewn, Astrophys. J., 67, 1-15 (1928).

New Restits ox Cosaric Ravs.
R. A. Mitrixan and G. H. CamEerRON, Nature, 121, 19-26 (1928). -

Hicx Avritupe TEsTs o THE GEOGRAPHICAL, DIRECTIONAL AND SPECTRAL
DiswriBurioNy or Cosmic Ravs.
R. A. MirriraN and G. H. CaMErRON, Phys. Rev., 31, 163-173 (1928).

Tae PxoroeLEctric AND THERMioNIc Work Fuxncrions or Ourcassep
PraTiNUM.
Lee A. DuBrinGE, Phys. Rev., 31, 236-243 (1928).

A MODIFICATION OF THE MICHELSON INTERFEROMETER,
R. M. LaNnGer, J. O. S. 4. and R. S. I., 16, 134-136 (1928).

Twae Disrersion BY HyproGEN-L1xE At1oyms 1IN UNpULATORY MECHANICS.
Bor1s Popousky, Proc. Nat. Acad. Sci., 14, 258-258 (1928).

Ox tHE QUaNTUM THEORY OF THE RAMsAvErR EFrFECT.
J. R. OpPENHEIMER, Proc. Nat. Acad. Sci., 14, 261-262 (1928).

Ox TuE EXTENSION or THERMODYNAMICS TO GENERAL RevaTIvVITY,
Ricmarp C. Torman, Proc. Nat. Acad. Sci., 14, 268-272 (1928).

TRANSMISSION AND REFLECTION of GorLp AND SiLveEr Fioms.
W. V. Houston and GeorGE Moore, J. 0. S. 4, and R. S. 1., 16, 174-176 (1928).

Series SPECTRA OF Porassivm AND Carcrum.
I. S. BoweN, Phys. Rew., 31, 497-502 (1928).

Some ExpErRiMENTs 1IN Positive loxy KineTIics.
GayLorp P. Harnwerr, Phys. Rev., 31, 634-642 (1928).

O~ tHE ENERGY AND ExTROPY OF EINsTEIN’S CrosED UNIVERSE,
Ricmarp C. ToLMaN, Proc. Nat. Acad. Sci., 14, 348-353 (1928)

Ox taE Equirisrium BerweeN Ranration aNDp Marrer 1N EinsteiN’s
Crosep UNIVERSE.
Ricuarp C. ToLMaN, Proc. Nat. Acad. Sci., 14, 853-356 (1928).

Tuae Space-DistrisuTioNn oF THE Puoto-Eirectrons Esecrep 3y X-Ravs,
E. C. Warson, Phys, Rewv., 31, 728-741 (1928).

Fierp CURRENTS FrROM POINTS.
C. F. Evring, S. S, Mackeown, and R. A. MILLIRAN, Phys. Rev., 31, 900-909
(1928).

Ox TE QUuaNTUM THEORY OF THE AUTOELECTRIC FIELb CURRENTS,
J. R. OpPENHEIMER, Proc. Nat. Acad. Sci., 14, 363-365 (1928).

TEMPERATURES OF STARs IN PLANETARY NEBULAE.
H. Zanstra, Nature, 121, 790-791 (1928).
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New Precistox 1N Cosaric Ray MEASCREMENTS; YIELDING EXTENSION OF
SeecTRUM AND INDICATIONS OF BaNDs.
R. A, Mirrikax~ and G. H. CaMmEeroN, Phys. Rev., 31, 921-930 (1928).

SERIES SPECTRUM OF Sonrvar, Naii.
I. S. Bowex, FP/liys. Rev., 31, 967-968 (1928).

Ioxizariox 1x Positive Tox SHEATHS.
Prirte M. Morst and W, UyTERHOEVEN, Phys. Rev., 31, 827-832 (1928).

Evmexce ror THE CoxTiNvors CreatioN oF THE CommoN EreMENTS OuT
oF Posrtive AXND NEGATIVE IELECTRONS,
R. A. MirLikaN and G. H, CaMERON, Proc. Nat. Acad. Sci., 14, 445-450 (1928).

Tue Prre RoTaTION SPECTRUM OF AMMONIA.
Ricumarp M. BADGER, Nature, 121, 942 (1928).

EvibExce OpraiNEp vy X-Ray Axarvsis or FioMs oF Inoxw 18 MAGNETIC
Fierps as 10 THE Urrimare NATURE oF MAGNETISM.
T. D. Yexnsen, Phys. Rev., 32, 114-123 (1928).

AXGULAR ScATTERING OF ELECcTRONS IN HyYDROGEN aAND HELIUM.
GavyrLorp P, HARNWELL, Proc. Nat. Acad. Sci., 14, 564-569 (1928).

Ox TtuE THERMODYNAMIC FQUILIBRIUM IN THE UNIVERSE.
F. Zwicky, Proc. Nat. Acad. Sci., 14, 592-597 (1928).

Tue SpEcTRUM OF SULPHUR, Sii
S. B. Incram, Phys. Rev. 32, 172-178 (1928).

EvibExce Tmar THE Cosmic Ravs OricivaTe 18 INTERSTELLAR SPACE.
Roeert A. Mrrrixax and G. Harvey CamEirox, Proc. Nat. Acad. Sci., 14,
637-641 (1928).

Ox tue QuantuM TuEORY oF ELEcTRONTC InrpAcTs.

J. R. OpPrENHEIMER, Phys. Rev., 32, 861-376 (1928)

Avamasie ENERGY.
RoBERT A. MILLIKAN, Science, 68, 279-284 (1928).

Furtuer REmMARKS oN THE SECOND Law or TuErRMoDYNAMICS IN GEN-
ERAL RELATIVITY.
R. C. ToLMmaN, Proc. Nat. Acad. Sci., 14, 701-706 (1928).

Tue EaquatioNn FOR THE TrANSVERSE VisraTioNs oF Tmin Rops.
H. BateMan, Mess. of Math., 57, 145-154 (1928).

TraNsVERSE SEIsMIC WAVES OF THE SURFACE OF A SEMI-INFINITE SorID
Coxrosenp oF HETEROGENEOUS MATERIAL,
H. BareMan. Bull. of the Am. Math. Soc., 34, 343-348 (1928).

Ox TIIE ARITHMETIC OF ABELINA FUNCTIONS.
E. T. Beir, Proc. Nat. Acad. Sci., 13, 754-758 (1927).

GENERAL ARITHMETIC.
Morcan Warp, Proc. Nat. Acad. Sci., 13, 748-749 (1927).
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NoTE ON THE QUATERNARY QuaDRATIC IDENTITY OF HERMITE,
E. T. BeLr, Am. Math. Monthly, 35, 76 (1928).

GexerAL Crass Nuxser Revations WrosE DEGENERATES Invorve InFi-
~N1TE Forms.
E. T. BeLr, Trans. of International Math, Congress, 1924, published 1928.

NuvmericaL Fuxcrions or MurripArTiTE INTEGERS AND CoMpounD Pam-
TITIONS.
E. T. Berr, Am. Jour. of Math., 49, 489-510 (1927).

ParTrrioNn PoLyNoMIALS.
E. T. BeLr, Ann. of Math., 29, 38-46 (1927).

CeErRTAIN COMPLETELY SOLVABLE SYSTEMS OF SIMULTANEOUS DIOPHANTINE
EQUATIONS.
E. T. BeiLr, Am. Math. Monthly, 35, 289-241 (1928).

TeErRNARY CHARACTERISTICS OF PRIMES.
E. T. Beir, Bull. Am. Math. Soc., 34, 323-328 (1928)

A Properry oF REsuLTANTS.
E. T, Berr, Mess. of Math., 57, 141-144 (1928).

INTEGRAL Basts.
E. T. BeLr, Am. Math. Monthly, 35, 304-305 (1928).

A SimpriricaTioN oF CERTAIN PROBLEMS IN ARITHMETICAL Divisiow.
MorcaN Warp, 4Am. Math., Monthly, 35, 9-14 (1928).

Remark oN T NumBer oF Crasses or BiNary Quabratic Forms or
NEGATIVE DETERMINANT,
E. T. BeLL, Proc. Nat. Acad. of Sci., 14, No. 5, 430-431 (1928).

CerTAIN CrLass Numser Rerations Imprien 1N THE Nacurass oF Gauss,
E. T. Berr, Bull. of the Am. Math. Soc., 34, 490-494 (1928).

Note oN THE DiFrerencE Equations DEFINING ENUMERATIVE ARITH-

METICAL FUNCTIONS.
E. T. Bery, Bull. Calcutta Math, Soc., 19, 135-138 (1928).

GATES LABORATORY OF CHEMISTRY

145. Tue Crysrar Strucrure oF MERCURIC AND MERcURoUs IoDIDES.

E\JAUR)ICE L. Huccins and P. L. Maciiy, J. Am. Chem. Soc., 49, 2857-2367
1927).

146. A MEeTop ForR AcCCURATE DETERMINATION OF THE SPECIFic HEaTs
oF Sarr Sorurions vp 1o 80°C; IncLuping REesurrs For Porassium
Nirrate Axp CHLORIDE SOLUTIONS.

FrRaNk T. GUCKER, Jr., J. Am. Chem. Soc., 50, 1005-1017 (1928).

147. FLUORESCENCE IN MIXTURES OF AMMONIA AND MERCURY V APOR.
ArLex C. G. MitcHELL, J. Am. Chem. Soc., 49, 2699-2703 (1927).
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148. Tue PorENTIOMETRIC DETERMINATION OF INDIUM.

Urric B. Bray and Darwin Kirscaman, J. dm. Chem. Soc., 49, 2739-2744
(1927).

149. Two Devices Facmiratine SPECTROMETERY 1N THE Far Ixrra Rep.
RicHarRD M. BADGER, J. Opt. Soc., 15, 370-372 (1927).

150. Tue Hica TeMPERaTURE Equirisnivm BeTweeEn TaHoriom Oxioe
AND CARBON.
C. H. PrescotT, JR. and W. B. Hinckg, J. Am. Chem. Soc., 49, 2744-2753
(1927).

151. Tue Hica TevperaTure FquiLisriom Berweey Avruvminum Oxipe
AND CARBON.

C. H. Prescorr, Jr. and W. B. Hinckg, J. Am. Chem. Soc., 49, 2753-2759
(1927).

152. Tue Trure TEMPERATURE SCALE oF CARBON.
C. H. Prescort, Jr. and W. B. HiNckE, Phys. Rev., 31, 130-134 (1928).

153. Twue Suarep-Erectroxn Cuemicar Bonp
Linus Paviing, Proc. Nat. Acad. Sci., 14, 359-362 (1928).

154. A DPeriopic TABLE oF THE STRUCTURE OF ATOoMS SHOWING THE
NumBer, QuaNTUM-StaTES, AND ENERGIES OF REMOvVAL oF THEIR
E1ECTRONS,

Artrur A, Noves and ArnorLp O. BrckMan, Proc. Nat. Acad., 13, 737-743
(1927).

155. Tue Aciw-Formine Properties oF Osmium TETROXIDE.

DonN M. Yost and Rosert J. WHITE, J, Am. Chem. Soc., 50, 81-84 (1928).

E.

'~ =

156. Tur PreparatioN oF 2-Bromo-p-Crisor FrRoM P-NITROTOLU:
Howarp J. Lucas and Naruan F. Scubpper, J. Am. Chem. Soc., 50, 244-249
(1928).
157. Twue AxavLysis of BrominaTEp CrEsoLs,

Joun Buxton and Howarp J. Lucas, J. Am. Chem. Soc., 50, 249-252 (1928).

158. Tue Sizes oF Ioxs, AND THEIR INFLUENCE ON THE PROPERTIES OF
Savr-Like CoMPOUNDS.
Linus Paviing, Z. f. Krist.,, 67, 377-404 (1928).

159. Tue Oxiparion StaTES OF RuTHENTUM AND Its HaLibE CoMPOUNDS,
WirLriam R. CrowerLrL and Don M. Yosrt, J. Am. Chem. Soc., 50, 374 (1928).

160. Twur INFLUENCE oF REerative Ionic Sizes oN THE PROPERTIES OF
Toxic ComroUNDS.
Linus Paviing, J. Am. Chem. Soc., 50, 1036-1045 (1928).

161. Tuxr DistriBurioNn oF ENERGY 1N MOLECULES.
Louts S. Kasser, Proc. Nat. Acad. Sci., 14, 23 (1928).

162. Tur ReEpucTioN-POTENTIAL OF SELENTUM AND THE FREE ENERGY OF
Aqueous SELENOUs Acip.

Herman F. Scmort, Ernest H. Swirt and Dox M. Yosrt, J. Am. Chem. Soc.,
50, 721-727 (1928).
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163. THuE CrysTar STRUCTURE oF BETA-BENZENE HEXABROMIDE AND
HEXACHLORIDE,

RoscoE G. Dickinson and CoxstanT Biricke, J. Am. Chem. Soc., 50, 764-771
(1928).

164, Tue Quaxtum YIELD IN THE PHoTOoCHEMICAL DECOMPOSITION OF
NrrroceN Droxipe, .
Roscok G. Dickinson and WARREN P, Baxter, J. Am. Chem. Soc., 50, 774-782
(1928).

165. Tue Quanrum TuEORY oF Quast-UNinoLEcuLar Gas Reacrions.
Oscar KNEFLER Rice, Proc. Nat. Acad. Sci., 14, 113-118 (1928).

166, Tur Turory or THE DECOMPOSITION OF AZOMETHANE.
Oscar KNerLErR Rick, Proc. Nat. Acad. Sci., 14, 118-124 (1928).

167. TuaE Structure oF Atowms as A Prriopic PropeErTy AxD Its RELa-
TION TO VALENCE axD IoN-FormaTiow.
ArtHUR A. Noves and ArvoLp Q. Beckman, Chem. Rev., 5, 85-107 (1928).

168. Ax Improvep Quanrz Frser MAXNOMETER.
Arnorp O. Beckman, J. Opt. Soc. Am., 16, 276-278 (1928).

169. Stupies v Homocexous Gas Reacrions II. INTRODUCTION OF
Quaxtum THEORY.
Lovis S. Kasser, J. Phys. Chem., 32, 1065-1079 (1928).

170. AprLICATION oF THE QUANTUM MECHANICS TO THE STRUCTURE OF
THE HYDROGEN MoLECULE AND MoreEcULeE-loN axp To RELATED
ProBLEMS.

Linus Pavring, Chem. Rev., 5, 173-218 (1928).

171. Note: Ox MovrecurLArR Diaxerers 1v Gas REacTioxNs.

Ricmarp C. Torman, Roscok G. Dickinson and Don M. Yosr, Science, 67, 241
(1928).

172. Tur SyNTHESIS oF 1-BUTENE.
Howarp J. Lucas and Rosert T. Dirron, J. Am. Chem. Soc., 50, 1460-1464
(1928).

173. Twue Rrcioxy or ExisteNce oF UximorEcurar Reacrtions.,
Lours S. Kasser, J. Am. Chem. Soc., 50, 1344-1352 (1928).

174. Somr Drrivamives or N-HrpraNe,

RoserT T. Dirron and Howarp J. Lucas, J. Am. Chem, Soc., 50, 1711-1714
(1928).

175. TyE APPLICATION OF THE FERMI STATISTICS TO THE DISTRIBUTION OF
Erecrnoxs Uxper Fierps ixv MEerars axp tHE TuaEORY oF ELEcTRO-
CAPILLARITY,

QOscar KxerLer Rice, Phys. Rew., 31, 1051-1059 (1928).

176. Tuare Crystar STRUCTURE OF Porassioym CIILOROPLATINATE,
F. J. Ewing and Livus PavLiNg, Z. f. Krist.,, 68, 223-230 (1928).

177. Tae Crystal STRUCTURE OF BROOKITE.
Linus Pavring and J. H. Sturpivant, Z. f. Krist,, 68, 239-256 (1928).
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178. Twue CrysTaL STRUCTURE OF Toraz.
Linus Pavring, Proc. Nat. Acad. Sci., 14, 603-606 (1928).

179. Tuxr Propucts oF THE Pmorocmexmical DErcoxrosition or Hybpro-
GEN AZIDE.
ArxoLp O. BeckMaN and Roscoe G. Dickinson, J. Am. Chem. Soc., 50, 1870-
1875 (1928).

180. Tue Exercy DistriBuriox oF ComMpPLEX MOLECULES.
Oscar KxeFLER RicE, Phys. Rev., 32, 142-149 (1928).

181, Ox Tar Turory oF Uxmvorecursr Gas REeacrioxs.

Oscar KyerLeEr Rice. Read at the Reunion Internationale de Chimie Physique,
Societé de Chimie Physique, Paris, October 8-12, 1928.

GEOLOGY AND PALEONTOLOGY

Direcrions oF Procress 1v Fcoxomic GEOLOGY.
F. L. Raxsome. (Presidential address, Society of Economic Geologists, Cleveland
meeting, Dec. 30, 1927.) Economic Geology, 23, 119-181 (1928).

Grorogy oF THE St, Frawcis Dam-srTE.
F. L. RaxsoMmE, Economic Geology, 23, 553-568 (1928).

Rerorr or THE CoMmisston ArpoiNnTED BY Govervor C. C, Youwe 1O
IxvesTicaTE THE Cavses LEaping 1o THE FarLure or THE St, Fraxcs
Dan.

F. L. RavsomE, with A. J. Wmrey, Georce D. Loupersack, F. E. BoNNER,
H. T. Cory and F. H. Fowrer. Sacramento, 1928.

TraE GEOLOGY OF THE SOUTHERN PART OF THE SOUTH STAFFORDSHIRE
CoALFIELD,

F. L. RansomMe (Review), Economic Geology, 22, 849-850 (1927).

GeorLocy 1IN ReraTion 1o Dam axp REservorr SiTes,
F. L. RansoME, Hydraulic Engineering, October, 1928.

REePoRT ON SAFETY oF WaTER Surrry Dams axp Reservoirs or tur Crry
or Los ANGELESs.
F. L. Ransome, A. J. WiLey, F. C, HerrMaNN, and Cuas. H. Paur. Appendix
A., Report on Geological Conditions at Mulholland Dam, Los Angeles. 1928.

A Furtaer CoNTRIBUTION TO THE MAMMALIAN Favxa orF Ttae Tmou-
saND CREEK PriocEnt, NOrRTHWESTERN NEVADA.
Joux C. MerriaM and CHEsTER Stock, Carnegie Institution of Washington,
Publ. 393, Art. 11 (1928).

A Peccary rrom THE McKrrrrick PreistocENe, CALIFORNIA.
CHESTER STOCK, Carnegie Institution of Washington, Publ. 393, Art. III (1928).

Taxvrorama, A New GENUs oF Lranra rrom THE PLEISTOCENE oF Cari-
FORNIA.
CHuESTER StToCE, Carnegle Institution of Washington, Publ. 393, Art. IV (1928).

Caxip axDp ProposcipEaN RExraixs rrom tirg Ricarpo Derosits, Mosave
Drserr, CALIFORNIA.
CHESTER Stock, Carnegie Institution of Washington, Publ. 393, Art. V (1928).
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A Toorn or HipparioN MoHAVENSE FRoM THE PUENTE Formartiow, Carl-
FORIIA,
CHESTER STOCK, Carnegie Institution of Washington, Publ. 393, Art. VI (1928).

MervcxxirPus Isonesus (CoPE) FrRoM THE LaterR TERTIARY OF THE CROOKED
River Basin, Orecox,
Joun~ H. Maxsown, Carnegie Institution of Washington, Publ. 393, Art. VII
(1928).

Tue Pr.E1sTocENE ELEpHANTS OF SANTA Rosa Istaxp, CALIFORNIA,
CuesTER Stock and E. L. Furrone, Science, 68, 140-141 (1928).

Tue OCCURRENCE AND PHYLOGENETIC STATUS OF MERYCODUS FROM THE
MoJ AVE DESERT TERTIARY.
E. L. Furrong, Univ. Calif. Publ., Bull. Dept. Geol. Sci., 17, No. 4 (1927).

MariNE Eocene Derosits oN THE EasT SLoPE oF THE VENEZUELAN A NDES.
W. P. WooDrING, Bull. Amer. Assoc. Petroleum Geologists, 11, 992-996 (1927).

ENGINEERING

Tue Evrecrric Arc. (Discussion.)
R. W'. SorenseN, Trans. 4. I. E. E., 46, 882 (1928).

LicarNiNe ProrEction ror O1L StTorAGE TaNXs AND RESERVOIRS.
Rovar W. Sorensen, James Huca Hamrvrton, anp Craupe D. Haxywoob, Trans.
A.I. E. E., 47, 164-173 and 184-185 (1928).

Hica Vorrace O Circurr BrEaxers. (Discussion.)
R. W'. SorReNSEN, Trans. A. I. E. E., 48, 159 (1928).

Errecr oF Huminity ox THE DrY Frasmover PoTeENTIAL oF INSULATORS,
(Discussion.)
Rovar W. Sorensen aNp WiILLIAM A. Lewis, Trans. 4. I, E. E., 48, 443-444
(1928).

Hospitar LicaTting,
Rovar W. Sorensen, Western Hospital and Nurses Review, XI, 19-20 (1928).

Fi1eLp CURRENTS FROM PoOINTS
C. F. Evring, S. S. MacxeownN, aNp R. A, MriLLigAN, Phys. Rev., 31, 900-909
(1928).

TrE AccURATE DETERMINATION OF BorLkr EFFICIENCY
R. L. DavucHERTY, National Engineer, 32, 273 (1928).

BOOKS

ALGEBRATC ARITHMETIC.
E. T. BeLr, Am. Math. Soc. Colloquium Publications, Vol. 7 (1927).

A First Course 1¥ Prysics For COLLEGES.
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Beacription of the Yndergraduate 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 fill satisfactorily administrative positions in the
utilities and manufacturing industries, and to serve as operating
and constructing engineers in such industries. The fifth-year
Courses, based on this broad fundamental preparation, and co-
ordinated with it so as to constitute a harmonious, unified, five-
year period of study, with no sharp breaks between the un-
dergraduate and graduate periods, will afford the more intensive
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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 Secience, 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 chemical,
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 1929-830 and those of higher classes
in the succeeding years. The special subjects included in that

option will be announced later.



