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THE CAMPUS OF THE CALIFORNIA INSTITUTE

The following two pages present a schematic view of the campus of the
California Institute. The campus is in a residential section of Pasadena, about
a mile from the central business district. The area bounded by East California
Street, South Hill Avenue, San Pasqual Street, and South Wilson Avenue is
the central campus of about thirty acres, the first twenty-two acres of which
~were acquired in 1907, three years before the Institute moved from downtown
Pasadena to its present location. In this area have been constructed, since 1909,
nearly all of the principal facilities of the Institute—laboratories, lecture and
class rooms, offices, undergraduate residence halls, and a club for faculty,
graduate students, and the staffs of the Mount Wilson Observatory and the
Huntington Library.

Tournament Park, the area lying south of East California Street, was orig-
inally the property of the City of Pasadena. In March, 1947, the citizens of
the city voted to authorize the sale of Tournament Park to the Institute, and
the formalities involved in the transfer of title were completed early in 1949,
Tournament Park adds about twenty acres to the campus.

Besides supplying much-needed parking space for students and staff, Tour-
nament Park has the following facilities for athletics and recreation: tennis
and badminton courts; three outdoor basketball and three volleyball courts;
a football practice field; a quarter-mile track with a 220-yard straightaway;
two baseball diamonds, one with a grandstand seating 5000; and training
quarters with locker and shower rooms.

Plans for the future development of Tournament Park call for the construc-
tion of a student union building and a gymnasium and swimming pool.
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. Mudd Laboratory (Geological Sciences )
. Culbertson Hall (Auditorium; Industrial Relations}

. Robinson Laboratory (Astrophysics)

. Arms Laboratory (Geological Sciences)

. Bridge Laboratory (Physics)

. High Potential Research Laboratory

. Kellogg Laboratory (Electrical Engineering; Physics)

. Buildings and Grounds Office; Receiving Room

. Fluid Mechanics Laboratory

. Guggenheim Lezboratory (Aeronautics)

. Central Machine Shop

. Optical Shop (Astrophysics)

. Student Houses

. Athenaeum

. T 4 (Health Center)

. T 1 (Physical Education Office; Sanitary Engineering

and Soil Mechanics Laboratories; Earthquake Research)
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7. T 2 (Offices and Graduate Students’ Studies)
18. T 3 (Chemical Engineering Shop)
19. Campus Maintenance Facilities
20. Throop Club
/\ . 21. Lunch Room and Dormitory
22, Soil Conservation Lahoratory
23. Mechanical Engineering Laboratory
24. Mechanical Engineering Laboratory and Shop
25. Hydraulic Structures Laboratory ‘
26. Research Laboratory (Chemical Engineering)
27. Heating Plant
28. Thropp Hall (Administration; Civil Engineering)
29. Dabney Hall (Humanities)
30. Gates and Crellin Laboratories (Chemistry)
31. Kerckhoff Laboratories (Biological Sciences)
32. Dolk, Clark, and Earhart Laboratories (Plant Research)
33. Tournament Park (Physical Education Facilities)
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ACADEMIC CALENDAR, 1949-1950

FIRST TERM
1949
September 22 Registration of entering freshmen—9:00 A.M. to 3:30 P.M.
September 22 Registration of students transferring from other colleges—8:30 A.M.
September 26 General registration—8:30 A.M. to 3:30 P.M.
September 27 Beginning of instruction—8:00 A.M.
October 15 Last day for adding courses.
October 15 Examinations for the removal of conditions and incompletes.
October 31~ Mid-term week.
November 5
November 5 MID-TERM.
November 7. . Mid-term deficiency notices due—9:00 A.M.
November 11 Last day for dropping courses.
November 18 French and German examinations for admission to candidacy for the
degree of Doctor of Philosophy.
November 21~ Pre-Registration for 2nd term 1949-50.
December 4

November 24-27 Thanksgiving Recess.
December 12-17  Final examinations—Ist term 1949-50.

December 17 Last day for filing application for candidacy for the degree of Doctor
of Philosophy in June, 1950.
December 17 End of 1st term 1949-50—12 M.-
December 18- Christmas vacation.
January 3
December 26 Meeting of Freshman Registration Committee.
December 27 Meeting of Upperclass Registration Committee.

SECOND TERM

1950

January 3 General registration—8:30 A.M. to 3:30 P.M.

January 4 Beginning of instruction—8:00 A.M.

[anuary 20 Last day for adding courses.

January 21 Examinations for the removal of conditions and incompletes.

[anuary 30- Mid-term week.

February 4

‘ebruary 4 MID-TERM.

‘ebruary 6 Mid-term deficiency notices due—9:00 A.M.

“ebruary 10 Last day for dropping courses.

"ebruary 17 French and German examinations for admission to candidacy for the
degree of Doctor of Philosophy.

‘ebruary 20 Pre-Registration for 3rd term 1949-50..

farch 4 & 11 Examinations for admission to the freshman class, September, 1950.

farch 13-18 Final examinations—2nd term 194950

farch 18 End of 2nd term 1949.50—12 M.

Aarch 24 Meeting of Freshman Registration Committee.

Aarch 25 Meeting of Upperclass Registration Committee.
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12

1950

March 27
March 28
April 14
April 15
April 24-29
April 29
May 1
May 5
May 12

May 15-26
May 27

May 30

May 29-June 3
June 2 & 3
June 5-10

June 7

June 7
June 8
June 9.
June 10
June 16
June 17

September 21
September 21
September 22-24
September 25
September 26

CALIFORNIA INSTITUTE OF TECHNOLOGY

THIRD TERM

General registration-——8:30 A.M. to 3:30 P.M.

Beginning of instruction—8:00 A.M.

Last day for adding courses.

Examinations for the removal of conditions and incompletes.
Mid-term week.

MID-TERM..

Mid-term deficiency notices due—9:00 a.m.

Last day for dropping courses.

French and German examinations for admission to candidacy for the
degree of Doctor of Philosophy.

Pre-Registration for Ist term of 1950-51.

Last day for final oral examinations and presenting of theses for .the
degree of Doctor of Philosophy.

Memorial Day Holiday. . }
Final examinations for senior and graduate students—3rd term 1949-50,
Examinations for admission to upper classes, September, 1950.

Final examinations for undergraduate studéents—3rd term 1949-50
Meetings of Committees on Courses in Science and Engineering—
10:00 A.M. '

Faculty meeting—2:00 P.M.

Class Day.

Commencement,

End of 3rd term 1949-50—12M.

Meeting of Freshman Registration Committee.

Meeting of Upperclass Registration Committee.

FIRST TERM, 1950-51

Registration of entering freshmen—9:00 A.M.

Registration of students transferring from other colleges—8:30 A M.
Student Camp.

General registration—8:30 A.M. to 3:30 P.M,

Beginning of instruction—8:00 A. M.
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BOARD OF TRUSTEES

OFFICERS OF THE BOARD
James R. Pace, Chairman

Vice-President

Harvey S. Muop
WirLiam C. McDurFie

Vice-President

R. A. MiLLIKAN

Vice-President

WirLiam B. Munro

Treasurer

Epwarp C. BARRETT.

Secretary and Comptroller

HereirT H. G. Nasn

Assistant Secretary

MEMBERS OF THE BOARD

(Arranged in order of seniority of service)

Wirriam L. HonnoLD

Los Angeles

Harry J. Bauer

Pasadena

Ben R. MEeyEr

Los Angeles

Harvey S. Muop

Beverly Hills

James R. Pace

Los Angeles

Los Angeles

Georce E. FArRraND
WiLriam C. McDuUFFIE

San Marino

Ausert B. Rubbock

Pasadena

Rareu B. Lroyp

Beverly Hills

Reese H. TayLor

Pasadena

Joun O’'MELVENY

Los Angeles

P. G. WinNETT

Los Angeles

NormaAN CHANDLER

Sierra Madre

KEITH SPALDING Pasadena
HerserT HoovER, JR San Marino
WiLLiam L. StewArT, Jr Pasadena
RoBErT A. MILLIKAN Pasadena
WiLLiam B. Munro Pasadena
Max Mason Claremont
J. G. BosweLr San Marino

Joun A. McCone

San Marino

Lee A. DuBrince

Pasadena

Epwarp R. VALENTINE

San Marino

ADVISORY COUNCIL

Gano Dunn, President, J. G. White Corporation.

VANNEVAR BusH, President, Carnegie Institution of Washington.

Frank B. JEwert, Formerly President, Bell Telephone Laboratories, Inc.; Vice-President,
American Telephone and Telegraph Company.
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TRUSTEE COMMITTEES

EXECUTIVE COMMITTEE
James R. PacE, Chairman

L. A. DuBrince Harvey S. Mupp
Wirriam C. McDurrie Reese H. TavyLor
Ben R. MEver

Epwarp C. BArrerT, Secretary

FINANCE COMMITTEE

James R. Pace, Chairman

Harry J. Bauer WitLiam B. Munro
Ben R. MEYER P. G. WiNNETT
Harvey S. Mubp

Epwarp C. BARRETT, Secretary

WAYS AND MEANS COMMITTEE

Joun A. McCong, Chairman

J. G. BoswELL Harvey S. Mupp
NorMAN CHANDLER James R. Pace
1. A. DuBrinee P. G. WINNETT

WiLtiam C. McDurrie

BUDGET COMMITTEE
HarrY J. BAUER Harvey S. Mupp
Ravrru B. Lroyp :
JET PROPULSION LABORATORY BOARD

Crarx B. MiLLikaN, Chairman

E. C. BagrrerT HerBerRT HOOVER, JR.

L. A. DuBrmcE Freperick C, LiNpvaLL
Louis G. Dunn : R. R. MaRTEL

GEORGE W. GREEN . WirLiam L. STEWART, JR.

BUILDINGS AND GROUNDS COMMITTEE

Wirriam B.Munro, Chairman

Epwarp C. BARRETT R. R. MARTEL
L. A. DuBrince RoBerT A. MILLIKAN
‘W. HERTENSTEIN James R. Pace

PALOMAR COMMITTEE

P. G. WinNETT, Chairman

J. G. BoswELL KEerrH SpALDING
L. A. DuBrmnce WitLiaM W. VALENTINE
James R. Pace
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ADMINISTRATIVE OFFICERS OF THE INSTITUTE

President
LeE A. DuBrincE

CHAIRMEN OF DIVISIONS
31oL06Y e GEORGE W. BEADLE
CHEMISTRY AND CHEMICAL ENGINEERING Liniws PAULING
Civir, ELecTRICAL AND MECHANICAL ENGINEERING AND AERONAUTICG
____________________________________________ FREDERICK C LINDVALL

FEOLOGICAL SCIENCES e ee et a e eane e CHESTER STOCK

TUMANITIES oo e HALLETT D, SMITH

>rysicaL Epucation . S R. W.\SoRENSEN

>HYSICS, MATHEMATICS, AND ASTRONOMY _Rosert F. BACHER
DEANS

JEAN OoF THE FAcuLTY et et n e et en e E. C., W asson

JEAN OF GRADUATE STUDIES et Wirriam IV, Lacey

........ FraNKLIN THOMAs
L. WINCHESTER JONES
...... PauL C. EATQN

JEAN OF STUDENTS
JEAN OF ADMISSIONS AND REGISTRAR..
1SSOCIATE DEAN For UpPER CLASSMEN.

LSSOCIATE DEAN FOR FRESHMEN cooommeoeveaeemeeecer oo eneee e seeeeees FesTER STRONG
OTHER ADMINISTRATIVE OFFICERS .
/OMPTROLLER AND SECRETARY 1...,EDWARD C.BArgeTT

'USINESS MANAGER .GEORGE W, GREEN
\SSISTANT SECRETARY ... ooumooeeeoneeomeeeemeeeeeoeeeemeeeeeeeeeer e
SSISTANT TO THE PRESIDENT ...........

NRECTOR OF STUDENT HEALTH

MIRECTOR OF STUDENT HEALTH, EMERITUS i\ E. D. Kremers, M.I

DITOR OF INSTITUTE PUBLICATIONS. Wittiam Husg
IRECTOR OF INSTITUTE LUIBRARIES. ..o Rocer F. StaANTOH
SSOCIATE DIRECTOR OF INSTITUTE LIBRARIES.........ooooo/eoee . OLvER C. IIonw
[asTER oF StupENT HoOUSES e e Groree K. TaANHAM
IRECTOR OF PLACEMENTS . Dowarp S. CLARK
UPERINTENDENT OF BUILDINGS AND GROUNDS WesLEY HERTENSTEIN
IRECTOR OF PuBLic RELATIONS . Georce H. HALL
DITOR OF ENGINEERING AND SCIENCE MONTHLY..oooo et Epwarp HUTcHINGS, JR.
ATENT OFFICER.....ooeeeeeeieeeeeeeeeeeeeeceaeeesesasmeesmemseessae s e eeemeeemeeeee J. Pavt Yourz
[ANAGER OF ATHENAEUM AND STUDENT HousEs e GLEN GREEN
URCHASING AGENT ettt K. A. JacoBson

R. B. Gi.™MORE
.H. R. Buscn
......... JamEs EEWART
e STUART SEELEY -
______ R .Bruce H. RuLE

[ANAGER OF THE AcCCOUNTING OFFICES
HIEF ACCOUNTANT
IRECTOR OF PERSONNEL
\FETY DIRECTOR

IRECTOR OF CENTRAL Suop FACILITIES

'ANAGER OF GRAPHIC ARTS FACILITIES J. PauL Yourz
JPERINTENDENT OF THE GUGGENHEIM AERONAUTICAL LLABORATORY........ WiLtiam H. BOWEN
INTRACT ADMINISTRATOR A. H., WALTER
JITORIAL ASSISTANT CHARLES M. STEARNS
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FACULTY OFFICERS AND COMMITTEES

1949-50

OFFICERS

CuamrmMaN—G. R. MacMinn
SECRETARY—R., R. MARTEL

STANDING COMMITTEES
FacULTY Boarp—Watson, Bacher, Beadle, Bohnenblust, Eagleson, Eaton, Jones, Lacey,
Lindvall, MacMinn, Martel, Michael, C. B. Millikan, Niemann, Pauling, Robertson,

Smith, Smyths. Sorensen, Stanton, Stock, Strong, Thomas.

" tvirMNT RESTIONS—-Clark, C. D. Anderson, Hertenstein, Huse, Jahns, MacMinn, Sharp,
Sore1sen, Thomass,

Convoc: ToNs—Eade son, Clark, Hertenstein, Huse, McCreery, Musselman, Stanton.

Couzst - JENGINEERING—Michael, DePrima, Gray, Hudson, Jones, P. Kyropoulos, Mac-
Minsr Mlaxstadi, Plesset, Sechler.

€oursE IN SCIENCE—Smythe, Bates, Greenstein, Sage, Sharp, Stanton, van Harreveld, Ward.

FowEcN STUupENTS—Gilbert, DuMond, Eaton, Hershey, Horowitz, Lagerstrom, T. Lauritsen,
Paul, Schutz, Thomas.

FreEsHMAN ApMISsION AND REGISTRATION—Jones, Bohnenblust, Davis, Dilworth, Eagleson,
Hudson, Jahns, Niemann, Owen, Strong, Tanham, Wayland.

GrADUATE STUpY—Lacey, C. D. Anderson, Bacher, Beadle, Bohnenblust, Ian Campbell,
Emerson, Greenstein, Kirkwood, Lindvall, Martel, Niemann, Pauling, Robertson,
Sechler, Stock, Sorensen, Watson.

Honors anND Awarns—Swift, Eaton, Horowitz, Jahns, Jones, McCann, Pauling, Sechler,
Strong, Thomas, Ward, Watson.

LECTURES AND ASSEMBLIES—Strong, Buwalda, Eagleson, Mead, Noble, Smith.

LisraArY—Stanton, Bell, Buchman, Converse, Epstein, Gray, P. Kyropoulos, McCann,
Merrill, Schutz, Sechler, Stock, Tyler, Zwicky.

MusicaL AcTivitiess—Mead, DuMond, Duwez, Erdélyi, Gilbert, Hudson, Lagerétrom,
Thomas, Wayland, Wear.
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FACULTY OFFICERS AND COMMITTEES 19.

PrvysicalL EpucatioN—Sorensen, Eaton, Jahns, Jones, LaBrucherie, Mackeown, Mussel-
man, Nerrie, Paul, Preisler, Tanham,

PusLicaTions ANp PusLic REraTioNns—~Huse, Barrett, Bacher, Beadle, Clark, Hall, Jones,
) MacMinn, Newton, Stock, Swift, Thomas, Watson.

StupeNT Aip—Thomas, Barrett, Eaton, Hershey, Jones, Stanton, Strong, Swift.

StupenT Bopy FINANCE—G. W, Green, Brockie, Pickering, Sorensen, Thomas, Untereiner,
Youtz.

StupenT HEALTH—Borsook, Barrett, Gevurtz, Jones, Kremers, Lacey, Sorensen, Stirong,
Tanham, Thomas.

Stupent House Commrrtee—Tanham, Clark, Eagleson, Eaton, Jones, Schutz, Strong,

Thomas.

StupeNT ReLaTions—Eagleson, Clark, Davidson, Eaton, G. W. Green, Haagen-Smit, Her-
shey, Hertenstein, Jones, McCreery, Mead, Pickering, Sechler, Sharp, Sorensen, Strong,
Tanham, Thomas.

StupeNT SociAL Funcrions—McCreery, Bures, Eaton, Fowler, Langston, Pickering, Scho-
maker, Tanham, Varney,

Urper CLASS ApMissION AND REecisTRATION—Jones, Bates, Converse, Eaton, Martel, Max-
stadt, Smythe, Strong, Swift, Thomas, Varney.



STAFF OF INSTRUCTION AND RESEARCH
SUMMARY

DIVISION OF BIOLOGY

GeorGeE W. BeabLE, Chairman

PROFESSORS

ERNEST G. ANDERSON, PH.D oo Genetics
GEORGE W. BEADLE, PH.D., D.SC.. e e Biology
James F. BonNer, Pu.D . Biology
HeNRY Borsook, PH.D., M. e Biochemistry
Max DerBruck, Pu.D - Biology
SterLING EMERsON, PH.D . : Genetics
Awrie Jan Haacen-Swmrr, Pr.D : ...Bio-Organic Chemistry
AntHONIE VAN Harreverp, Pu.D., MD..... Physiology
Avrrep H. Sturtevant, Pr.D., D.S¢ Genetics
Frirs W. WenT, P.D RSO Plant Physiology
Cornerius A. G. Wiersma, Pu.D e Biology
RESEARCH ASSOCIATES )

Gorbon A. Arres, Pu.D . Biology
Cuaries E. Brabrey, D.Sc. e Biology
MicuaerL EVENARY, Pr.D. o, Plant Physiology
- Henry O. EversoLg, M.D......... Plant Physiology
Argert E. Loncrey, Pur.D Biology

Litian V. (Mgs. T. H.) Morean, M.A ..Biology

ApRIAN M. SRB, PH.D..oeeeeeeeeee .Biology

Estuer BoceEn Tierz, Pu.D., M.D... e Biology

Jean J. WricLE, Pu.D e e Biophysics
ASSOCIATE PROFESSORS

Norman H. Horowirz, Pu.D Biology

EDWARD B, LEWIS, PH.D e Genetics

GEeorce E. MacGinimie*, M.A....

Herscuer K. MircueLL, Pa.D
Ray D. Owen, Pa.D.
AvLgerT TyYLER, PH.D

ASSISTANT PROFESSOR
Harvey E. LEEMAN Biology
SENIOR FELLOWS IN RESEARCH

CrarA Louis DEASY, PH.D. ..

Jacos W. DusNorr, Pa.D............
RewnaTo DuiBecco, Pa.D

Artaur W. Garston, Pa.D

GEOFFREY L. KEIGHLEY, PH.D. i .

Epwarp NOVITSKI, PH.D . oo e Biology
T AL WHIELDONT, MDD e Physiology
Sam G. WiLoman, Pe.D. R Biology

*0On leave of absence
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STAFF OF INSTRUCTION AND RESEARCH

GOSNEY FELLOWS

21

Barry CoMMONER, PH.D Biology
DANIEL MAzia, Pa.D Biology
Donawp F. Pourson, Pa.D Biology
WARREN P. SPENCER, PH.D Biology
MARSHALL R, WHEELER, PH.D oo ....Biology
RESEARCH FELLOWS
BarBARIN ARREGUIN-Lozano, Pu.D.- Orr Maavrge, Pa.D., M.D.
Danier E. Atkinson, Pu.D. CrLEMENT L. MarkEerT, Pu.D.2
RoserT S. Banpurski, PH.D.5 . JeEan Mauron, Pur.D.
SeYyMour BENzER, Pu.D. RosaLinp Morris, Pu.D.4
Guy Cu. Camus, Pu.D. Marion Ricaarp MyLes, Pu.D.
Cuia-Cama Cueo, B.S.A. JeAN P. Nrrscu, M.S.
E. E. Davg, Pu.D. Harorp M. Smita, M.D.
A. H. Doermann, Pu.D. Rocer Stanier, Pu.D.
Erisworre C. DoucuerTy, Pr.D., M.D.1 GunTHER S. STENT, Pi.D.2
‘WiLrtiam DreLL, PH.D. Cart M. Srevens, Pu.D.
MarcUgrITE Frine, Pa.D. Epwarp C. Srong, Pr.D.
MarcoLm Gorpon, Pu.D 2 ArtaUR G. R. StRICKLAND, PH.D.
MeLvin M. Green, Pa.D. Yu-Wer Tane, Pu.D.
Cuarces E. Harrowrp, B.Sc.3 Howagp J. Teas, Pu.D.
James H. M. HenpersoN, Pu.D. Areert UrricH, Pu.D.
Mary B. Houraman, M.A. . James WaTtson, B.S.
Urs Lrororp, Pu.D. Wovrraarp WemEL, Pu.D.
S. E. Luria, Pu.D., M.D. EilE WoLLMAN, M.D.
1/American Cancer Society Fellow
2/Merck Fellow
3/University of London Fellow
4/Johnson Faculty Fellowship
5/National Research Council Fellow
RESEARCH ASSISTANTS
1948-1949
Rosamonp Scortr Baker, B.A. JEAN Jones, B.A.
ErizaseTH ANN BARTRON, B.A. May G. KEIGHLEY
JeEan M. CampBeELL, M.S. Caror Lotz, M.A.
Marcerra O. CarTEr, M.A. Perer H. Lowy, DocTERANDUM
Suzanne E. CHUTE, A.B. MapeLEINE M. LuescHER, Pu.D.
Mary E. Emerson, M.S. MarJoriE M. MatuEws, A.B.
Rurh E. EsTEY Mary R. MaTtT1Ison, B.A.
Heren R. Fany Anna C. NEwron, M.S:
Howarp M. Feper, B.S. Marcarer IRENE SELLERS, M.S.
Marcarer M. Fox, B.S. MeLviN L. Stenser, M.S.
Frank N, Hirosawa, M.Se. Tiao Hsin Wane, M.S.
Frorence Irvine, B.A. BertY JEAN Woob, B.S.
GRADUATE FELLOWS AND ASSISTANTS
1948-49
Joun R. Fincuam, B.A. Cuune-Hsien L1, B.S.
Norman E. Goopo, B.A. Eart B. PATTERSON, B.S.
Francis A. Haskins, M.S. Irvine RarPaPorT, A.B.
Hersert M. HurL, B.S. Donarp S. RoserTson, B.A.
Leownarp L. Jansen, M.S. ALBERT SiEGEL, B.A.