Sehedules of the Undergraduate 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 Descrip-
tion of Subjects on pages 155-282. For the explanation of the
subject numbers in italics, see page 79. The abbreviations denote
the various branches of instruction as follows:

Aeronautical Engineering AR
Assembly As
Applied Mechanics AM
Biology Bi
Chemistry Ch
Civil Engineering CE
Drawing D
Economics Ec
Electrical Engineering EE
English En
Geology Ge
History and Government H
Hydraulics  ...... Hy
Languages L
Mathematics Ma
Mechanical Engineering ME
Military Mi
Philosophy . Pl
Physical Education PE
Physics Ph
Shop Sh

Thesis Th




BOTH COURSES

. FIRST YEAR, ALL THREE TERMS

SUBJECT

HOURS PER WEEK

SUBJECTS
"NUMBER | Class | Lab. | Prep. UNITS
English. ................. En 1abe 3. 0 3 6
Physics. ............. ....|Ph 1abc 2 < 8 4. 9
Chemistry................ Ch labe 3 6 3 12
Mathematics............. Malabe 4 0 8 12
History................. JJH labe 2 0 2 4
Assemblyt...... e As 1abdbe 1 0 0 1
Drawing D1ori10 0 3 0 3
-or—Shop*......... .| *Sh1 ord or 4
Physical Eduecation........ PE 1abe¢ O 3 0 3
“Military-Seienee.cvv-vv oo o {Mi 1 abel 1 2 1 4
54 5
Summer or 5
Drawing or Shop™*......... 3or4d

*Each student takes altogether 6 units of Drawing and 8 units of
Shop, distributed through the three terms and a required summer period

of two weeks at the beginning of the summer vacation.

Students with a

recommended high school credit of 14 unit or more in mechanical drawing,
and all science students, take D 1; others take D 10. All freshmen re-
quired to take D 40 after D 1 or D 10.

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

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

SECOND YEAR

HOURS PER WEEK | UNITS
SUBJECTS SUBJECT First | o
NUMBER i Third
Class | Lab. | Prep. T’I;Iv’vngs‘ Term
Mathematics*f............ Ma 2abe 4 0 8 12 ' 8%
Physics*f.......coovnenn.. Ph 2abe|l 3 3 6 12 8*
Mathematics Review?...... Ma 2d 4 0 8 4%
Physics Reviewt........: ..|IPh 2d 3 3 6 4%*
History......... e H 2abe 2 0 4 6 | 6
Descriptive Geometry.......|D 41label O 3 0 3 3
Machine or Structural D 20abe 0 3 0 3 3
. Drawingf............... or D 30 abe
Mechanism§. .. ............ ME 1 3 3 4
Surveying§............... CE1 3 4 3 ;10 . 10
Engineering Chemistry$.....|Ch 6 41 0 6
Assembly.............. .. fAs 2abcl 1 0 0 1 1
-Military Science......oviv Mt 2abel 1 2 1 4 4
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
?ﬁldeznt)s do not take Physics Review (Ph 2d) and Mathematics Review

a 2d).

iStudents not in the first honor section take in the first 7 weeks of the
third term Physics Ph 2¢ (8 units) and Mathematics Ma 2c¢ (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.

{Drawing 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
HOURS PER WEEK uNITS
SUBJECTS iﬁ%ﬁg Firat [Second| Third
Class | Lab. | Prep: | Torm | Term | Term
English.............. En Tabel 3 0 5 8 8 8
Assembly............ As 8abe 1 0 0 1 1 1
Economics. .......... Ec 2 34 38 0 3 6 6 | ..
Business Law......... Ee 25 3 0 3 6
Biology. ...covin. .. Bi 1 2 6 1 9
or Accounting? .. .|[Ec 17 3 ] 6 .
Geology . ............. Ge 1a 3 3 3 9! ..
Paleontology.........|Ge 1D 4 1 4 .. 9 ..
Applied Mechanics....|AM1labec 4 3 7 14§ 14 ) 14
Direct Currents*. .. ... EE 2 3 8 3 6
Alternating Currents*..|[EE 4 5 3 3 6 12 | 12 | 12
Heat Engineering*.... .ME 15 3 3 6
Physical Educationt |PE 8abe 0 3 0| 8} 3 3
53 | 53 | 53

*Hach student takes one of these subjects in each of the three terms.
{Students may substitute Military Mi 7 (6 units) for Physical Educa-

tion (3 units).

$In 1928-1929, students in the Engineering Course take Accounting,
unless admitted to Biology, upon petition, by special Faculty action.



COURSE IN ENGINEERING

FOURTH YEAR

SUBJECTS SUBJECT HOURS PER WEK UNITS
NUMBER | ¢oes | Lab. | Prep. T};En ’Ig;?n ’I?;arr(}n

Humanities Electives*| ...... 3 0 6 9 .. 9
Philosophy.......... Pl 1 3 0 6 9
Current Topics.. .. ... H.5ab 1 0 1 2 2 ..
U. 8. Constitution....|H 10 1 0 1 .. 2
Assembly. .......... As Labe 1 0 0 1 1 1
Engineering

Conferences. .. ....| ...... .. .. .. 2 2 2
Hydraulics or Optioni{Hy 1 4 0 8 12 12 12
Testing Materials. ...[AM 3 0 3 3
Hydraulics Lab.......[Hy 2 0 3 3 6 6 6
Heat Eng. Lab.. .. ... ME 25 0 3 3
Physical Education§. .[PE tabe¢ 0 3 0 3 3 3
Options, see next page. 18 |18 | 18

53 |53 | 58

*For the Humanities Electives see below. '

fHydraulics is given in the first term for Mechanical-and. Aeronautisal.
Engineering students, second term for Civil Engineering students, and
third term for -Electrical Engineering students. - ’ oy

{Bach student takes one of these three subjects in each term.

§Students may substitute Military Mi 10 (6 units) for Physical Educa-
tion (3 units).

HUMANITIES ELECTIVES (9 units)

First Term Third Term
American Literature (MacMinn) American Literature (MacMinn)
Eighteenth Century Ideas (Faiy) Contemporary Literature (Judy)

Modern Drama (MacMinn, Stanton) German Literature (Macarthur)
Literature of the Bible (MacMinn)
Modern Drama, (Stanton)
Sociology (Untereiner)
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COURSE IN ENGINEERING

FOURTH YEAR (Continued)

1

HOURS PER WEEK UNI
SUBJECTS i‘{ﬁggg 1 | - - s
i Class | Lab. | Prep. i Tesrt;n Tergln T?el‘zfim
Mechanical Engineering f 1
Option: .
Structures.. ....... CE 9 3 3 6 ‘ .. w 12
Machine Design..... ME 2, 4 2 3 4 | 9 - 9-
Machine Design..... ME 3 2 6 4 0 ., | 12 ..
Metallurgy......... ME 10 3 0 6 9 . ..
Heat Engineering.. --ME 16 4 0 8 1 v 12 ..
Heat Engineering.. . .ME 17 3 3 3 2L 9
Heat Eng. Lab. or |ME 26 0 3 3 ‘ 6 ..
Elective(see below) :
Electrical Engineering ‘
Option:
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 3 3 “ .. L 6
Elect. and Magnetism.[Ph 6ab 4 3 3 6 | 12 12 ..
Electrical Machinery \EE 6 2 0 4 | 6 ..
Electrical Machinery EE 40 2 0 4 .. 6
Civil Engineering ‘
- Option: : I
Advanced Surveying.|CE 2 3 6 3 ’ 12 ..
Railway Engineering CE 8ab¢ .. .. .. 6 6 6
Theory of Structures |[CE 10ab ¢ 3 3 6 | 12 | 12 | 12
Highway EngineeringCE 4 3 0 3 .. 6
Reinforced Conerete.|CE 12 2 0 4 | 6
i
Aeronautics Option: |
Advanced Calculus. .\Ma 8ab ¢ 4 0 8 12 ] 12 | 12
Aeronautics........ AE 1 3 0 6 ‘ .. .. 9
Metallurgy......... ME 10 3 0 6 | 9 LA ..
Machine Design... .. ME 8 4 0 8 |/ | R L.
Structures. .. ......|JCE 11ab | .. .. o 6 12
General Electives: .
Advanced Caleulus. .\Ma 8 abc¢ 4 0 8 | 12 12 12
Accounting. ........ Ee 17 3 0] 6 | ... 9
Business Study .. ... / ...... .. .. 6 | 6 6

144



COURSE IN SCIENCE
FOR STUDENTS PREPARING FOR CHEMISTRY, CHEMICAL
ENGINEERING, PHYSICS, INDUSTRIAL, PHYSICS, MATHEMATICS,
GEOLOGY, PALEONTOLOGY, BIOLOGY, AND MEDICINE

SECOND YEAR

HOURS PER WEEK UNITS
SUBJECT et .
SUBJECTS NUMBER Class | Lab. | Prep. T'I;:'Vrgs :Ele]gg
Mathematics®*t............ Ma-2abe| 4 0 8 12 8*
Physies*t. ... ............. Ph 2abel 3 3 6 12 8*
Mathematics Review}. ... .. Ma 2d 4 0 8 4*
Physics Reviewt........... Ph 2d 3 3 6 .. 4*
History......«oooviiiiiaen H 2abel 2 0 4 6 6
Chemistry.... ............. Chl2ab 2 6 2 10 ..
German§. ... ... L 8label 3 0 3 | 6 6
Option as below}........... e .. .. .. .. 10
Assembly. ... ............. As 2abe 1 0 0 1 1
Military Seience. .......... Mi 2abec| 1 2 1 4 4
Physical Education....... .. PE2abel 0 3 0 3 3
S I ' _/_ __/1_'
54 54
Analytical Chemistry. . ... Chi12 2 6 201 .. | 10
Organic Chemistry....... Ch 43 2 6 2 .. 10
Surveying. . ............. CE 1 8 4 3 .. 10

#*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 2d) and
Physics Review (Ph 2d).

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

iStudents take Analytical Chemistry (Ch 12¢) if they are preparing
for the Option in Chemistry or Chemical Engineering; Organic Chemistry
(Ch. 43) if preparing for the Option in Physics or Biology; Surveying
(CE 1), Descriptive Geometry (D. 42), and Physiographic Sketching
(D. 51) in place of Mathematics (Ma 2¢, d) if preparing for the Option
in Geology, Theory of Equations (Ma 3) if preparing for the Option in
Mathematics. Non-honor students are admitted to the Mathematics
Option only by special vote of the Committee on Science Courses. :

§Honor students take German (L. 387, 10 units) in place of German
(L. 31, 6 units), and may, if they desire, omit Military Science (Mi. 2).
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COURSE IN SCIENCE

THIRD YEAR
SUBJECT HOURS PER WEEK 1 UNITS
SUBJECTS

NUMBER E Class | Lab. | Prep. {Tclz:fn 'Iggr(rin ,E’:;gm
English.............. En Tab cj 3 0|5 8] 8| 8
Assembly............ As 3abe 1 0 0 1 1 1
Geology, Paleontology. .|Ge 1ab | .. .. .. 9 9 ..
Biology.............. Bi d. 2 6 1 .. .. 9
German or French*. ... L.i SET 4 0 6 10 | 10 | 10
Chemical Principles.?"f. Ch2lab C; g g g } 10 10 | 10
Physical Educationt...|PE 3abc 0 3 0 3 3 3
Options, as below......| ...... .. .. .. 12 | 12 12
Theoretical Physics 53 | 53 53

Option:
Advanced Calculus. .[Ma 8abd 4 0 8 12 ) 12 | 12

Ezxperimental Physics

Option:
Advanced Caleulus..Ma 8ab 4 0 8 12 12 ..
Differ. Equations. .. .|Ma 11 4 0 8 .. .. 12
Chemistry Opiion:
Chemistry of the Rare )
Elements........|Ch13ab 1 9 2 12 12
or
Advanced Caleulus. .|Ma 8ab 4 0 8 12 12 ..
Atomic Structure. ...|Ch 23 3 0 5 .. .. 8
Physico-Chem. Lab..|Ch 26 b .. 3 1 4
Chemical Engineering
Option: )
Applied Mechanics...[AM2ab 4 0 8 12 | 12
Atomic Structure§...|Ch 23 3 0 b .. .. 8
Physico-Chem. Lab.§/Ch 26 b .. 3 1 4
Other Options:

See next page.

*Students who have taken German L. 37 a-¢, or those who have shown
more than average proficiency in German L. 31 a-c, take French in the
second and third terms; other students continue German through the year,

TStudepts may substitute Military Mi 7 (6 units) for Physical Educa-
tion (3 units).

§Honor students substitute in the third term Chemical Research
(Ch 71) for Physico-Chemical Laboratory and Atomic Structure (provided
they have already taken Modern Physics).
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COURSE IN SCIENCE

THIRD YEAR (Continued)

SUBIECT SUBJECT HOURS PER WEEK UNITS
NUMBER | (.55 | Lab. Prep. .ﬁgﬁ S;g:;d %g,i;:
Geology Option:
Crystallography. . ... Ge 3a 1 6 2 9 ..
Mineralogy......... Ge 8D 1 6 2 9 ..
Mineralogy......... Ge 3¢ 1 3 2 .. .. 6
-7} Drawing........... D 42,50| 0 6 0 6 6 ..
\ Drawing........... D 51 0 6 0 6
* 4 Surveying*......... CEA 3 4 3 10
Mathematics Option:T
Advanced Calculus... Ma8abe| 4 0 8 12 | 12 | 12
Analytic Geometry.. Madab 4 0 8 12 12

*Students in the Geology Option substitute in the third term Plane-
table Surveying (CE 3) for-Chemical Principles (Ch 21c¢).

TStudents taking the mathematics option may omit in the second and

third terms Chemical Principles.
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COURSE IN SCIENCE

FOURTH YEAR

HOURS PER WEEK UNITS
SUBJECT
SUBTECT NUMBER | Class | Lab. | Prep. | mist |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. 8. Constitution....|H 10 1 0 1 .. 2
Assembly..........: |As Label 1 0 0 1 1 1
Economics.......... Ec 2384 3 0 3 6 6
Foreign Scientific .
Journals..........| ...... 2 0 4 .. 6
Physical Education]. . |PE La b 0 0 3 3 3
Options as below.....| ...... .. .. .. 33 33 33
54 54 | 54
Physics Option: §
Analytic Mechanics.|Ph12abe 4 | 0 8 12 12 | 12
Electricity.........|Ph 8abe 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 Engineeringt.. [ME 15 3 3 6 12
Mathematics Option:
Differ. Equations. .. .. Mal1l0abe 8 0 6 9 9 9
Electives:
Complex Variable. .| Ma 114 4 0 8 12
Modern Theory of ) .
Diff. Equations..{Ma 116ab| 4 0 8 o 12 12
Relativity ......... Ma 122 4 -0 11 | 15 .. .o
Modern Algebra....(Ma 123 abe| 4 0 8 12 12 12
Differ. Geometry...|Ma 108 abe| 4 0 8 12 | 12 12
Other Options:
See next page.

*See page 142.
fOr research for Honor Students.

iStudents may substitute Military Mi 10 (6 units) for Physical Educa-
tion (2 units).

 §In 1929-30, and thereafter, separate Options will be offered in Theo-
retical Physics and Experimental Physics.
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COURSE IN SCIENCE

FOURTH YEAR (Continued)

| HOURS PER WEEK ' UNITS

SUBJECTS irttjr};mg; ! First [Second] Third
' i Irs ) 17
: | Class | Lab. | Prep. i Term | Term | Term

|

Chemistry Option: ‘ !
Organic Chemistry.../Ch 41ab; 3 0 5 8 8
Organic Chemistry...{Ch 41 ¢ 2 0

Organic Chemistry :
Laboratory . ...... Chd46ab . 0 9 0 9 9

Chemical Thermo-

dynamies......... Ch 22ab| 3 0 6 9 9
Instrumental Analysis|Ch 16 0 6 4 10 .. ..
Industrial Chemistry.|Ch 61 2 0 4 .. 6 6
Research........... Ch 70-73 | .. .. A o 20

Chemical Engineering

Option: }
Organic Chemistry...|Ch 41ab| 3 0 5 8 8
Organic Chemistry...|{Ch 41 ¢ 2 0 4 . 6
Organic Chem. Lab.|Ch 46ab. 0 9 0 9 9
Chemical Thermo- ‘

dynamies......... Ch 22ab| 8 0 6 9 LEL L
Electrical Engineering|EE 2,3,4,5 8 3 6 12 | 12
Heat Engineering.. .. |ME 15 3 3 6 .. 12
Instrumental Analysisi\Ch 16 0 6 4 10 .. ..
Industrial Chemistry |Ch 61 2 0 4 6* 6

Geology Option:

Historical Geology . .|Ge 1e¢ 2 3 4 9
Petrology........... Ge 5ab 6 2 9 9 ..
Field Geology.......|IGe Tab | .. | .. | .. 8| .. | 10
Structural Geology...|Ge 9 3 0 5 o 8
Vertebrate Paleon...|Ge 12 2 6 2 .. 10 8
Invertebrate Paleon. |[Ge 11ab| .. .. .. 10 8| ..
Research........... Ge 21,22 .. .. .. .. 8 8

*Honor 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.
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Schedules of the Fifth-Year Conrses

SUBJECTS COMMON TO ALL COURSES, ALL TERMS gf&?ﬁrﬁ
Seminar in American History and Government.......... \|
or English Literature .. ... ................... } 12
or Philosophy . .......... ... ... L. . J
Engineering or Research Conferences. .................. 2
Professional Subjects. ........ ... ... ... L 39
53

CIVIL ENGINEERING

NUMBER OF UNITS

PROFESSIONAL SUBJECTS

SUBJECT

NUMBER 1st 2nd | 3rd
Term | Term | Term
Statically Indeterminate Structures. . |CE 23 15 ..
Masonry Structures............... CE 16 .. 9
MachineDesign.................. 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....................... Ec 17 .. .. 9
39 39 39
Supplementary Professional Subjects
Water Power Plant Design ......... CE101ab 10 10
Arched Dams..................... CE103ab 5 5 ..
Statically Indeterminate Structures..|CE 105b ¢ 15 15
Geodesy and Precise Surveying .. ... CE 107 ab c] 6 6 6
Highway Problems . ............... CE 108 §
Sewage Treatment Plant Design ... .[CE110bec | 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 ;%BMJI}S;: 1st | 2nd | 3rd
Term | Term | Term
Alternating Current Analysis...... EE 20 12 ..
Induction Machinery ............. EE 22 12 ..
Transmission Lines. .............. EE 44 .. .. 12
Alternating Current Laboratory....|[EE2labec 6 6 6
Specifications and Design......... EE 48 6 ..
Electric Transients . .............. EE 60 6 ..
Dielectrics...................... EE 52 .. .. 6
Research or Thesis............... e 9 9 9
Electives, asbelow ............... 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 135,136 12 12
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FIFTH-YEAR COURSES

AERONAUTICAL ENGINEERING

NUMBER OF UNITS

PROFESSIONAL SUBJECTS ;%ﬁggg st | 2nd | 3rd
Term | Term | Term
Aerodynamics of the Airplane....... AE251ab 9 6 ..
Elementary Airplane Design........ AE252abel 11 14 20
Properties of Fluids and Elementary
Hydrodynamics.............. ... AE265 9
Aeronautical Power Plants. ...... ... AE256 3 ..
Aerodynamics. .................... AE266 15
Research or Electives. ..............
Electives as follows:
Subjects of Four-Year Engineering
or Science Course 12 12 12
Wind Channel . ................. AFE286abel 15 15 15
Advanced Thermodynamics ... ... ME 120 9
Calculus of Observations......... Mal05 6




FIFTH-YEAR COURSES

PHYSICS OR INDUSTRIAL PHYSICS

NUMBER OF Ui\IITs
SUBJECT
SUBJECT NUMBER | Ist | 2nd | 8rd
Term | Term | Term
Electives as follows:
Kinetic Theory................. Ph 110 .. .. 12
Thermodynamics,............... Ph 111 12
Atomic Structure................ Ph 114 9 .. ..
Mathematical Physics........... Phl5abel 12 12 12

Physical Optics. .

.............. "Ph22abel 12 12 12

Vacuum Tubes................. EE62ab .. 6 6
Mathematical Analysis. . ......... Mall9abc| - 15 15 15
Relativity . .. ................... Ph 136 ab 6 6 ..
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 degree in Chemical Engineering are required to
take the subject Chemical Engineering. They must also have taken or
take in this year the engineering subjects included in the Chemical En-
gineering Option of the Four-Year Course in Science.



FIFTH-YEAR COURSES

GEOLOGY AND PALEONTOLOGY

NUMBER OF UNITS
SUBJECT
PROFESSIONAL SUBJECTS NUMBER | 1st ond | 3rd
Term | Term | Term
Electives as follows:
Feoromic Geology.............. Ge 195-196| .. 10 10
Paleontology.................... Gel88sort| 10 10 10
Petrography.................... Gel8labe! 10 10 10
Geormorphology. ................ Ge 186 10 .. ..
Seisrmology. .......... ... .. ... Ge 183 6 .. ..
Seminar....................... 5-10 5-10 | 5-10
Physics, Chemistry or Engineering. .. 20 20 20
Research....................... Ge 187 | 12-18 | 12-18 | 12-18
MATHEMATICS
| NUMBER OF UNITS
SUBJECT
SUBJECT NUMBER | 1st | 2nd | 3rd
Term | Term | Term
Electives as follows: !
Modern Algebra ................ Mal238abe 12 12 12
Differential Geometry ........... Mal108abe 12 12 12
Modern Geometry .............. Mal09abe 12 12 12
Relativity ...................... Ma122 15 .. ..
Analytic Mechanics. . ........... Ph 12abe | 12 12 12
Electricity ..................... Phs§,9 12 12 12
Research....................... 6 6 6
Subjects in fifth-year Physies Course |




Bivision of Physics, Mathematics, and
Llectrical Engineering

PHYSICS

Proressors: RoBERT A. MirrixanN, Harry Bateman, Paur S. EpstEIN,
Ricuarp C. Tormax

RESEARCH ASSOCIATE: ARNOLD SOMMERFELD
AssoctiaTE Proressors: Ira S. Bowew, Earxest C. Watson

AssistanT ProFEssors: Winriam V., Housron, SAMUEL S. MACKEOWN,
Wittiam R. SmyrHE, Warter T. WairNEY, FRITZ ZWIicky

Researca Ferrow: Arexanper Gorrz

Teacurine FELLOWS aND GRADUATE AssisTanTs: ANDREw P. Arromp, CARL
D. Axperson, Warrex N. Arnquist, Wmraro C. Brucg, JorN S.
CampBErLr, CARLEs R. DaLy, Avrrep B. Focke, Arcaer Hovr, KExn-
~erH K, [LrinewortH, Cuarces C. Lasa, Warrer C. Micurts, HENrRY
V. Nener, Joux M. PrarsoN, Ricmarp M. Surron, Epwarp M.
THORNDIKE, JoHANNES A. VAN DEN AxkkEr, Rarern B. WincEr

UNDERGRADUATE SUBJECTS

Ph. 1 a, b, c. Mecumaxics, MorLEcUuLAR PHysics, axp HeaT. 9 units
(2-3-4) ; 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, Campbell, Daily, Illingworth, Neher,
Pearson, Winger.

Ph. 2 a, b, . Erecrriciry, Souxp, axp Licur. 12 units (3-3-6),
first and second terms; 8 units, third term.
Prerequisites: A high school course, or its equivalent, and trigonome-

try.
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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: Bowen, Whitney, Anderson, Arnquist, Bruce, Thorndyke,
Van den Akker,

Ph. 2 d. Puvsics 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. Mover~ Prysics. 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

only to students on honor standing, sophomore year,
Instructor: Bowen.

Ph. 7 a, b. Erecrricrey axp Msexerism. 9 units (3-0-6); first and
second terms.

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

A course in theoretical electricity and magnetism, primarily for elec-
trical engineering students. Ph. 9 a, b (Electrical Measurements) must
accompany this course.

Text: Electrodynamics for Engineers, Bennett and Crothers.

Instructor: Mackeown.

Ph. 8 a, b, . Erecrricitry axp MaeNerism. 9 units (8-0-6); first,
second and third terms.

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

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, . ErecrricaL MEAsUREMENTS. 3 units (0-3-0).
Prerequisites: Ph. 1 a, b, ¢,2 a, b, c,d; Ma. 2 a, b, ¢, d.
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A laboratory course in advanced electrical measurements.

Text: Advanced Laboratory Practice in Electricity and Magnetism,
Terry,

Instructors: Smythe, Michels, Lash.

Ph. 12 a, b, ¢. Awavyricar MecHANICs. 12 units (4-0-8); first, sec-
ond and third terms.

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

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.

Ph. 25. ForEiox Sciexce JourNais. 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 physical journals. It
has the double object of giving practice in the reading of scientific
German and French and of affording an acquaintance with important
lines of research in progress.

FIFTH-YEAR SUBJECTS

Ph. 15 a, b, ¢. IxTRODUCTION TO MaTHEMATICAL PHxysics. 12 units
(4-0-8) ; first, second and third terms.

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

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

Text: Introduction to Theoretical Physics, Haas.

Instructor: Houston.

Ph. 22 a, b, ¢. Prysicar Oprics. 12 units (3-3-6); 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 theoretical
equations of diffraction, interference, etc., and their experimental verifi-
cation, accompanied by advanced laboratory work in light, consisting of
accurate measurements in diffraction, dispersion, interference, polariza.
tion and spectrophotometry.

Text: Manual of Advanced Optics, Taylor.

Instructor: Whitney.
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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
and solids largely from the experimental point of view, covering in
gages 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: Goetz.

Ph, 111, Tuermopyyamics., 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: Zwicky.

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, isotopie, spec-
troscopic, field current, and cosmic-ray effects and their interpretation.

Instructor: Millikan.

Ph. 142. Researcmx v Prysics. Units in accordance with the work
accomplished.

ADVANCED SURBRJECTS

Ph. 121. Porentiarn THEORY. 15 units; third term.

Prerequisites: Ma. 8 a, b, 10, 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 1928-1929.)

Instructor: Bateman.

Ph. 122, Taeory or ErLecrtriciry ANp Mac~NeTisM. 12 units; first
term.
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Prerequisites: Ph. 8 a, b, ¢; Ma. 8 a, b, 10.

Electrostatics, magnetostatics, ferromagnetism, electromagnetic field
of stationary currents, electromagnetic induction, phenomena in moving
bodies, Maxwell’s equations, ponderomotive forces of an electromag-
netic field, introduction to the theory of electrons.

Instructor: Epstein.

Ph. 123. Tueory or Erecrromaeneric Waves, 12 units; second
term.

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

Mathematical study of Maxwell’s equations, propagation of waves,
absorption and reflection, approximate and rigorous treatment of diffrac-
tion, theory of dispersion, electro- and magneto-optics.

# Instructor: Epstein.

Ph. 124. Tueory oF Erectrons 1N Merars, 6 units; second term.

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

The application of the Fermi statistics and the wave properties of the
electron to the electrical properties of metals.

Instructor: Sommerfeld.

Ph. 125, Hicuer Dyxamics. 12 units; third term.

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

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 1928-1929.)

Instructor: Epstein.

Ph. 126. Hear Rapviation axp Quantum TaHEoRY. 12 units; second
term.

Prerequisites: Ph. 8 a, b, ¢, 12 a, b, ¢, 111; Ma. 8 a, b, 10.

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, ete.

(Not given in 1928-1929.)

Instructor: Epstein.

Ph. 127. Puysicar Oprics AND QUaNTUM THEORY OoF SPEcTRAL LINES.
12 units; third term.
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Prerequisites: Ph. 12 a, b, ¢, 22 a, b, ¢c; Ma. 8 a, b, 10.

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 1928-1929.)

Instructor: Epstein.

Ph. 128, MobpErN AsPEcTs oF THE QUANTUM THEORY. 12 units; third
term.

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

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.

Ph. 129. SeirecTED QUESTIONS IN WAVE MEeEcHANICS. 9 units; second
term.

Prerequisites: Same as for Ph, 128.

The application of Schroedinger’s wave mechanics to problems of
~atomic structure.

Instructor: Sommerfeld.

Ph. 130, Hypropy~Namics. 30 units; first term.

Prerequisites: Ma. 114 a, b, c.

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

(Not given in 1928-1929.)

Text: Lamb, Hydrodynamics.

Instructor: Bateman.

Ph. 131. Turory oF Erasricrry. 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.

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

(Not given in 1928-1929.)

Instructor: Bateman.
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Ph. 132. Agmorocy aAxD MEeTEcROLOGY. 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 1928-1929.)

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

Instructors: Bateman, Bowen,

Ph. 136 a, b. InTrRODUCTION TO THE THEORY OF 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.

Instructor: Tolman,

Ph. 138, Seminar 1n Tureoretricar Prvsics. 4 units; first, second
and third terms.

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

Instructors: Epstein, Bateman, Houston, Zwicky. v

Ph. 141. ReseEarcH CoNFERENCES IN Pmysics. 4 units; first, second
and third terms,

Meets twice a week for report and discussion of the work appearing
in the literature and that in progress in the laboratory. All advanced
students in physics and members of the physics staff are expected to
take part.

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

Ph. 142. ResearcH 1x Prysics. Units in accordance with the work
accomplished.

AstrONOMY AND Prysics 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, Berr, Harry C. VAN Buskirx

AssociATE Proressor: LuraER E. WEAR

AssistANT Proressor: CLype WoLFE

Ixstru cror:; WitLiam N, Bmcusy

ResearcH Ferrow: Morcax WarD »

TeacHTNG FELLOWS AND AssisTanTs: M1cueL A. Basoco, Joux D. Erpeg,
Lawgence S. Kexxwmon, Arserr E., Lombarp, Morris Muskar,
RomErT I, Prver, Ly~xN H. RumsaveH, JosepH W. SCHWEINFEST

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, c. Fresumax MatHEMATICS. 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, Ford; Differential and Integral Calculus,
Cohen.

Ma. 2 a, b, ¢. SopmoMore MaTHEMATICS. 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: Course in Mathematics, Vol. IT, Woods and Bailey.

Ma. 2 d. Maruemarics 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. Tueory oF Equarions. 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. Awaryric 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, ¢. Apvancep Carcurus. 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, ¢. DrrrerentiarL Equarions. 9 units (3-0-6); first, sec-
ond and third terms.
Prerequisite: 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, Cohen, Woods.

Ma. 11. DirrereNTIAL EqQUATIONS., 12 units (4—0 8); third term.

Prerequisite : Mar-g-ay=bw h w 2.0, p\_ ¢,

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

Texts: Differential Equations, Cohen, Woods.

Instructor: Birchby.

Ma, 12, ProBarurry axp Lreast Saquares. 5 units (2-0-3); third
term.

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

A study of the fundamental principles of probability and their appli-
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cation to statistical data, adjustment of observations, and precision of
measurements,

Text: Theory of Errors and Least Squares, Bartlett.

Instructor: Wolfe.

Ma. 14. Vecror ANarysis. 12 units (4-0-8); third term.

Prerequisites: Ma. 8 a, b, 10.

Elementary vector operations (addition, multiplication) and their
application to problems of geometry and physics are treated.

Text: Coffin’s Vector Analysis.

UNDERGRADUATE OR GRADUATE SUBJECTS

Ma. 108 a, b, c. DiFrFERENTIAL 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. Moperx Gromerry, 12 units; first, second, and
third terms.

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

A course in the modern methods of analytic geometry.

(Not given in 1928-1929.)

Instructor: Wear.

Ma. 114, CompLEX VAR1agre. 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 analytiz functions, Cauchy’s theory
of residues. Conformal representation, elementary Riemann surfaces,
multiform functions.

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

Instructor: Ward.

Ma. 116 a, b. Moberxy Turory orF Dirrerentiar Equarions. 12
units; second and third terms.
Prerequisites: Ma. 114, or equivalent.
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Expansion of functions in series, asymptotic expansions. Linear dif-
ferential equations in complex domain. FElementary methods of inte-
gration. General theory of linear differential equations and their
solution by definite integrals and contour integrals. Classification of
linear differential equations of the second order.

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

Instructor: Ward.

Ma. 123 a, b, ¢. MobErNy ArceEBrA. 12 units; first, second and third
terms.

Prerequisite: Ma. 8,

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

Instructor: Bell.

ADVANCED SUBJECTS

Ma. 101. VEcror Awavysis. 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.

Instructor: Bateman.

Ma. 104, ArLiGNMENT CHARTS AND MATHEMATICAL INSTRUMENTS. 6
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,

(Not given in 1928-1929.)

Texts: Brodetsky, Nomography; Horsburgh, Modern Instruments of
Calculation.

Instructor: Wolfe.

Ma. 105, Carcurus ofF 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-
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ation of data. Statistics. Periodogram analysis, Numerical solution
of differential equations.

(Not given in 1928-1929.)

Text: Whittaker, Calculus of Observations.

Instructors: Bateman, Wolfe.

Ma. 112. IxTecraL EquaTions. 9 units; third term.

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

Instructor: Bateman.

Ma. 113. GeomeTRicArL 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. INvinire 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.

(Not given in 1928-1929.)

Instructor: Bell

Ma. 119 a, b, c. MATHEMATICAL 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
fundamental 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-
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dington, Mathematical Theory of Relativity; assigned readings.
Instructor: Bell.

Ma. 122. RevaTiviTy. 15 units; first term.

Prerequisites: Ma. 8, 10; Ph. 1, 2.

Tensor analysis; the general theory of relativity and gravitation.
Instructor: Bell.

Ma. 140 a.- SEminar. (I) IN ALcEBRA AND THE THEORY OF NUMBERS,
9 units; third term.

Prerequisites: Graduate standing.

The Dedekind theory of algebraic numbers, Kronecker’s theory of
modular systems with applications to algebraic functions; comparison of
recent theories of algebraic numbers.

Instructor: Bell.

Ma. 140 b. SemiNar (II) 1N ALGEBRA 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, ¢. Semivar 1N Eirieric Funcrions Axnp AnvaLvsis, 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 1928-1929.)

Instructor: Bell.
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ELECTRICAL ENGINEERING

Proressor: Rovar W, SoRENSEN

AsSisTANT PROFESSOR: SAMUEL S. MACKEOWN

IxsTRUCTOR: FRANCIS W, MAXSTADT

AssistanTs: GeEorGe T. HarxNess, Jr., CrauvpE D. Haywarp, Vaino A.
Hoover, WiLLtam A, Lewis, Joun W, Tuarcuer, Karr. M. WorLre

UNDERGRADUATE SUBJECTS

EE. 2. Dieecr Currents. 7 units (8-0-4); 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: Principles of Direct Current Machines, Langsdorf; or Elements
of Electrical Engineering, Cook.

Instructors: Maxstadt, Hayward, Hoover.

EE. 8. Direcr CurreExt 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

Uses of measuring instruments, operation of direct current motors
and generators and determination of their characteristics.

Text: Laboratory notes.

Instructors: Maxstadt, Hayward, Harness, Thacher, Wolfe.

EE. 4. Avteervating CURRENTS. 7 units (3—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 and alternating current machinery. The effect of inductance,
capacitance, and resistance loads. Numerous problems are worked
dealing with reactive circuits; resonance; coils in series and multiple;
single and polyphase alternators; single and polyphase systems; syn-
chronous motors; transformers; induction and single phase motors.

Text: Alternating Currents, Magnusson; or Elements of Electrical
Engineering, Cook.

Instructors: Maxstadt, Hoover.
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EE. 5. Avtervarine Cureent LaBorRATORY. 5 units (0-3-2); sec-
ond or third terms.

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, Harness, Hayward, Thatcher, Wolfe.

EE. 6. Erecrricar. MacHINERY. 6 units (2-0-4); first term.

Prerequisites: EE. 2, 3, 4, and 5.

Further study of direct current and alternating current machinery
and circuits; communication, Numerous problems are worked.

Texts: Principles of Direct Current Machines, Langsdorf; Alternat-
ing Currents, Magnusson.

Instructor: Lewis.

EE. 7. Erecrricar Lasoratory. 6 units (0-3-3); third term.

Prerequisites: EE. 2, 3, 4, 5, 6, 40; 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, Harness, Hayward, Thatcher, Wolfe,

EE. 30. Erecrric Liearine axp Power DistriBuTioN. 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; illumination studies with photometer.

Text: Elements of Electrical Engineering, Vol. IT, Franklin,

Instructor: Lewis.

EE. 40. Apvaxcep AvrerxaTING CURRENT MacHINERY. 6 units
(2-0-4) ; second term.

Prerequisites: EE. 2, 4, 6; Ph. 7.

An advanced study of the principles involved in alternating current
machinery, other than the transformer, with particular emphasis upon
synchronous alternators.

Text: Alternating Current Machinery, Lawrence.

Instructor: Maxstadt.
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EE. 56. Eiectrican CommMUNICATION. 6 units (2-0-4) ; first term.
Prerequisites: EE, 2, 4, 6, 20, 40.

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.

Presentation and discussion of new developments in the industry.
Review of current literature.

Instructors: Sorensen, Mackeown, Maxstadt.

FIFTH-YEAR SUBJECTS

EE. 20. Avrtervatine Currext ANaryss. 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; use of the
oscillograph.

Instructor: Sorensen.

EE. 21 a, b, ¢. AvrTErNATING CURRENT LaBoRATORY. 6 units (0-3-3);
first, second and third terms.

Prerequisites: EE. 2, 8, 4, 5, 6, 7.

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, Lewis.

EE. 22. IxpucrioNn MAcHINERY. 12 units (5-0-7); second term.

Prerequisites: EE. 2, 4, 6.

An advanced study of the stationary transformer and the induction
motor, with special emphasis upon problems of multiple operation which
involve problems of polyphase polarity, together with single and poly-
phase multiple circuits.

Instructor: Sorensen.
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EE. 28. Eizcreic 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.

Text: Electric Traction and Transmission Engineering, Sheldon and

Hausman,
Instructor: Maxstadt.

EE. 44. TrawsmissioN Lixes. 12 units (4-0-8); third term,

Prerequisites: EE. 2, 4, 6, 20, 40. )

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. SpEeciFicaTiIONS AND DEsieN or ErecTRicAL MACHINERY. 6
units (4-0-2) ; first term.

Prerequisites: EE. 2, 4, 6, 40,

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. 2, 4, 6, 20, 40. o

The relations of phenomena of dielectrics in high voltage engineering.
Text: Electric Phenomena in High Voltage Engineering, Peek.
Instructor: Sorensen.

EE. 60. Eirectric TraNsiENTS. 6 units (2-0-4); second term.

Prerequisites: EE. 2, 4, 6, 20, 40.

A detailed study of circuits, including advanced work in wave propa-
gation and transient phenomena in electric conductors.

Text: Electric Transients, Magnusson.

Instructor: Hayward.
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EE. 62 a, b. Vacvum Tuses. 6 units (2-0-4); second and third
terms.

Prerequisites: EE. 2, 4, 6.

Fundamental theory, and uses as detectors, amplifiers, and oscillators.
Special uses of vacuum tubes in both radio and line communication.

Instructor: Mackeown.

ADVANCED SUBJECTS
Stupy AnDp REsearcH 1N ErecrricaL 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. Apvaxcen Work IN Erectrical 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.
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EE. 220. SemiNnar oN Tecunicar Hica Vortace ProBrEMs. 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 Line ProBLEms. 15 units.

A study of transmission line transient problems, inductive interfer-
ence, power limit analysis, ete.

Instructor: Sorensen.

EE. 223 a, b. Erecrric STRENGTH OoF DiIELECcTRICS. 15 units.
A study of the effect of high potentials applied to dielectrics.
Instructor: Sorensen.

EE. 224 a, b, ¢. Vacvvm Tuse Axp Rapro Frequexcy 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. PrixcierLes oF ErEctricar Drsien. 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.



Bivisinn of Chemistry and Chemical
Engineering

CHEMISTRY
Proress Ors: ARTHUR A, Noves, Stuart J. Bares, James E. Bery, Ricu-
arp C. TormaN

Assocra”xE Proressors: RoscoE G. Dicrinson, Wirtiam N, Lacey, How-
ARrp <J, Lucas

AssisTa™~T Proressors: Lizus C. Pavrive, Erxest H. Swirt
InstrRuCT0RS: ArNorp O. BEckmanN, Dox M, Yost

TeAcHIXNG FELLOWS AND GRADUATE AssisTanTs: LEE R. BRaANTLEY, FRANK
C. Croxrton, Roserr T, Dirrow, Frep J. Ewine, Cecin E. P. JEFFREYS,
Sor. F. Ravrrz, James H. Sturpivant, Homer B, WeLLmaN, Rarern
R. WenNEr, Witriam G. Youwe,

UNDERGRADUATE SUBJECTS
Ch. 1 a, b, ¢, CuEmisTrY L. 12 units (8-6-3) ; first, second, third terms.

Lectuares, recitations and laboratory practice. The class and labora-
tory woxk in the first term deals with volumetric analysis, solubility
effects, the ionic theory, and equilibria in solutions; in the second term
with qua litative 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;
Kendall, Smith’s College Chemistry.

Instructors: Bell, Beckman, and Teaching Fellows.

Ch. 5. Hmwstory oF Caemistry. 3 units (0-0-3) ; first term.

Readings from a selected list of books dealing with the history of
chemistry, and presentation by the student of one or more lectures on
some phase of the subject.

Instructor: Bates.

Ch. 6. Ewcineerine CumeEmistry, 10 units (4-0-6); first, second or
third termm.

Prerequisite: Ch. 1 a, b, c.
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Conferences, lectures, and problems, dealing with the application of
chemical principles to engineering problems and the relations of engi-
neering to the chemical industries.

Text: Leighou, Chemistry of Engineering Materials.

Instructor: Lacey.

Ch. 12 a, b. QuaNTITATIVE ANALYsIs. 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 ¢. QuUALITATIVE ANaLyvsis, 10 units (2-6-2); third term.

Prerequisite: Ch. 1 c.

Laboratory, accompanied by lectures and conferences, supplementing
the freshman work in the same subject. It includes a study of the
methods for the separation and detection of the acidic constituents and
practice in the complete analysis of solid substances, such as alloys,
minerals, and industrial products.

Text: A. A. Noyes, Qualitative Analysis.

Instructor: Swift.

Ch. 13 a, b. CumemisTRY oF THE Rare EreEmexts. 12 units (1-9-2);
first and second terms.

This subject serves to give a knowledge of the chemistry of the rare
elements. It consists largely in working through in the laboratory, with
known solutions and unknown materials, the more important groups of
the recently published system of analysis for the rare elements. This
work is supplemented by collateral reading and by conferences with the
instructors. '

Text: Noyes and Bray, Qualitative Analysis for the Rare Elements.

Instructors: Swift, Yost,

Ch, 16. INSTRUMENTAL ANALysis. 10 units (0-6-4); first term.

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.
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Text: Lacey, Instrumental Methods of Chemical Analysis.
Instructor: Lacey.

Ch. 21 a, b, ¢. CHEMmicaL Prixcreres, 10 units (4-0-6); first, sec-
ond and third terms. o

Prexequisites: Ch, 12 b; Ph. 1 a, b, ¢, 2 a, b, ¢, d; Ma. 2 a, b, ¢, 4.