Max Krauss, M.A. Martynas F. Ycas, B.A.
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DIVISION OF CHEMISTRY AND CHEMICAL
ENGINEERING

Linus Pavrine, Chairman
Director of the Gates and Crellin Laboratories

PROFESSORS
Rigaakp M. Bapcer, Pu.D Chemistry
Stuarr J. Bates, Pa.D . Physical Chemistry
Rosert B. Corey, Pa.D . Structural Chemistry
Joun G. Kikwoon,! Pa.D. . Chemistry
Wirriam N. Lacey, Pa.D.. Chemical Engineering
Howarp J. Lucas, M.A I Organic Chemistry
Cart. G. NiEMANN, Pa.D...... ... Organic Chemistry
Linus PauLing, PH.D., SCD. e Chemistry
Bruce H. Sack, Pu.D e e Chemical Engineering
J. HoLMEs STURDIVANT, Pr.D. oo i Chemistry
ERNEST H. SWIFT, PH.D oo Analytical Chemistry
DoN M. YOST, PH.D. oo Inorganic Chemistry
LAszLé ZECHMEISTER, DRING. oo Organic Chemistry

Avpert L. HENNE, Pr.D oo e ee oo Organic Chemistry
Freperick 0. KoEnic,2 Pu.D Chemistry
LynNe L. Merrirr, Jr., Pu.D.. Chemistry

RESEARCH ASSOCIATES |

Epwin R. Bucaman, D.Puix Organic Chemistry

EpwaArD W. HUGHES, PH.D...ooooooooeeeeeeeeeeeeeeeeen Physical Chemistry

Joseru B. Kokprri, D.PaII . ‘ e rvarernen Chemistry

SeeLey G. Mupp, M.D e e Medical Chemistry

Orwver R. Wurr, PuD.. e Physical Chemistry
ASSOCIATE PROFESSORS o

DAN H. CAMPBELL, Pr.D. e Immunochemistry

VERNER F. H. SCHOMAKER, PH.D.. ..o Chemistry
ASSISTANT PROFESSOR

NORMAN DAVIDSON, PH.D . oo Chemistry

SENIOR RESEARCH FELLOWS

Joun R. Cann, Pu.D.. . e Chemistry

JERRY DONOHUE, PH.D . e Chemistry

FRED J. EWING, PH.D. oo Structural Chemistry

WALTER A. ScHROEDER,2 PH.D........ Chemistry

Davip P. SHoEMAKER, Pu.D ‘ ...Chemistry

S. T SINGER,E PH.D oo Chemistry

INSTRUCTOR )
Davip M. Mason, Jr., Pu.D .Chemical:Engineering

1/Arthur A. Noyes Professor.

2/John Simon Guggenheim Memorial Foundation Fellow.
8/Arthur A. Noyes Senior Research Fellow.

4/U.8. Public Health Service Fellow.
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RESEARCH FELLOWS

AumED Mustara Aumepl, Pa.D.

AniL Bausan Biswas2, Pu.D.
Ravymonp A. Brown3, Pu.D,
Frank P. Burr4,Pa.D.
Arvin J. Conen4, Pu.D.
Suewpon C. Crane, Pu.D.
Frank H. Dickev5, Pa.D.
Jack D. Dunitzs, Pu.D.

NiLs Erixsen, Pu.D.
WiLLiam G. FINNEGAN, Pu.D.
ArgerT A, Fisx6, M.D.
Kennera W. Hebeere, Pu.D,
Hersuer L. Herzog, Pu.D.
Hsine-Tsune Huane, Pu.D.
Miryosur Ixkawa, Pu.D.

Joun E. Leonarp, Pu.D.
Ernst F. Luescuer, Pr.D.

1/Egyptian Government Scholar.
2/Government of India Fellow.
3/U.8. Public Health Service Fellow.
4/Atomic Energy Commission Fellow.
5/Arthur A. Noyes Fellow.

6/ American Cancer Society Fellow.
7/Rockefeller Foundation Fellow,
8/Commonwealth Fellow.

9/National Research Fellow.

Eucene K. Maun, Pa.D.

Jacos Mazor?, D.Se.

A. MicHAEL MicrELSONS, PH.D.

James Morrar, Pu.D.

Avexanper Ricu?, M.D.
HEINRICH RINDERKNECHT, PH D.
MARGARETE ROHDEWALD Pn.D.
WarreN G, SCHLINGER, Pu.D.
Warter H, ScauLier, Pu.D.
Henry J. Suing, Pu.D.
HENRYK SILBERMAN, Pu.D.
Rogert C. C. St. GEORGELY, PH.D.
Paiue A. Vaucuaan!l, Pr.D.
Joun L. T. Waven!2, Pu.D.
Ieert C. WELLSY, Pu.D.
Wirriam L. Yost4, M.D.

Hawns H. Zinsser13, M.D.

10/Merck Fellow.
11/George Ellery Hale Fellow.
12/Climax Molybdenum Company Fellow.
13/John Simon Guggenheim Memorial
Foundation Fellow.
RESEARCH ASSISTANTS
1948-1949

JAy B. Banovrrz, B.S.

B. Gunnar BiremanN, CIVILINGENIOR

Anne T. BLAKER, B.S.
Darcron K. Breaux, M.S.
Evizasern F. Canney, B.S,
Price K. Dobson, B.S.
Jacx M. Fiskin, B.S.
Georce P, Gur, B.S,
Roeer Haywarp, B.S.

Huch F. Jounston, B.S.
Lots Kay, B.S.

H. Horris ReEamer, M.S.
Roserr E. Skars, B.S.

Jorn Scoir, B.S.

Howmer F. Wacconer, B.S.

Orcanp W. WirLcox, B.S..

Near D. ZimmEerRMAN, A.B.

GRADUATE FELLQOWS AND ASSISTANTS

Roeert T. Apams, B.S.
Perer L. Auegr, B.A.
Epwarp L. BennNeTT, B.A.
Virein J. Berry, Jr., B.S,
Max BertMAN, B.A.
Marvin C. Brooks, M.S.
NormaN Burman, M.A.
Stuart D. Cavers, M.A.
Taomas J. Connoiry, B.S.
Danier H. Devurscu, B.S.
Frank H. Dickey, B.S.
Wirriam S. Dorsey, B.S.
Davip L. Doucras, B.S.
Paur S. Farrineron, Ch.E.
Wirpon Fickerr, B.S.
Rosert J. FostEr, B.S.
Ricuarp J. GorpBERG, B.S.
Berr H. Gorpineg, M.S.
RoBerT R. GRINSTEAD, B.S.
RoserT HENIGSON, B.S.
Harvey A. Itano, M.D.
Ropman Jenkins, B.S.
Lrewerryn H. Jones, M.A.

B. KENNETH Kok, B.S.

Natuan H. Kornie, B.S.

LeoNARrD S. LERMAN, B.S.
Roeert V. MacArLLisTER, A.B.
Davip M. Mason, Jr.,, M.S.
Joun L. Masown, M.S.

WiLLiam M. McCarpeLL, B.S.

Gmrar M. Nazariaw, M.S.
Josepu L. O’BriEN, B.S.
RoeerT E. Puuires, B.S.
WARREN G. ScHLINGER, M.S.
Apam F. ScuucH, M.S.
WirLiam F. SHEEHAN, B.S.
James N. SHoOLERY, B.S.
Rosert P. Smith, B.S.
Joun H. SurLivan, B.A.
You-Cu1r Tawe, B.S.
DupLEy W. THOoMAS, M.S,
JosepH F. Varre-RiestraA, B.S.
RogerT D. Warpkon, B.Ch.
LawreENcE WALLCAVE, B.S.
WiLLiam W. Woop, B.S.

23
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DIVISION OF CIVIL, ELECTRICAL AND MECHANICAL
ENGINEERING AND AERONAUTICS

Freperick C. LinovaLL, Chairman

Ciark B. MiLLikaN, Director of the Daniel Guggenheim Laboratory

PROFESSORS
WiLLiam Howarp Crarel, EM............ ... Mechanism and Machine Design
Freberick J. ConvVERSE, B.S Soil Mechanics
Rosert L. DavcHERTY, M.E Mechanical and Hydraulic Engineering
TrEODPORE VON KArRMAN*, Pr.D., Dr.ING., Sc.D., LLD., Exc.D......... ... Aeronautics
Hans W. LIEPMANN, PH.D. e Aeronautics
Freperick C. Linpvarr, Pr.D. Electrical and Mechanical Engineering
S. Sruart Mackeown, Pu.D . Electrical Engineering
R, R MARTEL, S.Bu oo Structural Engineering
GILBERT D. MCCANN, PH.D oo Electrical Engineering
Crark B. MiLLixan, Pua.D . . -....Aeronautics
WiLriam H. Pickering, Pu.D. . Electrical Engineering
ErnesT E. SECHLER, PH.D.ooe e Aeronautics
Rovar W. Sorexsen. E.E., D.Sc e Electrical Engineering
HomERr J. STEWART, PH.D oo Aeronautics
Frankrin Tromas, C.E., D.Enc . Civil Engineering
Hsue-Suen Tsien, Pa.D Robert H. Goddard Professor of Jet Propulsion

RESEARCH ASSOCIATES

Louis G. Dunn, Pu.D . Jet Propulsion
Simon Ramo, Pu.D. Electrical Engineering
Dean E. WoororioeE, Pr.D. Electrical Engineering

ASSOCIATE PROFESSORS

Donarp S. CLaRk, PH.D.. Mechanical Engineering
Poi Duwez, D.Sc : Mechanical Engineering
Avrapar Hoiranper, M.E Mechanical Engineering
Georce W. Housner, Pu.D Applied Mechanics
Donarp. E. Hupsow, Pu.D. . woeo..Mechanical Engineering
ArtrUR L. KLEIN, PI.D e Aeronautics
Rogerr T. Knare, Pu.D . . Hydraulic Engineering
Paco LacerstrROM, Pu.D Aeronautics
Francis W. Maxstapr, Pu.D........ Electrical Engineering
Jack E. MCKEE, SC.D. e Sanitary Engineering
WILLIAM W. MICHAEL, B.S. oo Civil Engineering
M. H. Nicuois, Pu.D Electrical Engineering
Mirton S. PLessET, PH.D.o oo Applied Mechanics
J. HaroLp Wavranp, Pa.D [ I Applied Mechanics

1/Emeritus



STAFF OF INSTRUCTION AND RESEARCH 25

CHArLES R. DePriva, Pu.D

ASSISTANT PROFESSORS

Applied Mechanics

...................... Applied Mechanics

Stancey P, Franker, Pu.D
Peter R. Kyrorouros, Pua.D

Mechanical Engineering

FranNk A. MarsLE, Pu.D
Harorp C. MarTinN, M.S,

Aeronautics and Mechanical Engineering
..... Aeronautics

Dino Moreiil, Pu.D

................. Mechanical Engineering

W. Duncan Rannig, M.A

Mechanical Engineering

Howein N. Tyson, B.S

Mechanical Engineering and Engineering Drafting

Hydraulics

Viro A. Vanoni, Pr.D
WiLsur R, Varney, M.S

...... Mechanical Engineering

Cuarres H. WiLts, Pu.D

reeeme o, Applied Mechanics

Ricuarp W. BerLr, A.E

LECTURERS

Aeronautics

Frebrick FevLeerc, M.S

...................... Aeronautics

............. Hydrodynamics

Josepu Levy, M.S
Harorp Lurig, M.S

Aeronautics

Sanitary Engineering

Ricaaro PomEeroy, Pa.D.....
Howaro SerrerT, PH.D

Jet Propulsion

RoBerT F. TANGREN, A.E

Jet Propulsion

Max L. WiLriams, Ae.E.... .

_________________________________________________________ Cieieioeoe......Keronautics

VISITING LECTURER

Henry DreYFUSS

....... Industrial Design

SENIOR RESEARCH FELLOW

Henry NacamaTsu, PH.D

......................................... Aeronautics

Aeronautics

Jurian D. Corg, Pu.D
Yuan-Cuene Fune, Pu.D

Mirron D. Van DykE, Pu.D

Joun S. CampBELL, M.S

Aeronautics
Aeronautics

............................. " Engineering Drafting

W. C. DuesTerHOFF, M.S

Electrical Engineering

Electrical Engineering

HarrY GRUENBERG, PH.D
Ricuarp H. MacNEArL, Pu.D

............ Electrical Engineering

A1LBERT A. MERRILI

Aeronautics

Rovrr H. SaBersky, Pu.D
Leon TriLring, Pu.D

Mechanical Engineering
Applied Mechanics

Engineering Drafting

Davip F. WeLcn, 1.D
NartsanNiEL W. WiLcox, A.B

Engineering Drafting
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GRADUATE FELLOWS AND ASSISTANTS

Frep P. Aprer, B.S.
MorToN ALPERIN, M.S.

Jack S. AnpERson, B.S.-
Rosert R. BENNETT, M.S.
CarL W. BeremaN, Jr., M.S.
J. Marvin Bram, B.S.

MugrraY S, BORNSTEIN, B.CE.:

Joun T. Bowen, M.S.
GeraLp P. BrReaux, B.S.
RoserTt E. Brown, B.S.
Artaur E. Bryson, Jr., B.S.
Rovr D. BunLer, Ae.E.

WirLiam J. Carrorr, Jr., B.S.

Davip P. CHANDLER, M.S.
Fenc K. Cuuane, M.S.
Rogert P. CrAcGO, B.S.
Harry E. CrossLEY, Jr., M.S.
CuarLEs B. CRumMLY, B.S.
Rosert D. Davron, Ik, B.S.
James R. Davis, B.S.
Herman S. DicaTER, B.M.E.
WiLriam J. Dixon, B.S.
Seea ELpripcE, Jr., B.S.
Harry M. Eruis, M.S,
Norman H., ENensTEIN, M.S.
Crarence R. Gates, B.S.
Forrest R. GiLmoORE, B.S.
Dowarp T. GReeNwooOD, B.S.
Joun N. Harris, B.S.
Harorp M. Hipsu, M.S.
Wayne K. HobpEr, B.S.
JamEes E. HoLprrcH, B.S.
Roserr C. Howarp, B.S.
Arnorp A. Jensen, AEE.
Saur. KarLuw, B.S.

Davip J. KrLEIN, B.S.
Hereert A. Lassen, M.S.
Ricuarp LATTER, B.S.

Surx Caun Lo, M.S.

19481949

Wirriam J. Lovg, B.S.
RoserT S. MacmiLLAN, B.S.
Ricaarp H. MacNEeaL, B.S.

Benorr B. ManDELBROT, M.S.
Sor. MatT, M.S.

Rosert C. MaTTESON, B.S.
Frank A, McCrintock, M.S.
CarrtoN L. McWiLLiams, B.S.
Ricmarp L. MERRELL, M.S.
Rusen F. METTLER, M.S.
Irvine MicuELSON, M.S.
Boupe C. Moorg, B.S.
Braine R. Parkin, M.S.

G. B. ParkinsoN, M.S.
Abriax Pauw, B.S.

IrwiN PrErFER, B.E.E.
MagrsuarL C. Ponp, B.S.
Parrick M. Quinran, M.S.
EBeruarpt REcHTIN, B.S.
Jacos F. Rentz, JR., B.S.
Harvey L. RoBErson, B.S.
Ricuarp L. RoBinson, S.B.
Anaror Rosuko, M.S.

Rorr H. SaBersky, M.S.
Joun G. Scuaus, Jr., B.S.
ArtHUR J. R. Scunemer, M.S.
GLENN A. ScuurmAN, M.S.
Davip E. Suonerp, M.S.
James R. SuuLL, B.S.
Harorp L. SteTTEN, B.S.
Emerson W. Smiti, B.S.
RoserT R. SoLverson, M.S.
WriLBur M. Swanson, M.S.
Jor K. WiLLiams, B.S..
Donarp E. Wrrkin, B.S.
Hans E. WonLwiir, B.S.
Davip S. Woob, M.S.
Wirriam L. Woonson, B.S.
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DIVISION OF THE GEOLOGICAL SCIENCES
CHESTER STOCK, Chairman

Ianx CaMpBELL, Associate Chairman
Beno GUTENBERG, Director of the Seismological Laboratory

PROFESSORS
Jonn P. Buwawpa, Pu.D Geology
TIan CampBELL, Pr.D. e, SOOI, Petrology
Beno GUTENBERG, Pu.D s Geophysics
Ricuarp H. Jamns, Pu.D........_ . . Geology
JaMEs A, NOBLE, PH.D.o Economic Geology
Rogerr P. Snare, Pu.D.... Geomorphology
CHESTER Stock, Pu.D OO SOV SO SO Paleontology

VISITING PROFESSOR

R. Dana RusserL, PH.D. oo e Sedimentation

RESEARCH ASSOCIATES

D. Foster Hewertr, PaH.D. ... Geology
CLINTON R. STAUFFER, PH.D.ooooo Invertebrate Paleontology
HARRY O. W0O0D, AV et Seismology
ASSOCIATE PROFESSORS
Huco Beniorr, Pu.D. ... OO U RSO SROPO Seismology
CuarLes Hewrrr Dix, Pu.D.. _Geophysics
Aupert E. J. EncEL, PH.D...... Mineralogy
CuarLes W. MEerriam, PH.D... Invertebrate Paleontology
Gennapy W. Porarenko, PH.D. Geophysics
Cuarres F. RIcHTER, PH.D .o Seismology
LECTURERS
WiLrriD H. GEIS, B.S ..Petroleum Geology
MEeRLE C. ISRAELSKY, B.S.. o Micropaleontology
SENIOR RESEARCH FELLOW
Wiirts P. Porenor, PH.D... ISR Invertebrate Paleontology

1/Member of the Division of Physics, Mathematics ad Astronomy.
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RESEARCH FELLOWS

Joun F. Lance Vertebrate Paleontology

SauL MEmBooM, M.A.. ..l 7 . Geophysics
INSTRUCTOR ‘
Lroyp C. Pray, M.S.... et ettt et e e et eae et e e e Geology
RESEARCH ASSISTANTS
Rupovrr von HueENE, EM. Wireiam J. P. Ot1o
‘ Davip P. WiLLoUGHBY
GRADUATE FELLOWS AND ASSISTANTS
1948-1949
Cuarres W. ALLEN, B.S. WirLiam P. Irwiy, B.S.
Joun W. AriineHAM, B.S. Freeman B. Lercuton; B.S.
Joserpn H. BirmaN, A.B. Harorp M. Moongy, M.S.
Perer DEnHUINGER, M.S. Witriam R. MueEniBERGER, B.S.
M. EvLner DEnson, Jr., M.S. CareL OrrE, JR., Cd.Ex.
S. Norman DomEenico, G.E. Lroyp C. Pray, M.S.
James P. HeppNER, B.S. ] Joun R. Regsg, B.S.
Ricmarp A. Hoprin, MLA. Georce P. Ricssy, B.S.

Leon T. Siver, M.S.
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DIVISION OF THE HUMANITIES

Harrert D. SMiTH, Chairman

PROFESSORS
Harvey EacLesow, Pa.D English
Horace N. GiLeert, M.B.A Business Economics
Rosert D. Gray, B.S Economics and Industrial Relations
WiLiam Husg, M.A English
CLINTON K. JUDYL, ML A e et e English
JorN R. MacarTHURY, PH.D. oo Languages
Georce R. MacMinn, A.B English
HUNTER MEAD, PH.D oo Philesophy and Psychology
WiLLiam B. Munro?, Pu.D., LLD., Lire.D.. History and Government
HALLETT D. SMITH, PH.D..o e English
Ray E. UntEREINER, PH.D Economics
ASSOCIATES
GODFREY DAVIES, MLA. .ot History
Earr L. Grices, Pu.D et et et n e e ee st a e oo English
ASSOCIATE PROFESSORS
PauL Bowerman, AM ettt n ettt n Modern Languages
Cuarces E. Bures, PH.D.. Philosophy

PauL C. Eaton, AM
L. WincuesTER JONES, A.B......
Rooman W. Paur, PuD
Ricuarp D, SEnsor, M.A
Rocer Stanron, Pu.D

ALFRED STERN, Pu.D. .o ....French and German
ArtHur H. Youne.............. . Industrial Relations

Mervin Brockie, Pu.D
BeAacu Langston, Pu.D
Henry F. McCregry, Pr.D
Joun A. Scuurz, Pu.D

INSTRUCTORS
Rosert S. CELr, M.B.A ...Business Economics
Jacos Cmarrkin, LL.B. ... e e e nmr e e eee Russian
J. Kent CLARK, A.B [ English
Witriam C. Kinaro, MBA. e Business Economics
LESTER L. McCRERY, PH.D. e English
Georce K. Tanumam, MLA. ... e History
Hans W. VocerL, B.AA ..o ettt German

1/Emeritus
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DIVISION OF PHYSICS, MATHEMATICS AND ASTRONOMY

Rosert F. BacuEir, Chairman
Director of the Norman Bridge Laborasory

PROFESSORS
Carr D. AxpErson, Pu.D., Sc.D., LL.D.......... e te e Physics
RoBirT F. BACHER, PH.D., SC.D. e Physics
Eric T. BeL, Pu.D Mathematics
H. F. BounensrLust, Pa.D . Mathematics
JessE W. M. DuMonp, Pu.D.. . Physics
Pauw S. EpsteiN, Pa.D Theoretical Physics
A. Erpiryr, D.Sc S ‘ Mathematics
"WiLniam A. Fowrer, PH.D.. e Physics
JessE L. GrEENSTEIN, Pr.D...o Astrophysics
CHARLES C. LAURITSEN, Pr.D. e, Physics
AristoTtLE D. MicuAL, Pa.D. ... -Mathematics
RoBErT A, MILLIKANL, PH.D., LL.D., SCD . i Physics
H. Vicror NEHER, PH.Duo e Physics
H. P. RoBERTSON, PH.D.ooo i Mathematical Physics
WitLiam R. SmyrHE, PH.D.oo Physics
H. C. VAN BUSKIRKY, PH.B..co... o e Mathematics
Morcan Waro, Pu.D.......... ...Mathematics
EarNEST C. WATSON, PH.B. e Physics

Frivz Zwicky, PuD. ettt e e e Astrophysies

VISITING PROFESSORS

Sir Harorp SPENCER JonEs, MLA., Sc.Do... e Astronomy
“Max voN LAUE, PHD o et e cena Physics
BENGT STROMGREN, PEH.D... e Astronomy

RESEARCH ASSOCIATES

Warter S. Apams, Sc.D., LLD...... e Astronomy and Astrophysics
DanieL Barsier, D.Se Astrophysics
SamueL J. BarnerT, PH.D Physics
Ira' S. Bowen, Pu.D., Sc.D Astronomy
Joser J. JOHNSONZ, PH.D. ..o Astronomy
ALFRED H. JOY, A M., D.SC e Astronomy
Sriro KyrorPouLos, PH.D...cco JOO OO SOIOOt Physics
WiLeeLm Macenus, Dr. PHIL. Nar. - Mathematics
Max Mason, Pa.D., LL.D., ScD. e Astronomy
‘Frrrz OBERHETTINGER, DR, PHIL.... . Mathematics
F. Tricomi, Dr. MATH Mathematics
R. L. WILDER, PH.D. e Mathematics
1/Emeritus

2/0n leave of absence
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ASSOCIATE PROFESSORS

R. F. Curisty, Pu.D

31

Theoretical Physics

Mathematics

Roserr P. Diworrh, Pu.D

Physics

ALEXANDER GoErZ, PH.D
Rosert B, King, Pu.D

Physics

...Geophysics

GEnNaADY W. Porarenko, PuD....

Mathematics

Luruer E. Wear, Pu.D

ASSISTANT PROFESSORS

Wirriam N. Bircusy, M.A

Mathematics

.. Physics

Leverert Davis, Jr., Pu.D
SamueL KaruN, Pu.D

______________ Mathematics
Physics

Tuomas LAuriTsEN, Pu.D
RozrerT B. Leicuron, Pu.D

,,,,,,,,, Physics

FosTER StrRONG, M.S
RoBerT I.. WALKER, PH.D

SENIOR RESEARCH FELLOWS

Physics
Physics

Rosert Vi LaAneMUIR, Pu.D
Davip A, Lino, Pr.D.....

Artaur T. Biggr, Pa.D..
Evcene W. Cowan, Pu.D
Avron DoucLis, Pu.D
HarrEy Franpers, Pu.D
Warson B. Furks, Pr.D

veereeeeePhysics
Mathematics
,,,,,,,,,,,,,, Mathematics
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Lee A. DuBrineg, Pu.D., Sc.D., LL.D.
President
A.B., Cornell College (Iowa), 1922; A.M., Umver51ty of Wisconsin, 1924 ; Ph.D,, 1926. California

Instltute. 1946-
734 Fairfield Circle

WALTER S. ApaMs, A M., Sc.D., LL.D.

Research Associate in Astronomy

A.B., Dartmouth Colleze, 1898 ; A.M., University of Chicago, 1900. California Institute, 1947-
873 North Hill Avenue

AumED MUsTAFA AuMED, Pu.D.
Research Fellow in Chemistry
B.Se., Fouad University, 1939 ; M.Se., 1942 ; Ph.D,, 1944, Qalifornia Institute, 1949-

GorpON ALBERT ALLES, PH.D.
Research Associate in Biology
B.S., California Institute, 1922 ; M.S., 1924 ; Ph.D., 1926. Research Associate, 1939-

1316 Wcst Haven Road, San Marino

CARL Davip Anperson, Pu.D., Sc.D., LL.D., Nobel Laureate
N Professor of Physics
B.S., California Institute, 1927 ; Ph.D., 1930 ; Research Fellow, 1930-33 ; Assistant Professor, 1933-37 ;
Associate Professor, 1937-39 ; Professor, 1939-
2611 S. Second Street, Arcadia

Ernest GusTAF ANDERSON, Pu.D.
Professor of Genetics
B.S., University of Nebraska, 1915 ; Ph.D., Cornell Umversﬂ:y, 1920. Associate Professor, California
Instltute, 1928-47 ; Professor, 1947-
831 North Sunset Boulevard, Arcadia

BARBARIN ARREGUIN-LozANo, Pu.D.
Research Fellow in Biology
National University of Mexico; M.S., California Institute, 1945; Ph.D., 1946, California Institute,

1947-
2426 Oneida Street

Danier E. ATINsoN, Pu.D.
Research Fellow in Biology
B.Se., University of Nebraska, 1942 ; Ph.D., Jowa State College. California Institute, 1949-

‘WALTER BaapE, Pu.D.
Research Associate in Astronomy

Ph.D., Géttingen University, 1919. California Institute, 1948-
1149A Duarte Road, Arcadia

Horace W. Bascock, Pu.D.
Research Associate in Astronomy
B.S., California Institute, 1984 ; Ph.D., University of California, 1938. California Institute, 1948-
304 South Grand QOaks Avenue
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Rogert F. Bacuer, Pa.D., D.Sc.
Professor of Physics
Chairman, Division of Physics, Mathematics and Astronomy

Director, Norman Bridge Laboratory of Physics
B.S., University of Michigan, 1926 ; Ph.D., 1930. California Institute, 1949-

515 South Wilson Avenue

Ricuarp McLEaN Bapcer, Pa.D.
Professor of Chemistry

B.S., California Institute, 1921 ; Ph.D., 1924, Research Fellow, 1924-28 ; International Research Fel-
low, 1928-29 ; Assistant Professor, 1929-88 ; Associate Professor, 1938-45 ; Professor, 1945-

1963 New York Drive, Altadena

Roserr S. Banpurski, Pu.D.
Research Fellow in Biology
B.S., University of Chicago, 1946 ; M.S., 1947 ; Ph.D., 1949. California Institute, 1949-
340 North Los Robles Avenue

Danier Barslgr, D.Sc.
Research Associate in Astrophysics

D.Sc., University of Paris. California Institute, 1948-49.
39 South Sunny Slope Avenue

SaMuEL JacksoN Barnert, PH.D.
Research Associate in Physics

A.B., University of Denver, 1894 ; Graduate in the School of Astronomy, University of Virginia,
1896 ; Ph.D., Cornell University, 1898. California Institute, 1924-
315 South Hill Avenue

Epwarp CeciL BargriTT, B.A.
Comptroller
Seeretary of the Board of Trustees
Secretary of the Executive Committee

B.A., State University of Iowa, 1906. California Institute, 1911-
942 North Chester Avenue

Stuart JerFERY Bates, Pu.D.
Professor of Physical Chemistry
B.A., McMaster University, 1907 ; M.A., 1909 ; Ph.D., University of lllinois, 1912, Gallforma Insti-

tute, 1914-
2011 Rose Villa Street

GeorceE WELLs BEapLE, Pu.D., D.Sc.
Professor of Biology
Chairman of the Division of Biology
B.S., University of Nebraska, 1926 ; M.S., 1927 ; Ph.D., Cornell University, 1931. California Insti-

tute, 1946-
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Eric TeEmpLE BeLr, Pu.D.
Professor of Mathematics
A .B,, Stanford University, 1904 ; A.M., TTniversity of Washington, 1908 ; Ph.D., Columbia Univer-

sity, 1912. California Institute, 1926-
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Lecturer in Aeronautics
B.S., Oberlin College, 1939 ; A.E., California Institute, 1941. Lecturer, 1944-
101 South Oakland Avenue, Apt. 6

Huco Beniorr, Pa.D.
Associate Professor of Seismology
B.A., Pomona College, 1921 ; Ph.D., California Institute, 1985. Assistant Professor, 1937 ; Associate

Professor, 1937-
811 West Inverness Drive
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SEymour BEnzER, Pr.D.
Research Fellow in Biology
Ph.D., Purdue University, 1946. California Institute, 1949-

Artraur T. Bienr, Pu.D.
Research Fellow in Physics
B.S., Illinois Institute of Technology, 1945 ; Ph.D., California Institute, 1949. California Institute,
19

WiLniam NoEL Bircury, MLA.
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A.B., Hope College, 1899 ; M.A, Colorado College, 1905, California Institute, 1918-
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Research Fellow in Chemistry
B.Se., Dacca Umversxty. 1939 ; M. % 1940 ; Ph.D., 1945, California Institute, 1948-
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fornia Institute, 1946-
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Instructor, 1936-38 ; Assistant Professor, 1938-42 ; Associate Professor, 1942-46 ; Professor, 1946-
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Ph.D., University of Toronto, 1924 ; M.B,, 1927 M.D., 1940. Assistant Professor, California Insti-
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Research Associate in Astronomy
Director, Mount Wilson and Palomar Observatories
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26 ; Assistant Professor, 1926-28; Associate Professor, 1928-31; Professor, 1931-45; Research

Associate, 1946-
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PauL BowerMan, A.M.
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A.B., Dartmouth College, 1920 ; A.M., University of Michigan, 1936. Instructor, California Institute,
1942-45 ; Assistant Professor, 1945-47 ; Associate Professor, 1947-

1151 Fifth Avenue, Los Angeles

Cuarces E. Braprey, D.Sc.
Research Associate in Biology
B.S., Pacific University, 1897 ; M.S., 1900 ; D.Se., 1946. California Institute, 1947-
980 Alta Vista Drive, Altadena

MEeLvin D. BrockiIg, Pu.D.
Assistant Professor of Economics )
B.A., University of California at Los Angeles, 1942 ; M.A., 1944 ; Ph.D., 1948, Instructor, California

Institute, 1947-49; Assistant Professor, 1949-
2035 Meridian Avenue, South Pasadena
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Raymonp A. Broww, Pu.D.
Research Fellow in Chemistry
B.S., Wagner College, 1941 ; M.S., California Instifute, 1947 ; Ph.D., 1949. California Institute, 1949-

Epwin R. Bucaman, Dr.PuiL.NaT.
Research Associate in Orgamic Chemistry
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A.B., Umversxty of California, 1944 ; PL.D., California Institute, 1949, California Institute, 1949-
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Joun Scorr CampeELL, M.S.
Instructor in Electrical Engineering and Engineering Drafting
B.S., University of Washington, 1984 ; M.S., 1936. California Institute, 1947-
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Guy Cu. Camus, Pa.D., D.Sc.
Research Fellow in Biology
Ph.D., University of ‘Paris, 1949. California Institute, 1949-
Joun R. Cann, Pr.D.

Senior Research Fellow in Chemistry
B.S., Moravian College, 1942; M.S., Lehigh University, 1943 ; M.A., Princeton University, 1945

Ph D., 1946. California Instltute 1947~
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Rosert S. CELL, M.B.A. -
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B.S., Boston University, 1940 ; M.B.A., Harvard University, 1943. California Institute, 1949-
421 Sequoia Drive
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B.A., University of Pittsburgh, 1919 ; LL.B., 1921, California Institute, 1946-
340 South Michigan Avenue
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Research Fellow in Physics
B.S., National Southeastern University, Nanking ; Ph.D., Cahforma Institute, 1930. California In-

stitute, 1949-
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Cr1a-Cuin CHEO, B.S.A.
Research Fellow in Biology

B.S.A., Nanking University, 1932 ; California Institute, 1948-1949.
173 Merideth Street

R. F. Caristy, Pa.D.
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. Vista, California

Donatp SHERMAN Crark, Pa.D.
Associate Professor of Mechanical Engineering
Director of Placements
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Institute, 1929-34 ; Instructor, 1934-37 ; Assistant Professor, 1987-45 ;. Associate Professor, 1945-

665 Canterbury Road, San Marino

J. Kent CrARk, A.B.
- Instructor in Engliéh
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Avvin J. Conen, Pa.D.
Research Fellow in Chemistry
B.S., University of Florida, 1940 ; Ph D., Um'i_/er'sity of Illinois, 1949. California Institute, 1949-

Jurian D. Cork, Pu.D.
Research Fellow in Aeronauties
B.M.E., Cornell University, 1944 ; M.S.(AX) California Institute, 1946 ; Ph.D., 1949, California
Institute, 1949-
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Barry COMMONER, Pu,D.
Gosney Fellow in Biology
A.B., Columbia College, 1937 ; M.A., Harvard University, 1938; Ph.D., 1941, California Institute,
1949-
o 656 South Mentor Avenue
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Professor of Chemistry
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352 South Parkwood Avenue
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Research Fellow in Physics

B.S., University of Missouri, 1941 : M.S.. Massachusetts Institute of Technology, 1943 ; Ph.D., Cali-
fornia Institute, 1948. Research Fellow, 1948-
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Research Fellow in Chemistry
B.S. California Institute, 1940 ; Ph.D., University of California, 1949. California Institute 1949-
1497 Sunset Avenue
E. E. Darg, Pu.D.
Research Fellow in Biology
A.B., University of Nebraska, 1913 ; M.S., Kansas State College 1920 ; Ph.D., University of Mich-

lgan, 1928. California Institute 1949-
831 North Sunset Boulevard
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RoBerT Lone DavcHERTY, MLE.
Professor of Mechanical and Hydraulic Engineering
A.B., Stanford University, 1909 ; M.E., 1914. California Inéﬁtute, 1919-
373 South Euclid Avenue

Norman R. Davipson, Pa.D.
Assistant Professor of Chemistry

B.S., University of Chicago, 1983 ; B.Sc., Oxford University, 1938 ; Ph.D., University of Chicago,
1941, Instruector, California Institute, 1946-49 ; Assistant Professor, 1949-
259 Auburn Avenue, Sierra Madre

Gobprrey Davies, M.A,
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B.A., Honour School of Modern History, Oxford University, 1914 ; M.A., 1917. Member of Research
Group, Huntington Library, 1930-. California Institute, 1930-

395 South Bonnie Avenue

Leverert Davis, Jr., Pa.D.
Assistant Professor of Physies
B.S., Oregon State College, 1936 ; M.S., California Institute, 1938 ; Ph.D., 1941, Instructor in Physics,

1941-46, Assistant Professor, 1946-
1041 East Mendocino Street, Altadena

Crara Louise Deasy, Pu.D.
Senior Research Fellow in Biochemistry .
A.B., University of Cmcmnatx, 1937 ; M.S., 1939 ; Ph.D., 1940. California Instltute, 1947-
561 South Wilson Avenue

Max DerBriick, Pu.D.
Professor of Biology
Ph.D., University of Gottingen, 1931. California Institute, 1947-
1510 Oakdale Street

Cuarces R. DE PriMa, Pu.D.
Assistant Professor of Applied Mechanica

B.A., New York University, 1940 ; Ph.D., 1943, California Institute, 1946-
551 South Hill Avenue

Frank H. Dickey, Pu.D.
Arthur Amos Noyes Fellow in Chemistry
B.S., California Institute, 1941 ; Ph.D., 1949. California Institute, 1949-
767 South Los Robles Avenue

Rogert PaLmER DiLworTts, PH.D
Associate Professor of Mathematics
B.S., California Institute, 1936; Ph.D., 1939. Assistant Professor, California Institute, 1943-45;

Associate Professor, 1945-
2450 Wagner Street

CuarLes Hewrrt Dix, Pu.D.
Associate Professor of Geophysics
B.S., California Institute, 1927 ; A.M., Rice Institute, 1928 ; Ph.D., 1931. California Institute, 1947-
84 South Santa Anita Avenue

A. H. DoermaAN, Pu.D.
Research Fellow in Biology
A.B., Wabash College, 1940 ; M.A., University of Illineis, 1941 ; Ph.D., Stanford University, 1946.

California Institute, 1949-
) 790 South Pasadena Avenue

JErRrRY DoNonvug, Pu.D.
Arthur Amos Noyes Senior Research Fellow in Chemistry
A.B., Dartmouth College, 1941 ; M.A., 1943 ; Ph.D., California Institute, 1947. Research Fellow, 1947-
608 Stonehurst Drive, Altadena
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Epmonp Dony, LC.C.
Research Fellow in Civil Engineering

1.C.C., Université Libre de Bruxelles, 1946. California Institute, 1948-49.
825 East Del Mar Avenue

Eiisworry C. DoucnEerTy, Pu.D., M.D.
Research Fellow in Biology
A.B., University of California, 1940 ; Ph.D., 1944 ; M.D., 1946. California Institute, 1948-
1762 Oakdale Avenue

Avron Dovcuis, Pa.D.
Research Fellow in Mathematics
A.B., University of Chicago, 1938 ; M.A,, New York University, 1948 ; Ph.D., 1949, California Insti-
tute, 1949-

Wirriam Drerr, Pu.D.
Research Fellow in Biology
A.B., University of California at Los Angeles, 1943 ; M.A., 1946, Ph.D., 1949. California Insti-

tute, 1949-
6420 Orange Street, Los Angeles

Joun BriNerT HENRY DREYFUSS
Visiting Lecturer in Industrial Design

Industrial Designer. California Institute, 1947-
969 San Pasqual Street

Jacos WiLriam DusNoFF, PH.D.
Senior Research Fellow in Biology
A.B., University of California (Los Angeles), 1931 ; M.A., 1933 ; Ph.D., California Institute, 1944.

California Institute, 1986-
1930 North Normandie Avenue, Hollywood

Lee A. DuBripeg, Pu.D., Sc.D., LL.D.
(See page 35)

WiLLiam C. DUESTERHOEFT, JR., M.S.
Part-time Instructor in Electrical Engineering
B.S., University of Texas, 1943 ; M.S., 1949, California Institute, 1949~

Renato Dutsecco, M.D.
Senior Research Fellow in Biology
M.D., University of Torino, 1936. California Institute, 1949~
1364 Cordova Avenue

Jesse WiLLiam Monroe DuMonp, PH.D.
Professor of Physics
B.S., California Institute, 1916 ; M.S. (E.E.), Union College, 1918 ; Ph.D., California Institute, 1929.
Research Associate, California Institute, 1931-38; Associate Professor, 1938-46 ; Professor, 1946-
530 South Greenwood Avenue

Jack Davip Dunirz, PH.D.
Arthur Amos Noyes Research Fellow in Chemistry
B.Se., University of Glasgow, 1944 ; Ph.D., 1947; Research Scholar, Oxford University, 1946-48.

California Institute, 1948-
551 South Hill Avenue
%

Louss G. Dunn, Pa.D.
Research Associate in Jet Propulsion
Direetor of Jet Propulsion Laboratory

B.S., California Institute, 1936 ; M.S. (M.E.), 1937; M.S. (A.E.), 1988 ; Ph.D., 1940. Instructor,
1940-41; Assistant Professor, 1941-46; Associate Professor, 1946-1949; Research Associate,
1949-; Director, Jet Propulsion Laboratory, 1947-

937 West Sierra Madre Avenue, Glendora

OLwver CuarLEs Dunn, Pu.D.
Associate Director of Institute Libraries

B.A., Stanford University, 1930 ; M.A., 1934 ; Ph.D., Cornell University, 1937 ; B.L.S., University of
California, 1949. California Institute, 1949-
760 South San Rafael Avenue
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Por Duwez, D.Sc.
‘Associate Professor of Mechanical Engineering

Metallurgical Engineer, School of Mines, Mons, Belgium, 1932 ; D.Se., University of Brussels, 1933.
Research Engineer, California Institute, 1942-47; Associate Professor, 1947-

423 South Chester Avenue

Harvey EacrEson, Pu.D
Professor of English

B.A., Reed College, 1920; M.A., Stanford University, 1922; Ph.D., Princeton University, 1928.
Agssistant Professor, California Institute, 1928-38 ; Associate Professor, 1988-47 ; Professor, 1947-

1706 Fair Oaks Avenue, South Pasadena

PauL Conant EaTton, A M.
Associate Professor of English
Associate Dean for Upperclassmen

S.B., Massachusetts Institute of Technology, 1927; A.M., Harvard University, 1930. Visiting Lee-
turer in English, California Institute, 1946 ; Associate Professor, 1947-

2212 Mar Vista Avenue, Altadena

SterLing EMERSON, Pu.D.
Professor of Genelics

B.Sc., Cornell University, 1922 ; M.A,, University of Michigan, 1924; Ph.D., 1928. Assistant Pro-
fessor of Genetics, California Institute, 1928-37 ; Associate Professor, 1937-46 ; Professor, 1946-

1207 Morada Place, Altadena

Avsrrr E. J. Encer, Pr.D.
Associate Professor of Geology

A, B., University of Missouri, 1938 ; M.A., 1932 ; Ph.D., Princeton University, 1942. Ass1stant Pro-
fessor, California Institute, 1948- 49 Assocla.te Professor 1949~
278 North Alta Vista, Monrovia

PauL Soruus EpsteIN, Pra.D.
Professor of Theorelical Physics
B.Sc., Moscow University, 1906 ; M.Sc., 1909 ; Ph.D., University of Munich, 1914, California Insti-

tute, 1921-
1484 Oakdale Street

A. ErpfLyi, D.Sc.
Professor of Mathemalics

Cand. Ing., Deutsche Technische Hochschule, Brno, Czechoslovakia, 1928 ; Dr. rer. nat University
of Prague, 1938 ; D.Se., University of Edinburgh, 1940. California Instxtute 1947

551 South Hill Avenue

Nius Eriksen, Pa.D.
Research Fellow in Chea;zist?‘y
B.8., University of Washington, 1939 ; Ph.D., 1944. California Institute, 1949-

MicuaeL Evenari, Pu.D.
Research Associate in Biology

Ph.D., University of Frankfurt, 1928. California Institute, 1949-
177 South Mentor Avenue

Henry Owen Eversor, M.D.
Research Associate tn Plant Physiology
M.D.. University of California, 1908. California Institute, 1947-
1856 Foothill Boulevard, La Canada

FrenJ. Ewine, Pa.D.
Senior Research Fellow in Structural Chemistry
B.S., California Institute, 1927 ; Ph.D., 1935. Senior Research Fellow, California Institute, 1946-
514 Hantington Drive, Arcadia
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Freprick H. Feieerc, M.S.
Lecturer in Aeronautics
B.S., California Institute, 1942 ; M.S., 1945. A551stant in Aeronautics, 1942-45; Cooperative Wind
Turmel 1945- ; Lecturer in Aelonautlcs, 1947-
857 Palo Verde

WiLLiam G. Finneecan, Pr.D.
Research Fellow in Chemistry

B.S., Umversxty of California, 1944 ; Ph.D., The Ohio State University, 1949. California Institute,
1949-

Avsert A. Fisx, M.D.
Research Fellow in Chemistry
A.B., Harvard University, 1942; M.D., Yale Medical School, 1949. California Institute, 1949-

HarLEY FLANDERS, PH.D.
Harry Batemon Research Fellow in Mathematics .
S.B., University of Chicago, 1946 ; S.M., 1947 ; Ph.D., 1949. California Institute, 1949-

MarcveriTe FLing, PH.D.
Research Fellow in Biology
A.B., Hunter College, 1941 ; Ph.D., Iowa Stute College, 1946. California Institute, 1946-
518 West Loma Alta Street, Altadena

WiLLiam ALrFrep Fowrer, Pu.D.
Professor of Physics

B.Eng., Physics, Ohio State University, 1933 ; Ph.D., California Institute, 1936. Research Fellow,
California Institute, 1936-89; Assistant Professor, 1989-42; Associate Professor, 1942-46; Pro-

fessor, 1946~ .
636 West California Street

STaNLEY P. FrankEL, PH.D.
Assistant Professor of Applied Mechanics
B.A., University of California, 1988 ; Ph.D., 1942. California Institute, 1949-
7716 Firenze Avenue, Los Angeles

Watson B. Fuiks, Pa.D.
Research Fellow in Mathematics

B.S., Arkansas Teachers College, 1940; M.S., University of Arkansas, 1941; Ph.D., University of
Minnesota, 1949. California Institute, 1949-

Yuan-Cuene Fune, Pa.D.
Research Fellow in Aeronautics
B.S., National Central University, 1941; M.S., 1943 ; Ph.D., California Institute, 1948. Research

Fellow, 1948-
1201 East California Street

ArTHUR W. GaLsTON, PH.D.
Senior Research Fellow in Biology
B.S., Cornell University, 1940 ; M.S., University of Illinois, 1942 ; Ph.D., 1943. California Institute,
1943-44 ; 1947-
421 West Figueroa Drive, Altadena

Wirrrip H. GEls, B.S.
Lecturer in Petroleum Geology
B.S., University of California, 1915. California Institute, 1949-
80 South Grand Avenue, Pasadena

Horace NaruaNIEL GiLBERT, M.B.A,
Professor of Business Economics

A.B.,, University of Washington, 1923 ; M.B.A., Harvard University, 1926. Assistant Professor of
Business Eeconomics, California Institute, 1929-30 ; Associate Professor, 1930-47 ; Professor, 1947-

385 South Bonnie
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ArEXANDER GOETZ, PH.D.
Associate Professor of Physics
Ph.D., University of Gottingen, 1921 ; Habilitation, 1923. California Institute, 1930-

1317 Boston Street, Altadena

Mavcorm Goroon, Pa.D.
Research Fellow in Biology

B.S., College of the City of New York, 1940 ; M.A., University of Texas, 1947; Ph.D., 1948. Cali-
fornia Institute, 1948-

372 Vista Avenue

Rozert D. Gray, B.S.