Con ferences and recitations dealing with the general principles of
chemistry from an exact, quantifative standpoint, and including studies
on the pressure-volume relations of gases; on vapor-pressure, boiling
point, £reezing point, and osmotic pressure of solutions; on the molecu-
lar 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
problémas 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. TuermopyNamic CHEMISTRY. 9 units (3-0-6) ; first and
second terms,

A continuation of subject Ch. 21, given in much the same way. The
topics considered include reaction rate and a further study of electro-
chemistry and thermodynamic chemistry. Practice is given in the com-
putation of free energies, activities and entropies of typical substances.

Text: Noyes and Sherrill, Chemical Principles, and mimeographed
notes.

Instructor: Bates.

Ch. 28. Aromic StrucTURE. 8 units; third term.

This subject consists in an elementary discussion of the principles
and phenomena which have led to the modern theories of the structure
of atoms. It involves the solution of numerous problems. The work is
preparatory to-the intensive study of the subject in treatises like that
of Sommerfeld.

Text: Mimeographed notes.

Instructor: Pauling.

Ch. 26 a, b. Pmysicar. Cmemistey Lagoratorvy. 4 units (0-8-1);
second and third terms.
Laboratory exercises to accompany Ch. 21.
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Text: Sherrill, Laboratory Experiments on Physico-Chemical Prin-
ciples. )
Instructor: Bates.

Ch. 29. Corrom axp SurFace CHEmisTrRY. 9 units (3-0-6); 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.

(Not given in 1928-1929.)

Text: Freundlich, Elements of Colloid Chemistry.

Instructor: Badger.

Ch. 41 a, b, c¢. Oreawic 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: Williams, Introduction to Organic Chemistry.

Instructor: Lucas.

Ch. 43. Omeaxic CHEMisTRY. 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: Conant, Organic Chemistry.

Instructor: Lucas.

Ch. 46 a, b. Onrcanic CHEMISTRY 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: Adkins and McElvain, Practice of Organic Chemistry.

Instructor: Lucas.
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Ch. 61. Inpusrriar CHEMISTRY. 6 units (2-0-4); second and third
terms.

Prerequisites: Ch, 21 a, b, ¢, 41 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: Thorp, Outlines of Industrial Chemistry.

Instructor: Lacey.

Ch. 69. ForeioN Sciexce Journars. 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.

Ch. 70-73. CuemIicsr REsEarcH.

Opportunities for research are afforded to undergraduate students
in all the main branches in chemistry; thus, in analytical or inorganic
chemistry (Ch. 70), in physical chemistry (Ch. 71), in organic chemistry
(Ch. 72), and in applied chemistry (Ch. 78). 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. Surrace axp Corrom CuHEMisTRY. 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: Freundlich, Elements of Colloid Chemistry.

Instructor: Badger.

Ch. 153 a, b. Tarryopy~amic CuEmIsTRY. 9 units; first and second
terms.

This course is the same as Ch, 22 a, b. See page 176,
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Text: Chemical Principles, Noyes and Sherrill, and mimeographed
notes,
Instructor: Bates.

Ch. 154 a, b. Srtaristicar MEcuANIcs (Seminar). 6 units; first and
second terms.

A discussion of statistical mechanics and its applications to physics
and chemistry. The topics treated will include a sufficient exposition of
classical and quantum theory mechanics to serve as a foundation for sta-
tistical mechanics; applications to specific heats, chemical equilibria,
absorption and emission of radiation, collisions of the first and second
kinds, and the rates of physical chemical processes; and a discussion of
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 1928-1929.)

Instructors: Tolman, Dickinson, Yost.

Ch. 155 a, b. Aromic StrucTURE (Seminar). 6 units; first and sec-
ond terms.

This seminar will be devoted to an elementary discussion of the
principles and phenomena which have led to the modern theories of the
structure of atoms. It will involve the solution of numerous problems.
The work is preparatory to the intensive study of the subject in treatises
like that of Sommerfeld. In the second term the work will include a
more complete discussion of X-ray spectra and of radioactivity,

Text: Mimeographed notes.
Instructors: Dickinson, Noyes.

Ch. 156 a, b. IxTropUcTiION TO WAVE MECHANICS, Wite CHEMICAL
ArprIicATIONS. 6 units; first and second terms,

Prerequisite: Ch. 155 a, b, or its equivalent.

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,
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forces in the hydrogen halides, Van der Waals’ forces in helium, and the
scattering of X-rays by bound electrons.

(Not given in 1928-1929.)

Instructor: Pauling,

Ch. 157. TuE StrRucTurk oF CrysTALS. 6 units; third term,

The subject treats the methods of determining the structures of
crystals 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 1928-1929.)

Instructor: Pauling.

Ch. 158. PumorocHEMISTRY, 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. i
Inst;:uétor: Dickinson.

" Ch. 158.. Pracricum 1x Wave MEecHANICS, 6 units, second term.

’ This_subject, which is designed to accompany and supplement Ph. 129,
will consist largely in the solution and discussion of assigned problems
relating to .Schridinger’s wave equation for the oscillator, the rotator,
and the hydrogen atom. The relation between the quantum mechanics
and the old quantum theory will also be brought out by the discussion
of the treatment of these systems with the methods of the old quantum
theory. A general historical survey of the development of the old quan-
tum theory and the quantum mechanics will be presented, especial
emphasis being laid on topics of chemical interest.

Instructor: Pauling.

Ch. 159. Tar CuemicAL PRrROPERTIES OF SUBSTANCES A8 DETERMINED
BY THE MAGNETIC AND ELECTRIC PROPERTIES OF MoOLECULES. 9 units, third
term.
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The following topics will be discussed: Langevin’s theory of para-
magnetism and diamagnetism; the magnetic moments of atoms and ions
and their relation to line spectra and the vector model; the Stern and
Gerlach experiment; diamagnetic susceptibility and electron distribution
of atoms and ions; the relation between magnetic and chemical prop-
erties; Debye’s theory of dielectrics; the electric moments of molecules,
and their relation to the physical and chemical properties of substances.

Instructor: Pauling,

Ch. 160. Inorcaxic Cuemistry (Seminar). 6 units; second term.

Selected groups of inorganic compounds (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
those that are weak acids or bases, and their electron structure and
valence relations.

Instructors: Noyes, Yost, Swift.

Ch. 161 a, b. Orcanic Cunemistry (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. 162. Orcavic CHEMIcAL ANALYsis. 6 units; first term.

A laboratory 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, c. CHEMIcAL 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
combustion, heating, mixing, filtration, distillation) are studied both as
to principle and practice.
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Text: Walker, Lewis and McAdams, Principles of Chemical Engi-

neering.
Instructor: Lacey.

Ch. 170-178. Cuemicat REsEarcH.

Opportunities for research are offered to graduate students in all the
main branches of chemistry, namely, in analytical or inorganic chemistry
(170), physical chemistry (171), organic chemistry (172), and applied
chemistry (173).

The main lines of research now in progress in physical chemistry are:
Tonized substances in relation to the jon attraction theory.
Free-energies, equilibria, and electrode-potentials of chemical re-

actions. ‘

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,
Avctivation of atoms and molecules by electron impact.
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, CaEmicaL Reaction Rates (Seminar). 6 units; third term.

A theoretical consideration of the rates of gaseous reactions and

j their temperature coeflicients.

Instructors: Tolman, Rice, Kassel, Ramsperger.

Ch. 177. Crysrar STRUCTURE AND MorEcULAR 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. REesearcH CoNFERENCES IN PuysicaL AND INorGaNic 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



Bivigion of Civil and Mechanical
£ngineering™

CIVIL ENGINEERING

ProFEssor: FRANKLIN THOMAS

AssoctaTe ProFEssors: Romeo R. Marter, Wittiam W. MICHAEL
InstrUcTOR: FRED J. CONVERSE

TeacHING FELLOWS: DoNaALD BarNEs, Ricaaro W, CUuTLER

AssisTaNTs: GUNNER GramMarky, KENNETH RoBinsow, Joun E. SKAFTE

UNDERGRADUATE SUBJECTS

CE. 1. SvurveviNG: 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. ApvanNcep SurvEvinGg. 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. 3. PraxE TaBLE SurvEYING. 8 units (1-6-1); third term.

A course offered primarily for students in geology but may be elected
by arrangement with the department. Theory and use of the plane table
as applied to geological surveys. The class devotes one entire day a
week to field surveys over typical terrain completing a topographic map
of the region covered.

*See Division of Physics, Mathematics and Electrical Engineering,
pages 155-173, for subjects in Klectrical Engineering.
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Text: Surveying, Davis, Foote, and Rayner,
Instructor: Michael.

CE. 4. Hicaway ExNGINEERING. 6 units (8-0-3); 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. Ramwway ENGINEERING, 6 units (3-0-3); first term.

Prerequisites: CE. 1, 2.

A study of economic railway location and operation; railway plant
and equipment; signaling; the solution of grade problems.

Text: Elements of Railroad Engineering, Raymond.

Instructors: Thomas, Michael.

CE. 8b. Ramway SuRveviNG. 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 SurveviNGg. 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. Erements or STRUCTUREs. 12 units (8-3-6); second term for
Electrlcal Engmeenng students; third term for students in Mechanical
Englneermg :

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.
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Text: Structural Design, Thomas.
Instructors: Thomas, Martel, Converse.

CE. 10 a. T HEeoRY oF STRUCTURES. 12 units (3-3-6); first term.

Prerequisites: AM. 1 c.

Methods used in the calculation of stresses in and proportioning of
beams, girders, and columns of timber, steel and concrete; study of
the effects of maoving load systems; graphic statics applied to roofs and
bridges.

Text: Theory of Structures, Spofford.

Instructors: Thomas, Martel.

CE. 10 b, c. Tmeory oF Structures. 12 units (8-3-6), 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.

8°36), third term.

Prereqliisite: 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.

CE. 11 a, b. StrucrUrEs. 6" units }1,8:2), second term; 42 units

Instructors: Thomas, Martel.

CE. 12. ReixrForcep 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.
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CE. 14 a, b, ¢. Exeixeerixe CoNFERENCES, 2 units (1-0-1); first,
second and third terms.

Con ferences 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.

FIFTH-YEAR SUBJECTS l )

CE. 15. IrricatroN axp Warer Sverry. 12 units (5-0-7); seeond--
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. MasoNry StrucTUREs. 9 units (2-3-4); second term.

Prerequisite: CE. 12.

Theory of design and methods of construction of masonry structures;
founda tions, dams, retaining walls, and arches.

Text: Reinforced Concrete Design, Southerland and Clifford.

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
drainagre of land; cost assessments.

Text: Sewerage and Sewage Disposal, Metcalf E. Eddy.

Instructor: Martel.

CE. 21 a. Srrucrurar Desien. 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.
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CE. 21 b. SrtructoraL DEsieN. 9 units (0-9-0) ; second term.

Prerequisites: CE, 10 a, 12.

The design of a reinforced concrete building in accordance with a
selected building ordinance, with computations and drawings.

Instructors: Thomas, Martel.

CE. 21 ¢. Cww ExcineeriNG DesieN. 12 units (0-12-0) ; third term.

Prerequisites: CE. 15, 21. »

Special problems including preliminary investigations of irrigation or
water power projects; study of stream flow data, the effect of reservoir
storage upon distributed flow, determination of size and type of economic
development.

Instructors: Thomas, Martel.

CE. 23. StaTicalLy INDETERMINATE STRUCTURES. 15 units, first-terr.

A study of such structures as continucus 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. ENGINEERING 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.
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CE. 101 a, b. Water PoweR PranxTt Desion. 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
investigration of the stresses in an arched dam for a given site.

Instructor: Martel.

CE. 105 b, ¢. StaTicarlY 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. GropEsy ANp 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.- Hicaway ProeLems. 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 TrEaTMENT Prant Desien. 10 units; second
and third terms.

A design of treatment works for a selected community and site in-
volving special conditions of location, volume, and character of disposal.
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Includes selection of process, arrangement of tanks and equipment, and
general design of structures.
Instructors: Thomas, Martel.

CE. 112. SaxrratioN Researcu. Units to be based upon work done;
any term,

Exceptional opportunities in this fleld 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 EARTHQUAKE EFrEcTs UPON 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. Daveuerry, W. Howarnp Crarp
IxstrucTors: RoBerT T. Kware, Warter W. OciEr, Jr.
AssisTaNTs: Tromas E. Burterrizrn, Ricmarp G. Foisom

UNDERGRADUATE SUBJECTS

ME. 1. MecmaNisM. 10 units (3-3-4); first, second or third term.

Prerequisites: Ma. 1 a, b, ¢; Ph.1a, b, ¢c; D. 12, 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 Ogier.

Instructors: Clapp, Ogier.

ME. 2. MacuixE DresioN. 9 units (2-3-4); 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
plate 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. 8. MacHiNe Desien. 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.

ME. 4, MacuiNe DesioN. 9 units (2~3—4) ;‘ third term.
Prerequisite: ME, 3,

A study of manufacturing processes with especial reference to the
economics of design. Lectures and inspection trips.

Instructor: Clapp.

ME. 8. MacwuiNe Desien. 12 units (3-3-6) ; .seeond—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.

ME. 9. MacHiNe Desiex. 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. Merairurcy. 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 ExcINEErING. 12 units (8-3-6); 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
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plants, elementary tests in the laboratory, and computing or drawing
room exercises.
Instructors: Daugherty, Knapp, Butterfield, Folsom.

ME. 16. Hear ExcINEERING. 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 ENGINEERING. 9 units (3-3-3); 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 ExcINEERING LaBoraTtorRY, 6 units (0-83-3); first,
second or third term.

Prerequisite: ME. 15,

Tests of steam engine, steam turbine, blower and gas engine, etc., for
efficiency and economy.

Text: Power Plant Testing, Moyer.

Instructor: Knapp.

ME. 26. Hear ExcineEriNe LaBoraTory. 6 units (0-3-3); 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: Knapp.

ME. 50 a, b, c. ExcineeriNne CoNFERENCES. 2 units (1-0-1); first,
second and third terms.
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Presentation and discussion of new developments in the industry.
Review of current literature.
Instructors: Daugherty, Clapp, Knapp, Ogier.

FIFTH-YEAR AND ADVANCED SUBJECTS

ME. 100. ApvanNcep Work IN ENGINEERING.

In addition to the regular fifth-year and other advanced courses
which are here outlined, the staff of the mechanical engineering depart-
ment will arrange special courses or problems to meet the needs of
advanced students.

ME. 101. Apvaxcep 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. MErairocrapHY. 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.
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ME. 111. Sciexce or Merars, 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. Merars ResearcH. 12 units (1-9-2); third term.
Special problems investigated with the aid of the electric furnace,
microscope, and testing materials equipment.

ME. 120, TuermopyNamics, 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 Praxt ENeINEEriNG., 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 Pranxts. 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 ExciNeEriNG Larorarory. 15 units (1-9-5); first
term,

Prerequisites: ME. 17, 26.

Advanced work on steam turbines, internal combustion engines, lubri-
cation, and similar subjects. Each problem will be studied in enough
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detail to secure a thorough analysis. Conference hour for progress dis-
cussion.
Instructor: Knapp.

ME. 185 and 136. IxteErxaL Coupustion Encixes, 12 units (3-3-6);
second and third terms.

Prerequisites: ME, 120, 130.

Theoretical, experimental, and design problems. The subject will be
approached from the performance point of view rather than from that
of the mechanical design. Tuels, carburetion, superchargers, explosion,
combustion, detonation, heat transfer. Work with test engine equipped
with optical indicator.

Instructor: Knapp.

ME. 132. ExciNne Lasorarory. 15 units; first, second and third
terms.

Use of the dynamometer. Experimental work in engine performance,
carburation, ignition, fuel consumption, ete.

Instructors: Knapp, Klein.
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AERONAUTICS

Proressor: HARrRY BaTeman

AssoctaTeE: THEODOR VvON KARMAN

INSTRUCTOR: ALBERT A. MERRILL

REesearcH Ferrows: Artaur L. Kikiv, Crarx B. Mnrixax
TEacHING FELLOW: ALFRED E. LoMBARD, JR.

UNDERGRADUATE SUBJECTS

AE. 1. GENErAL ArroxavuTics. 9 units (3-0-6) ;—f-hi«rd»*term.

Prerequisites: Ph. 2 a, b, ¢, d

Historical development. Elementary theory of airplane, balloon, and
helicopter. Theory of model testing. Control and stability of aircraft.
Survey of contemporary design.

Texts: Bedell, The Airplane; Monteith, Simple Aerodynamlcs and the
Airplane.

Instructors: Merrill and other members of the department,

AE. 4 a, b, . Arropy~namicar LaeoraTory. 6 units; first, second
and third terms.

Prerequisites: Ph. 2 a, b, ¢, d.

Determination of the resistance coefficients for various bodies. De-
termination of pressure and velocity distribution in the wind tunnel.
Experimental study of air forces on model wings, propeller sections,
and airplanes.

Instructor: Merrill.

FIFTH-YEAR AND ADVANCED SUBJECTS
AE. 251 a, b. ELEMENTARY AERODYNAMICS OF THE AIRPLANE. 9 units,
first term; 6 units, second term.
Prerequisites: AM. 1 a, b, ¢, AM. 3, CE. 11.
Airfoils, wings, and tail groups, stability and control, drag, and per-
formance.
Texts: Warner, Airplane Design; Diehl, Engineering Aerodynamics.

Instructor: C, B. Millikan.

AE. 252 a, b, ¢. ELEMENTARY AIRPLANE DEsieN. 11 units, first term;
14 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-
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terminate structures, design of airplanes, shop and drafting room
practice, 252 must be taken concurrently or subsequently to 251.

Texts: Niles, Airplane Design; Case, Strength of Materials; Pippard
and Pritchard, Airplane Structure.
Instructors : Klein, Raymond.

AE. 253 a, b. Apvancep AmprANE DesieN. 9 units; first and second
terms.
Prerequisite: AE, 251,

Each student carries through the complete design of an airplane to
meet specifications. The course is given in conjunction with lectures
by members of the Douglas Company engineering staff.

AE. 256. AEroxavricar Power Prants, 3 units,iéeeoﬁdferm.
Prerequisites: AM. 1 a, b, ¢, AM. 3.
Survey course in airplane engines, performance, propellers, cooling
systems, fuel and oil systems, installations.
' Text: Aircraft Power Plants, Jones, Insley, Caldwell, and Kohr.
Instructor: Klein,

AE. 258. ProreLLer Drsiey. 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 ENGINES.
9 units; second and third terms.

" Prerequisites: ME. 101, 120.

Thermodynamics of the internal combustion engine. Ideal and real
efficiencies. Mechanics of high speed engines. IEngine balance. Car-
buration. Conduction, radiation and cooling. Ignition systems. High

speed ‘gearing. Lubrication.
Texts: Judge, Automobile and Aircraft Engines; Niles, Airplane

Design. -

Instructors: Knapp, Klein.

AE. 264. DEsicy or Arro Foms AND STrREAMLINE Bopies. 6 units;
third term.

Instructor: Bateman.
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AE. 265. Prorerties oF Frums aNp EremExTARY HYDRODYNAMICS, 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 Fluids, a collective work,
Instructor: Bateman.

AE. 266, Aeropyxamics. 15 units; third. term.
Prerequisites: AE 265; Ma. 114,

Elementary hydrodynamical theory as applied to aeronautics. Wing
and propeller theory. Theories of resistance. Mechanics of the air-
plane. Static and dynamic stability.

Texts: Glauert, The Elements of Aerofoil and Airscrew Theory;
Prandtl, Applications of Modern Hydrodynamics to Aeronautics,

Instructor: C. B. Millikan.

AE, 268. ApvANCED AERODYNAMICS. 15 units; second term.

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. Turory or StaBiLrry AND CoNTroL. 15 units; third term.

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.

AE. 270. ProreErrer Turories, 15 units; one term.

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.

AE. 286 a, b, c. Winp Cuan~EL. 15 units; first, second and third
terms.
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Experimental work of all kinds in the aerodynamical laboratory:
wind channel, water channel, structure laboratory, ete.

Instructors: Merrill, C. B Millikan, Klein.

AE. 290 a, b, ¢. ArroNAUTICAL 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.
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APPLIED MECHANICS

Proressor: Freperic W. Hinricus, Jr.
I xstrUCTOR: FRED J, CONVERSE
TeacuHiNG FeErrows: C. Hawrey CarrwricHT, Rarrrxr W, CurLer

UNDERGRADUATE SUBJECTS

AM. 1 a, b. Aprriep MecmANIcS. 14 units (4-3-7); first and sec-
ond terms.

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

AM. 1 c. StrExGTH OF MATERIALS. 14 units (4-3-7); third term.

Prerequisite: AM. 1 a, b.

Elasticity and strength of materials of construction; theory of
stresses and strains; elastic limit; yield point; ultimate strength; safe
loads; repeated stresses; beams; cylinders; shafts; columns; riveted
Jjoints; structural shapes.

Texts: Poorman’s Strength of Materials, and Steel Construction,
A LS. C

Instructors: Hinrichs, Converse, Cartright, Cutler.

AM. 2 a, b. ArpLiED 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, c.

Texts: Wood’s Text-book of Mechanics, Boyd’s Strength of Materials,
and Carnegie Pocket Companion.

Instructor: Hinrichs,
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AM. 8. Testineg MaTeriats LaBorATORY. 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. Turory or Erasticrry. 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

AssistaANT Proressor: Georee B. Brieaam, Jr.
AssistanNts: Dowawp P. Barwes, Guy CHiLBERG, Dovcras Kinemax,
EamrNEest E, SECHLER

D. 1. Freemaxp DrawiNg. 3 units (0-3-0); first or third term.

The study and representation of geometrical solids and other simple
models to develop careful observation and accurate draftsmanship. Cor-
rect proportions and neatness of linework will be emphasized.

Instructor: Brigham,

D. 2. Freemanp Drawixe. 3 units (0-3-0); elective.
Prerequisite: D, 1.

Similar to D. 1 but with advanced subject matter.
Instructor: Brigham,

D. 10. EreMENTaRY MECHANICAL DRAWING. 3 units (0-3-0); first or
third term.

The study of applied geometry by means of two dimensional geomet-
rical constructions. The care and use of drawing instruments. Accuracy
and precision are required.