Professor of Economics and Industrial Relations
Director of Industrial Relutions Section

B.S., Wharton School of Finance and Commerce, University of Pennsylvania, 1930. Associate Pro-
fessor, California Institute, 1940-42 ; Professor, 1942-

3059 Santa Rosa Avenue, Aliadena

MeLvin M. GreeN, Pa.D.
Research Fellow in Biology
B.A., University of Minnesota, 1938 ; MLA,, 1940 ; Ph.D., 1942. California Institute, 1949~

1421 South Garfield Avenue, Alhambra
Harry R. GREENE, M. A.

Visiting Lecturer in Industrial Design
A.B., San Diego State College, 1939; M.A., California Graduate School of Design, 1941. California

Institute, 1945~
262 South El Molino Avenue

Jessk L. GREENSTEIN, Pr.D.
Professor of Astrophysics
A. B. Harvard University, 1929; A.M., 1930 ; Ph.D., 1937. Associate Professor, California Institute,

1048-1949 ; Professor, 1949-
2057 San Pasqual Street

E. L. Griccs, Pu.D.

Associate in English
A.B., University of Colorado, 1922 ; M.A., Columbia University, 1923 ; Ph.D., University of London,

1927, California Institute, 1947-
551 South Hill Avenue

Harry GRUENBERG, PH.D.
Part-time Instructor in Electrical Engineering
B.A.Sec., University of British Columbia, 1944 ; Ph.D., California Institute, 1949. California Insti-

tute, 1948~
1425 Mar Vista Avenue

Beno Gurensegre, PH.D.
Professor of Geophysics
Director of the Seismological Laboratory
Ph.D., University of Gottingen, 1911, California Institute, 1930-
399 Ninita Parkway

ARIE JAN Haacen-Surr, Pr.D.
Professor of Bio-organic Chemistry
A.B., University of Utrecht, 1922 ; A.M., 1926 ; Ph.D., 1929. Associate Professor, California Institute,

1937-40 ; Professor, 1940-
416 South Berkeley Avenue

ANTHONIE VAN HARREVELD, PH.D., M.D.
Professor of Physiology
B.A., Amsterdam University, 1925 : M.A., 1928 ; Ph.D., 1929 ; M.D., 1931. Research Assistant, Cali-
fornia Institute, 1934-35 ; Instructor, 1935-40 Assistant Professor, 1940-42 ; Associate Professor,

1942-47 ; Professor, 1947-
764 South Oakland Avenue
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Cuaries Epwarp Harrorp, PH.D.
Research Fellow in Biology
B.Sc., University of London, 1945 ; Ph.D., University of Cambridge, 1948, California Institute, 1948-
551 South Hill Avenue

Kenneru WAYNE Hepsere, PH.D.
Arthur Amos Noyes Fellow in Chemistry
B.S., Oregon State College, 1943 ; Ph.D,, California Institute, 1948. California Institute, 1948-
375 Douglas Street

James H. M. HEnpErson, Pu.D.
Research Fellow in Biology
B.S., Howard University, 1989 ; M.Ph., University of Wisconsin, 1940 ; Ph.D., 1943, California In-

stitute, 1948-
252 Clinton Street

Arperr L. Henng, Pa.D.
Visiting Professor of Chemistry
Ph.D., University of Brussels, 1925. California Institute, 1949-50.

HEersuer 1. HeErzoc, Pu.D.
Research Fellow in Chemistry ‘
B.S., University of Illinois, 1944 ; M.S., University of Southern California, 1947 ; Ph.D., 1949. Cali-

fornia Institute, 1949-
1226 South Alta Vista Street, Monrovia

- DonneL Foster HEwerT, PH.D., D.Sc.
Research Associate In Geology
Met.E., Lehigh University, 1902 ; Ph.D., Yale University, 1924. California Institute, 1947-
1460 Rose Villa Street

Arapar HoLranoer, M.E.

. Associate Professor of Mechanical Engineering
M.E., Joseph Royal University, Budapest, 1904. Lecturer, California Institute, 1944-45 ; Associate

Professor, 1945-
2385 Hill Drive, Los Angeles

Norman H. Horowrrz, Pa.D.
Associate Professor of Biology

B.S., University of Pittsburgh, 1936 ; Ph.D,, California Institute, 1939. Research Fellow, California
Instltute, 1940-42 ; Senior Research Fellow, 1946 ; Associate Professor, 1947-

2016 Brigden Road

Mary B. Hourauan, M.A.
Resegrch Fellow in Biology
B.Si,9 George Washington University, 1941 ; M.A., Stanford University, 1945. California Institute,

- 1126 Cordova Street

" GEORGE WiLLiAM Housner, Pu.D.
Associate Professor of Applied Mechanics
B.S., University of Michigan, 1933 : M.S., California Institute, 1934 ; Ph.D., 1941. Assistant Pro-

fessor, 1945-49 ; Associate Professor, 1949-
4084 Chevy Chase Drive, Flintridge

Hsing-Tsunc Huawe, D.PHIL,

Research Fellow in Chemistry
B.S., University of Hong Kong, 1941 ; D.Phil., Oxford University, 1947. Cahforma Institute, 1948-
666 South Madison Avenue

Epwin P. HussLr, Pu.D., D.Sc., LL.D.
Research Associate in Astronomy
B.Se., University of Chiecago, 1910; B.A. in Jurisprudence, Oxford University, 1912; Ph.D., Uni-

vermty of Chicago, 1917. California Institute, 1948-
1340 Woodstock Drive, San Marino
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Donawp Evuis Hupson, Pa.D.
Associate Professor of Mechavnical Engineering
B.S., California Institute, 1938; M.S., 1939 ; Ph.D., 1942. Instructor, 1941-43; Assistant Professor,

1943-49 ; Associate Professor, 1949~
640 North Chester Avenue
E. W. HuecHEks, Pa.D.

Research Associate in Chemistry
B.Chem., Cornell University, 1924 ; Ph.D., 1935. Research Fellow, California Institute, 1838-43;
Senior Research Fellow, 1945-46 ; Research Associate, 1946-
551 South Hill Avenue

Miron L. Homason
Research Associate in Astromomy

Secretary of the Mount Wilson dnd Palomar Observatories

Mount Wilson Observatory, 1920- ; California Institute, 1948-
1149 San Pasqual Street

WiLiam Husg, M.A.
Professor of English
Editor of Institute Publications
A.B., Stanford University, 1921 ; M.A., Princeton University, 1928. Assistant Professor, California
Institute, 1929-38 ; Associate Professor, 1938-47; Professor, 1947-
3676 Yorkshire Road

Mirvosur Ikawa, Pa.D.
Research Fellow in Chemistry

B.S., California Instltute, 1941 ; M.S., University of Wisconsin, 1944; Ph.D., 1948. California In-

stltute, 1948-
525 Longwood Lane
Meree C. IsraELsKY, B.S.
Lecturer in Micropaleontology
B.S., University of California, 1922, California Institute, 1948-

Ricuarp HENrY JARNS, Pu.D.
Professor of Geology

B.S., California Institute, 1935 : M.S., Northwestern University, 19387 ; Ph.D., California Institute,
1948. Assistant Professor, 1946-47 ; Associate Professor, 1947-49 ; Professor, 1949~
213 North Vega Avenue, Alhambra

Joser JeromE Jounson, Pu.D.*
Research Associate wn Astronomy

B.S., California Institute, 1930 ; M.S., Ohio Wesleyan University, 1982 ; Ph.D., California Institute,
1935. California Institute, 1932-
1030 San Pasqual Street

Sie HaroLp SPENCER Jones, M.A., Sc.D., F.R.S,, FR.AS.

Visiting Professor of Ash onomy
M.A., Cambridge University. Astronomer Royal, Greenwich Observatory, 1933-. California Institute,
1949.

Lovuis WiNcHESTER JONES, A.B.
» Associate Professor of English
Dean of Admissions
Registrar
A.B., Princeton University, 1922. Instructor, California Institute, 1925-37; A551stant Professor,
- 1937—43 Associate Professor, 1943-
351 California Terrace

Avrrep H. Joy, A.M., Sc.D.
Research Associate in Astronomy
Ph.B., Greenwlle College (Ill.) 1903 ; A.M., Oherlin College, 1904, California Institute, 1948-
575 Glen Holly Drive

Crinton KeLry Juoy, ML.A.
Pyofessor of English, Emeritus

M.A., University of California, 1907; M.A., Oxford University, 1913 ; A.M., Harvard University,
1917. California Institute, 1909- .
1325 Woodstock Road, San Marino

SamueL Karuin, Pa.D
Assistant Professor of Mathematics
B.S., llinois Institute of Technology, 1944 ; M.S., 1945 ; M.A., Princeton University, 1946 Ph.D.,
1947, Instructor, California Institute, 1947-49; Assistant Professor, 1949-
294 South Wilson Avenué

*0On leave of absence.



STAFF OF INSTRUCTION AND RESEARCH 47

Tueobore VoN KArMmAN*, Pu.D., Dr.INneG., Sc.D., LL.D., Enc.D.
Professor of Aeronautics
M.E., Budapest, 1902 ; Ph.D., Géttingen, 1908. California Institute, 1928-
1501 South Marengo Avenue

Georrrey Lorrmer KeicHLEY, PH.D.
Senior Desearch Fellow in Biology
B.A., University of Toronto, 1926 ; M.S., California Institute, 1940; Ph.D., 1944. Instructor, 1943-

46 Senior Resgearch Fellow, 1946~
237 West Las Flores Drive, Altadena
Wirriam C. Kinarp, M.B.A.

Instructor in Business Economics
A.B., Occidental College, 1940 ; M.B.A., Harvard Uhniversity, 1947 ; LL.B., 1949, California Insti-
tute, 1949- .
22 Chauncy Street, Apartment 24, Los Angeles

Rogert B. King, Pa.D.
Associate Professor of Physics
B.A., Pomona College, 1930 ; Ph.D., Princeton University, 1933. California Institute, 1948-

1627 East Mendocino Street, Altadena

Joun G. Kirswoop, Par.D.
Arthur Amos Noyes Professor of Chemistry

B.S., University of Chicago, 1926 ; Ph.D.,  Massachusetts Institute of Technology, 1929. California
Institute, 1947-
1790 Braeburne Road, Altadena

Arrtrur Louts Kugn, PH.D.
Associate Professor of Aeronautics
B.S., California Institute, 1921 ; M.S., 1924 ; Ph.D., 1925. Research Fellow in Physies and in Aero-
nautics, 1927-29 ; Assistant Professor, 1929-34 ; Associate Professor, 1934-

1416 North Havenhurst Drive, Los Angeles

RoserT TALBOoT KNAPP, PH.D.
Associate Professor of Hydraulic Engineering

B.S., Massachusetts Institute of Technology, 1920; Ph.D., California Institute, 1929. Instructor,
1922-30 ; Assistant Professor of Mechanical Engineering, 1930-36 ; Associate Professor of Hy-

draulic Engineering, 1936-
1801 North Country Lane

Freperick Orro KoEenie, Pu.D.
Visiting Professor of Chemistry
A.M., Harvard University, 1922 ; Ph.D., University of Munich, 1929, California Institute, 1949-

Joseru Brake Koeprri, D.PHIL.
Research Associate in Chemistry

A.B., Stanford University, 1924 ; M.A., 1925 ; D.Phil.,, Oxford University, 1928. California Institute,
1932-

955 Avondale Road, San Marino
Perer Ruborru Kyroprouros, Pa.D.
Assistant Professor of Mechanical Engineering

B.S., University of Gottingen, 1936 ; M.S., California Institute, 1938 ; Ph.D., 1948. Instructor, Cali-
fornia Institute, 1943-48; Assistant Professor, 1948-
1938 Mill Road, South Pasadena

Semo Kyrorouros, Pa.D.
Research Associate in Physics

Ph.D., University of Leipzig, 1911 ; Habilitation, Gottingen, 1931. Research Fellow, California Insti-
tute, 1937-49 ; Research Associate, 1949- .
1936-A Mill Road, South Pasadena

Bert La BrucHErig, B.E.
Coach
B.E., University of Callforma at Los Angeles, 1929. California Institute, 1949-
3850 Crestway Drive, Los Angeles

WirLiam Nosre Lacey, Pr.D.
Professor of Chemical Engineering
Dean of Graduate Studies

A.B., Stanford University, 1911; Ch.E., 1912; M.S., University of California, 1913 ; Ph.D., 1915.
Instructor, California Institute, 1916-17 - Assistant Professor, 1917-19; Associate Professor,

1919-31 ; Professor, 1931.
2024 Minoru Drive, Altadena

*On leave of absence
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Paco LacerstrRoM, PH.D.
Associate Professor of Aeronautics

Fil, Kand., University of Stockholm, 1935 ; Fil. Lic., 1939 ; Ph.D., Princeton University, 1942, Re-
search Associate in Aeronauties, California Institute, 1946-47; Assistant Professor, 1947-49;
Associate Professor, 1949-

1001 Buena Vista, South Pasadena

Joun F. LAncg, Pu.D.
Research Fellow in Vertebraie Paleontology
B.A., College of Mines and Metallurgy, University of Texas, 1938 ; Ph.D., California Institute. 1949.

California Institute, 1949- )
4070 Lynd Avenue, Arcadia
Rosert V. LANGMUIR, Pa.D.
Senior Research Fellow in Physics
A.B., Harvard University, 1935 ; Ph.D., California Institute, 1943. California Institute, 1948-
2310 North Santa Anita Avenue, Altadena

Beacu LanesTon, Pr.D.
Assistant Professor of English
A.B., The Citadel, 1933 ; M.A., Claremont Colleges, 1934 ; Ph.D., University of North Carolina, 1940,

California Institute, 1947-
334 South Parkwood Avenue

Max vonN Lavg, Pu.D., Nobel Laureate
Visiting Professor of Physics
Ph.]l)g., University of Berlin, 1903. Professor of Physies, University of Géttingen, California. Institute,
CHARLES CHRISTIAN LAURITSEN, PH.D,
Professor of Physics
Graduate, Odense Tekinske Skole, 1911; Ph.D., California Institute, 1929. Assistant Professor,
1930-31 ; Associate Professor, 1931-35; Professor, 1935-
1444 Blanche Street

TaomAs Lavrirsen, Pu.D.
Assistant Professor of Physics
B.S., California Institute, 1986; Ph.D., 1939. Senior Research Fellow, California Institute, 1945;

Assistant Professor, 1946- .
620 East Punahou Street, Altadena

Harvey E. Leaman, Pu.D.
Visiting Assistant Professor of Biology

B.A., Maryville College, 1941 ; A.M., University of North Carolina, 1944 ; Ph.D., Stanford Univer-
sity, 1947. California Institute, 1949.
Kerckhoff Marine Station, Corona del Mar

Roserrt B. LeicaTON, PH.D.
Assistant Professor of Physics

B.S., California Institute, 1941 ; M.S., 1944 ; Ph.D., 1947. Research Fellow, California Institute, 1947-

49 ; Assistant Professor, 1949-
3138 Ewing Avenue, Altadena

Joun E. Leonarp, Pu.D.
Research Fellow in Chemistry

B.S., Antioch College, 1942 ; Ph.D., Ohio State University, 1949. California Institute, 1949-

Urs Leurorp, Pu.D.
Research Fellow in Biology

Ph.D., University of Ziirich, 1949. California Institute, 1949-

Josepu Levy, M.S.
Lecturer in Hydrodynamics
B.S., University of California, 1937; M.S., 1939, California Institute, 1948-
2411 Brigden Road

Epwarp B. Lewis, Pu.D.
Associate Professor of Biology

B.A., University of Minnesota, 1939 ; Ph.D., California Institute, 1942. Assistant Professor, Cali-
fornia Institute, 1946-49 ; Associate Professor, 1949-
773 South Mentor Avenue

Hans Worrcane Lizpmany, Pa.D.
Professor of Aeronautics

Ph.D., University of Zurich, 1938. Assistant Professor, California Institute, 1939-46 ; Associate Pro-
fessor, 1946-49 ; Professor, 1949-
2595 Lambert Drive
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Davip ArtHUR Linp, Pa.D.
Senior Research Fellow in Physics
B.S., University of Washington, 1940; M.S., California Institute, 1943; Ph.D., 1948. Research
Fellow, 1948-49 ; Senior Research Fellow, 1949-
1617 Casitas Avenue

Frepemick CrHArLES Linpvarr, Pr.D.
Professor of Electrical and Mechanical Engineering
Chairman of the Division of Civil, Electrical and Mechanical Engineering and Aeronautics

B.S., University of Illinois, 1924 ; Ph.D., California Institute, 1928. Instructor in Electrical Engineer«
ing, 1930-31 ; Assistant Professor, 1931-37 ; Associate Professor of Electrical and Mechanical En-
gineering, 1937-42 ; Professor, 1942-; Chairman of Division, 1945-

2006 Skyview Drive, Altadena
Avgert E. LoncLEY, Pu.D.

Research Associate in Biology
B.S., Acadia University, 1920 ; M.A., Harvard University, 1922 ; Ph.D,, 1928. California Institute,
1947-

791 North Oak Street, Temple City

Howarp Jounson Lucas, MLA,
Professor of Organic Chemistry
B.A., Ohio State University, 1907 ; M.A., 1908, Instructor in Chemistry, California Institute, 1913-15;
Associate Professor of Organic Chemistry, 1915-40 ; Professor, 1940-

95 North Holliston Avenue

Ernst F. LuEscHER, PH.D.
Research Fellow in Chemistry

Ph.D., University of Bern, 1946. California Institufe, 1948-
: 255 Grant Street

S. E. Luria, M.D.
' Research Fellow in Biology
M.D., University of Turin, 1985. California Institute, 1949-
773 South Mentor Avenue

Harowp Lurie, M.S.

Lecturer in Am*o'na.utws
B.S., University of South Africa, 1940; M.S., 1946, California Institute, 1948-
1275 North Sierra Bonita Avenue

Ort MaALgE, Pa.D., M.D.

Research Fellow in Biology
M.D., University of Copenhagen, 1939 ; Ph.D., 1946. California Institute, 1949.

Joun RoBerTsoN MAcARTHUR, PH.D.
Professor of Languages, Emeritus
3.A., University of Manitoba, 1892 ; Ph.D., University of Chicago, 1908. Associate Professor, Cali-
fornia Institute, 1920-23; Professor of Languages, 1923- ;Dean of Freshmen, 1923-37.

1325 Monterey Road, South Pasadena

Georce Eper MacGinirie, M A *
Associate Professor of Biology
LB., Fresno State College, 1925 ; M.A., Stanford University, 1928. Assistant Professor, California
Institute, 1932-46 ; Associate Professor, 1946- .
) Corona Del Mar

SaMUEL StUART MACKEOWN, PH.D.
Professor of Electrical Engineering

..B., Cornell University, 1917 ; Ph.D., 1923. National Research Fellow in Physies, California Insti-
tute, 1923-26 ; Assistant Professor, 1926-31; Associate Professor, 1931-42 ; Professor, 1942-

935 Linda Vista
Georee Rupert MacMinn, A.B.
Professor of English
.B., Brown University, 1905. Associate Professor, California Institute, 1918-45; Professor,

1945-
255 South Bonnie Avenue
Ricuaarp H. MacNEAL, Pu.D.
Instructor in Electrical Engineering
\A., Harvard College, 1943 ; M.S., California Institute, 1947 ; Ph.D., 1949. California Institute, 1949-
302 South Virginia Avenue, Azusa

*On leave of absence
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WiLneLMm Macenus, Dr.PHIL. Nar.
Research Associate in Mathematics
Dr.Phil.Nat., University of Frankfurt, 1931 ; Professor of Mathematies, University of Gottingen,

1946-. California Institute, 1948~ X
360% Waverly Drive

Frank E. MARBLE, Pu.D.
Assistant Professor of Aeromautics and Mechanical Engineering

B.S., Case Institute of Technology, 1940 ; M.S., 1942 ; A.E., California Institute, 1947 ; Ph.D., 1948.
Instructor, California Institute, 1948-49 ; Assistant Professor, 1949-
1081 Elizabeth Street

CrLeMENT L. MARKERT, PH.D.
Research Fellow in Biology
B.A., University of Colorado, 1940 ; M,A., University of California at Los Angeles, 1942; Ph.D.,
Johns Hopkins University, 1948. California Institute, 1948-
155 Millard Avenue

Romeo Raour MarteL, S.B.
Professor of Structural Engineering
8.B., Brown University, 1912. Instructor, California Institute, 1918-20 ; Assistant Professor, 1920-21 ;"
Associate Professor, 1921-30 ; Professor, 1930-
809 Fairfield Circle

Harorp C. MarTiN, M.S,

Assistant Professor of Aeronautics
B.A., Harvard University, 1943 ; M.S., California Institute, 1947, California Institute, 1949-

Davip M. Mason, Pa.D.
Instructor in Chemical Engineering
B.S., California Ingtitute, 1943 ; M.S., 1947 ; Ph.D., 1949, California Institute, 1949-
647 North Lucerne Boulevard, Los Angeles

Max Mason, Pu.D., LL.D., Sc.D.
Research Associate in Astronomy
B.L., University of Wisconsin, 1898 ; Ph.D., University of Géttingen, 1903. California Institute, 1936-
1035 Harvard Avenue, Claremont

Eucene K. Maun, Pu.D.
Research Fellow in Chemistry
B.S., University of Illinois, 1945 ; Ph.D., California Institute, 1949. California Institute, 1949-
204 Joy Street, Los Angeles

Jean Mauron, M.D., Pu.D.
Research Fellow in Biology

M.D., University of Geneva, 1948 ; Ph.D., 1949, California Institute, 1949~

Francis WiLLiam Maxsraor, Pr.D.
Associate Professor of Electrical Engineering

M.E., Cornell University, 1916 ; M.S., California Institute, 1925 ; Ph.D., 1931. Instructor, California
Institute, 1919-88; Assistant Professor, 1933-47; Associate Professor, 1947-

1626 North Grand Oaks Avenue

Danier Mazia, Pa.D.
Gosney Fellow in Biology
A.B., University of Pensylvania, 1933 ; Ph.D., 1937. California Institute, 1949-

Jacos Mazur, Pa.D.
Research Fellow in Chemistry
M.Sc., Hebrew University, Palestine, 1945 ; D.Sc., 1948. California Institute, 1948-
148 South Mentor Avenue

Giserr D. McCann, Pa.D.
Professor of Electrical Engineering
B.S., California Institute, 1934 ; M.S., 1935; Ph.D., 1939. Associate Professor, California Institute,

1946-47 ; Professor, 1947~
1906 Pepper Drive, Altadena
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Henry F. McCreery, PH.D.

Assistant Professor of History
B.A., Princeton University, 1937; Ph.D., Stanford University, 1947. California Institute, 1947-
1729 Raymond Hill Road, South Pasadena

Lester C. McCrery, Pu.D.
Instructor in English and Public Speaking
A.B., University of Washington, 1933 ; M.A., 1940 ; Ph.D., University of Southern California, 1949.

California Institute, 1949-
Jack E. McKEg, Sc.D.
Associate Professor of Sawnitary Engineering
B.S., Carnegie Institute of Technology, 1936 ; M.S., Harvard University, 1939 ; Sc.D., 1941. Califor-
nia Institute, 1949-

Rura A. McKivney, Pu.D.
Research Fellow in Physics
B.S., Unijversity of Chicago; Ph.D., 1938, California Institute, 1949.

HunteEr MEAD, Pu.D.
Professor of Philosophy and Psychology
B.A., Pomona College, 1930 ; M.A., Claremont College, 1988 ; Ph.D., University of Southern Califor-

nia, 1936. California Institute, 1947-
626 North Chester Avenue

SauL Memsoom, M.A.
Visiting Research Fellow in Geophysics

Naturkundig Inginieur, Delft Technical University, 1989. California Institute, 1949-

Cuarres W. MERR1AM, PH.D.

Associate Professor of Invertebrate Paleontology
A.B., University of California, 1928 ; Ph.D., 1932. California Institute, 1948-
420 South Holliston Avenue

AvrperT A. MERRILL
Instructor in Aeronautics
California Institute, 1918-80 ; 1940-

1172 North Michigan Avenue
Pauvr W. MerriLL, Pr.D.

Research Associale in Astronomy
A.B., Stanford University, 1908 ; Ph.D., University of California, 1913, Californja Institute, 1948-

1380 New York Drive, Altadena

Ly~nnE L. Merrrrr, Jr., Pa.D.
Visiting Professor of Chemistry
B.S., Wayne University, 1936; M.S., 1937 ; Ph.D,, University of Michigan, 1940. California Insti-

tute, 1949-
Wirtriam W. MicHAEL, B.S.
Associate Professor of Civil Engineering
B.S., Tufts College, 1909. California Institute, 1918~
388 South Oak Avenue

AristorrLE DEMETRIUS MIicHAL, PH.D.
Professor of Mathematics

A.B., Clark University, 1920 ; A.M., 1921; Ph.D., The Rice Institute, 1924, California Institute, 1929-
2028 Ambherst Drive, South Pasadena

Avporr MicuacL MicuELsoN, Pa.D.
Research Fellow in Chemistiy
3.8c., Durham University, King’s College, 1945 ; Ph.D., Cambridge University, Pembroke College,
1949. California Institute, 1949-

WarLter E. MiLLerT, PH.D.
Research Fellow in Physics .
3.S., University of Florida, 1940; M.S., 1942 ; Ph.D., Harvard University, 1949. California Insti-
tute, 1949-
Crarx Brancuard MiLikan, Pr.D.
Professor of Aeronautics
Director of the Daniel Guggenheim Aeronautical Laboratory
Director of the Cooperative Wind Tunnel
h.B., Yale University, 1924 ; Ph.D., California Institute, 1928. Assistant Professor, 1928-34; Asso-
ciate Professor, 1934-40 ; Professor, 1940-
1500 Normandy Drive
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RoserT ANDREWS MiLLikAN, Pa.D., LL.D, Sc.D., Nobel Laureate
Professor of Physics, Emeritus
A.B., Oberlin College, 1891 ; A.M., 1893 ; Ph.D., Columbia University, 1895. Professor of Physics and
Director of the Norman Bridge Laboratory of Physics, California Institute, 1921-45; Chairman
of the Executive Council, 1921-45; Vice-President of the Board of Trustees and Professor of

Physics, Emeritus, 1945-
1640 Oak Grove Avenue, San Marino

Ruporru L. Minkowski, Pu.D.
Research Associate in Astronomy
Ph.D., Breslau University, 1921, California Institute, 1948-
325 South Craig Avenue

- Herscuer K. MrrcHELL, Pu.D.
Associate Professor of Biology
B.S., Pomona College, 1936 ; M.S., Oregon State College, 1938 ; Ph.D., University of Texas, 1941.
Senior Research Fellow, California Institute, 1946-49 ; Associate Professor, 1949~

600 South St. Johns Avenue

James Morrat, PH.D.
Research Fellow in Chemistry
B.S., Allegheny College, 1942 ; Ph.D., Northwestern University, 1948. California Institute, 1949-

Dino A. MoreLL1, Pu.D.
Assistant Professor of Mechanical Engineering

B.E., Queensland University, 1937 ; M.E., 1942 ; M.S., California Institute, 1945 ; Ph.D., 1946. Lec-
turer, California Institute, 1948-49 ; Assistant Professor, 1949-
260 West Stanton Street

Livian V. (Mgs. T. H.) Morcan, M.A.
Research Associate in Biology
A.B., Bryn Mawr College, 1891 ; M.A., 1892. California Institute, 1947-
1149 San Pasqual Street

Rosarino Morris, Pu.D.
Research Fellow in Plant Genetics

B.S.A., Ontaric Agricultural College, 1942 ; Ph.D., Cornell University, 1947. California Institute,
1949-
610 South Oakland Avenue
SeELEY G. Muop, M.D,

Research Associate in Medical Chemistry
B.S., Columbia University, 1917 ; M.D., Harvard University, 1924 ; California Institute, 1931-

1550 Oak Grove Avenue, San Marino
Wiriam BeEnnerr Mungro, Pa.D., LL.D., Lrrr.D.

Edward S. Harkness Professor of History and Government, Emeritus
B.A., Queens University, 1895 ; M.A., 1896 ; LL.B,, 1898 ; M.A., Harvard University, 1899; Ph.D.,
1900. California Institute, 1925-
268 Bellefontaine Street

Harorp Z. MusseLMAN, A.B.
Director of Athletics and Physical Education

A.B., Cornell College, 1920. Instructor, California Institute, 1921-24 ;: Manager of Athleties, 1924-35 ;
Assistant Director of Physical Education and Manager of Athletics, 1935-42; Aeting Director of
Physical Education, 1942-48 ; Director of Physical Education and Manager of Athletics, 1943-47 ;
Director of Athletics and Physical Education, 1947-

1080 North Holliston Avenue

Marion RiceArp Myres, Pu.D.
Research Fellow in Biology

B.S., University of Pennsylvania, 1937 ; M.S., Atlanta University, 1939 ; Ph.D., Jowa State College,
1945, California Institute, 1949-
Henry T. Nacamatsu, Pu.D.
Senior Research Fellow in Aeronautics
B.S. (M.E.), California Institute, 1938; B.S. (A.E.), 1939; M.S. (A.E.), 1940; Ph.D., 1949. Lec-

turer, 1946-49, Senior Research Fellow, 1949-
506 West Figueroa Drive, Altadena

Herpert H. G. Nasu
Assistant Secretary

University of Manitoba, 1919. Chief Accountant, California Institute, 1922-35; Assistant Secre-
tary, 1935-
191 South Los Robles Avenue
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Henry Vicror Nener, Pa.D.
Professor of Physics

A.B., Pomona College, 1926 ; Ph.D., California Institute, 1931. Instructor and Assistant Professor
of Physies, California Institute, 1933-40; Associate Professor of Physics, 1940-44 ; Professor of

Physics, 1944«
885 North Holliston Avenue
James H. NErrig, B.S.
Couch

B.S., Rutgers University, 1941. California Institute, 1946-
1025 Raymond Avenue, Long Beach

Myron H. Nicmors, Pu.D.
Associate Professor of Electrical Engineering
A.B., Oberlin College, 1936 ; Ph.D., Massachusetts Institute of Technology, 1939. California Insti-
tute, 1949- .
Seta B. Nicaorson, Pu.D., LL.D.
Research Associate in Astromomy

B.S., Drake University, 1912 ; Ph.D., University of California, 1915, California Institute, 1948-

1785 Pepper Drive, Altadena

CaRrL Georee NigMANN, PH.D.
Professor of Organic Chemistry
B.S., University of Wisconsin, 1931 ; Ph.D., 1934. Assistant Professor, California Institute, 1937-43 ;
Associate Professor, 1943-45 ; Professor, 1945-
400 South Berkeley Avenue

Joun P. Nitscu, INGENIEUR AGRONOME
Research Fellow in Biology
S.P.C.N., Université de Grenoble, 1943 ; Botanique, Sorbonne, 1946 ; Ingénieur Agronome, Institute
National Agronomique, 1947. California Institute, 1949-
290 South Michigan Avenue

James AvLexanpsr NogLg, PH.D,
Professor o] Metalliferous Geology
A.B., Harvard College, 1920 ; S.B., Harvard Engineering School, 1922; M.A., Harvard University,
1936 ; Ph.D., 1939, California Institute, 1947-
1475 East California Street

Epwarp Novitskt, Pu.D.
Senior Research Fellow in Biology
Ph.D., California Institute, 1942, California Institute, 1948-
1490 Lorain Road, San Marino

Fritz OBERHETTINGER, Dr.PHIL. NAT.
Research Associate in Mathematics
Dr.Phil.Nat., University of Berlin, 1942; Docent of Mathematics, University of Mainz, 1946-48.

California Institute, 1948-
360Y% Waverly Drive
Ray D. Owen, Pu.D.
Associate Professor of Bialogy
B.S., Carroll College, 1937 ; Ph.M., University of Wisconsin, 1938 ; Ph.D., 1941. Gosney Fellow, Cali-
fornia Institute, 1946-47; Associate Professor, 1947-
986 East California Street

RoomaN W. Pauw, Pa.D.
Associate Professor of History
A.B., Harvard University, 1936 ; M.A., 1937 ; Ph.D., 1943. California Institute, 1947-
551 South Hill Avenue
Linus Pavring, Pu.D., Sc.B.
Professor of Chemistry

Director of the Gates and Crellin Laboratories of Chemistry
Chairman of the Division of Chemistry and Chemical Engineering

B.S. (Ch.E.), Oregon State College, 1922 ; Ph.D., California Institute, 1925. Research Associate,
1926-27 ; Assistant Professor, 1927-29 ; Associate Professor, 1929-31; Professor, 1931-

3500 East Fairpoint Street

Josepu E. PErrY, Pu.D.
Research Fellow in Physics
3.8., Massachusetts Institute of Technology, 1939 ; Ph.D., University of Rochester, 1947, California

Institute, 1947-
243 North Hill Avenue
Epison Perrit, Pu.D., LL.D.

Research Associate in Astronomy
3.Ed., Nebraska State Normal College, 1911 ; Ph.D., University of Chicago, 1920. California Insti-

tute, 1948-
963 East Villa Street
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Wirriam Haywarp Pickering, Pa.D.
Professor of Electrical Engineering

B.S., California Institute, 1932; M.S., 1933 ; Ph.D., 1936. Instructor, 1936-40 ; Assistant Professor,
1940-45 ; Associate Professor, 1945-47 ; Professor, 1947-
425 South Craig Avenue

Mivron S. PrEsser, Pa.D.
Associate Professor of Applied Mechanics
B.S., University of Pittsburgh, 1929 ; Ph.D., Yale University, 1932. Associate Professor, California

Institute, 1948-
1047 South Rosemead Boulevard, Rosemead

Ricuarp Pomeroy, Pu.D.
. Lecturer in Sanitary Engineering
B.S., California Institute, 1926 ; M.S., 1927 ; Ph.D., 1931. California Institute, 1949-

460 Sacramento Street, Altadena

WiLLis Parkison PoPENOE, PH.D.
Senior Research Fellow in Inveriebrate Palcontology

B.S., George Washington University, 1930 ; M.S., 1933 ; Ph.D., California Institute, 1936. Curator
in Invertebrate Paleontology, California Institute, 1929-45; Research Fellow, 1945-49; Senior

Research Fellow, 1949-
15154 Clark Street, Van Nuys

GennNapy W. PorapeEnko, Pu.D.
Associate Professor of Physics

C.Sc., University of Moscow, 1917 ; M.A., Ph.D., (Habilitation), 1920. California Institute, 1930-
1718 Oakdale Street
Donaip F, Pouison, Pu.D.
Gosney Fellow in Biology
B.S., California Institute, 1933 ; Ph.D., 1986. California Institute, 1949.
782 North Wilson Avenue
Lroyp C. Pray, M.S,
Instructor in Geology
B.A,, Carleton College, 1941 ; M.S., California Institute, 1948. California Institute, 1949
230 Marathon Road, Altadena
E. T. PreisLEr, B.A.
Coach
B.A., San Diego State College, 1941. California Institute, 1947-
‘ 5462 Dorner Drive, Los Angeles
Simon Ramo, Pa.D.
Research Associate in Electrical Engineering
B.S., University of Utah, 1933 ; Ph.D., California Institute, 1936. California Institute, 1946-
2751 Midvale Avenue, Los Angeles
W. Duncan Rannig, M.A.
Assistant Professor of Mechanical Engineering
B.A., University of Toronto, 1936; M.A., 1937. Jet Propulsion Laboratory, California Institute,
1946- ; Assistant Professor of Mechanical Engineering, 1947-

1106 West 41st Pl;xce, Los Angeles

ALEXANDER Ricm, M.D.
Research Fellow in Chewmistry
M.D., Harvard University Medical School, 1949. California Institute, 1949-

RoserT S. RicHArDsON, PH.D,
Research Associate in Astronomy

A.B., University of California at Los Angeles, 1926 ; Ph.D., University of California, 1931, Califor-

nia Institute, 1948-
1244 North Holliston Avenue

Cuaries Francis RicHTER, Pr.D.
' Associate Professor of Seismology
A.B., Stanford University, 1920 ; Ph.D., California Institute, 1928, Assistant Professor, California
Institute, 1937-47 ; Associate Professor, 1947-
1820 Kenneth Way

HeinricH RINDERKNECHT, Pa.D.
Research Fellow in Chemistry

Matriculation, Gymnasium, Zurich, 1932 ; Diploma in Science, Federal Institute of Technology, 1936;
Ph.D,, University of London, 1936. California Institute, 1947-48; 1949-

3161 Grandeur Avenue, Altadena
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H. P. Roertson, Pu.D.
Professor of Mathematical Physics

B.S., University of Washington, 1922 ; M.S., 1923 ; Ph.D., California Institute, 1925. California In-
stitute, 1947- .
590 Auburn Avenue, Sierra Madre

MarcareTE RoupEwarp, Pa.D.
Research Fellow in Chemistry
Ph.D., University of Munich, 1928. California Institute, 1949-
311 South Michigan Avenue

R. Dana Russewy, Pu.D.
(Visiting) Professor of Sedimentation
A.B., Pomona College, 1927 ; Ph.D., University of California (Berkeley), 1932. California Insti-

tute, 1947
553 Gravilla Place, La Jolla

Rovr SaBersky, Pu.D.
Instructor in Mechanical Engineering
B.S., California Institute, 1942; M.S., 1943 ; Ph.D., 1949. California Institute, 1949-
1244 North Sinaloa Avenue

Bruce HorNBROOK SaAcE, Pa.D.
Professor of Chemical Engineering

B.S., New Mexico State College, 1929 ; M.S., California Institute, 1931 ; Ph.D., 1934. Research Fel-
low, 1984-35 ; Senior Fellow in Chemical Resecarch, 1985-37 ; Assistant Professor, 1937-39; Asso-

ciate Professor, 1939-44 ; Professor, 1944~
3216 Mount Curve Avenue, Altadena

Roscok F. Sanrorp, Pu.D.
Research Associate in Astronomy

A.B., University of Minnesota, 1905; Ph.D., University of California, 1917. California Institute,
1948-
1521 East Mountain Street

WagrriN G, ScuriNcEr, Pr.D.
Research Fellow in Chemical Engineering
B.S., California Institute, 1941 ; Ph.D., 1949. California Institute, 1949-
1935 East Valley Boulevard, Rosemead

Verner F. H. ScHoMAKER, PH.D.
Associate Professor of Chemistry

B.S., Umvermty of Nebraska, 1934 ; M.S., 1985 ; Ph.D., California Institute, 1938. George Ellery
Hale Fellow, California Institute, 1938-40; Senior Fellow in Chelmcal Research, 1940-45 ; Assist-
ant Professor, 1945-46 ; Associate Professor. 1946~

418 South Michigan Avenue

Wavrter A. SCHROEDER, PH.D.
Instructor and Arthur Amos Noyes Senior Research Fellow in Chemistry
B.Sc., University of Nebraska, 1939 ; M.A,, 1940 ; Ph.D., California Institute, 1943, Research Fellow,
1948-46 ; Instructor and Arthur A. Noyes Senior Research Fellow, 1946-

406 South Chester Avenue
W. H. ScuuLLEr, Pr.D,

Research Fellow in Chemistry
B.S., University of Florida, 1946 ; Ph.D., Yale University, 1949. California Institute, 1949-

Joaw Avorrr Scaurz, Pa.D.
Agssiatant Professor of History
A.B., University of California (Los Angeles), 1942 ; M.A., 1943 ; Ph.D., 1945, Instructor, California

Institute, 1945-47 ; Assistant Professor, 1947-
1100 White Knoll Drive, Los Angeles

Ernest Epwin SecHLER, Pu.D.
Professor of Aeronautics
BS., California Institute, 1928 ; M.S., 1929 ; Ph.D., 1933. Instructor, 1930-37 ; Assistant Professor,
1937-40 ; Associate Professor. 1940-46 Professor, 1946-
: 2100 Dudley Street

Howarp S. SeirerT, Pa.D.
Lecturer in Jet Propulsion
3.S., Carnegie Institute of Technology, 1932 ; M.S,, 1934 ; Ph.D., California Institute, 1938. Instruc-
tor in Jet Propulsion, California Institute, 1943-46 ; Lecturer, 1947-

382 South Grand Oaks Avenue
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Ricuarp O. Sensor, M.A.
Assistant Professor of Industrial Relations
B.A., Syracuse University, 1938 ; M.A., 1940. California Institute, 1948-

1147 E. Mendocino Street, Altadena

Rogert PHILLIP SHARP, PH.D,
Professor of Geomorphology
B.S., California Institute, 1934 ; M.S., 1935; A.M., Harvard University, 1936; Ph.D., 1938. Cali-

fornia Institute, 1947-
1941 Milan Avenue, South Pasadena

HeNRY J. SHINE, Pu.D.
Research Fellow in Chemistry

Ph.D., Bedford College, University of London, 1947. California Institute, 1949-

Davip P. SHOEMAKER, PH.D.
Senior Research Fellow in Chemistry

B.A., Reed College, 1942 ; Ph.D., California Institute, 1947. Senior Resgearch Fellow, 1948-
551 South Hill Avenue

Henryx StipermAN, Pu.D.
Research Fellow in Chemistry

Ph.D., University of Vienna, 1928. California Institute, 1949-

Seymour JoNATHAN SiNGER, PH.D.
Senior Research Fellow in Chemistry
A.B., Columbia University, 1948 ; A.M., 1945 ; Ph.D., Polytechnic Institute of Brooklyn, 1947. Re-
search Fellow, California Institute, 1947-49 ; Senior Research Fellow, 1949-
415 Mariposa Avenue, Sierra Madre

Havierr D. Smrrs, Pr.D.
Professor of English
Chairman of the Division of Humanities
B.A., University of Colorado, 1928; Ph.D., Yale University, 1934. California Institute, 1949-
424, South Wilson Avenue

HarorLd MiLLarRp Smita, M.D.
Research Fellow in Biology
B.S., Washington Missionary College; M.D., College of Medical Evangelists. California Institute,
1948-49.
e College of Medical Evangelists, Loma Linda

WirLiam Ravea Smyrue, Pr.D.
Professor of Physics
A.B., Colorado College, 1916 ; A.M., Dartmouth College, 1919 ; Ph.D., University of Chicago, 1921.
Research Fellow, California Institute, 1926-27 ; Assistant Professor, 1927-34 ; Associate Professor,
1934-40 ; Professor 1940~
674 Manzanita Avenue, Sierra Madre

Rovan WassoN Sorensen, E.E., D.Sc.
Professor of Electrical Engineering
Chairman of the Division of Physical Education
B.S., University of Colorado, 1905 ; E.E., 1928. California Institute, 1910~

384 South Holliston Avenue

WarreN P. Spencer, Pu.D.
Gosney Fellow in Biology
A.B., College of Wooster, 1919 ; M.S., Ohio State University, 1924 ; Ph.D., 1929 ; California Insti-
tute, 1949-
ApRIAN M. Srs, Pu.D.
Research Associate in Biology
A.B., University of Nebraska, 1937 ; M.Sc., 1941 ; Ph.D., Stanford University, 1946. California Insti-

tute, 1946-47, 1949-
390 South San Gabriel Boulevard

Rozgerr C. C. St. GeorGE, Pu.D.
Research Fellow in Chemistry .
A.B., Harvard University, 1948 ; Ph.D., Harvard University, 1949. California Institute, 1949~

RoGER STANIER, Pr.D.
Research Fellow in Biology
B.A., University of British Columbia, 1936 ; A.M., University of California at Los Angeles, 1940 ;
Ph.D., Stanford University, 1942, California Institute, 1949-
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Rocer FrLLows StantoN, Pu.D.
Associate Professor of English
Director of Institute Libraries

B.S., Colgate University, 1920 ; M.A., Princeton University, 1924 ; Ph.D., 1931, Instructor, California
Institute, 1925-31; Assistant Professor, 1931-47 ; Associate Professor, 1947-
551 South Hill Avenue

Crintow R. STAUFFER, Pu.D.
. Research Associate in Invertebrate Paleontology
B.S., Ohio State University, 1903 ; A.M., 1906 ; Ph.D., University of Chicago, 1909, Visiting Profes-
sor, California Institute, 1947-49; Research Associate, 1949~
2247 Loma Vista Avenue

GuntHER S. STENT, PH.D.
Research Fellow in Biology
B.S., University of Illinois, 1245 ; Ph.D., 1948. California Institute, 1948-
620 Madison Avenue
AvLrrep STERN, Pu.D.
Lecturer in French, German and Philosophy
Ph.D., University of Vienna, 1923, Instructor, California Institute, 1947-48 ; Lecturer, 1948-
2805% Ellendale Place, Los Angeles
CarL M. Stevens, Pu.D.
Research Fellow in Biology
A.B., American University, 1937 ; Ph.D., University of Illinois, 1941. California Institute, 1949-
410 South Mentor Avenue

Howmer Josepa Stewart, Pr.D.
Professor of Aeronautics
B.Aero.E,, University of Minnesota, 1936 ; Ph.D., California Institute, 1940. Instructor, 1938-42;
Assistant Professor, 1942-46; Associate Professor, 1946-49 ; Professor, 1949-

2751 North Marengo Avenue, Altadena

CruzsTER Stock, Pu.D.
Professor of Paleontology
Chairman of the Division of Geological Sciences
B.S., University of California, 1914 ; Ph.D., 1917, California Instifute, 1926~
1420 San Pasqual Street
Evwarp C. Stong, Pa.D.
Research Fellow in Biology
B.S., University of California, 1940 ; Ph.D,, 1948. California Institute, 1948-1949.
412 North San Dimas Avenue, San Dimas

ArTHUR G. R. STRIcCKLAND, PH.D.
Research Fellow in Biology
Dipl. Ing., Eidgen, Politechnikum, Zurich, 1908 ; Ph.D., Stanford University, 1939. California In-

stitute, 1939-
1301 Morada Place, Altadena
BencT STROMGREN, PH.D.
 Visiting Professor of Astronomy
M.Se., University of Copenhagen, 1927 ; Ph.D., 1929. California Institute, 1950.

TromAs FosTER STRONG, M.S.
Assistant Professor of Physics
Associate Dean for Freshmen

B.S., University of Wisconsin, 1922 ; M.S,, California Institute, 1937. Assistant Professor, California
Institute, 1943-
1791 East Mendocino Street, Altadena

James Hormes Sturpivant, Pr.D.
Professor of Chemistry
B.A., University of Texas, 1926 ; M.A., 1927; Ph.D., California Institute, 1930. Research Fellow,
1930-35 ; Senior Fellow in Research, 1985-388; Assistant Professor, 1938-45 ; Associate Professor,

1945-47 ; Professor, 1947-
270 South Berkeley Avenue

Avrrrep HENRY STURTEVANT, PH.D., D.Sc.
Professor of Genetics
A.B., Columbia University, 1912 ; Ph.D., 1914, California Institute, 1928-
- 1244 Arden Road
Ernest Haywoop Swirt, Pu.D.
Professor of Analytical Chemistry
B.S., University of Virginia, 1918 ; M.S,, California Institute, 1920 ; Ph.D., 1924, Instructor, 1920-28 ;
Assistant Professor, 1928-39; Associate Professor, 1939-43 ; Professor, 1943-
3140 East California Street
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Yu-Wer Tawne, Pu.D.
Research Fellow in Biology
B. S National Central Unlver51ty, 1940 ; Ph.D., California Institute, 1948. Research Fellow, 1948,

Rosexr F. Tancren, A.E.
Lecturer in Jet Propulsion

B.S., California Institute, 1939 ; M.S. (A.E.), 1940 ; A.E., 1947. Instructor in Jet Propulsion, Cali-

fornia Institute, 1945-47; Lecturer, 1947-
201 South Orange Grove Avenue

GeorcE K. Tavuam, M.A.