Text: French, Engineering Drawing.

Machine Drawing, D. 20 a, b, and ¢, and D. 21 and 22 are planned
to prepare all engineering students for the drawing required in the pro-
fessional work of the engineering departments. Accuracy, neatness and
good lettering are required.

D. 20 a. MacHINE DrAWING AND Lerrerine, 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 executing of simple-working drawings in pencil and tracings
in ink. It also includes lettering plates in pencil and ink.

Text: James and Mackenzie, Working Drawings of Machinery.
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D. 20 b. MacHiNE DrawiNg anp LerreriNc. 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 work will be done in pencil and traced. The lettering
plates will continue throughout this course.

Text: James and Mackenzie, Working Drawings of Machinery.

D. 20 ¢. MacuiNe DrawiNe axp LerteriNG. 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 work will be done
in pencil and ink, and the lettering plates will continue in the form of
bills of material.

D. 21, Apvaxcep MacuHINE Drawine, 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 mechanical ¢ngineering students,

Text: James and Mackenzie, Working Drawings of Machinery.
Instructor: Brigham.

D. 22. Apvaxcep MacHINE Drawine. 3 units (0-3-0); elective any
term.

Prerequisite: D. 21.
A continuation of D. 21 with more advanced subject matter.

Instructor: Brigham.

Structural Drawing, D. 30 a, b, and ¢, and D. 31 and 32 are espe-
cially planned to prepare civil engineering students for the drawing
required in the professional work of the civil engineering department.
Accuracy, neatness and good lettering are required.
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D. 30 a. StrRUcTURAL 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 execution of
simple working drawings in pencil and tracings in ink. It also includes
lettering plates in pencil and ink similar to those required for D. 20 a.

Text: Bishop, Structural Drafting and the Design of Details,

D. 30 b. Strucrurar Drawine axp LErrERING. 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 work will be done in pencil and
traced. The lettering plates will continue throughout this course.

Text: Bishop, Structural Drafting and the Design of Details.

D. 30 ¢. Strucrurar DrawiNe axDp LETTERING, 3 units (0-8-0); third
term.

Prerequisite: D. 30 b.

A continuation of D. 30 b, covering working drawings of trusses,
erection plans, and checking. The work will be done in pencil and ink,
and the lettering plates will continue in the form of material, shop and
shipping' bills.

Text: Bishop, Structural Drafting and the Design of Details.

D. 81. Apvaxcep StrucrtuRAL Drawine. 3 units (0-3-0); elective 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.

Text: Bishop, Structural Drafting and the Design of Details.

Instructor: Brigham.

D. 32. ApvaxceEp STRUCTURAL Drawine. 8 units (0-3-0); elective
any term.

.Prerequisite: D. 31,

A continuation of D. 31 with more advanced subject matter.

Text: Bishop, Structural Drafting and the Design of Details.

Instructor: Brigham.
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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 dimensional observation. The work will include prac-
tical as well as purely geometrical problems.

D. 40. EreMENTARY DEscriprive GeoMETRY. 3 units (0-3-0); second
term or summer school.

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. Descrierive GeomETRY. 3 units (0-3-0) ; first term,
Prerequisite: D, 40. ‘

A continuation of D. 40 covering the “Analysis of Structures” and
straight and curved line constructions.

Text: Hood, Geometry of Engineering Drawing.

D. 41 b. Descrierive GEomETRY. 3 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 e. DescripTive GEoMETRY. 3 units (0-3-0); 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. Descripmive GEoMETRY. 6 units (0-6-0); first term.
Prerequisite: D. 40.

This course covers in one term the same ground as D. 41 a and b.
It is planned primarily for geology students, and includes practical
problems in mining and earth structures.

Text: Hood, Geometry of Engineering Drawing.
Instructor: Brigham.
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D. 43. Apvaxcep DrscripTive GromeTRY. 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. PrrspectivE 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.

D. 50. Brock Diagrams aNp Lanxp Forms. 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. Puysiocrapiic 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 for civil engineering students.

Text: Lobeck, Block Diagrams.

Instructor: Brigham,
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HYDRAULICS
Proressor: Rosert L. DAUGHERTY
InsTRUCTOR: ROBERT T. KNAPP

UNDERGRADUATE SUBJECTS

Hy. 1. Hypravrics. 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.

Instructor: Daugherty.

Hy. 2. Hypravric LaporaTory. 6 units (0-3-3); 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, Knapp.

ADVANCED SUBJECTS

Hy. 200. Apvawcep Work 1¥ HypravLic ENGINEERING.
Special problems in hydraulics will be arranged to meet the needs of
students wishing to do advanced work in this field.

Hy. 101. Hypraviic Macuinery. 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.
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MILITARY TRAINING

Proressor: Lievr. CoLoNEL LEwis M. Apams

AgsisTaNT ProrFessor: Lieurtenant Louis J. CLATERBos
MasTeER SERGEANT: JosEPH LaRacy

MasteER SERGEANT: Louts H, Bamwey

By direction of the Secretary of War, an Engineer Unit of
the Semior Division, Reserve Officers’ Training Corps, is main-
tained at the Institute, under supervision of an officer of the
Corps of Engineers, Regular Army, detailed by the War Depart-
ment, who is designated as Professor of Military Science and
Tactics.

The primary object of the Reserve Oificers’ Training Corps
is to provide systematic military training for the purpose of
qualifying selected students as Reserve Officers in the national
defense plan of the United States. This object is attained by
employing methods designed to fit men physically, mentally, and
morally for pursuits of peace as well as defense of the country
in the event of war.

The policy of the War Department is to inculcate in the stu-
dents a respect for lawful authority, to teach the fundamentals
of the military profession, to develop leadership, and to give the
special knowledge required to enable them to act efficiently in
the engineering branch of the military service. The equipment
furnished by the government for the instruction of this unit
affords to all classes practical training in engineering funda-
mentals which greatly enhances the student’s preparation for
his civil career.

All freshmen and sophomores who are American citizens and
physically eligible are required to take Military Training. Satis-
factory completion of the two years of the basic course is a
prerequisite for graduation. Uniforms, text-books, and other
equipment are provided by the Government, and are loaned to
the students while pursuing the basic course.
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UNDERGRADUATE SUBJECTS
Mi. 1 a, b, e. MiLirary Scrence axp Tacrics (Basic Course). 4 units
(1-2-1) ; first, second and third terms,

Freshman work consists of drills, lectures, and recitations covering
the following subjects: Infantry drill and leadership, rifle marksman-
ship, interior guard duty, hygiene, military courtesy and discipline.
Practical instruction is given in knots and lashings, field fortifications,
map reading, map making, and pontoon bridge construction, All fresh-
men are assigned as privates in the R. O, T. C. battalion freshman year.

Mi. 2 a, b, c. MiLitary Sciexce aND Tacrics (Basic Course). 4 units
(1-2-1) ; first, second and third terms.

Prerequisite: Mi. 7 a, b, c.

Sophomore work consists of drills, lectures, recitations, and confer-
ences covering the following subjects: Infantry drill, leadership, mus-
ketry, and minor tactics. Practical instruction is given in knots and
lashings, splicing, blocks and tackles, gins, shears, tripods and field
derricks, topographic sketching, nature and use of explosives, and
bridge construction. Selected sophomores are assigned as corporals in
the R. O. T. C. battalion,

Members of the Reserve Officers’ Training Corps who have
completed two academic years of service in the basic course (or
the authorized equivalent of such service) and have been selected
by the head of the Institute and the Professor of Military
Science and Tactics as qualified for further training, are eligible
and may apply for admission to the advanced course. Such
selected students receive a money allowance from the United
States Government for commutation of rations of approximately
nine dollars ($9) per month, and an allowance for purchase
of tailored uniform. They are required to attend one summer
advanced R. O. T. C. Camp for six weeks’ duration prior to
their graduation before becoming eligible for appointment as
reserve officers. The Government furnishes clothing, food, and
quarters, pays travel expenses to and from camp, and pays each
student seventy cents (70c) per day for attendance at this
summer camp. The advanced course covers the instruction
necessary for the training of the student in the duties of a

’
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comm issioned officer, who must be not only schooled in the
theory” of war, but skilled also in practical leadership, with
trained judgment, resourcefulness, and initiative.

Mi. 7 a, b, ¢. Mimrary Sciexce anp Tacrics (Advanced Course).
6 units (2-3-1); first, second and third terms.

Prerequisites: Mi 7 a, b,¢,2 @, b, c.

Jurrior work consists of recitations and conferences on the fo'llowing
subjects: Minor tactics, field fortifications, demolitions, roads, and rail-
roads. The junior class furnishes the cadet sergeants and first sergeants
for the R. O. T. C. battalion.

Mi. 10 a, b, c. Miuirary Sciexce anp Tacrics (Advanced Course).
6 units (2-3-1); first, second and third terms.

Prerequisites: Mi. 1 a, b, ¢, 2 a, b, ¢, T a, b, c.

Senior work consists of recitations and conferences in the following
subjects: Military bridges, military history and law, engineer organiza-
tion amd operations. Practical instruction is given in civil-military
construction, mapping, and map reproduction. The cadet officers in the
R. O. T. C. battalion are selected from the senior class.

In June, 1925, in 1926, and again in 1927, the California
Institute of Technology was designated by the War Department
as a “Distinguished College.” This much sought-for honor was
obtained by its R. O. T. C. battalion demonstrating a superiox
state of efficiency at the annual inspection of the special War
Department board of officers in April.

The system of annual inspections and designation of *“Distin-
guished Colleges” was abandoned by the War Department dur-
ing the last college year, a visit by the Corps Area R. O. T. C.
Officer taking its place. As a result of this visit in March, 1928,
the Institute was again given “honor” rating, which entitled it
to designate one of its Seniors in Military as the “Honor Stu-
dent” for the year. This distinction was won by Mr. Carmun C.
Shaffer, 28, and was published in Orders by the Commanding
General Ninth Corps Area.
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SHOP INSTRUCTION

Ixstrucrors: 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

Sh. 1. Woonp WorkinGg. Propertics oF Woop AND OTHER MATERIALS
Usep 18 TimBerR CONSTRUCTION.

Study of wood growth and structure from illustrative timber sections;
discussion of the relation of wood-cell structure to strength, 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. Foreinc. Hor Workineg or 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.

Sh. 3. Parrery MaxiNe. 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
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on cast metals; study of moulding methods and pattern construction.
Instructor: Henck.

Sh. 4. Macuixe Smor. WORKING OF METALS.

Expreriments 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;
method s 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.)



Bivigion nf Genlogy and Paleontology

Proressors: JorxN P. Buwarpa, F. L. RansomE, CHEsTER STOCK, WENDELL
P. WooDRING

IxstrucTOR: RENE ENGEL

CuraTOoR IN VERTEBRATE ParroNTOLOGY: EUsTACE L. FURLONG

Aprtist: Joun L. Ripeway

Researce Frrrows: Rarer L. LupHER, Jounx W. PATTERSON

Teacuine Frerrows aNp Grapuate AssistaNTs: ALEXANDER CLARK,
Tuaomas CLEmENTs, Rorrix P, Eckis, Lozewr C. Hooxway, C. LEwis
Gazin, JounN H. MaxsoN, BERNARD N, MooRrE

PreraRATOR IN INVERTEBRATE ParEoNTOLOGY: H. COLLIANDER

UNDERGRADUATE SUBJECTS

Ge. 1 a. PrrysicaL Georosy. 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.
Instructor: Buwalda. :

Ge. 1 b. EremENTARY PaLEONTOLOGY. 9 units (4-1-4); second term.
Prerequisite: Ge. 1 a.
A discussion of the principles on which the history of life is based.

INlustrations of evolution taken from certain groups of animals of
which the fossil record is essentially complete. Occasional field trips.

Text: Lull, Organic Evolution.
Instructor: Stock. '

Ge. 1 ¢. Historicar Georocy. 9 units (2-3-4); first term.

Prerequisite: Ge. 1 b.

The astronomical origin and geological history of the Earth. An
account of the changing vistas of geological time and of the successive
faunas and floras which have peopled the earth’s surface from age to
age. Lectures, recitations, laboratory, and occasional field trips.
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Text: Graban, Text-book of Geology, Part II.
Instructor: Woodring.

Ge. 3 a. Crysrarrocraruy. 9 units (1-6-2); first 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. i

Text: Dana’s Text-book of Mineralogy.

Instructor: Engel. '

Ge. 3 b, c. Mixeravocy. 9 units (1-6-2); second term, 6 units
(1-3-2) 3 third term,

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.

Instructor: Engel.

Ge. 5 a, b. Perrorocy, 9 units (1-6-2); first and second terms.

Prerequisites: Ge., 3 a, b.

The origin, properties, and microscopic identification of the common
rocks. Lectures and laboratory.

Text: Rocks and Rock Minerals, Pirsson-Knopf.
Instructor: Engel.

Ge. 7 a, b. Fierp Georocy. 8 units first term, 10 units third term.

Prerequisites: Ge. 1 a-c; 3 a, b; 5 a, b.

Technical field methods of mapping the distribution of rocks, deter-
mining structure, and deciphering the geological history of a region.
Students map a certain area and prepare a report on its structure and
history. Eleven field days are scheduled per term, usually on Fridays,
but with one or two trips of several days. Students may be called
upon to expend small sums for traveling expenses. Field work, confer-
ences, and laboratory.

Text: Field Geology, Lahlee.

Instructors: Buwalda, Moore.
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Ge. 9. Srmrvucrvrar Georocy. 8 units (3-0-5); 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,
Determinationn of the nature and amount of displacements on faults by
use of descriptive geometry. Lectures and laboratory.

Instructor: Buwalda.

Ge. 11 a, b. InvertEpraTe PareoxTtorocy. 10 units first term, 8
units second term.

Prerequisites: Ge. 1 a, b, c.

A study of the more important groups of fossil invertebrates, princi-
pally from the dynamic point of view. Changes in structures and their
significance in evolution and in adaptation to ecologic conditions are
emphasized. Principles of use of fossil invertebrates in determining age
of rocks in which they are found and in deciphering their ecologic
significance.

Instructor: Woodring,

Ge. 12 a, b. VertEBRATE PareoNTorocy, 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. 20. FOReGN ScIENCE JOURNALS, 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 geological and pale-
ontological journals. It has the double object of giving practice in the
reading of scientific German and French and of affording an acquain-
tance with important lines of research in progress.

Ge. 21. TxEsts Proprem 1nv Georocy. 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
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gained in technical methods. The student prepares a thesis setting forth
the results of the research and their meaning.

Ge. 22. Twesis Prosrem 1N PareonTorocy. 8 units; second and
third terms.

Prerequisites: Ge. 11 a, b, or Ge. 12 a, b; may be taken concurrently,

Special investigations in either invertebrate or vertebrate paleon-
tology. Research on a limited problem involving either field relation-
ships of fossil assemblages or consideration in the laboratory of the
structural characters and relations of fossil forms. Preparation of a
thesis,

Ge. 23. Summer Fierp Georoey. 12 units, .

Intensive geologic mapping of a selected area from a centrally
located field camp. Determination of the stratigraphy, fossil content,
structure, and geologic history. The area chosen will probably lie in the
California Coast Ranges in 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 in the Geology and Paleontology course. Tuition,
$15.00.

Instructor: Buwalda (even-numbered years); Woodring (odd-num-
bered years).

FIFTH-YEAR SUBJECTS
Ge, 181 a, b, c¢. PrrrocrarHY. 10 units; first, second and third
terms.
Optical mineralogy and study of the petrographic characteristics of
certain important types of rocks. Use of the microscope in the iden-
tification of minerals and rocks.

Instructor: Engel.

Ge. 183. Semsmorocy, 6 units; first term of even-numbered years.

Study and conferences on the principles of physical and geological
seismology.

Text: Davidson’s Manual of Seismology.

Instructor: Buwalda.

Ge. 184, Laroratory StuDiES IN SEIsMorogy. First, second or third
term.
Laboratory practice in the measurement and interpretation of in-
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strumental earthquake. records; investigation of specific seismologic
problems.
Instructors: Staff of Seismological Laboratory.

Ge. 186, GxomorrHOLOGY. 10 units; first term of odd-numbered
years, ,

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. RESEARCH.

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. The region within easy reach of Pasadena offers an extraordi-
nary variety of research problems.

ADVANCED SUBJECTS

Ge. 188, ADvaNcep Stupy.
Subjects as listed under Ge. 187.

Ge. 189 a, c. SEmMINAR IN PrysicaL Georocy. 5 units; first and third
terms.

Study and ecritical discussion of current contributions to geologic
knowledge.

Instructor: Buwalda.

Ge. 190 a, b. SeMiNAR IN VERTEBRATE ParLronTorocy. &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. SeEmMINAR 1N INVERTEBRATE PALEONTOLOGY. 5 units; first '
and second terms.

Conferences on investigations in invertebrate paleontology and re-
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views of current literature. Intensive studies of particular aspects of
invertelbrate paleontology. Principles of nomenclature.

Instructor: Woodring.

Ge. 195. Ore Derosits. 10 units; second term.

Prerequisites: Ge. 1, 3, 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. Nown-MerarrireErous Deposits, 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, etc,

Text: Not prescribed, but Ries’ Eeconomic Geology or an equivalent
text will be found useful.

Ge. 197 a, b. One Derosits oF THE WESTERN UNITED STATES AND
Mexico. 8 units; second and third terms.

Prerequisites: Ge. 195, Ge. 196,

A study of the principal mining districts in the Western United
States and Mexico, with particular reference to processes and principles.
If practicable, field trips will be arranged to some of the most interesting
distriets. Instructions will be based partly on reading of U. S. Geo-
logical Survey reports, with collateral library work.

Instructor: Ransome.

Ge. 198 a, b. Economrc Georoey SEMINAR. & units; second and
third terms.
Prerequisites: Ge. 195, Ge. 196, or equivalents.

Discussion of current literature and special problems, The seminar
work may be varied by occasional lectures.

Instructor: Ransome.
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ENGLISH

Proressor: CLinton K. Jupy

Associate: C, F. Tucker Brooke

Associate Proressor: Groree R. MacMinxN
AssisSTANT Proressor: Harvey EAGLEsON
IxstrucTors: L. 'W. JoxEs, RoGER StaNTON
AssisTanT: RoBLEY D. Evans

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 Imnstitute 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, ¢. Excrisu ComrosiTion axp REapine. 6 units (3-0-3);
first, second and third terms. Py

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. Each 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
speaking, and is expected to undertake a considerable amount of cul-
tural reading.

Texts: English Composition for College Students, Thomas, Manches-
ter, annd Scott; The New World, second series, Bruce and Montgomery;
Webster’s Collegiate Dictionary.

Instructors: Eagleson, Jones, Stanton.

En. 7 a, b, c. Survey oF ExcrisE LiteraTure. 8 units (3-0-5); first,
second and third terms.

Prerequisite: En. 1 a, b, c.

A selective study of English literature from the beginnings to the end
of the 19th century, focused on the most distinguished works of the
greater writers in poetry, drama, the novel, and the essay. Special at-
tention is given to the social background of the works assigned for
reading, and to the chief cultural movements of the modern world. In
the first term the emphasis is placed on Shakespeare and the English
Renaissance; in the second term on the life and literature of the 18th
century; in the third on the Victorian Era.

Texts: The Oxford Shakespeare; A Book of English Literature,
Snyder and Martin.

Instructors: Eagleson, Jones, Judy, MacMinn, Stanton.

En. 8. ContemPorary ENorisz axp EuvropEaN LITERATURE, 9 units
(8-0-6) ; 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. CoxTEMPORARY AMERICAN LITERsATURE. 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.
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Text: Recerxt American Literature, Foerster.
Instructor: MacMinn. -

En. 10. MoDERN Drana. 9 units (3-0-6); first and third terms.

Prerequisite : En. 7 a, b, c.

A study of the leading FEuropean 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.

Instructor: Stanton.

En. 11, LiTeERATURE OF THE Breie. 9 units (3-0-6); third term.

Prerequisite : En. 7 a, b, c.

A study of the Old and New Testaments, excluswely from the point
of view of literary interest. Special attention is given to the history of
the English Bible. Opportunity is offered for reading modern literature
based on Biblical subjects.

Text: The Modern Reader’s Bible, Moulton.

Instructor: MacMinn.

En. 12 a, b, c. DeBaTiNG. 4 units (2-0-2).

Elective, with the approval of the Registration Committee, for upper
classmen in the first and second terms. Study of the principles of
argumentation; systematic practlce 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. 18'a, b, ¢. Reapine v Exorsa. 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.
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En. 14. Seeciar Comrositiox. 2 units (1-0-1); any term,

This course may be prescribed for any student whose work in com-
positiox, general or technical, is unsatisfactory.

En. 15 a, b, c. JournatisM. 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. 16. Sreriine. No credit.
This course may be prescribed for any student whose spelling is un-
satisfactory.

En, 20. Summer REapine. Maximum, 16 credits.

Credits are allowed to the maximum number of 16 for vacation read-
ing from a selected list of books in various subjects, and written report
thereon.

FIFTH-YEAR AND ADVANCED SUBJECTS
En. 100. Lirerature. 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: Brooke, Eagleson, Judy, MacMinn,
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LANGUAGES
Proressor: JouN R. Macarrmur
Assistants: JosepH W. ScHwWEINFEsT, FRANK A, Nickerr, Hameron A.

SMITH

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. ErLemeNTARY FRENCH. 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. EreMeExTARY IrAriaN, ‘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
Italian, especially in the field of Mathematics.

Text: Elementary Italian, Marinoni and Passarelli.

Instructor: Macarthur.

L. 381 a, b, . Eremextary GeErmaAN. 6 units (3-0-3); 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. 34 a, b, ¢. Sciextrric GeryaN. 10 units (4-0-6); first, second
and third terms.