Instructor in History
Master of Student Houses
A.B., Princeton University, 1948 ; M.A., Stanford University, 1947. California Institute, 1947-
Arden House, 1245 Arden Road

Howarp Jones Teas, Pu.D.
Research Fellow in Bioloyy

B.A., Louisiana State University, 1942 ; M.A., Stanford University, 1946 ; Ph.D., California Insti-
tute, 1947, California Institute, 1948-

Frankuin Trowmas, C.E., D.Enc.
Professor of Civil Engineering
Dean of Students
B.E., University of Iowa, 1908 ; C.E., 1913. Associate Professor of Civil Engineering, California
. Institute, 1918-15; Professor, 1915-; Dean of Students, 1944-
685 South El Molino Avenue

Estuer Bocen Tierz, Pu.D., M.D.
Research Associate in Biology
M.B., University of Cincinnati, 1926 ; M.D., 1927 ; M.S., 1929 ; Ph.D., 1935. California Institute, 1947-
443 Longden Avenue, Arcadia

Francesco Tricomr, Dr.MaTH.
Research Associate in Mathematics

Dr.Math., University of Naples, 1918. Professor of Mathematics, University of Turin, 1926-28. Cali-

fornia ‘Institute, 1948~
241 South ‘Wilson Avenue
Leon Triuing, Pu.D.
Instructor in Applied Mechanics
B S., California Institute, 1944 ; M.S., 1946 ; Ph.D., 1948, Research Fellow, 1948-49 ; Instructor, 1949-
- 5335 Denny Avenue, North Hollywood

Hsui-SHEN TSIEN Pu.D.
Robert H. Goddard Pr ofessm" of Jet Propulsion

.B.S., Chlao-tung University, 1984 ; M.S., Massachusetts Institute of Technology, 1936 ; Ph.D., Cali-
fornla Institute of Technology 1939 Research Fellow, 1989-43 ; Assistant Professor 1943 45 ;

Associate Professor, 1945-46 ; Professor, 1949-
360 East Buena Loma Court, Altadena

Aiert TYLER, PH.D.
Associate Professor of Embryology
A.B., Columbia University, 1927 ; M.A., 1928 ; Ph.D., California Institute, 1929. Instructor, 1929-37 ;
Assistant Professor, 1938-45 ; Associate Professor, 1946-
o = 817 East Del Mar Street

Howerr Newsorp Tyson, B.S.
Assistant Professor of Mechanical Engineering and Enginecering Drafting
B.S., Massachusetis Institute of Technology, 1920, California Institute, 1936-
505 South Wilson Avenue

AvrserT ULricH, Pu.D.
Research Fellow in Biology
B.S., University of California, 1930 ; Ph.D., 1939, California Institute, 1949~
Ray Epwarp UNTEREINER, PH.D
Professor of Economics

A.B., University of Redlands, 1920 ; M.A., Harvard University, 1921; J.D., Mayo College of Law,
1925 Ph.D., Northwestern Umversxty. 1932, California Institute, 1925-
1089 San Pasqual Street

Harry CLARK VAN Buskirk, Pu.B.
Professor of Mathematics, Emeritus
Ph.B., Cornell University, 1897, Associate Professor, California Institute, 1904-15; Registrar, 1915-

85 ; Professor, 1915-
390 South Holliston Avenue
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MILTON D. Van Dykg, Pa.D.

Research Fellow in Aeronautics
B.S., Harvard College, 1943 ; M.A., California Institute, 1947 ; Ph.D., 1949. California Institute,
19 ’ .

) 747 West Duarte Road, Arcadia

Viro Aueusr Vanont, Pu.D.
Assistant Professor of Hydraulics

B.S., California Institute, 1926 ; M.S., 1932 ; Ph.D., 1940. California Institute, 1942-
386 South Meridith Avenue
WiLsur R. VARNEY, M.S.
Assistant Professor of Mechanical Engineering
B.S.Ch.E., Northeastern University, 1987 ; Ch.E., 1937 ; M.S., Rensselaer Polytechnic Institute, 1938.

California Institute, 1948-
2751 La Tierra Street

Puiuie A. VaucHAN, Pr.D.
Research Fellow in Chemistry
B.A., Pomona College, 1943 ; Ph.D., California Institute, 1949, California Institute, 1949-
1126 North Mentor Avenue
AnprEW Vazsonyi, Pu.D.
Lecturer in Electrical Engincering
Ph.D., University of Budapest, 1988 ; S.M., Harvard University, 1942. California Institute, 1949-
42 South Grand Avenue
Hans N. VoceL, A.B.
Pari-time Instructor in German

A.B, Ij'niversity of Southern California, 1947. California Institute, 1949-
1108 East 66th Way, Long Beach

‘WarreN OrvaL WacGNER, PH.D.
(Acting) Assistant Professor of Hydraulics

B.S., Washington State College, 1934 ; M.S., University of Michigan, 1936 ; Ph.D,, California Insti-
tute, 1945. California Institute, 1945-
240 North Craig Avenue

Rosert L. Warker, Pu.D. ,
Assistant Professor of Physics

B.S., University of Chicago, 1941 ; Ph.D., Cornell University, 1948. California Institute, 1949-
MoreaN Warp, PH.D.
Professor of Mathematics

A.B., University of California, 1924 ; Ph.D., California Institute, 1928, Research Fellow, 1928-29;
Assistant Professor, 1929-35; Associate Professor, 1935-40 ; Professor, 1940~

265 South Holliston Avenue
EarnesT CHARLES WaTsoN, PH.B.
Professor of Physics
Dean of the Faculty
Ph.B., Lafayette College, 1914. Assistant Professor, California Institute, 1919-20; Associate Pro-

fessor, 1920-80 ; Professor, 1930-
551 South Hill Avenue
James Warson, B.S.
Research Feliow in Biology
B.S., University of Chieago, 1947. California Institute, 1949-
Joun L. T. WaucH, Pu.D.
Research Fellow in Chemistry
B.Se., University of Glasgow, 1943 ; Ph.D., 1949. California Institute, 1949-
James H. Wayranp, Pa.D.
Associate Professor of Applied Mechanics
B.S., University of Idaho, 1931 ; M.S., California Institute, 1935 ; Ph.D., 1937. California Institute,

130 Bellefontaine Street

Lutuer Ewine WEaR, Pu.D. :

Associate Professor of Mathematics

A.B., Cumberland University, 1902; Ph.D., Johns Hopkins University, 1913. California Institute,

2247 Lambert Drive
Maria WEBER, Pu.D. .

Research Fellow in Mathematics
Licencé en Sciences Mathématiques, 1940, University of Geneva; Licencé en Sciences Physiques,
1941 ; Ph.D., Cornell University, 1949, California Institute, 1949-
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Worraarp WEEL, Pu.D., M.D.

Research Fellow in Biology
Ph.D., University of Berlin, 1940 ; M.D., University of Tubingen, 1946. California Institute, 1949
. 280 South Michigan Avenue
Jean J. WeieLE, Pu.D.
Research Associate in Biophysics
Ph.D., University of Geneva, 1923. California Institute, 1949-

Davip F. WeLch, 1.D.
Instructor in Engineering Drafting
A.B., Stanford University, 1941 ; 1.D., California Institute, 1943. California Institute, 1943-
641 South Lake Avenue

Igert C. WeLLs, Pu.D.
Research Fellow in Chemistry

A.B., Central College, 1942 ; Ph.D., Saint Louis University, 1948. California Institute, 1948-
702 South Mentor Avenue
Frits WarMoLT WENT, PH.D.
Professor of Plant Physiology
A.B., University of Utrecht, 1922; M.S., 1925 ; Ph.D., 1927. California Institute, 1933-
485 South Madison Avenue
Warp WwuaLineg, Pu.D.
Research Fellow in Physics
Ph.D., Rice Institute, 1949. California Institute, 1949-

Magrsuacl R, WaeeLer, Pa.D.
Gosney Fellow in Biology

B.A., Baylor University, 1989 ; Ph.D., University of Texas, 1947. California Institute, 1949-
800 South Marengo Avenue
J. A. WmieLpon, M.D.#

Senior Research Fellow in Physiology
B.S., Pacific Union College, 1941 ; M.D., College of Medical Evangelists, 1942. California Institute,
19

3314 Tonia Street, Altadena
CornEeLis A. G. WiersMA, Pu.D.
) Professor of Biology
B.A., University of Leiden, 1926 ; M.A., University of Utrecht, 1929 ; Ph.D., 1933. Associate Pro-
fessor, California Institute, 1934-47 ; Professor, 1947-
1364 Cordova Street

NatuaNIEL WHITE WiLcox, A.B.
Instructor in Engineering Drafting
A.B., Harvard University, 1917; A.B., School of Fine Arts (Boston), 1924. California Institute,
1

917 North Granada Avenue, Alhambra
R. L. WiLpErR, Pa.D.

Research Associate in Mathemabics
Ph.B., Brown University, 1920 ; M.8., 1921 ; Ph.D., University of Texas, 1923. California Institute,
1949.

SamueL GoooNow WiLoman, Pu.D.
Senior Research Fellow in Biology
B. A Oregon State College, 1939 ; Ph.D., University of Michigan, 1942. California Institute, 1945-
290 South Michigan Avenue
Max L. WiLLiams, Jr., A.E.
Lecturer in Aeronautics
B.S., Carnegie Institute of Technology, 1942 ; M.S., California Institute, 1947 ; A.E., 1948. Califor-

nia Institute, 1948-
2050-11 Emperor Avenue, Temple City
Aiperr G. WiLson, Pu.D.

Sentior Research Fellow in Astronomy
B.S., Rice Institute, 1941 ; M.S., California Institute, 1942 ; Ph.D., 1947. California Institute, 1947-
1759 La Paz Road, Altadena
Oumv C. Wrson, Pr.D.
Research Associate in Astronomy
AB University of Callforma, 1929 ; Ph.D., California Institute, 1934. California Institute, 1948-
Mount Wilson Observatory, Mount Wilson

*0On leave of absence
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Racru E. WiLson, Pa.D.
Research Assoctate in Astronomy

B.A., Carleton College, Northfield, Minnesota, 1906 ; Ph.D., University of Virginia, 1910. California
Institute, 1948- A
572 La Paz Drive, San Marino

Cuarces H. Wicts, Pu.D.
Assistant Professor of Applied Mechanics

B.S., California Institute, 1940 ; M.S., 1941 ; Ph.D., 1948, Assistant Professor, 1947-
2887 Wagner Court, Altadena

ELIE WoLLMAN, L. s S., M.D.

Research Fellow in Biology
Licencié-&s Sciences Naturelles, University of Paris, 1940 ; M.D., University of Lyon, 1943. Califor-

nia Institute, 1948-
982 East California Street

Harry O. Woob, A.M.

Research Associate in Seismology

A.B., Harvard University, 1902 : A.M., 1904. California Institute, 1925-
220 North San Rafael Avenue

DEeaN E. WooLbripge, Pu.D.
Research Associate in Electrical Engineering
A.B., University of Oklahoma, 1932 ; M.S., 1933 ; Ph.D., California Institute, 19386. California Insti-

tute, 1948-
13504 Cheltenham Drive, Sherman Qaks

Ouiver Reynotps WuLr, Pu.D.
Research Associate in Chemistry

B.S., Worcester Polytechnic Imstitute, 1920; M.S., American University, 1922 ; Ph.D., California
Institute, 1926. California Institute, 1945~
557 South Berkeley Avenue, San Marino

Do~ M. Yosr; Pu.D.
Professor of Inorganic Chemistry
B.S., University of California, 1923 ; Ph.D., California; Institute, 1926, Instructor, California Insti-
tute, 1927-29 ; Assistant Professor, 1929-35 ; Associate Professor, 1935-41; Professor, 1941-

1025 San Pasqual Street
WirLiam L. Yost, PaD.
Research Fellow in Chémistry
Ph.D., University of Virginia, 1949, California Institute, 1949-

Arraur HowrLanp Youne
Lecturer on Industrial Relations

California Institute, 1939-
3 Rosemary Lane, Santa Barbara

Suui-swane YU, Pu.D.
Research Fellow in Chemistry

B.Se., National Central University, 1929; Ph.D., The University of Manchester, 1937. California
Institute, 1949-
369 East California Street

LAszLé ZECHMEISTER, Dr.ING.
Professor of Organic Chemistry
Diploma of Chemist, 1911 ; Dr. Ing., 1918 ; Eidgendssische Technische Wochschule, Zurich, Switzer-
land. California Institute, 1940-

Hans H. Zinsser, M.D.

Research Fellow in Chemistry
B.S., Harvard University, 1938 ; M.D., Columbia University, 1942, Califormia Institute, 1949~

Fritz Zwicky, Pu.D.
Professor of Astrophysics
B.S., Federal Institute of Technology, Zurich, Switzerland, 1920; Ph.D., 192}, Research Fellow,
International Education Board, California Institute, 1925-27 ; Assistant Profesor of Theoretical
Physies, 1927-29; Associate Professor, 1929-41; Professor of Astrophysics, 1912.
2065 Qakdale Street



62 CALIFORNIA INSTITUTE OF TECHNOLOGY

GRADUATE FELLOWS, SCHOLARS AND ASSISTANTS
1948-1949

HeLmMUT ABT Graduate Assistant, Bennett Scholar, Astronomy
B.S., Northwestern University, 1946 ; M.S., 1946

RoBerT TRAIN ADAMS.......... United States Rubber Company Postgraduate Fellow, Chemistry
B.S., University of California, 1942

Frep PETER ADLER............ Charles A. Coffin Fellow, Murray Scholar, Electrical Engineering
B.S., University of California, 1945 ; M.S., California Institute, 1948

Jack Tuor  AHLIN Graduate Assistant, Mathematics
A.B., Occidental College, 1948

CHARLES WALTER ALLEN . Graduate Assistant, Geology
A.B., Fresno State College, 1947

JOHN WING ALLINGHAM ereeee oo oo ebe e eee e Graduate Assistant, Geology
B.S., California Institute, 1948

MORTON ALPERIN....cccooimormmeeeccmaaceeae - Graduate Assistant, Aeronautics
B. of AeE., New York University, 1939 ; M.S., Cahfornla Institute, 1947

JAck STEELE ANDERSON : Graduate Assistant, Electrical Engineering
B.S., University of Texas, 1946 ; M.S., Cahfornla Institute, 1948

E. LEONARD ARNOFF Graduate Assistant, Mathematics
B.S., Western Reserve University, 1943 M.S., Case Institute of Technology, 1948

Perer Louis AUER ‘ Graduate Assistant, Dobbins Scholar, Chemistry
B.A., Cornell University, 1947

Epwarp LeicH BENNETT Procter and Gamble Fellow, Chemistry
B.A:, Reed College, 1943

RoBERT ROYCE BENNETT.ooeieeae Cole Fellow, Graduate Assistant, Electrical Engineering
B.S., California Institute, 1945 ; M.S., 1947

CARL WILLIAM BERGMAN, JR.oo oo Graduate Assistant, Electrical Engineering
B.S., Worcester Polytechnice Institute, 1945 ; M.S., California Institute, 1948

Vircii J. BERRY, JR........Standard Oil Company of California Fellow, Chemical Engineering
B.S., Vanderbilt University, 1948

Max BETTMAN SO Graduate Assistant, Chemistry
B.A., Reed College, 1943

ArTHUR TrREW BIEHL Graduate Assistant, Physics
B.S.E.E., Hlinois Institute of Technology, 1945 ; M 8., California Institute, 1947

JosEPH HAROLD BIRMAN ..o e Graduate Assistant, Geology
A.B., Brown Uriversity, 1948

JOHN MARVIN BLATR oo Graduate Assistant, Civil Engineering
B.S., Califoriia Institute, 1948

MURRAY SIMON BORNSTEIN. ..ot ccreennaneas Graduate Assistant, Civil Engineering
B.S., Cooger Union School of Engincering, 1948
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Joun THoMAs Bowew Murray Scholar, Mechanical Engineering
B.S., California Institute, 1942 ; M.S,, 1946

GERALD PAvurL BrReEAUX Graduate Assistant, Aeronautics

B.S., Louisiana State University, 1948

MARVIN CHARLES BROOKS..oomeeemeeeem e Graduate Assistant, Laws Scholar, Chemistry
B.S., Yale University, 1942 ; M.S., New York University, 1944 )

ALFrED Bruce Brown Graduate Assistant, Physics

B.S., Lehigh University, 1942 ; M.S,, California Institute, 1947

RoBerT EUGENE BrROWN. Graduate Assistant, Mechanical Engineering
B.S., University of Arizona, 1948

ARrTHUR EARL BrYson, Jr ...Graduate Assistant, Aeronautics

B.S., Jowa State College, 1946

Rovr Dieteica BUHLER ... Graduate Assistant, Drake Scholar, Applied Mechanics
B.A.E., University of Minnesota, 1948 ; M.S., California Institute, 1944 ; AeE., 1948

NormaN BurmaN Graduate Assistant, Murray Scholar, Chemistry
B.A., University of British Columbia, 1944 ; M.A,, 1947 i

RicHARD RAYMOND CARHART. ..oooeeeeeoeeeceo Graduate Assistant, Drake Scholar, Physics
A.B., University of California at Los Angeles, 1940

WirLiaAM JEROME CARROLL, JR Graduate Assistant, Civil Engineering
B.S., California Institute, 1948

WiLLiaM WALTON CARTER Graduate Assistant, Physics
B.S., Carnegie Institute of Technology, 1943 ; M.S., California Institute, 1948

STUART DONALD CAVERS.....coo... Graduate Assistant, Murray Scholar, Chemical Engineering
B.A.Sc., University of British Columbia, 1942 ; M.A. Sc., 1946

Davip Paur. CHANDLER Graduate Assistant, Electrical Engineering
B. of E.E., North Carolina State College, 1946 ; M.S., Carnegie Institute of Technology, 1947

Tao-Hune CHU Dobbins Scholar, Mechanical Engineering
M.S., California Institute, 1948

Fene Kan Cruane Graduate Assistant, Institute Scholar, Aeronautics
B.S., Chiao Tung University, 1946 ; M.S., California Institute, 1948

RopERICK KEENER CLAYTON ..o Atomic Energy Commission Fellow, Physics
B.S., California Institute, 1947

EMANUEL RICHARD COHEN ..o Laws Scholar, Physics
A.B., University of Pennsylvania, 1943 ; M.S., California Institute, 1946

Paoro Gustavo ComBa Graduate Assistant, Laws Scholar, Mathematics
A_B,, Bluffton College, 1947

Traomas J. CONNOLLY.......... California Research Corporation Fellow, Chemical Engineering
B.S., Syracuse University, 1943 ; M.S., Carnegie Institute of Technology, 1947

ROBERT PHILLIP CRAGO...oeovooooeeeeee Graduate Assistant, Electrical Engineering
B.S,, Carnegie Institute of Technology, 1948 .

Harry Eastwoop CrossLEy, Jr Graduate Assistant, Hydrodynamics

B.S., University of Vermont, 1943

CHARLES BURTON CRUMLY.....ooooooeo Graduate Assistant, Electrical Engineering
B.S., California Institute, 1947
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GEORGE CLEMENT DACEY ...l Graduate Assistant, Murray Scholar, Physics
B.S., University of Illinois, 1942

Rogert D. Davron, Jr Graduate Assistant, Civil Engineering
B.S., California Institute, 1948

James Rosert Davis S .....Graduate Assistant, Civil Engineering
B.S., California Institute, 1948

RoserT Brices Day Graduate Assistant, Physics
A.B., Haverford College, 1943 ; M.S., California Institute, 1947

PETER DEHLINGER ov.cvoceeeennn Graduate Assistant, Murray Scholar, Geology
B.S., University of Michigan, 1940 ; M.S,, California Institute, 1943

JouN EDWARD DENBY-WILKES. ... oo Graduate Assistant, Mathematics
B.A., University of Paris, 1939 ; B.S., 1940 ; B.A., Columbia University, 1942

MaYETTE ELNER DENSON, JRoiiooieoiecaeee Stanolind Qil and Gas Company Fellow, Geology
B.S., Montana State College, 1941 ; M.S., California Institute, 1948

DANIEL HAROLD DEUTSCH cvve oo oo Graduate Assistant, Chemistry
B.S., California Institute, 1948

LEENDERT DEWITTE - mecermemocieniieeoeeeeee oo emenacae Dobbins Scholar, Geology
M.S., California Institute, 1947

ROBERT JAMES DIAMOND....cooooooo Graduate Assistant, Laws Scholar, Mathematics
B.S., University of Queensland, 1937

HERMAN STANLEY DICHTER..... Graduate Assistant, Institute Scholar, Electrical Engineering
B.E.E., College of the City of New York, 1948

Frank Host DICKEY...oooii Du Pont Company Postgraduate Fellow, Chemistry
B.S., California Institute, 1941

WILLIAM JOSEPH DIXON.. ..o Graduate Assistant, Electrical Engineering
B.S., California Institute, 1948

NORMAN SAMUEL DOMENICO ... ooeeecoecimmeere e Graduate Assistant, Geology
Geo. Engr., Colorado School of Mines, 1948

WILLIAM SMITH DORSEY ..o e Graduate Assistant, Chemistry
B.S., Iowa State College, 1940

Davip LEwis Dovucras. .. Atomic Energy Commission Fellow, Cheinistry
B.S., California Institute, 1947

WORTHIE LEFLER DOYLE oot o Graduate Assistant, Mathematics
B.A., University of Washington, 1943

DONAL BAKER DUNCAN it Graduate Assistant, Physics
B.8., California Institute, 1946

LincoLN KEARNEY DURST.. ... Graduate Assistant, Murray Scholar, Mathematics
A.B., University of California at Los Angeles, 1945 ; B.S., California Institute, 1946

SEBA ELDRIDGE, JR.. ool Graduate Assistant, Mechanical Engineering
B.S., California Institute, 1948

Harry McPHEE ELLIS.............. Graduate Assistant, Dobbins Scholar, Electrical Engineering
B.Ap.Sc., University of British Columbia, 1945 ; M.S., California Institute, 1948

NormMAN HARRY ENENSTEIN.........coooooid Graduate Assistant, Electrical Engineering
B.A., University of California at Los Angeles, 1946 ; M.S., California Institute, 1947
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FRANK BEHLE ESTABROOK ..o : Graduate Assistant, Physics
A.B., Miami University (Oxford, Ohio), 1943 ; M.S., Cahforma Institute, 1947

PauL STEPHEN FARRINGTON. oo Graduate Assistant, Blacker Scholar, Chemistry
B.S., California Institute, 1941 ; M.S., 1947 ; Ch.E., 1948

GERALD Davis FAsmAN. e e Roeser Scholar, Chemistry
B.S., University of Alberta, 1948

RicHarD ALLAN FERRELL Graduate Assistant, Physics
B.S., California Institute, 1948

WiLpoN FicKETT . TSR Graduate Assistant, Chemistry
B.S., University of Arizona, 1948

Joun ROBERT S. FINCHAM. ... ..o British Agricultural Research Council Fellow,
B.A., Cambridge University, 1946 Murray Scholar, Biology

Danier TavBor FingBeINER, IL . Graduate Assistant, Mathematics

A.B., Washington and Jefferson College, 1941 ; M.A., 1943

ROBERT J. FOSTER...oooie oot Graduate Assistant, Chemistry
B.S., California Institute, 1948

CLARENCE RoLLINs GATES Graduate Assistant, Electrical Engineering
B.S., University of Oklahoma, 1947

ForreST RICHARD GILMORE.... ............... Graduate Assistant, Murray Scholar, Hydrodynamics
B.S., California Institute, 1944

DonNALD ARTHUR GLASER.......... e Graduate Assistant, Murray Scholar, Physics
B.S., Case School of Applied Secience, 1946 :

RicuARD JAY GOLDBERG...oooooooe.. e Graduate Assistant, Chemistry
B.S., Northwestern University, 1945

Birt HENRY GOLDING ..o Graduate Assistant, Chemical Engineering
B.S., California Institute, 1944 ; M.S., California Institute, 1948