Pre requisite: L. 81 a, b, ¢, or one year of college German,

This is a continuation of L. 31 a, b, ¢, with special emphasis on the
reading of scientific literature,

Text: Aus der Werkstatt grosser Forscher, Danneman,

Instructors: Macarthur and Assistants.

L. 37 a, b, ¢. ELeMENTARY AND SciENTIFIC GERMAN. 10 units
(4-0-6) ; first, second and third terms.

This .course is a combination of L. 31 and 34 presented in a single
year arad open to students of exceptional ability.

Texts: First German Course for Science Students, Fiedler and Sand-
bach; IDie Radioaktivitat, Fajans; German Science Reader, Wright.

Instructors: Macarthur and Assistants,

L. 38, ScieNrtiric GerMAaN. 10 units (4-0-6) ; first term.
This course is a continuation of L. 37.

Instructors: Macarthur and Assistants,

L. 39 a, b, ¢. Reaping 1y Frewvca, ITar1AN, or GErmaxn. Units to be
determined for the individual by the department. Elective, with the
approval of the Registration Committee, in any term.

Reading in scientific or literary French, Italian, or German, done
under direction of the department.

L. 40. GerMAN LriTeraTURE. 9 units (3-0-6) ; first term.

Prerequisites: L. 37 a, b, c; L. 38 a, b, c.

The reading of selected German classics, poetry and drama, accom-
panied Dy lectures on the development of German literature.

Instructor: Macarthur.,

L. 51 a, b, ¢. Greex. 6 units (3-0-3).

This is a course in the elements of the classical Greek language.
Special reference is made to scientific nomenclature. Outside reading
upon topics drawn from Greek literature, art, philosophy, and science is
reported on in term papers. The course is elective,

Texts: Alpha, Frost; Xenophon’s Anabasis; The Study of Greek
Words in English, Including Scientific Terms, Hoffman.

Instructor: Macarthur,
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HISTORY AND GOVERNMENT

AssociaTes: Max Farraxp, WicLiax B, Muxro, Freverick J. TurRNER
Lecrurer: BErRxarp Fay
IxstrecTor: Ray E, UNTEREINER

AssistaxTs: Journx H. Maxson, KENNETH SoLoMoN

UNDERGRADUATE SUBJECTS

H. 1 a, b, ¢. Axciext axp Mepievar History. 4 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 Europe, Vol. I,
Robinson.

Instructor: Macarthur.

H.'2 a, b, ¢. Monerx Evroreax Hisrory. 6 units (2-0-4); first, sec-
ond and third terms. .

Prerequisite: En. 1 a, b, c.

The general political and social history of Europe from 1500 to 1926,
presented as the background and development of movements underlying
present conditions.

Instructors: Judy, Munro, Untereiner.

H. 5 a, b. Currexr 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 Cosstirrriox or THE Uxtrep Stares. 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.
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H. 12. EwcureextH CENTURY IpEas. 9 units (8-0-6); first term.
The development of European political, philosophical, and scientific
thought in the eighteenth century.

Instructor: Fay.

FIFTH-YEAR AND ADVANCED SUBJECTS

H. 100. SemiNar ixn AMERICAN History axp GoverNMENT. 12 units
(1-0-11) ; first, second and third terms.

Open only to fifth-year students and seniors who have attained honor
grades.

First term: The Framing of the Federal Constitution (1786-1788),
and the Subsequent Development of Certain Constitutional Provisions,
Farrand.

Second term: The Jackson Era, 1829-1837, Turner.

Third term: The Development of American Political Institutions
During the Period, 1897-1918, with Special Reference to Municipal
Government, Munro.
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ECONOMICS

Proressor: Gramanm A. Laing
AssistaxT Proressor: CLYDE WoLrE
Ixstructors: Arsertr A, MERRILL, RAY E. UNTEREINER

The subjects in this group have the twofold purpose of giving
the student an insight into fundamental economic principles, and
of acquainting him with some of the aspects of the practical
operation of business enterprises.  They furnish the important
connecting link between the technical engineer and the man of
affairs. '

UNDERGRADUATE SUBJECTS

Ec. 2. Gexerar EcoNomrics. 6 units (8-0-8); 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: Kconomics, Vol, I, Fairchild.

Instructors: Laing, Untereiner,

Ec. 8. Ecoxomic Hisrory, 2 units (1-0-1); second term.

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. Serecrep Economrc Proprems. 4 units (2-0-2); second term.

Prerequisite: e, 2.

A development of the course in General Economics, presenting a
fuller treatment of specific problems such as: transportation, agriculture,
labor legislation, socialism, present labor policies.

Text: Economics, Vol. IT, Fairchild.

Instructors: Laing, Untereiner.
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Ec. 10. MarHEMATICS 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
accumnulation of reserves, the amortization of debts, evaluation of bonds,
partial payments, capitalized costs, and insurance.

Text: Mathematics of Investment, Hart.

Instructor: Wolfe.

Ec. 11. Srarstics. 3 units (1-0-2); second term.

Statistical methods and the graphic portrayal of results, with their
application to concrete business problems.

Text: Elements of Statistical Method, King.

Instructor: Wolfe.

Ec. 12. Ecowomic 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.

e, 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. AccountiNg. 9 units (8-0-6); third term.
An abridged course in accounting,.

Text: Bookkeeping and Accounting, McKinsey.
Instructor: Merrill.

Ec. 20. FivanciaL Orceawnizarion. 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
and the stock exchange as capital-raising devices; the development of the
banking system and the general principles of banking, including studies
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of commercial banking, the national banking system, and the Federal
Reserve system.
Instructor: Laing.

Ec. 25. Busixess 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: American Business Law, Frey.

Instructor; Untereiner.

Ec. 26 a, b. Business Law. 8 units (8-0-5); third and first terms.

Similar in scope to Ec. 25, but giving a more extensive treatment of
the different subjects considered.

Texts: American Business Law, Frey; Cases on Commercial Law,
Bays.

Instructor: Untereiner.

Ec. 30 a, b. DBusiness 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.

Instructor: Laing.

Ec. 34. Corrorarioxy Finance. 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. 40. Ixpustriar Pranxts. 6 units (2-0-4); third term.
A study of the methods that are employed in machine shops and
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manufacturing plants. The course is especially adapted to the needs of
the practicing engineer.

Text: Industrial Organization, Kimball.

Instructor: Clapp.

Ec. 45 a, b. Semivar 1x Sociar, axp Economic OrGaxization. 4
units (2-0-2) ; second and third terms.

This course consists in weekly lectures and discussions of the devel-
opment of economic and social organization from a broad standpoint,
and includes consideration of such subjects as primitive economic and
political groupings and methods, development of gild and feudal sys-
tems, evolution of the competitive and quasi-competitive systems in
economic life and democratic organization in political life. A considera-
ble amount of outside reading is required from each student. The class
meets once a week for two hours, the first being devoted to lecture and
the second to discussion of the problems treated in the lecture. The
number of students is limited and the seminar is open to juniors and
senijors.

Instructor: Laing,
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PHILOSOPHY, ETHICS AND SOCIOLOGY

Assocrate: TrrEoporE G. SOARES
InstRUucTOR: RAY E. UNTEREINER

UNDERGRADUATE SUBJECTS
Pl. 1. InrtroDUCTION TO PHiLosorHY. 9 units (38-0-6); 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. Exwmics. 9 units (3-0-6) ; second term.

A study of the social experience exhibited in the Bible as a basis 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. Socrorocy. 9 units (3-0-6); third term.

The development of races, with a study 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 oF SOoME ASPECTS OF PHILOSOPHICAL, ETHICAL OR

SocrarL DeEveLoPMENT. 12 units; first, second and third terms.

Instructors: Soares, Untereiner.



Biviginn of Physiral Education

Puysicar Direcror: Wirriam L. Staxton

InstrUcTorR: HaroLp Z, MussELdaraw

AssistaNTs: Louws J. Cratersos (football and basketball), Vaino A,
Hoover, Burr RicuHarpsoN (intramural sports), Layron SraxTow
(coach of freshmen), Arruur GriFFiTmE (wrestling and boxing),
I. Berarax (wrestling), A. Larnsca (boxing)

PHaYsICIAN 10 ATHLETES: DR, Frovp L, HaNes

ADVISER IN \rHLETICS: DaviD BLANKENHORN

All freshmen and other new students must pass a medical
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. 3

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. Puysicar EpucatioN. 3 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 stremgth 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 can not compete
in intramural or intercollegiate sports.



Begrees Conferred, June 8, 1928

DocTor OF PHILOSOPHY
WarreN Prrres Baxrrr, B.S., M.S., California Institute of Technology
Arxorp Orviire Beckmaw, B.S. and M.S., University of Illinois
Jacos Liovyp Bomux, B.S,, Pennsylvania Stage College; M.A. Harvard
University
P’s1-Yuax Cuov, B.S. and M.S., University of Chicago
Roperr HEnnam Darrox, B.S., M.S,, California Institute of Technology
James Hvuen Hamwron, B.S., M.S., California Institute of Technology
Hervey Cranparn Hicks, Ph.B. and M.S., University of Chicago
Areerr Crarexce Hooees, B.A. and M.A., University of Texas
SypxeEy BEerrinsox Ineram, B.A., University of British Columbia
Freperrck CHaries Linpvarr, B.S., University of Illinois '
Crark Braxcuarp Mmrikaw, A.B., Yale University
Marrin Emery Norbeere, B.S. and M.S., Iowa State College
Boris Poporsky, B.S. and M.A., University of Southern California
Cmarres Fraxcis RicaTER, A.B., Stanford University
Harorp Hrices SteINour, B.S., University of Southern California; M.S.,,
California Institute of Technology
Lars TrxomasseN, B.S., Norway Institute of Technology
Witrianr Urg, B.A. and M.S., University of British Columbia
Morcax Warn, A.B., University of California

MASTER OF SCIENCE
ArtHUR PrRry Banta, A.B., Stanford University
Bexepicr Cassex, A.R.C.S., Imperial College of Science and Technology
Crarres Lewis Gazin, B.S, California Institute of Technology
Vaixo Arexanper Hoover, B.S., California Institute of Technology
Frawcis Crawrorp Marrin, M.E., Melbourne University; B.S., London
University
Joux Havicanp Maxsown, B.S., California Institute of Technology
Louis Hexry Mesexkor, B.S., California Institute of Technology
CaroL Gray MoxteomERY, B.S., California Institute of Technology
Sranrey Cmariy Morean, B.S., Queen’s University; M.S., University of
Alberta
Fraxk Axprew Nickrin, B.S., California Institute of Technology
CarL Frep Rexz, B.S., Towa State College
Narumax Frost Scubper, B.S., California Institute of Technology
Lroyp Epwarp SwepLuxnp, B.S., University of Colorado
Frawcis Earr Turxer, B.S,, California Institute of Technology
Rarpr Mavyaew Watsox, B.S., California Institute of Technology



Begrees Conferred—Continued

BACHELOR OF SCIENCE

(Stars indicate graduatiqn with honor)

Science

*Ricaarp CARY. AUSSIEKER
Fraxk WacNER Brry
Jack BErmaN
*ALEXANDER CLARK
*RoserT Ismarr CoUrTER -
*RoBrLey Dunerison Evans
Joser BurweLL Fickrew, I1I
*Wirriam McHExNRY Gooparn
THomas CrLirFORD GRAHAM
*GeoreE Tmom.as Harness, Jr.
Lozert CuaarriE Hooxway
JEaAx Epwarp Jousox-RocuEk
*CuarLEs CoyLE Lasu

*ArBerT EAaTON LOMBARD, JR.
*EowiNn Marrison McMILLAN
*Hexry Eoward NasH
A1vrFRED CLIFFORD NESTLE
BeNNETT PREBLE
*JosErH WILLIAM SCHWEINFEST
N1corari KIPRIANOFF SENATOROFF
Bertiz Harsey SHEPLEY, JR.
*HAMPTON SMITH
KeENNETH ALFRED SOLOMON
*Epwarp FuceNE TUuTTLE
*Pavur BerTHOLD WAGNER
BaxeEr WINGFIELD

Engineering

*StraTrorp Bravisix Bioore, Jr.
*T'momas HerBERT Bricmron
Roeerr DucaN BucHANAN
*MaxwerLL FoLr.axsBee Burxe
Guy Lewis Cer1iBERG
*Georce Ricarp CRANE
*Rarra Waroo CuTLER
PuiLir TrapDEUs DURFEE
*Ricaarp HExmr1 Duvar
*Luraer Juop FEastMAN
Kennvera MAcpoxnarp FENWICK
*Ricaarp Ginmax Forsom
MoE WiLLiam GEWERTZ
F. Gux~NER GRAMATKY
CHARLES ALBERT HISSERICH
Hvucu Aicer Fossack
*WirLiam Morrox Jacoss
*Ray KeNNETEH JAcCOBSON
GeorGE SHINTCHIRO KANEKO
*Doveras George KiNGMAN
Jacksoxy G. Kouux

Crarces Finiey Lewis
*Russerr James Love

*Dox Everert McFappix
EvLserr Epwarp MILLER
Cyrus GorooN MiNKLER
DoxaLp SpracuE NicHoLs
Fraxcis Noer

Wirtriam LEwis OLsEN
Evax Ervis Puem
‘Warter HaMmmoxp RieHTER
Ken~ere Hair Rosivsow
Errwoop Hart Ross
Ernest EopwiN SECHLER
*CarMUN CUTHBERT SHAFFER
*JoaN EeoN SKAFTE
Arnrtrur ToMmizo Suzuk:
Doxarp Tormax Tarr
Hustox WarrigLD TAvLOR
*EpwiNn WiLsoNn TEMPLIN
Rarea Scorr THACKER
*Joun Witriam THATCHER

Rarpu CrLARENCE WEBER



Wonors, 1928

Juxitor Traver Prizes: Avsert E. MYERs, Borivar RoBERTS
Sexior Scuorars: Tmomas H. Evans, Russer, W. Rarrr, Avsert C. REED

Bracker Juxior Scuovars: Howarp Cary, Joe Forapare, Lowern F,
Greew, Roranp C. Hawes, Pumir O. Janssex, Frank N. Moyers,

Txeopore F, Stipp, Oscar ¥, VAN BEVEREN

Bracker Sorpaomore Scmorars: Rosert P, CorEmax, Wintiam F, Eserz,
CartEr H. Grrcory, RoBert B. Jacoes, Lavrexce E. Kinster, Ray-

MOND A. PETERsON

FrEsumAaN ScHoLARS:
*RoserT V. Carey, South Pasadena High School
Cuarvres Jones, Long Beach High School
Drermar Larsen, Hollywood High School, Los Angeles
James Live, Manual Arts High School, Los Angeles
Josepr SurFreTr, Venice High School, Los Angeles
Carn Tuiere, Hollywood High School, Los Angeles
Havrrey Worre, Porterville High School

CoNGER PEACE Prize:
Tuonsas H. Evaxs, Lesuie O. Scory, SIDNEY ZIPSER

*Alumni Scholarship.



Graduate Shdents

Magor

NaME SUBJECT HoME ADDRESS
ALEXANDER, SAMUEL THoMPSON Phys. Hollywood
A.B., University of California, 1926
An~bpEerson, ALFrep B. C. Phys. Los Angeles
A.B., University of California at Los Angeles, 1928
AnpERsoN, CaArL Davip Phys. Pasadena
B.S., California Institute, 1927
ARrNquUisT, WARREN NELsoN Phys. Yakima, Washington
B.S., Whitman College, 1927
Barwnes, DoxarDd PoRrrTER C.E. Pasadena
B.S., Oregon State College, 1928
Basoco, Mi¢UuEL. ANTONIO Math. Los Angeles

B.A., University of California, 1924; M.S., University of Chicago, 1926

BreELER, RAYMOND ARTHUR Phys. Pasadena
B.A., Pomona College, 1927

Bmpre, Russerr. Lee Biol. Crafton, Pennsylvania
B.S., University of Pittsburgh, 1925; M.A., Columbia University, 1928

Bivicke, ArerT CONSTANT Chem. Los Angeles
B.A., Williams College, 1924; M.S., California Institute, 1927

Bracksurxy, JouN FrawNcis Phys. Hollywood
B.S., University of Chicago, 1926

BrEakNEY, WiLLiam McCHESNEY Phys. Echo, Oregon
B.S., Whitman College, 1926

BranTLEY, LEE REED Chem. ILos Angeles
A.B., University of California at Los Angeles, 1927

BroapwEeLrL, SAMUEL JoNATHAN Phys. Los Angeles
B.S., Throop College of Technology, 1918; M.S., University of Chicago, 1920

Brooxs, ErNEST ARTHUR A.E. Claremont
B.A., Pomona College, 1927

Bruce, WiLLarp CHARLES Phys. Pasadena
B.A., University of Minnesota, 1926

CamPpBELL, J. STUART Phys. Pasadena
B.S., California Institute, 1926
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MAyor
Nam E SUBJECT HoME ADDRESS
CartwrIcHT, CIHaRLEs HAWLEY Phys. San Gabriel
B.S., California Institute, 1926
CassEN, BENEDICT Phys. Pasadena

AR.C.S,, Imperial College of Science and Technology, London, England, 1927;

M.S., Cahforma Institute, 1928

Cmao, CHUNG-Y 40 Phys. Chu-Kij, Chekiang, China
B.S., National Southeastern University, Nanking, China, 1927
CHIBERG, GUuy Lewis M.E. Azusa
B.S., California Institute, 1928
CLARK, ALEXANDER Geol. Whittier
B.S., California Institute, 1928
CremexTs, THOMAS Geol. Hollywood
E.M., University of Texas, 1922
Craxg, GrEoRGE Ricumarp E.E. Pasadena
B.S., California Institute, 1928
CroxTon, Frank Cursmaw Chem. Columbus, Ohio

B.A., Ohio State University, 1927; M.A., 1928
Curier, Rarr Warno C.E. Huntington Park
B.S., California Institute, 1928
Damy, CHARLES ROBERT Phys. Colorado Springs, Colorade

A.B., Colorade College, 1925

Day, Rarrr KouiLrauscu Phys. Washington, D.C,
Ph.B., Yale University, 1925

DErsasso, Lo PETER Phys. Los Angeles
A.B., University of California at Los Angeles, 1925

Diirow, Roserr TroUTMAN Chem. Oroville
B.S., California Institute, 1925; M.S., 1927

Dirrwe, GEORGE ROBERT A.E. Oakland
B.S., Purdue University, 1921

Ecxkis, RoLrix Porrarp Geol. San Diego
B.A., Pomona College, 1927

Eviper, Joux Dyer Math, Los Angeles
B.S., University of Chicago, 1923

ExcrL, Rene L. H. Geol. Pasadena
B.S., University of Paris, 1909; M.S., 1912
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Majyor
NaMEe SurJECT HoumEe ADDRESS
Evans, RopLey DuxeLison Phys. Pasadena
B.S., California Institute, 1928
Eviex, Haaxox Muus Phys. Oslo, Norway

E.E., Cornell University, 1926; M.S., California Institute, 1927.