NORMAN EVERETT GOOD....cv oo Graduate Assistant, Roeser Scholar, Biology
B.A., University of Toronto, 1948

DoNALD THEODORE GREENWOOD........cooieeeeaene Graduate Assistant, Applied Mechanics
B.S., California Institute, 1944 ; M.S., 1948

RorerT RUSSELL GRINSTEAD............ Allied Chemical and Dye Corporation Fellow, Chermstry
B.S., University of California, 1946

WiLriam Taomas Guy, Jr Graduate Assistant, Mathematics
B.S., Agricultural and Mechamcal College of Texas, 1940 ; ML.A., University of Texas, 1948

JouN Naraanier HARRIS...... .. Graduate Assistant, Electrical Engineering
B.S., California Institute, 1948

Francis ARPHUR HASKINS ... Graduate Assistant, Biology
B.S., University of Nebraska, 1948 ; M.S., 1948

CARL WILHELM HELSTROM, JR.ooooooooe Graduate Assistant, Physics
B.S., Lehigh University, 1947

ROBERT HENEGSON .ot Shell Fellow, Chemical Engineering
B.S., California Institute, 1948

JamEes Pauvr HEPPNER Graduate Assistant, Dobbins Scholar, Geology
B.S., University of Minnesota, 1948
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Harorp Marvin Hipsu Graduate Assistant, Murray Scholar, Aeronautics
B.S., California Institute, 1947 ; M.S., 1948

WavyneE Kasserr HoDbDER............ Graduate Assistant, Murray Scholar, Electrical Engineering
B.S., California Institute, 1943 -

James ELLyson HoLpiTcH.......... Clarence J. Hicks Memorial Fellow in Industrial Relations
B.S., California Institute, 1948

RICHARD ARTHUR HOPPIN eeeececmecem e e eanarenene Graduate Assistant, Geology
B.A., University of Minnesota, 1942 ; M.A., 1947

WiLLiam FRANK HORNYAK Graduate Assistant, Institute Scholar, Physics
B.E.E., College of the City of New York, 1944 ; M.S., California Institute, 1945

RoeerT CHARLES HOWARD Graduate Assistant, Electrical Engineering
B.A., Whitman College, 1944

Ropert CHIEN Hsiao Graduate Assistant, Murray Scholar, Physics
B.S., Stanford University, 1944 ; M.S,, California Institute, 1948

HerBert MrrcHELL HuLL ....Graduate Assistant, Biology
B.S., University of California, 1946

WILLIAM PORTER TRWIN oot mee e e Graduate Assistant, Geology
B.S., New Mexico School of Mines, 1944

HARVEY AKIO ITANO. oo U.S. Public Health Predoctoral Fellow, Chemistry
B.S., University of California, 1942 ; M.D., St. Louis University, 1945

LEONARD LEROY JANSEN ! Graduate Assistant, Biology
B.S., Texas Technological College, 1943 ; M.S,, 1948

RODMAN JENKINS . oooooeeemceean U.S. Public Health Predoctoral Fellow, Chemical Engineering
B.S., Massachusetts Institute of Technology, 1946

ArNOLD AXTELL JENSEN. ..Graduate Assistant, Aeronautics
B.S., University of Minnesota, 1939 ; M.S., California Institute, 1947 ; Ae.E., 1948

LieweLLyN HosrForp JoNES .Graduate Assistant, Chemistry
B.S.E., University of Michigan, 1942 ; M.A., University of Buffalo, 1947

Rosert CLARKE Jorson A Graduate Assistant, Physics
B.S., California Institute, 1944

DAVID LOCKHART JUDD. oo Graduate Assistant, Physics
A.B., Whitman College, 1948 ; M.S., California Institute, 1947

‘Saur KapLun _.Graduate Assistant, Aeronautics
B.S., California Institute, 1948

GEORGE Sco1T KENNY _.Graduate Assistant, Laws Scholar, Physics
B.S., Seattle Pacific College, 1941

Davip Joseru Kirin._ . Graduate Assistant, Applied Mechanics
B.S., California Institute, 1943

B. KenneTH KOE. [OOSR Graduate Assistant, Dobbins Scholar, Chemistry
B.S., Reed College, 1945 '

Naruan Hart Koenic ........Graduate Assistant, Chemistry
B.S., University of Chicago, 1937

MAX K RAUSS e e Graduate Assisant, Biology
A.B., University of California, 1988 ; M.A., 194¢ .
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HERBERT ARTHUR LASSEN Shell Fellow, Mechanical Engineering
B.S., California Institute, 1943 ; M.S., 1947

GORDON ERIC LATTA oo eeeeen Graduate Assistant, Mathematics
B.A., University of British Columbia, 1947

Ricuarp LATTER Graduate Assistant, Hydrodynamics
B.S., California Institute, 1942

FreEMAN BeAcH LEIGHTON Graduate Assistant, Geology
B.S., University of Virginia, 1946

LEonNARD SoLoMON LERMAN........ National Research Council Predoctoral Fellow, Chemistry
B.S., Carnegie Institute of Technology, 1945

Cuene Wu L1 Graduate Assistant, Institute Scholar, Physics
B.A., National Tsing-Hua University, 1938

Crunc-Hsien Li__.._... Phi Beta Kappa Alumni Association Fellow, Drake Scholar, Biology
B.S., Peking University, 1935

Suia Caun Lo Graduate Assistant, Aeronautics
B.S., National Central University, 1945 ; M.S., University of Minnesota, 1948

WiLriAM Junior Love Graduate Assistant, Mechanical Engineering
B.S., University of Colorado, 1944 ; M.S., 1948

RoBERT' V. MACALLISTER Graduate Assistant, Laws Scholar, Chemistry
A.B., Wartburg College, 1934

RoBERT SmITH MACMILLAN ..ol Graduate Assistant, Electrical Engineering
B.S., California Institute, 1948

Ricuarp HeENrRl MACNEAL.........._. Cole Fellow, Graduate Assistant, Electrical Engineering
B.S., Harvard College, 1943 ; M.S,, California Institute, 1947

BeNorr BARUCH MANDELBROT.....cooceree.. Graduate Assistant, Dobbins Scholar, Aeronautics

B.S., Université de Clermont-Ferrand, 1942 ; Ingénieur de L’Eeocle Polytechnique, 1947 ; Licencié
és Sciences Mathématiques et Physiques, Université de Paris, 1947

Davip MarLcoLm Mason Graduate Assistant, Chemical Engineering
B.S., California Institute, 1943 ; M.S., 1947

Joun LaTiMER MASON Graduate Assistant, Chemical Engineering
B.S., University of Chicago, 1944 ; B.S,, California Institute, 1947 ; M.S., 1948

SOL MATT. oo . Graduate Assistant, Electrical Engineering
B.S., Ohio University, 1944 ; M.S., California Institute, 1948

ROBERT CLIFFORD MATTESON. . oo oo Graduate Assistant, Aeronautics
B.S., Louisiana State University, 1948

WiLLiam MARKHAM MCCARDELL................... Socony-Vacuum Fellow, Chemical Engineering
B.S., Rice Institute, 1948

FrRANK AMBROSE MCCLINTOCK ..ooe.eovoreecocceeo Graduate Assistant, Mechanical Engineering
B.S., Massachusetts Institute of Technology, 1943 ; M.S., 1943

Roruin Koenie McComas Graduate Assistant, Murray Scholar, Physics
B.A., University of Colorado, 1941; M.A., 1944

Joun ENLOE MCLAUGHLIN..........o i, Graduate Assistant, Mathematics
B.S., University of Idaho, 1944

CARLTON LEWIs MCcWILLIAMS oo Graduate Assistant, Mechanical Engineering
B.S., Rose Polytechnie Institute, 1941



68 CALIFORNIA INSTITUTE OF TECHNOLOGY

Ricaarp Linp MERRELIL Graduate Assistant, Aeronatics
B.S., Louisiana State University, 1947 ; M.S., 1948

MEeLviN LEROY MERRITT. Graduate Assistant, Murray Schelar, Physics
B.S., California Institute, 1943

REUBEN FrRED METTLER Graduate Assistant, Applied Mechanics
B.S., California Institute, 1944 ; M.S., 1947

Irvine MICHELSON Graduate Assistant, Aeronautics
B.S., Georgia School of Technology, 1948 ; M.S., California Institute, 1947

HArROLD MORTON MOONEY...ccocoirereeeciemenrenmens Graduate Assistant, Blacker Scholar, Geology
B.S., Harvard College, 1948 ; M.S., California Institute, 1948

Boupe Crisey MoORE Graduate Assistant, Electrical Engineering
B.S., California Institute, 1948

Wirriam RupoLPH MUEHLBERGER : Graduate Assistant, Geology
B.S., California Institute, 1948

Davio EucenNeE MuLLER s Graduate Assistant, Physics
B.S., California Institute, 1947

GIRATR MIHRAN NAZARIAN

Graduate Assistant, Dobbins Scholar, Chemistry
B.S., Rutgers University, 1946 ; M.S., 1948 .

Joserr Lroyp O’BRIEN ... Graduate Assistant, Drake Scholar, Chemistry
B.S., Notre Dame University, 1948

Warrer Taomas OcGIER i e i Graduate Assistant, Physics
B.S., California Institute, 1947

CareL OTTE Shell Chemical Corporation Fellow, Drake Scholar, Geology
University of Amsterdam, 1943

Ropest HunTER OWENS e Graduate Assistant, Mathematics
B.S., Webb Institute of Naval Archltecture, 1944 M.A., Columbia Umversﬂ:y, 1948

WEN-KWE PAO e Dobbins Scholar, Biology
B.A., National Central University, 1939

EuceNE NEWMAN PARKER Graduate Assistant, Murray Scholar, Physics
B.S., Michigan State College, 1948

BLAINE RAPHAEL PARKIN oo Graduate Assistant, Aeronautics
B.S., California Institute, 1947 ; M.S., 1948

GEOFFREY VERNON PARKINSON.....o...ooooooooe Imperial Oil Graduate Research Fellow,
! Graduate Assistant, Aeronautics

B.S., University of British Columbia, 1946 ; M.S., California Institute, 1948

EArL BYRON PATTERSON. .............. ....Pioneer Hi-Bred Corn Fellow, Biology
B.S., University of Nebraska, 1947

ADRIAN PAUW. oo Graduate Assistant, Applied Mechanics
B.8., University of Washington, 1937

IRWIN PFEFFER ..o Graduate Assistant, Electrical Engineering
B.E.E., Cooper Union School of Engineering, 1948

ROBERT EDWARD PHILLIPS ... oo e, Graduate Assistant, Chemistry
B.S., California Institute, 1945 .

MarsuALL CLARKE POND....ooooco Graduate Assistant, Drake Scholar, Civil Engineering
B.S., California Institute, 1948
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Lroyp CHARLES PrAY. National Research Council Predoctoral Fellow, Geology
B.A., Carleton College, 1941 ; M.S., California institute, 1943

PaTrick MICHAEL QUINLAN Graduate Assistant, Applied Mechanics
B.E., National University of Ireland, 1941 ; B.S.E., 1942 ; M.S., 1943

IRVING RAPPAPORT oot Graduate Assistant, Biology
A.B., Cornell University, 1948

Vorney KINNE RASMUSSEN, JR.. .. Graduate Assistant, Physics
B.S., California Institute, 1989

MAURICE RATTRAY, JRuecoeoiiieeiem e Graduate Assistant, Physics
B.S,, California Institute, 1944 ; M.S., 194‘7

EserzarRpT RECHTIN RCA Predoctoral Fellow, Electrieal Engineering

B.S., California Institute, 1946

Joun RENEWDEN REESE....... e e e Graduate Assistant, Geology
B.S., Purdue University, 1947

Jose Luts REISSIG ..o oo e Dobbins Scholar, Biology
B.S., University of Michigan, 1948

Jacos Frep RENTZo. oo Graduate Assistant, Electrical Engineering
B.S., Carnegie Institute of Technology, 1948

GrORGE PIERCE RIGSBY oo o Graduate Assistant, Geology
B.S., California Institute, 1948 -

HarveEY LEE RoBERSON.......... Graduate Assistant, Murray Scholar, Mechanical Engineering
B.S., California Institute, 1948

DONALD SAGE ROBERTSON ... e T Graduate Assistant, Biology
A.B., Stanford University, 1947

Ricaarp Lee RoBInson Graduate Assistant, Mechanical Engineering
B.S., Massachusetts Institute of Technology, 1947 ; M.S., California Institute, 1948

WiLriam CARL RoEscH... ... ... Graduate Assistant, Murray Scholar, Physics
B.A., Miami University, 1945

ANATOL ROSHKO oooooooeoiee oo Roeser Scholar, Aeronautics
B.S., University of Alberta, 1945 ; M.S.,, Cahi‘orma Institute, 1947

MALviN ARAM RUDERMAN. ... Graduate Assistant, Physics
A.B., Columbia University, 1945 ; M. S Callforma Institute, 1947

Rovrr HEINRICH SABERSKY Murray Scholar, Mechanical Engineering
B.S., California Institute, 1942 ; M.S., 1943

GEORGE MICHAEL SAFONOV.............. RSO Graduate Assistant, Laws Scholar, Physics
B.S., California Institute, 1943 ; M.S., 1948

ALLAN REX SANDAGE oo ....Graduate Assistant, Astronomy
A.B., University of Illinois, 1948

Ar01s WOLFGANG SCHARDT.....oooooo e et Graduate Assistant, Physics
B.S., California Institute, 1944

Joun GALLUS SCHAUB. oo, Graduate Assistant, Mechanical Englneerlng
B.S., New Mexico College of Agriculture and Mechanic Arts, 1948

WARREN GLEASON SCHLINGER......Graduate Assistant, Murray Scholar, Chemical Engineering
B.S., California Institute, 1944 ; M.S., 1946
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ArTHUR JOoHN RUDOLPH SCHNEIDER......o........... Graduate Assistant, Mechanical Engineering
B.S., California Institute, 1943 ; M.S., 1943

Apam Frank ScHucH Graduate Assistant, Chemistry
B.S., Michigan State College, 1930 ; M.S., 1931

GLENN AUcUsT SCHURMAN Standard Oil Company of California Fellow,
Mechanical Engineering

B.S., Washington State College, 1944 ; M.S., California Institute, 1947

RomuALp IRENEUS SCIBOR-MARCHOCKL.. oo ... Atomic Energy Commission Fellow, Physics
B.S., Wayne University, 1948 ; M.S., 1948

WiLLiaM FRANCIS SHEEHAN, JR. oo oo Graduate Assistant, Dobbins Scholar, Chemistry
B.S., Loyola University, 1948

SAN-CHIUN SHEN Dobbins Scholar, Biology
B.S., National Southwest Associated University, 1942

DAVID EDWIN SHONERD...cmooiieeeeeeeeeeeemeesveeemeemesaesemeae oo eeaaae s Graduate Assistant, Aeronautics
B.S., California Institute, 1939 ; M.S., 1948

JAMES NELSON SHOOLERY....coiuieeimimoeeeemec e emaesemese e eeeenen e Graduate Assistant, Chemistry
B.S., University of California, 1948

JamEs ROBERT SHULL...... .Graduate Assistant, Electrical Engineering
B.S., University of Arizona, 1948

ALBERT STEGEL .. eciict it emeeemeeeeee et seseee e eees e ee e e e eeccemnan Graduate Assistant, Biology
B.A., Cornell University, 1947

LEON THEODORE SILVER. ..o e iriirieemeccaecereseeescreerceeaseeeasnsanrcanmeces Graduate Assistant, Geology
B.S., University of Colorado, 1945 ; M.S., University of New Mexico, 1948

Harorp LEwIs SLETTEN Graduate Assistant, Mechanical Engineering
B.S., North Dakota Agricultural College, 1948

EMERSON WARFIELD SMITH.. Graduate Assistant, Mechanical Engineering

B.S., University of Virginia, 1943

GEORGE FOSTER SMITH....o.o.oiieiicecceeeee Graduate Assistant, Physics
B.S., California Institute, 1944 ; M.S., 1948

ROBERT PAUL SMITH. .ot Graduate Assistant, Chemistry
B.S., Carnegie Institute of Techmnology, 1944

L0 (o) {el (o o) NSO Bennett Scholar, Biology
Dottore in Scienze Biologiche, Rome University, 1947

RoBERT RICHARD SOLVERSON........ Graduate Assistant, Douglas Aircraft Fellow, Aeronautics
B.S., Harvard University, 1944 ; M.S., California Institute, 1948

JouN HENRY SULLIVAN.. ... eeereieeeenand Graduate Assistant, Laws Scholar, Chemistry
B.A., University of California at Los Angeles, 1943

WILBUR MILTON SWANSON...oooooiimii et Graduate Assistant, Mechanical Engineering
B.S., California Institute, 1944 ; M.S., 1948

Ricuarp BENNETT TALMADGE Graduate Assistant, Mathematics
B.S., California Institute, 1948 '

You-Cur TanNc ...Graduate Assistant, Roeser Scholar, Chemistry
B.S., National Ting-Chi University, 1942

PauL GeEorcE THIENE, JR .Dobbins Scholar, Electrical Engineering
B.S., California Institute, 1943
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DupLEy WatsoN THOMAS Graduate Assistant, Chemistry
A.B., University of California, 1942 ; M.S., California Institute, 1947

Rosert GupcikrL THOMAS Graduate Assistant, Physics
B.S., California Institute, 1944 ; M.S., 1947

Joserr FrRANK VALLE-RIESTRA......... ... Graduate Assistant, Chemical Engineering
B.S., California Institute, 1948

RoBerT DoucLAs WALDRON Graduate Assistant, Chemistry
B. Ch., University of Minnesota, 1948

LAWRENCE WALLCAVE Graduate Assistant, Chemistry
B.S., University of California, 1948

Joe Kerrn WiLLIAMS Graduate Assistant, Civil Engineering
B.S., California Institute, 1948

DoNALD ELt WITKIN. ool Graduate Assistant, Mechanical Engineering
B.M.E., New York University, 1948

Hans Emm. WoHLWILL Drake Scholar, Electrical Engineering
B.S., Massachusetts Institute of Technology, 1943

Davip SrotweLL. Woobp Graduate Assistant, Mechanical Engineering
B.S., California Institute, 1941 ; M.S., 1946

WiLriam Wayne Woobp Graduate Assistant, Chemistry
B.S., Montana State College, 1947

ERIC JOHN WOODBURY oottt Graduate Assistant, Physics
B.S., California Institute, 1947 .

WiLeiam Locan WOODSON....ooooooooo Westinghouse Fellow, Electrical Engineering
B.S., California Institute, 1948

MarTYNAs FREELANDAS Ycas L Graduate Assistant, Biology
B.A., University of Wisconsin, 1947

RicHARD DAVIDSON YOUNG. ooocoie il Graduate Assistant, Institute Scholar, Physics
B.A., Prineeton University, 1945 ; M.S., California Institute, 1947 !

SiEN-CHIUE YU Dobbins Scholar, Biology
B.S., National Wu-Han University, 1935
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CALIFORNIA INSTITUTE ASSOCIATES

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

OFFICERS
Jonn E. BArBEr _ SeeLEY G. Mupp
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HISTORICAL SKETCH

The California Institute of Technology had its origin in 1891, with the
founding of Throop University. At that time the opportunities for obtaining
systematic vocational training on the west coast were meager, if they existed
at all. It was primarily to meet this need that the Hon. Amos G. Throop found-
ed the institution to which he gave his name and to which he later left the bulk
of his estate. Throop Polytechnie Institute—the name was changed in 1892—
while it offered work of college grade, concentrated most of its energies on
instruction in manual training, domestic seience, and kindred subjects, prepar-
ing its graduates mainly for teaching positions which were opened by the ad-
dition of manual arts to the curricula of the public schools. And to round out
its general educational program, Throop Polytechnic also maintained an
academy and an elementary school.

Thus it continued for nearly two decades, with no change in its principal
aims, and housed in three buildings on a small campus in the present business
section of Pasadena. The impulse toward change originated with Dr. George
E. Hale, who had come to Pasadena to direct the building of the Mount Wilson
Observatory of the Carnegie Institute of Washington. The need which had been
met by the founding of Throop Polytechnic Institute was now being met by
other institutions; Dr. Hale perceived a new and greater need, growing out of
changed conditions; and he became enthusiastic over the possibility of de-
veloping an institution which would give sound engineering training, but
which might in time, with the friendly association of the Mount Wilson Ob-
servatory, make Southern California a center for distinguished scientific work.

The possibility which he envisaged fired the enthusiasm and enlisted the
support of a number of outstanding citizens of the community, notably Messrs.
Arthur H. Fleming, Norman Bridge, Henry M. Robinson, James A. Culbertson,
Charles W. Gates, and Hiram and John Wadsworth. Mr. Fleming and his
daughter, Marjorie, presented the institution with twenty-two acres of land
which, with the addition of eight acres later, comprise the present campus.
The Flemings were also largely instrumental in providing the first building
to be erected on the new site, the present Throop Hall. In 1910, under the presi-
dency of Dr. James A. B. Scherer, the institute moved to its new quarters. A
few years earlier the elementary school had been set up as a separate institu-
tion, the present Polytechnic Elementary School; and by 1911 the normal
school and the academy had been discontinued.

For the first few years in its new location, Throop Polytechnic Institute—-
or Throop College of Technology as it was called after 1913—gave degrees
only in electrical, civil, and mechanical engineering. Gradually, however, it
was able to add to its objectives. In 1913, Dr. A. A. Noyes, who was founder
and director of the Research Laboratory of Physical Chemistry at the Massa-
chusetts Institute of Technology and who had also served as president of that
institution, became associated on part-time with the College. In 1916 a chemi-
cal laboratory was assured. It was completed in 1917, and instruction and
research in chemistry and chemical engineering was inaugurated under Dr.
Noyes’ direction. In that same year, Dr. Robert A. Millikan, then professor of
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physics at the University of Chicago, arranged to spend a part of each year
at Throop, where as Director of Physical Research, he was to develop a pro-
gram of graduate work in physics.

The War necessitated a temporary diversion of energies. Numerous mem-
bers of the faculty went into service, and undergraduate instruction was radi-
cally revised to meet the immediate needs of the national emergency. With the
close of the war, however, normal activities were resumed, and in the next few
years the institution entered on the most rapid and consistently sustained phase
of its development. In 1919 Dr. Noyes resigned from the faculty of the Massa-
chusetts Institute of Technology to give his whole time to Throop College.
In 1920 the name was changed to the California Institute of Technology. In
that same year, Dr. Scherer resigned because of ill health.

Nineteen hundred and twenty-one was marked by developments which made
it one of the most important years in the history of the Institute. When a lab-
oratory of physics was assured by Dr. Norman Bridge, Dr. Millikan severed
his connection with the University of Chicago to become director of the lab-
oratory and Chairman of the Executive Council of the Institute.

In the same year, 1921, financial stability was assured by Mr. Arthur H.
Fleming’s agreement to give the California Institute his personal fortune as
permanent endowment. In November of that year, the Board of Trustees form-
ulated in the “Educational Policies of the Institute” an explicit statement of
the principles which were to govern the present conduct of the Institute and its
future development. Recognition by the Southern California community of the
value of these aims has resulted in a steady growth of the physical facilities
and has made possible the addition of work in geology, paleontology, geo-
physics, biology, biophysics, biochemistry, aeronautics, astrophysics, meteor-
ology and industrial relations. In 1928 the Institute was chosen to undertake
the responsibility for the design and construction of the 200-inch telescope,
funds for which were supplied by the General Education Board.