Ewixe, FrREDERICK JUNIOR Chem. Pasadena
B.S., California Institute, 1927

Focke, Avrrep BosworTE Phys. Cleveland, Ohio
B.S., Case School of Applied Science, 1928

Foisom, Ricuarp GinmMax M.E. Los Angeles
B.S., California Institute, 1928

Gaziv, CaArRLES LEWIs Geol. Pasadena
B.S., California Institute, 1927; M.S., 1928

Gramarky, FERDINAND GUNNER CE. Wilmar
B.S., California Institute, 1928

Hagrr, ANDREW VASILY E.E. Harbin, China
Electrical and Mechanical Engineer, Polytechnic Institute of the Special Region
of the Eastern Province, 1928

Harxgess, GEorGE THOMAS E.E. Glendale
B.S., California Institute, 1928

Haywagp, CLaupE DEWAYNE E.E. Santa Ana
B.S., California Institute, 1926; M.S., 1927

HercExrorHER, RUporr CrEmexs  Phys, Schenectady, New York
B.S., Cornell University, 1925; M.S., Pennsylvania State College, 1928

HerHERINGTON, WILLIAM ALFORD Biol. Walnut Creek
A.B., Columbia College, 1926; M.A., Columbia University, 1927

Hivr, Masox Lowerr Geol. Pomona
B.A., Pomona College, 1926

Hixcke, WirriaM BERRARD Chem. Pasadena
B.S., University of Illinois, 1923

Horrovp, Howarp Byineron Phys. Plymouth, Towa
B.S., Towa State College, 1924 -

Hooxway, Lozerr CHARLES Geol. Pasadena
B.S., California Institute, 1928

Hoover, VAINO ALEXANDER E.E. Pasadena
B.S., California Institute, 1927; M.S., 1928
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Magyor
NaM E SuBJECT HoME ADDRESS
HoweLL, LyNx GorMax Phys. Winnsboro, Texas

B.A., University of Texas, 1925; M.A., 1926

Hovr, AARCHER Phys. San Anselmo
B.A., Whitman College, 1927

Hurr, L.orRENZ DiTniar Phys. Norman, Oklahoma
A.B., University of Oklahoma, 1927; M.S., 1928

ILuineworTH, KENNETH KNIGHT Phys. Colorado Springs, Colorado
A.B., Colorado College, 1924; M.A., Dartmouth College, 1926

JerrreY S, CeEcin, E. P, Chem. San Angels, Texas
B.A., University of Texas, 1925; M.A., 1927
JounsTON, NORRIS Phys. Minneapolis, Minnesota
B.S., Massachusetts Institute of Technology, 1924 ; M.S., 1926
KENNISON, LAWRENCE SANFORD Math, Ayer, Massachusetts
A.B., Dartmouth College, 1926; A.M., Brown University, 1928
Kinemaw, Dovcras GEORGE M.E. Alhambra
B.S., California Institute, 1928
KirxpaTRICK, HARRY ALLISTER Phys. Los Angeles
B.S., Occidental College, 1914
Kirscamay, H. Darwix Chem. Los Angeles
B.S., California Institute, 1918; M.S., 1919
Kxape, Roeerr TaLsor M.E. Pasadena
B.S., Massachusetts Institute of Technology, 1920
Lasma, Crarres CoyLE E.E. Los Angeles
B.S., California Institute, 1928
LavrirsEN, CHARLES CHRISTIAN Phys. Pasadena
Odense Tekniske Skole, 1911
LEwis, WILLIAM ABBETT, JR. E.E. Pasadena
B.S., California Institute, 1926; M.S., 1927
Lewis, WirLiam Beabrey Chem. Los Angeles
B.A., Williams College, 1927
LovBarDp, ALBERT EaTON, JR. A.E. Pasadena
B.S., California Institute, 1928
LurHER, RaLpH LEONARD Geol. Eugene, Oregon
B.A., University of Oregon, 1926; M.A., 1927
MaxsoxN, Jounx Haviranp " Geol. Pasadena

B.S., California Institute, 1927; M.S., 1928
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Magor
Name SusyecT HoMmEe ADDRESS
Maxsrapr, Fraxcrs WiLLiam E.E. Pasadena
M.E., Cornell University, 1916; M.S., California Institute, 1925
McMmray, EDWIN Marrsox Phys. Pasadena
B.S., California Institute, 1928
McRaxr, DaNIEL BRENT Chem. San Bernardino
B.S., University of Utah, 1926
Mesenxorp, Lous HENRY E.E. Hollywood
B.S., Califormia Institute, 1927; M.S., 1928
MicuELs, WALTER CHRISTIAN Phys. Pasadena
B.S., Rensselaer Polytechnic Institute, 1927
MiiLikaw, GLENN ALLAN Chem. Pasadena
B.S., Harvard College, 1927
Moorg, BrrNarRD NETTLETON Geol. Los Angeles
B.S., California Institute, 1927
Moreans, Wirrtam Ricmarp Phys. Wales
B.S., University College, Wales, 1925; M.S., 1927
Movzox, JAMES CARLISLE Phys. Abilene, Texas

A.B., Southern Methodist University, 1927

Murray, FRANKLIN Mac Geol. Wheaton, Minnesota

B.A., University of California at Los Angeles, 1928

Muskar, MoRRIS Phys. Marietta, Ohio
B.A., Ohio State University, 1926; M.A., 1926

NEener, HENRY VicToR Phys. Springfield, Oregon

B.A., Pomona College, 1926

Nickerr, FRANK ANDREW Geol. Los Angeles
B.S., California Institute, 1927; M.S., 1928

Orovxkuorr, N1couss Mixmamovica FE.F. Harbin, China
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University of Moscow, 1896; Technological Institute of Kharkov, 1907; E.E.,

Ecole Superieure d’Electricite de Paris, 1909

Oswarp, W, Barrey A.E. Hollywood
B.A., University of California at Los Angeles, 1927

PatrERson, JorN WiLFrED Geol. Los Angeles

E.Met., Colorado School of Mines, 1925; M.A., University of Wyoming, 1926

Pearsow, JouN MaexwUs Phys. Portland, Oregon
B.S., University of Chicago, 1925

Piper, RoperT IRVING Phys. Missoula, Montana

B.A., University of Montana, 19.:8
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Magor
NaMm e SusyECT HoME ADDRESS
Puer, EMERSON MARTINDALE Phys. Evanston, Wyoming

;}9255, Carnegie Institute of Technology, 1918; M.S., University of Pittsburgh,

Raxnsonx, Joun Horace Phys. Glendale
B.S., University of Chicago, 1923

Ravrrz, Sor FreEpeRick Chem. Salt Lake City, Utah
B.A., University of Utah, 1927; M.A., 1927

RicaarnsoxN, Burr Phys. Glendale
Ph.B., Yale University, 1919

Ropinsox, KExNerer Harr C.E. Pasadena
B.S., California Institute, 1928

Rumpawen, LyxNy Hamirox Phys. Carthage, Missouri
A.B., Miami University, 1928

SaxpBERG, Evwarn CHARLES Geol.. Ajo, Arizona
B.S. and E.M., Michigan College of Mines, 1926

ScuarFeR, Norwoon KorTER Chem. Seattle, Washington
B.S., University of Washington, 1926; M.S., 1927

ScauBaUER, GALEN BraNDT Phys. Mechanicsburg, Pennsylvania
B.S.. Pennsylvania State College, 1928

ScuwerNresT, JosEpw WILLIAM Phys. Anaheim
B.S., California Institute, 1928

SecHLER, ERNEsT EDWIN A.E. Santa Barbara
B.S., California Institute, 1928

SHAFFER, ALLYN MOORE Chem. Cranford, New Jersey
B.S., Northwestern University, 1916; M.S., 1920

Sxarre, JoHN Econ C.E. Denmark
B.S., California Institute, 1928

SKxoLNIK, SAMUEL Phys. Los Angeles
B.S., University of Buffalo, 1926

Srocum, Roy Friexp E.E. Redlands

B.A., University of Redlands, 1927

Smirz, Hameron Geol. Monrovia
B.S., California Institute, 1928

Soxoror¥, Vapiyvr MICHAILOVITCH Phys. Pasadena
B.S., California Institute, 1926
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Mayor
NamE SUBJECT HoME ADDRESS
Soromon, KEN NETH ALFRED Phys. Glendale
B.S., California Institute, 1928
Staxton, W, LayToN Geol. Sierra Madre
B.S., California Institute, 1927
Stapp, FREDERICE PEARCE Ch.E. Los Angeles
A.B., Stanford University, 1927
Sturpivant, James Hormes Chem. Greenville, Texas

B.A., University of Texas, 1926; M.A., 1927

SvrroN, RicrARD MANLIFFE - Phys. Pasadena
B.S., Haverford College, 1922

SwarTz, CHARLES ALBERT Phys. Pasadena
B.S., California Institute, 1927

Tavror, Daxrer DwicaT Phys. Colorado Springs, Colorado
A.B., Colorado College, 1924

THaTCcHER, JoEN WILLiAM E.E. Montebello
B.S., California Institute, 1928

TraorNDIKE, EDWARD MovrLTON Phys. Montrose, New York
B.S., Wesleyan University, 1926; A.M., Columbia University, 1927

TrrLEBAUM, ALBERT Biol. Brooklyn, New York
A.B.,, Columbia University, 1926; A.M., 1928

UrmsTON, JOSEPH Chem. Pasadena
A.B., University of California at Los Angeles, 1928

VAN DEN AKKER, JOHANNES
ARCHIBALD Phys. Los Angeles

B.S., California Institute, 1926

Werrma~, HomER Bicerow Chem. Cape Town, South Africa
B.A., Carleton College, 1926 ; M.S., University of Michigan, 1927

‘WenxNEr, Racera RicarTer Chem. Pasadena
B.S., Cooper Union Institute of Technology, 1926; M.S., Northwestern Uni-
versity, 1927

‘Worre, Karr Moreax E.E. Kingwood, West Virginia
B.S., West Virginia University, 1925

Youwne, Wirrtam Gouip Chem. Colorado Springs, Colorado
B.A., Colorado College, 1924; M.A., 1925



Hrdergraduate Students

Abbreviations: Eng., Engineering; Sci., Science; E.E., Electrical Engineering;
M.E., M echanical Engineering; C.E., Civil Engineering; Ch., Chemistry; Ch.E.,
Chemical Engineering; Ph., Physics; Ge., Geology; Ma.,, Mathematics; A.E.,

Aeronautical Engineering.
SENIOR CLASS
Students whose names are starred attained honor standing during
the preceding year (an average of 145 credits per term for Juniors and
Sophomores; 140 credits per term for Seniors).
NaME Course (OrTION) HoMmrE ADDRESS
Allison, Donald Kreeck Sci.(Ch.E.) Los Angeles
Arnold, William Archibald Sci.(Ph.) San Fernando -
Asquith, Harlan Robert Eng.(C.E.) Los Angeles

Atwater, Fugene Eng.(E.E.) Los Angeles
*Baker, Bill Eng.(A.E.) Piru

Baker, Howard Eugene Eng.(C.E.) Los Angeles
Baustian, Wilbert Wiese Eng.(M.E.) Pasadena
*Berman, Isadore Sci.(Ch.E.) Los Angeles
Birge, Xnowlton Root Eng.(E.E.) Pasadena
Bode, Francis Dashwood Sci.(Ge.) South Pasadena
Booth, William Walter Sci.(Ma.) Zelzah

Bosserman, Charles Ashton Eng.(A.E.) Glendale
Campbell, Horace Allen Eng.(A.E.) Riverside
Clark, Donald Sherman Eng.(M.E.) Bakersfield

*Cline, Frederick Eng.(C.E.) Covina
*Cole, Dallas Ervie Eng.(C.E.) Pasadena
Compton, Thomas Henry Sci.(Ge.) Los Angeles
Coupland, Bert Russell Eng.(E.E.) Los Angeles
Cramer, Alphonse Eng.(M.E.) Los Angeles
*Cravitz, Philip Eng.(C.E.) Los Angeles
*Daly, John Warlaumont Sci.(Ge.) Buena Park

D’Arcy, Nicholas Anthony Eng.(C.E.) Roscoe
de Camp, Lyon Spragué Eng.(A.E.) Los Angeles

Dodge, Howard Grindal Eng.(C.E.) Pasadena
*Dunham, James Waring Eng.(C.E.) Pasadena
Dunn, Allen Winfield Eng.(E.E.) Hollywood
Edson, Thomas Farrer Eng.(E.IL.) Pasadena
Espinosa, Julius Nelson Eng.(E.E.) Los Angeles
*Evans, Thomas Hayhurst Eng.(C.E.) Los Angeles
Everett, Monroe Miller Eng.(C.E.) Moorpark

*FExley, Sidney Thomas, Jr.  Eng.(C.E.) Pasadena
Findlay, Willard Alexander Sci.(Ge.) Avalon
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NaME Course (OrpTION) HoME ADDRESS

*Fracker, Heniry Edward Eng.(E.E.) Pasadena
Fredendall, Beverly Frank Eng.(E.E.) Ontario

Ganssle, Karl Albert Sci.(Ph.) Pasadena
Gilmore, Albert Monroe Eng.(M.E.) Bell
*Grimes, Walter Bert Eng.(C.E.) Pasadena
*Grunder, Lawrence Jacob  Eng.(E.E.) Los Angeles
*Hasler, Mauvrice Fred Sci.(Ph.) Hollywood
Hatch, William B., Jr. Eng.(A.E.) Ypsilanti, Michigan
Hiyama, Thomas Tamotsu Eng.(E.E.) Pasadena
*Holdaway, V. Lyman Eng.(E.E.) Los Angeles
*Hugg, Ernest Branch Eng.(C.E.) Huntington Park
Johnson, Donald Hall Sci.(Ch.E.) Olive View
Johnson, Josef Jerome Sci.(Ph.) Altadena

Jones, Harlen E. R. Eng.(M.E.) Fresno

Keeley, James Henry Eng.(M.E.) El Monte
Keeling, Harry James Eng.(M.E.) Los Angeles
Kibort, Leon Eng.(Gen.) Pasadena

*Kingman, Kenneth Edward Sci.(Ch.E.) Alhambra
*Kircher, Reymond John Eng.(E.E.) ElPaso, Texas
*Larrecq, Anthony James Eng.(M.E.) Los Angeles
Lau, Kam Hu Sei.(Ch.E.) Honolulu, T. H.
Lee, Edson Churchill Eng.(E.E.) Potoskey, Michigan
Leonard, Leonid Vladimir Eng.(M.E.) San Francisco
Lindhurst, Roland William Eng.(E.E.) Los Angeles

Lohman, Kenneth Elmo Sci.(Ge.) Pasadena
*Lohman, Stanley William Sci.(Ge.) Pasadena
Lufkin, George Schild Eng.(A.E.) Los Angeles
Lynn, Laurence Edwin Eng.(C.E.) Glendale
*McMillan, Wallace Angus  Sci.(Ch.E.) Alhambra
McWilliams, Homer Gore Sci.(Ph.) Los Angeles
Milliken, Donald Booth Eng.(C.E.) Pasadena
Mohr, William Henry Eng.(C.E.) Santa Monica
Muff, Elmer Mason Eng.(M.E.) Glendale
*Murdoch, Philip Griffis Sci.(Ch.E.) Pasadena
*Myers, Albert Edward Sci.(Ch.E.) Cucamonga
*Nagashi, Masahiro Howard Eng.(A.E.) Beryl, Utah
Niles, Joe Allen Eng.(A.E.) Pasadena

Noland, Thomas Jefferson  Eng.(C.E.) San Diego
O’Haver, Hubert Maurice  Eng.(M.E.) Los Angeles
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NAME Course (OrTION) HoME ADDRESS
*Olman, Samuel Eng.(C.E.) Los Angeles
Olson, Donald Keith Sci.(Ch.E.) Alhambra
Perry, Douglas Brill Sci.(Ch.) Hollywood
Pierce, Firth Eng.(A.E.) Pomona
*Pohl, W adsworth Egmont  Sci.(Ch.E.) Redlands
*Raitt, Russell Watson Sci.(Ph.) South Pasadena
*Rapp, John Clay Eng.(E.E.)) Wasco
*Reed, A lbert Clark Eng.(A.E.) Los Angeles
Reed, Homer Charles Eng.(A.E.) Glendale
Reilly, James Thomas Eng.(C.E.) Pasadena
Reinen, Otto Frank, Jr. Sci.(Ch.E.) Long Beach
Roberts, Bolivar Eng.(E.E.) Pasadena
Robinson, True William Sci.(Ph.) Altadena
Rofelty, Richard Goebel Eng.(M.E.) South Pasadena
*Rummelsburg, Alfred Sci.(Ch.) Eagle Rock
Russell, Kenneth Freels = Eng.(M.E.) Los Angeles
Schumacher, Karl Fritz Eng.(C.E.) San Diego
Scott, I.eslie Owen Eng.(M.E.) Pasadena
Scullin, James Conrad Eng.(M.E.) Alhambra
Shields, Clyde Emerson Eng.(C.E.) San Diego

Shields, Morton Kingman Eng.(A.E.) San Diego
Sinram, Maurice Harold Eng.(E.E.) Hollywood
Springsholz, Charles Adolph Eng.(C.E.) Santa Barbara

Steward, Willard Palmer Sci.(Ph.) Santa Ana
Sutherland, John Clark Sci.(Ge.) Pasadena
*Taylor, George Frederic Sci.(Ge.) Los Angeles
Terry, Paul M. Eng.(E.E.) Montebello
*Thompson, Frank Walden Eng.(M.E.) Glendale
Towne, Alfred Edward Eng.(E.E.) Kelseyville
Waite, Howard Winfred Eng.(M.E.) Burbank
Walton, Arthur Frank Eng.(A.E.) Long Beach
Weise, Carl Arthur Eng.(A.E.) Tustin
*Weismann, George Francis Eng.(M.E.) Alhambra
West, Lloyd Everett Eng.(E.E.) Riverside
Westlund, Karl Wilson Eng.(M.E.) Yuba City
‘Wheeler, Fred Aston Eng.(M.E.) Hollywood
‘White, Dudley Lawton Eng.(A.E.) Los Gatos
‘White, Robert James Sci.(Ch,) Hollywood

Wilson, Fred Russell Eng.(E.E.) Pasadena
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JUNIOR CLASS

NaME Course (OPTION) HoMe ADDRESS
Alderman, Frank Edward Eng. Santa Ana
Anderson, J ohn Edward Eng. Los Angeles

*Arndt, William Frederick Eng. Hollywood
Ayers, Wilbur Walter Eng. Highgrove
Beam, Jess Alexander Eng. Los Angeles
Bechtold, Ira Christian Sci.(Ge.) Anaheim

*Bernhardi, Tom George Sci.(Ch.E.) Los Angeles
Blohm, Clyde Lehnhard Sei.(Ch.E.) Los Angeles
Booth, Eugene Charles . Eng. Anaheim
Boyle, James Robert Lester Eng. Santa Ana
Brasher, Bext Vessie Sci.(Ch.E.) Walnut Park

*Bungay, Robert Henry Eng. Glendale
Bussey, George Leland Eng. Los Angeles
Butler, Albert Eng. Santa Barbara
Carberry, Deane Edwin Eng. Pasadena
Carlson, Chester Floyd Sci.(Ph.) Pasadena
Cary, Henry Howard Eng. Los Angeles
Clark, John Drury Sci.(Ch.) Fairbanks, Alaska
Clark, Willis Henry, Jr. Eng. Los Angeles
Crane, Horace Richard Seci.(Ph.) Turlock

*Crawford, F ranklin Goodrich Eng. Pasadena

#*Cromley, Raymond Avalon Sci.(Ph.) Long Beach
Deardorff, Herbert Hadley -Eng. Pasadena
Doherty, Norman Frederick Sci.(Ch.E.) Los Angeles
Downs, Roscoe Phillips Eng. North Hollywood
Eastman, Harvey Selden Sci.(Ch.E.) Pasadena
Effmann, Karl Herman Eng. Los Angeles
Elliott, Orrin Mathews Eng. San Diego
Ellis, Eugene Vance Eng. Okmulgee, Oklahoma -
Fink, Kenneth Charles Sci.(Ph.) Kingsbhurg

*Foladare, Joe Sci.(Ph.) Los Angeles
Gates, Clinton Eugene Eng. Pasadena

*Gaylord, John Wallace Sci.(Ch.E.) Pasadena
Giebler, Clyde Edgar Eng. Los Angeles
Grant, Edmond Glen Eng. Long Beach

*Green, Lowell Forrest Sci.(Ph.) Santa Ana
Groch, Fred Reston Eng. Pasadena
Hall, John Leland Eng, Los Angeles

Hamilton, John Douglas Sci.(Ch.E.) Sawtelle
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NaMm E Course (OpTI0N)
*Hawes» Roland Cyril Seci.(Ch.)
Hesse, John Fred, Jr. Eng.
Hillma n, Ernest Christian Eng.
Hoch, "Winton Christoph Sci.(Ge.)
*Hoddex, Roland Frederick Sci.(Ge.)

Hoeppel, Raymond Winfield Sci.(Ch.Ii.)

*Hoppex, Rea Earl Eng.
Howse, Samuel Eric Eng.
Ignatie ff, Alex Ivan Eng.
Imus, Edenry Oscar Sei. (Ch.)
Janofslsy, Jack Eng.

*Janssern, Philip Otto Sei.(Ch.)
Kelly, "William Francis Eng.
Kleinba ch, Hugo Otto Eng.
Koehm, Edward Eng.
Kuhn, Truman Howard Sci. (Ge.)
Langsner, George Eng.
Leppert, Melvin Lawrence Eng.
Levine, Ernest Eng.
Tiedholxn, George Edward Sci.(Ch.E.)

Lockhaxt, Ross Monroe Sci.(Ch.E.)

*Lord, R oy Stanley Eng.
Macdon ald, Edwin Eng.
MacDomnald, James Harrington Eng.
Maitland, William Blackstock Sci.(Ge.)
Mason, Harry Shattuck Eng.

Mauzy, Harris Kenneth Eng.
McLean, Ralph Stewart Eng.
McMillan, John Robertson Eng.
*Miles, Kenneth Leonard Eng.

Mitchell, Gordon S. Eng.
Morton, William Eng.
Moss, H arland Ray Sci. (Ch.E.)
*Moyers, Frank Neff Eng.
Murray, John Stalker Sei. (Ph.)
Musset, Roger Marx Eng.
Myers, Idenry Glysson Eng.
Nelson, "Warren Campbell  Sci.(Ch.E.)
Newcomb, Daniel Albert Sci.(Ch.E.)

CALIFORNIA INSTITUTE OF TECHNOLOGY

HomE ADDRESS

Rapid City, South Dakota
Las Vegas, Nevada
Los Angeles
Pacific Palisades
Glendale
Arcadia
Riverside

‘West Hollywood
Suifenho, Manchuria, China
Los Angeles

Los Angeles
Pomona

Santa Monica
Glendale

Los Angeles
Glendora
Ontario
Monrovia

I.os Angeles
Long Beach
Pasadena
Pasadena
Pasadena
Glendora
Glendale

TLos Angeles
South Pasadena
Brea

Los Angeles
Santa Barbara
Hollywood
Portland, Oregon
Hollywood
Highgrove
Pasadena
Glendale
Pasadena

Los Angeles
Corona



UNDERGRADUATE STUDENTS

NAME CoursE (OPTION)
Nomann, Arthur Behrend Eng.
*Nye, Lawrence Carlton Sei.(Ph.)
Oaks,. Robert Martin Eng.
Overhage, Carl F. J. Eng.
*Pritchett, Jacks Dean Eng.
*Read, George Wilber Eng.
*Reynard, Willard Grant Sci. (Ch.E.)
Reynolds, George Lawrence Eng.
Riggs, Williann Christopher Eng.
Ross, George Arthur Eng.
Ruff, Theodore Fred Eng.
Russell, Lloyd Wallace Eng.
*Sass, Otto Sci.(Ph.)
Sawyer, Herbert Goodman Sei. (Ph.)
*Scharf, David Walter Sci. (Ge.)
*Scott, Frederick Schell Sci.(Ch.E.)
*Sheffet, David Eng.
Shields, John Charles Eng.
Silverman, Michael Morris Eng.
Slick, Wilfred Larsen Eng.
Smith, Richard Hale Sci.(Ph.)
Stein, Myer Samual Eng.
*Stipp, Theodore Frank Eng.
Stirton, Robert Ingersoll Seci.(Ch.)
*Strong, Austin Webber Eng.
*Stroud, Robert Addis Eng.
Sturgess, Jack Bainbridge Eng,
Suzuki, Katsunoshin Eng.
Swift, Frederick Thayer, Jr. Eng.
Thayer, Eugene Merlin Eng.
*Todorovitch, Victor Douchan  Sci.(Ph.)
Towler, John William Eng.
*Trostel, Everett G. Sei.
Tucker, Merrill Douglas Sci. (Ge.)
*Van Beveren, Oscar Franz Sci. (Ge.)
*West, Samuel Stewart Sei. (Ph.)
Westphal, Richard Dodd Eng.
*Wheeler, George Richard Eng.
*Whitman, Nathan Davis Eng.

HoMEe ADDRESS

‘Whittier

Los Angeles
Pasadena
Duesseldorf, Germany
Cabazon

Glendale

Los Angeles

Glendale

Dos Cabezos, Arizona,
Fillmore

Los Angeles

Los Angeles

Los Angeles

Napa

Los Angeles
Pasadena

Venice

Pasadena

Los Angeles

Long Beach

South Pasadena

Los Angeles
Glendale

Los Angeles

San Diego

Los Angeles
Glendale

Kanagawa Ken, Japan
Altadena
Huntington Park
Tokyo, Japan

Santa Barbara

Santa Ana

Alhambra
Hollywood
Lankershim
Audubon, New Jersey
Richgrove

South Pasadena
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NAME Course (OrTION)

Widess, Rubin Eng.
*Wilkinson, Walter Dunbar Sei. (Ch.)
Wilmot, Charles Alfred Sei.(Ph.)
Wilson, Robert Warren Sci.(Ge.)
Yoshioka, Carl Kaoen Eng,
Zipser, Sidney Eng.

CALIFORNIA INSTITUTE OF TECHNOLOGY

HoME ADDRESS

Pasadena
Santa Barbara
Santa Monica
Los Angeles
Los Angeles
Los Angeles

SOPHOMORE CLASS

NAME

*Alden, Lucas Avery
* Amann, Jack Huber
* Anderson, Maynard Marion
Atwood, Albert William, Jr.
Babcock, William Chapman
Barkley, David Wright
Barnett, Richard James
Bell, Thomas William
Bennett, Elliott Powell
Biggers, John Carter
Bland, Reginald Barrett
Bolles, Lawrence William
Boothe, Perry Mattison
Bovee, John Leroy
Bowen, George Henry
Brooks, Arthur Clinton
*Buffum, Charles Emery
Butler, Smedley Darlington, Jr,
Butrovich, George William
*Cate, Paul Herman
Chamberlain, Glenn John
*Coleman, Robert Prewitt
Connable, Harry Stanton
Cordes, Nelson Myers
*Crawford, Albert Thomas
Crossman, Edward Bishop
*Cutts, Francis William
*Detweiler, John Struss
Dickey, Walter Linn

CoURsE
Sci.
Eng.
Eng.
Seci.
Sei.
Sei.
Eng.
Eng.
Eng.
Eng.
Sci.
Sci.
Eng.
Eng.
Sci.
Eng.
Sci.
Eng.
Eng.
Seci.
Eng.
Sei.
Eng.
Eng.
Sci.
Sci.
Sci.
Sei.

HoME ADDRESS

Montrose
Pasadena

San Diego
‘Washington, D. C.
Long Beach

Los Angeles
Temecula
‘Whittier

Los Angeles
Alhambra
Pasadena

Santa Ana

Los Angeles
Anaheim

Los Angeles
Balboa

Long Beach

San Diego
Fairbanks, Alaska
Los Angeles

San Diego
Pasadena
Hollywood

Los Angeles
Santa Ana
Brentwood Heights
Portland, Oregon
Los Angeles

Los Angeles
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NamEe CoURSE HoME ADDRESS
*Dorman, Stevent Charles Sci. San Bernardino
Drake, Herbert Belding Sci. Mill Valley
Eastman, Samuel Clare Eng. Pasadena
*Eberz, William Ferdinand Sci. Altadena
Falls, Theodore Frank Sci, Audubon, New Jersey
Ferguson, Lawrence LaVerne Eng. Pasadena
¥Fitch, Elliott Bryant Sci. Napa
Folsom, Oliver Hazard Eng. Los Angeles
Folsom, Theodore Robert Sei.  San Diego
Ford, Frank Hubert Eng. Pasadena
Frick, Lester T.aVerne Eng. Long Beach
Futcher, Ralph Allan Eng. Vancouver, B. C,, Canada,
*Girard, John FEmile Eng. Los Angeles
Graff, Donald Badger ) Eng. Pasadena
Grafman, Abraham Jack Eng. Hollywood
Green, Edwin Francis Eng. Los Angeles
*Gregory, Carter Holt Sci. San Marino
*Griffin, Robert Hardy Eng. San Diego
Gunderson, Norman Robert Sci. Randsburg
Hall, Marvin William Eng. Los Angeles
Harker, Joseph Clyde Eng. Los Angeles
Harmon, Cliver Sci. San Diego
*Hatcher, John Burton Sci. Los Angeles
Holzman, Ben Sci. Los Angeles
*Horn, Aubrey Eng. South Pasadena
Horton, Warren Birch Eng. Fargo, North Dakota
Hutchinson, Francis William Eng. Crockett
*Ingham, Herbert Smith Sci. Los Angeles
*Jacobs, Robert Byron Sci. Santa Monica
*Jecker, Duroc Albert Sci.  South Pasadena
Johnson, Byron Bethune Eng. St. Louis, Missouri
Johnston, William Elmore Eng. Van Nuys
Jurling, Theodore Waldemar Eng. Los Angeles
Keachie, Edward Chester Eng. Los Angeles
Kinney, Edward Story Sci.  San Diego
*Kinsler, Lawrence Edward Sci. Los Angeles
*Kircher, Charles Edmund, Jr. Sci. El Paso, Texas
Kuykendall, Charles Edwin Seci.  South Pasadena

Labory, Raymond Frary Eng. Los Angeles
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Na ME

Laird, Francis Neil
*Leeper, Laverne

Lehman, Robert Marshall
Levine, Alex Herbert
Lewis, Charles XKimmel
Lewis, George Edward
Love, James Herman
Marshall, David Stearns
Marshall, Marion Chelsey
*Matison, Harry

McGarry, John Felbert
*Mehl, John Wilbur
Merrithew, William Sterling
Miller, Bertram Folger
Montgomery, John Cochran
*Morris, Ross Elliott
Murdock, DeWolfe

Myers, Glenn

Newby, Oscar McMullin
*Olmsted, Ennis Gunning
Page, Hollis Bem

Peer, Edward Stephen
*Peterson, Raymond Alfred
Pickles, Sidney Benson
Pratt, Leland DeWitt
Randall, John Alden

Rice, George Skidmore
¥*Robinson, Roger Theophilus
Roney, William Hamilton
Saygol, Charles Clinton
#*Sherman, Robert Lansing
Shull, George Orval

Smith, Robert Graves
*Smits, Howard Gardner
Snyder, Robert Earl
¥Stipp, Charles Klop
Strauss, Ferdinand Edward
Tarbet, Thomas Vernon
Thomas, William Jacob

CoURsSE
Sci.
Eng.
Eng,
Seci.
Eng.
Eng.
Eng.
Eng.
Eng.
Sei.
Eng.
Sci.

Eng.
Sci.
Eng.
Eng.
Sei.

Eng.
Eng.
Sci.

HoME ADDRESS

Alhambra

San Bernardino
Salt Lake City, Utah
Long Beach
Santa Ana
Pasadena
Chatsworth
Palo Alto

Long Beach
Pasadena
Hermosa Beach
Upland

Los Angeles
Los Angeles
Pasadena

Los Angeles
Santa Ana
Santa Monica
Corona

Colorado Springs, Colorado

Sawtelle

Long Beach
Denver, Colorado
Monterey
Huntington Park
Los Angeles
Alhambra
Pasadena
Alhambra

Los Angeles
Portland, Oregon
Los Angeles
Riverside
Glendale
Pasadena
Glendale

Mosier, Oregon
Pasadena

Los Angeles
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NaME

Tutschulte, Alvin Carl
Uecke, Edward Harry
*Ugrin, Nick Thomas

Ung, Philip Fay

Van Reed, Mabry

Voak, Alfred Suter
‘Webb, Glenn Miller

West, Williamm Textor
‘White, Thomas Robert
Wilking, Arnold Philip
Williams, Raymond Nelson
Wilson, Roger Montgomery
‘Wright, Eldon Emerson
Zabaro, David

CoursE

Eng.
Eng.
Eng.
Eng.
Eng.
Eng.
Sci.
Sci.
Sei,
Sci.
Sci.
Sci.
Sei.
Eng.

HoMmE ADDRESS

Los Angeles
Los Angeles
San Diego
Los Angeles
San Diego
Atascadero
Los Angeles
Hollywood
Redlands
Arlington
Los Angeles
Pasadena
Los Angeles
Los Angeles

FRESHMAN CLASS

NaMmE

Adams, William Avanzino
Anderson, David William
Anderson, Thomas Foxen
Arnerich, Paul Frank
Arnold, Emmmer Joseph
Ayers, John Kimball
Baba, Komao Nobu
Barton, Millard Vernon
Bascom, John Dwight
Bates, Dana Barker

- Bayley, Rupert Morris
Behlow, Lewis Bushnell
Belford, James William
Bergren, William Raymond
Berry, William Ladew
Blossom, Howard Clifford
Bowler, Gordon Edson
Bowles, Weston Walter
Bradburn, James Rupert
Brakesman, Gordon Jay
Brewer, Robert Thomas

HoME ADDRESS

Long Beach
Alhambra
Glendale
Pasadena
Los Angeles
Los Angeles
Turlock
Hollywood
Pasadena
Santa Monica
Pasadena
Alhambra
Montebello
Pasadena
Burbank

St. Louis, Missouri

Pomona

Los Angeles
Los Angeles
Los Angeles

Spokane, Washington

253
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NaME

Brown, Rupert Arthur
Bruderlin, Henry Hurst
Burman, Paul Gustav
Carey, Robert Van Pelt
Cawley, Clifford Comer
Chambers, John Voris
Clagett, William
Claussen, William Hammerich
Cline, Franklin Joseph, Jr.
Cogen, Sol

Cox, John Luther

Crater, Myron Lee

Dean, Arthur Malcolm
Elconin, Victor

Evans, William Morris
Feely, Martin Gerald
Foss, Robert Edwin

Fox, John Murray
Freeman, Robert Broman
Frick, William Oliver
Gates, Ellis H.

Gelber, Murray Samuel
Goodman, Clark

Gould, Laurence Keeney
Gregory, Jackson
Grieger, John Miller
Griswold, Edward Allen
Groat, William
Guiberson, Samuel Allen
Hamlin, Charles Frederick
Harsh, Charles Maxfield
Harshman, Elbert Nelson
Hastings, Allen

Hayes, Edward Adams
Hegardt, Karl Edward
Hibbs, Frank John, Jr.
Hill, James W.

Huntley, Walter Palmer
Iwasaki, Tetsuo Frank

HoME ADDRESS

Pasadena

Los Angeles
San Gabriel
South Pasadena
Los Angeles
Redondo
Kellogg, Idaho
Pasadena
Covina

Los Angeles
Alhambra
Pasadena
Chula Vista
Los Angeles
Long Beach

- Los Angeles

Rivera
Johannesburg
Pasadena
Hollywood
Long Beach
Los Angeles
Los Angeles
Alhambra
Pasadena
Pasadena
Alhambra
‘Whittier
Beverly Hills
San Luis Obispo
Eagle Rock
Los Angeles
Pasadena

El Monte
Downey

~ Los Angeles

Los Angeles
Tustin
Los Angeles
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NauMe

Johnson, Harold Baum
Jones, Charles Wright
Josenhans, John Frederick
Kanegae, Masami

Keeley, Kedrick Vincent
Kent, Williama Lyon
Killgore, Cecil Lloyd
Lani, Leslie V'incent
Larsen, Delmar Herman
Lemon, George Thomasg
Lind, Karl Frank

Lipp, James Everett
Maass, Randel Oscar
Mason, Frank Merrill
Mathews, Thomas Edwin
McCord, Charles Joseph
McKinley, John Daniel
McKinney, John Eby
McLaughlin, James Patrick
Moore, Lewis William
Moore, Ross Robert
Morgan, Richard David
Morse, Barnard Alexander
Nicholson, Hunter, Jr.
Noble, Robert James
Oelschlager, Ray Troy
Oulton, Thomas Dixon
Packer, Walter Hamilton
Parsons, Paul Gates
Paulson, Walter Henderson
Pelzel, Robert E.

Persson, Sture Henning
Polk, Wendell Robert
Polley, Allison Brownell
Pownall, Henry Bland
Prudames, Edwin Mott
Pruden, Worrell Franzoni
Rhyner, Lewis Albert
Roach, Harold

HoMme ApDRESs

Los Angeles
Long Beach
Chicago, Illinois
Huntington Beach
El Monte

Covina
Hollywood

Elko, Nevada
Sherman
Monterey Park
Los Angeles

Los Angeles
Anaheim
Riverside
Glendale

Ojai

Alhambra

Colton

Redondo Beach
Redlands

El Segundo
Meacham, Oregon
Altadena

Los Angeles

San Diego

North Hollywood
Pasadena
Philadelphia, Pennsylvania
Hermosa Beach
Pasadena

Los Angeles
Halsingborg, Sweden
Los Angeles
Long Beach
Santa Monica
Los Angeles
Hollywood
Glendora

Los Angeles
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Rossall, Kenneth Brown
Rule, Bruce Herbert
Saylor, William Henry
Schaa fsma, Jan Gerard
Schoeller, Charles Philip
Schuhart, Marvin Arno
Schultz, Behrend Carl
Schultz, Henry William
Schultz, William Francis
Schultz, William Otto
Seavey, Walter Kelley
Secord, Grover Marion
Shaul, Donald Robert
Sheffet, Joseph

Shockley, William Bradford
Shuler, William Reeves
Simpkinson, Arthur Albert
Skaredoff, Nicolai Nicolaevich
Skoog, Folke Karl

Smith, Alvin Joseph
Solomon, Hyman

Stamps, Roy Kauffmann, Jr.
Telford, Robert Cedric
Thiele, Carl Leslie

Thomas, Richard Nutley
Thornburg, Harold Babcock
Tickner, Alvin James
Vander Goot, Herbert Albert
Van Marter, Claude Harolde
Van Wingen, Nico

Warfel, John Spencer
Wengren, Frank FErie
‘Wherritt, Robert Clay
‘White, Wayne Bertram
Willis, Prentice Fay
Wilson, Chester Eugene
Wilson, William Wayne
Wofford, George

Wolfe, Halley

HoME ADDRESS

Glendale
Los Angeles
Covina
Honolulu, T. H.
Palmdale
Pasadena
Los Angeles
Pasadena
Los Angeles
Los Angeles
Pasadena
Alhambra
Los Angeles
Venice
Hollywood
El Monte
Los Angeles
Yokohama, Japan
Alhambra
Pasadena
Los Angeles
Los Angeles
Los Angeles
Hollywood
Riverside
Los Angeles
Pasadena
Glendora
Long Beach
Pasadena
Los Angeles
Pasadena
Los Angeles
Los Angeles
Pasadena
North Hollywood
Pasadena
Los Angeles
Porterville



UNDERGRADUATE STUDENTS

NaMEe HoME ADDRESS
‘Woods, Robert Austin Glendale
Zuckerman, Herbert Samuel Berkeley

SPECIAL STUDENTS

Name Course HoME ADDRESS
Gilbert, John Gustav Eng. Long Beach
Houda, Milton EE. Los Angeles
Petcoff, Dimitri Ge.

Schwieso, Charles M. English Pasadena
SUMMARY

GRADUATE SCHOOL

National and International Research Fellows..............
Research Fellows of the Institute
Graduate Students: Physics
Chemistry and Chemical Engi-

neering

Mathematics ....cocoooioerrereeeceeee

Geology

Biology

Engineering ...

UNDERGRADUATE SCHOOL

Seniors: Science: Ph. 8; Ch. 2; Ch.E. 12; Ge. 8; Ma.1 .... 31
Engineering: Ae. 14; C.E. 21; E.E. 22; M.E. 21;

Gen. 1 79

Juniors: Science: Ph, 15; Ch. 5; Ch.E. 15; Ge. 9.......... 44

Engineering 78; Gen. .. 79

Sophomores: Science 54

Engineering 67
Freshmen ..
Special .......

110
123
121
140

4

498
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141

498
639
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Class Standing ............. en. 18
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Culbertson Hall ................ 62
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Damage to Property ............ 77
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School of Aeronautics . .
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Deans

Debating .221
Degrees ....oeovvinioa ..115
Degrees Conferred, 1928 ........ 234
Description of Undergraduate

and Fifth-Year Courses .......135
Descriptive Geometry .......... 205

Developmental Mechanics ......103
Design of Aero Foils and
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Design of Airplanes ............ 196
Dielectrics «voveriniivieeeinnans 171
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Differential Equations .......... 163 Field GeologY «vvvvrnnunrecenean, 214
Differential Georetry ........... 164 Fifth-Year Courses ..... 53, 135, 150
Direct Currents .........cceovvnen 168 Financial Organization ......... 229
Discipline Foreign Science
Dismissal Journals ......eeennnn 157, 178, 215
Divisions of the Institute ....... 42 FOrging .....ceoeveveninncenneaa,
Division of the Year ......... 5, 139 Four-Year Courses ..... 53 135, 139
Doctor of Philosophy, Freehand Drawing ............. 202

Degree of .... ... 115, 117, 120, 234 French, Elementary ............ 223
Dormitory .....-ecevvinseceiiinn 75  F¥Freshman Mathematics ......... 162
Drake Scholarships ............. 84 Freshman Prize Scholarships ... 83
Drawing .....ee cveveceroseasens. 202 Funds ............. 51, 58, 59, 62, 64
Dramatics ... cevvveriennenenns 67 Gates Chemical Laboratory ..... 59
Earthquake Effects, Structures..189 General Aeronautics ........ .196
HECOonomics ....ceeeenrectinaanan. 227 General Economics . .227
Economic Geology Seminar ..... 218 Geneties ... iiieiiiiinns .103
Economic History .......... 22 Geodesy and Precise Survey ng .188
Educational Policies ............ Geology .......... e
Educational Facilities ...... Geology Seminar .......

Highteenth Century Ideas
Electric Strength of Dielectrics..173
Electric Tractionn .......cccvnnns 171

Electric Transients ............. 171
Electrical Communication ...... 170
Flectrical Engineering .......... 168
Electrical Laboratory ........... 169
Electrical Lighting and Power
Distribution .............. ... 1

Electrical Machinery ...........
Electrical Measurements .
Electricity and Magnetism
Electricity, Sound and Light ...155
Elementary Aerodynamics of the
AIrplane .....e.viiiiiiaiinanes 196
Elementary Airplane Design ....196
Elementary Mechanical

Drawing .....coviviuinannas ...202
Elementary Paleontology ....... 213
Elements of Structures ......... 184
Employment .......coviiieiiinen T4
Endowments ......c..covveiiiin.. 50
Engine Laboratory ............. 195
Engineering Chemistry .. .. 174
Engineering Conferences 186, 192

¥ngineering Drawing ........... 202
Engineering Research

Laboratory .......c.ceivveenan 60
Engineering Seminar ...... 170, 187
IEngineering Societies .......... 66
English ...cciiiiiiiiniiniiiannnns 219
English Composition and

Reading ...covvieenniinnneans 219
Enrollment .................. b5, 257
Entrance Examinations ..... 69, 112
Entrance Requirements ..... 69, 112
Fthics «.oivviinneniiiniinanna. 231

Examinations..70, 72, 78, 83, 115, 118
Excess Registration ...
Exclusion from Classes

Executive Council ... 8
EXPENSES tivvevetcnronnnroneanns 74
Extra-Curriculum Opportunities. 65
Faculty ....oovieenrininrennsnnns . 10
Faculty Club ........ccviivvins 123
Faculty Officers and Committees 9
Fees tvuiiiiiiininninnsnnaans 74, 113

ShiDS coverieninnrineinnnaes 98, 123

Geological Research
Geometrical Transformations

and Invariants ......... Ceeeee 166
Geomorphology ....vvvueeeinnan. 217
German, Elementary ............ 223
Grading, Scholastic .........78, 115
Graduate Standing ............. 112
Graduate Students .............

Graduates, 1928 ... ... ... . ... 234
Graduation ..........
Graduation Wlth Hono
Greek . .
Guests 126
Heat Engineering ...... 191, 192, 194
Heat Radiation and Quantum
Theory ...vviiiinnnreiinneeenns 159
Herman Loan Fund ............ 74
High Potential Research
Laboratory
Higher Dynamics
Highway Engineering ..........
Highway Problems
Historical Geology ..

Historical Sketch .......
History and Government .
History of Chemistry ...........
Holidays .....cooivviiiniiiina.
Honor System ........cccvvnun. .
Honor Standing .........ocevuu.. 80
Honor Students, Aid for ........ 87
Homnors, 1928 ........vuivinvean, 236
Hughes Loan Fund ............. 74
Humanities, Developments

inthe ........coiiiiiiiiiiia..

Hydraulic Laboratory
Hydraulic Machinery
Hydraulics
Hydrodynamics ...........
Induction Machinery .
Industrial Chemistry .
Industrial Fellowships
Industrial Plants ......

Infinite Series ..................
Inorganic Chemistry ...
Intercollegiate Sports
Internal Combustion Engines ...195
Integral Equations ........... ...166
Intramural Sports ..... i, ..233
Introduction to Phllosophy ...... 231
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Late Registration .............. 77
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Machine Design ........ 190, 191, 193
Machine Drawing and
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Machine Shop ........ccvvuuunnn 212
Masonry Structures ............ 186
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Degree of ............ 115, 116, 234
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Mecha.nlcs Molecular Physics
and Fleat ....
Mechanism

Metallography
MetalluYgy ....covvevnvennnn, .
Metals Research ................ 194
Military Training .......... 208, 209
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Pattern Making ................ 211
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Petrography .. eevereeeens 216
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Photochemistry ............. .180
Physical Chemistry Laboratory 176
Physical Education ....... .232
Physical Examinations
Physical Geology ..... .. .
Physical Opties ......covevuvunn.
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Physics ..vvrivinniiireenn.. 113, 155
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Potential Theory ........... ... 158
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