For the five years beginning with the summer of 1940, the Institute devoted
an increasingly large part of its personnel and facilities to the furthering of
national defense and the war effort. The Institute’s work during this period
fell for the most part into two main categories: special instructional programs,
and research on and development of the instrumentalities of war. The first
included participation in the Engineering, Science and Management War
Training Program, in which a total of over 24,000 students were enrolled in
Institute-supervised courses; advanced meteorology for Army Air Force
cadets; advanced work in aeronautics and ordnance for Army and Navy officer
personnel; and the provision of instruction (as well as housing and subsist-
ence) for a unit of the Navy V-12 Engineering Specialists. The research and
development work was carried on for the most part under non-profit contracts
with the Federal Office of Scientific Research and Development. These con-
tracts had a total value of more than $80,000,000 and at their peak involved

_the employment of more than 4000 persons.

With the end of the war, all these emergency activities were terminated as
quickly as possible, so that the Institute could get back to its primary job of
undergraduate and graduate instruction and fundamental research.

In 1945 Dr. Robert A. Millikan, having guided the Institute through its
formative years to maturity, retired as Chairman of the Executive Council, to
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become a Vice-President of the Board of Trustees. He was succeeded by Dr.
Lee A. DuBridge, who assumed the office of President of the California Insti-
tute on September 1, 1946.

EDUCATIONAL POLICIES

The educational policies which the Trustees adopted in 1921 have been fol-
lowed without essential modification ever since. Hence, a description of cur-
rent practices will also constitute a summary of these policies.

The primary purpose of the undergraduate school, as stated by the Trustees,
is “to provide a collegiate education which will best train the creative type of
scientist or engineer so urgently needed in our educational, governmental and
industrial development.” It is believed that this end will be more readily at-
tained at the Institute because of the contacts of its relatively small group of
undergraduate students with the members of its relatively large research staff.
Advancement in understanding is best acquired by intimate association with
creative workers who are, through research and reflection, extending the
boundaries of knowledge.

The Institute offers two four-year undergraduate courses, one in Engineer-
ing and the other in Science, hoth leading to the degree of Bachelor of Science
and both planned so that interchange between them is not unduly difficult.
For the first year, the work of all undergraduates is identical. Differentiation
between these two courses begins with the second year. The Engineering course
is of a general, fundamental character, with a minimum of specialization in
the separate branches of engineering. It includes an unusually thorough train-
ing in the basic sciences of physics, chemistry, and mathematics, as well as the
professional subjects common to all branches of engineering. With minor
exceptions, the student does not concentrate in his chosen field until the fourth
year. The Engineering course also includes a large proportion of cultural
studies, time for which is secured by eliminating the more narrowly particu-
larized subjects commonly included in undergraduate engineering courses.
Such a curriculum, it is hoped, will provide a combination of a fundamental
scientific training with a broad human outlook. This is, in fact, the type of
collegiate education endorsed by leading engineers—a training which avoids
on one hand the narrowness often observed among students in technical schools
and on the other hand the superficiality and lack of purpose noticeable in many
of those taking academic college courses.

The course in Science affords, even more fully than is possible in the En-
gineering course, an intensive iraining in physics, chemistry, and mathematics,
In the third and fourth years groups of optional studies are included which
permit some measure of specialization in a chosen field of science. Instruction
is also provided in French and German, with the object of giving the student
a sufficient reading knowledge to follow the scientific and technical literature
in those languages. This course includes the same proportion of cultural
studies as the Engineering course, and for the same reason—to enlarge the
student’s mental horizon beyond the limits of his immediate professional in-
terest and thus better qualify him to realize his opportunities and fulfill his
responsibilities as a citizen and a member of his community.

The inclusion in the curriculum of a large proportion of non-scientific and
non-technical subjects is one of the fundamental elemenis in the Institute’s
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educational policy. The purpose which these studies is meant to achieve has
already been indicated. Under the general designation of the Humanities, they
include literature and composition, history and government, economics, phil-
osophy, and psychology. To them the student devotes about one-fourth of his
time during his undergraduate years {and if he proceeds for the degree of
Master of Science he continues with elective subjects in the Humanities
throughout his fifth year). Formal instruction in the Humanities is supple-
mented by lectures by, and opportunities for contact with, distinguished
scholars who are attracted to Pasadena by the opportunities for research at
the Huntington Library and Art Gallery. In addition to these academic and
semi-academic pursuits, the Institute encourages a reasonable participation
in student activities of a social, literary, or artistic nature, such as student
publications, debating, dramatics, and music; and all undergraduates are re-
quired to take regular exercise, preferably in the form of intercollegiate or
intramural sports. In short, every effort is made in the undergraduate section
of the Institute to carry on a well rounded, well integrated program which
will not only give the student sound training in his professional field but will
also develop character, ideals, breadth of view, general culture, and physical
well-being.

In the graduate section the Institute offers courses leading to the degree of
Master of Science, which normally involves one year of graduate work; the
engineer’s degree in any of the branches of engineering and in geophysics,
with a minimum of two years; and the degree of Doctor of Philosophy. In all
the graduate work, research is strongly emphasized, not only because of its
importance in contributing to the advancement of science and thus to the in-
tellectual and material welfare of mankind, but also because research activi-
ties add vitality to the educational work of the Institute. Graduate students
constitute a comparatively large proportion (about forty per cent) of the total
student body. Engaged themselves on research problems of varying degrees of
complexity, and taught by faculty members who are also actively engaged
in research, they contribute materially to the general atmosphere of intellec-
tual curiosity and creative activity which is engendered on the Institute campus.

In order to utilize Institute resources most effectively, two general lines of
procedure are followed. First, the Institute restricts the number of fields in
engineering and science in which it offers undergraduate instruction and grad-
uate study, believing that it is better to provide thoroughly for a limited num-
ber than to risk diffusion of personnel, facilities, and funds in attempting to
cover a wide variety of fields. Second, and in line with this poliey of conserva-
tion of resources, the student body is strictly limited to that number which
can be satisfactorily provided for. The size of the undergraduate group is
limited by the admission, at present, of 180 Freshmen each September. Ad-
mission is granted, not on the basis of priority of application, but on a care-
ful study of the merits of each applicant, including the results of competitive
entrance examinations, high school records, and interviews by members of the
Institute staff. Applicants for admission with advanced standing from other
institutions and for admission to graduate study are given the same careful
scrutiny. These procedures result, it is believed, in a select body of students of
more than ordinary ability. A standard of scholarship is also maintained
which rapidly eliminates from the Institute those who from lack of industry
or competence demonstrate that they are not fitted to pursue the work of the
Institute to the best advantage.
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BUILDINGS AND FACILITIES

Taroop HaLL, 1910.
The administration building; erected with funds supplied by a large number
of donors, and named for the Honorable Amos G. Throop, founder of
Throop Polytechnic Institute, from which the California Institute developed.

GATES AND CRELLIN LABORATORIES OF CHEMISTRY: first unit, 1917; second
unit, 1927; third unit, 1937.
The first two units were the gift of the late Messrs. C. W. Gates and P. G.

Gates, of Pasadena; the third unit was the gift of the late Mr. and Mrs.
E. W. Crellin, of Pasadena.

CureerTsoN HarL, 1922.
The Institute auditorium; named in honor of the late Mr. James A. Culbert-
son, trustee of the Institute and Vice-President of the Board 1908-1915.

Norman Bripce LaBoraTORY oF PHYSICS: first unit, 1922; second unit, 1924;
third unit, 1925.
The gift of the late Dr. Norman Bridge.

Hicu-PoreEnTiaL REsearcH LABORATORY, 1923.
Erected with funds provided by the Southern California Edison Company,
Lid.

CueEMIcAL EncINEERING LABORATORY AND HEATING PLANT, 1926,
Erected with funds provided in part by the late Dr. Norman Bridge and in
part from other sources.

Dasney Harw oF THE HumaniTies, 1928.
The gift of the late Mr. and Mrs. Joseph B. Dabney, of Los Angeles

SEISMOLOGICAL RESEARCH LABORATORY (of the Division of the Geological
Sciences), 1928.

DANIEL GUGGENHEIM AERONAUTICAL LABORATORY, 1929.

Erected with funds provided by the Daniel Guggenheim Fund for the Pro-
motion of Aeronautics. A substantial addition was erected in 1947.

WirLiaM G. KerckHOFF LABORATORIES OF THE BIOLOGICAL SCIENCES:

first unit, 1929; second unit, 1938. An annex was erected in 1948.
The gift of the late Mr. William G. Kerckhoff and Mrs. Kerckhoff, of Los

Angeles.

EXPERIMENTAL STATION (of the Division of Biology), Arcadia, California,
1929.
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PLANT PHYSI0L.0GY LABORATORY (of the Division of Biology), 1930.

WirLiam G. KerckaHOFF MARINE Biovocical LaBoraTory (of the Division of
Biology), Corona del Mar, California, 1930.

ATHENAEUM, 1930,
The gift of the late Mr. and Mrs. Allan C. Balch, of Los Angeles.
A clubhouse for the use of the Staffs of the California Institute, the Hunting-
ton Library, and the Mt. Wilson Observatory; and the California Institute
Associates.

Srupent Houses, 1931.
Blacker House.
The gift of the late Mr. and Mrs. R. R. Blacker, of Pasadena.

Dabney House.
The gift of the late Mr. and Mrs. Joseph B. Dabney, of Los Angeles.
Fleming House.
Erected with funds provided by some twenty donors, and named in honor
of the late Mr. Arthur H. Fleming, of Pasadena, President of the Board
of Trustees of the Institute 1918-1932.
Ricketts House.
The gift of the late Dr. L. D. Ricketts and Mrs. Ricketts, of Pasadena.

AstroPHYSICAL INSTRUMENT SHop, 1931.
Erected with funds provided by the International Education Board and the
General Education Board.

W. K. KeLLoGc LaBoRATORY OF RapiaTion, 1932.
The gift of Mr. W. K. Kellogg, of Battle Creek, Michigan.

Henry M. RoBinsoN LABORATORY OF ASTROPHYSICS, 1932,
Erected with funds provided by the International Education Board and the
General Education Board.

Hypravric STRUCTURES LABORATORY, 1932.

Astropruysicar Opricar Suop, 1933. ,
Erected with funds provided by the International Education Board and the

General Education Board.

Soir. ConserVATION LABORATORY, 1936.
Provided by the Department of Agriculture of the United States Govern-

ment.

CuARLES ARMS LABORATORY OF THE GEOLOGICAL SCIENCES, 1938.
The gift of the late Mr. and Mrs. Henry M. Robinson, of Pasadena, in
memory of Mrs. Robinson’s father, the late Mr. Charles Arms.
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SeEeLEY W. Mupp LABORATORY OF THE GEOLOGICAL SCIENCES, 1938.
The gift of the late Mrs. Seeley W. Mudd, of Los Angeles, in memory of
her husband.

BuiLpings anp GrRounps BuiLping, 1944.
Hypropynamics LABorATORY, 1944,

ENGINEERING BuiLpinG: first unit, 1945; second umit under construction.
Funds for the erection of the first unit were allocated from the Eudora Hull
Spalding Trust with the approval of Mr. Keith Spalding, Trustee.

EARHART Prant Researca LaBoratory (of the Division of Biology), 1949.
The gift of the Earhart Foundation of Ann Arbor, Michigan.

TEMPORARY BUILDINGS

The Internal Combustion Engine, and Hydraulic Laboratories for under-
graduate work in the fields of thermodynamics and hydraulics are housed in
a building of temporary construction.

Another such building contains living quarters for graduate students, a
restaurant for non-resident students, and a club-room for the Throop Club.

In 1947 the Institute obtained from the governmerit four temporary build-
ings, one of which provides quarters for the Division of Physical Educa-
tion and for civil engineering laboratories; a second affords space for studies
for graduate students; and a third is used for a chemical engineering shop.
The fourth of these buildings constitutes a health center and infirmary.

LIBRARIES

The libraries of the Institute offer students and staff members a comprehen-
sive and well selected collection of books, periodicals, and other printed ma-
terials for study and research. The General Library, in the Norman Bridge
Laboratory of Physics, contains a general reference collection and also covers
‘he fields of mathematics and of civil, mechanical, and electrical engineering.
The Humanities Library, in Dabney Hall of the Humanities, provides mate-
sials in literature, history, and the other non-technical fields, and offers addi-
ional books for general cultural and recreational reading. The separate
ibraries for physics, chemistry, biology, geology, aeronautics, and industrial
‘elations provide books and periodicals in their respective fields.



STUDY AND RESEARCH AT THE
CALIFORNIA INSTITUTE

1. THE SCIENCES

ASTRONOMY

The Rockefeller Boards provided in 1928 for the construction by the Insti-
tute of an astronomical observatory on Palomar Mountain, equipped with a
200-inch reflecting telescope, 48-inch and 18-inch Schmidt wide-angle tele-
scopes and other auxiliary instruments, together with an astrophysical lab-
oratory, an optical shop and a machine shop on the Institute campus. The
purpose of this observatory is to supplement, not to duplicate, the facilities of
the Mount Wilson Observatory of the Carnegie Institution of Washington,
which, while not a part of the California Institute, is located even closer to
Pasadena than is Palomar Mountain. The increased light-collecting power of
the 200-inch telescope will permit further studies of the size, structure and
motion of the galactic system; of the distance, motion, radiation and evolu-
tion of the stars; of the spectra of the brighter stars under very high disper-
sion; of the distance, motion and nature of remote nebulae; and of many
phenomena bearing directly on the constitution of matter. The 48-inch Schmidt
will make possible a systematic survey of the sky as well as an attack upon
such problems as the structure of clusters of nebulae, the luminosity function
of nebulae and absolutely faint stellar systems, intergalactic matter, nebulae
as gravitational lenses, supernovae, and the stellar content of the milky way.
These two unique instruments will supplement each other as well as the tele-
scopes on Mount Wilson; the one will reach still further into space in a given
direction, while the other will photograph upon a single plate an entire clus-
ter of nebulae in its full geometrical and large scale material content.

The Mount Wilson and Palomar Observatories constitute a unique and un-
precedented concentration of scientific facilities in astronomy. Outstanding
scientific talent is present both in the field of astronoray and in the neighbor-
ing fields of physics, mathematics, and chemistry. For some time the Califor-
nia Institute of Technology and the Carnegie Institution of Washington have
recognized the advantages implicit in the creation of a great astronomical
center in which a unitary scientific program would be pursued under highly
favorable circumstances, that would attract distinguished investigators to col-
laborate with the staff of the observatories in scientific matters, and that would
draw young men of great ability to graduate studies where they might enjoy
the inspiration of leading minds, and familiarize themselves with powerful
tools of exploration. For this purpose a plan for the unified operation of the
two observatories, in which they will function as a single scientific organiza-
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tion under the direction of Dr. I. S. Bowen, has been approved by the Trustees
of the two institutions. Under this plan all the equipment and facilities of
both observatories are made available for the astronomical investigations of
the staff members of the combined observatories and the unified research pro-
gram is paralleled by undergraduate and graduate training in astronomy and
astrophysies in which members of the Staff of the Mount Wilson Observatory
will join with the Institute Faculty. :

As a result of this cooperative arrangement unusual opportunities exist at
the California Institute for advanced study and research in astronomy and
astrophysics. The insiructional program is superimposed upon an especially
thorough preparation in mathematics, physics and chemisiry made possible by
the strong work given at the Institute in these fields. It should be remembered,
however, that the number of positions open to men trained in astronomy and
its related subjects is small. For this reason only those exceptionally well-
qualified for such work should undertake graduate study and research.

BIOLOGICAL SCIENCES

The William G. Kerckhoff Laboratories of the Biological Sciences consist
of two adjacent units, erected in 1928 and 1938. These provide classrooms
and undergraduate laboratories, a lecture room seating 174 persons, and
several smaller seminar rooms. The large library is a memorial to Mr. William
G. Kerckhoff for his generous gift to the Institute. The major portion of the
buildings is devoted to research laboratories and related facilities. Labora-
tories designed for biological, biochemical and physiological research are
available, together with darkrooms, animal rooms, aquarium rooms, an auto-
slave room, wood-working and machine shops, and a stockroom. A number of
soldrooms are provided for the carrying out of operations requiring low tem-
verature and for the storage of perishable materials. In addition, constant
:emperature workrooms which operate at temperatures at or above room tem-
serature are available. The constant temperature equipment includes rooms
‘or the culturing of the Institute’s valuable collection of mutant types of
Drosophila and Neurospora. Other research facilities include a modern micro-
inalytical laboratory equipped for the determination of carbon, hydrogen,
ind nitrogen, and for various special analyses.

Adjacent to the campus there are the Plant Physiology Laboratories, with
ieveral air-conditioned greenhouses, and the newly completed Earhart Plant
esearch Laboratory. The Earhart Laboratory is a unique instrument for the
tudy of plant growth under complete weather conirol. All the elements of
limate, such as light, temperature, humidity, wind, rain, and gas-content of
iir, can be controlled simultaneously. The old and the new research labora-
ories offer the opportunity to study plants under different synthetic climatic
onditions, yet with complete reproducibility of experimental results.

At Arcadia, about five miles from the campus, is the Institute farm. Equipped
7ith a laboratory and greenhouse, the Arcadia farm is devoted to research in
orn genetics.

About 50 miles from Pasadena, at Corona del Mar, is the William G. Kerck-
off Marine Laboratory. The building houses several laboratories for teach-
ag and research in marine zoology, embryology, and physiology. It is
quipped with its own shop, has boats and tackle for collecting marine ani-
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mals, and running sea-water aquaria for keeping them. The proximity of the
marine station to Pasadena makes it possible to supply the biological labora-
tories with living materials for research and teaching. The fauna at Corona
del Mar and at Laguna Beach, which is near-by, is exceptionally rich and
varied, and is easily accessible.
UNDERGRADUATE AND GRADUATE WORK

At the present time biology is one of the most rapidly expanding fields of
modern science. In recent years theoretical and practical advances of the most
spectacular kind have been made in our knowledge of living matter. This is
especially true of those branches of biology in which it has been found possible
to utilize physical, chemical, and mathematical methods in the investigation
of biological phenomena. A strong demand for physico-chemical biologists
now exists, and qualified men will find excellent opportunities for careers in
biology and its applied fields—e.g., medicine and medical research, agricul-
ture, food technology, industrial fermentations, etc.

Because of the pre-eminent position of the California Institute in both the
physical and biological sciences, students at the Institute have an unusual
opportunity to receive training in modern biology. The undergraduate option
is designed to give the student an understanding of the basic facts, theories,
and techniques of biology. In building on the foundation in the physical
sciences received by all students at the Institute, emphasis is placed on the
‘physicochemical viewpoint in the study of living systems. Through this view-
point it is possible to unify the traditionally separate fields of zoology and
botany and to stress the general and fundamental properties common to plants
and animals. The course serves as a basis for graduate study leading to an
advanced degree (M.S. or Ph.D.), or for admission to medical school.

Graduate work leading to the Ph.D. degree is chiefly in the following fields:
animal biochemistry, plant biochemistry, bio-organic chemistry, animal and
plant geneties, chemical genetics, immunology, biophysics, mammalian physi-
ology, comparative physiology, plant physiology, and experimental embry-
ology. These represent the fields in which active research is now going on in
the Division. The emphasis in graduate work is placed on research. This is
supplemented by courses and seminars in advanced subjects aimed to develop
the student’s insight and critical ability as an investigator.

CHEMISTRY AND CHEMICAL ENGINEERING

The Gates and Crellin Laboratories of Chemistry consist of three adjacent
units. The first two are the gift of the late Messrs. C. W. Gates and P. G. Gates.
The third unit, which was completed in 1937 and which affords new space
approximately equal to that of the first two units, is the gift of the late Mr.
and Mrs. E. W. Crellin.

These three units include laboratories used for undergraduate instruction
in inorganic, analytical, physical, and organic chemistry, and instrumental
analysis; they also include class-rooms, demonstration lecture rooms, and a
chemistry library. The remaining space in these buildings is largely devoted
to facilities for research. There are numerous laboratories for inorganic,
physical, organic, and immunological chemical research, providing space for
about one hundred research fellows and advanced students.

With the Gates and Crellin Laboratories is associated the Chemical Engi-
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neering Laboratory, which is located in another building. This laboratory is
well equipped for making the accurate measurements needed in engineering
investigations of quantitative character. It is especially well provided with
equipment for determination of the phase relations and thermodynamic prop-
erties of fluids at moderately high pressures. Research equipment is available
for intensive study of transfers of matter and energy in systems involving fluids.

The undergraduate instruction is so arranged that in the last two years of the
undergraduate course in science there are offered to students an option in
chemistry and an option in applied chemistry. These options, especially when
followed by the fifth-year courses in these subjects, prepare students for later
experience in positions as teachers and investigators in colleges and univer-
sities, as research men in the government service and in industrial laboratories
and as chemists in ‘charge of the operation and control of manufacturing
processes, and, in the case of the fifth- and sixth-year chemical engineering,
in positions involving the management and development of chemical indus-
tries on the chemical engineering side. For students who desire to enter the
field of chemical research, for which there are now professional opportunities
on both the scientific and applied sides, opportunities for more specialized
study and research leading to the degree of Doctor of Philosophy are provided
at the Institute in the fields of inorganic, analytical, physical, organic, and
immunological chemistry, and chemical engineering.

First-year chemistry, which is taken by all freshman students of the Insti-
tute, puts special emphasis on the fundamental principles of chemistry and
their use in systematizing descriptive chemistry. Provision is made for the
execution in the laboratory of interesting and fruitful experiments closely
coordinated with the lectures and classroom discussions. The laboratory work
of the third term is devoted to elementary qualitative analysis.

The second-year work in chemistry consists in the laboratory of gravimetric
and volumetric, advanced qualitative, and electrometric analysis; in the class
work emphasis is placed on the principles relating to mass-action, the ionic
theory, oxidation, and the periodic law. In the second and third terms, and also
in the subjects of physical and organic chemistry taken in the later years, the
abler students, after a few weeks of introductory work, may undertake minor
researches in place of the regular laboratory work.

The chemical subjects of the junior and senior year consist of courses in
physical, advanced inorganic, organic, colloid and surface, and applied chem-
istry. The junior and senior courses in physical chemistry are not descriptive
courses of the usual type, but from beginning to end are presented as a series
of problems to be solved by the student. Problems are a feature in the subjects
of organic and applied chemistry also.

The supervision of the research work of graduate students is distributed
among the members of the staff of the Division of Chemistry and Chemical
Engineering. Some of the many fields in which researches are being actively
prosecuted are listed on page 199.

The fifth-year course in chemical engineering leads to the degree of Master
of Science in Chemical Engineering. This course contains an intensive prob-
lem study of chemical engineering, a laboratory course in engineering meas-
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‘urement and research methods, a course in business economics, and elective
studies in science and engineering. Upon completion of the fifth-year course
the student becomes eligible to be considered for sixth-year work leading to
the degree of Chemical Engineer. Approximately one-half of the work of the
sixth year is devoted to research either in chemical engineering or in applied
chemistry, the other half being occupied with graduate course work arranged
with the approval of the Division of Chemistry and Chemical Engineering.

Chemical engineering may be offered as a major subject for the degree of
Doctor of Philosophy; it may also be presented as a minor subject in connee-
tion with the doctorate in chemistry or in mechanical engineering. The lines
of research being pursued in chemical engineering include engineering ther-
modynamics, phase equilibrium of fluids at elevated pressures, thermal trans-
fer, fluid flow, diffusional processes, and combustion.

GEOLOGICAL SCIENCES

The Division is housed in the Charles Arms Laboratory and in the Seeley
W. Mudd Laboratory, designed especially for instruction and research in the
geological sciences. Office space for graduate students is provided in these
buildings.

Exceptional opportunities for research in the geological sciences exist at
the Institute. An almost unrivaled variety of rock types, geologic structures,
and physiographic forms oceurs within convenient reach of Pasadena. The
relatively mild climate permits field studies throughout practically the entire
year, and consequently field training is an unusually important part of the
department program. The scant vegetation of much of southeastern California
permits study of rock types and delineation of structure to a degree not often
available to the geologist.

Stratigraphic and faunal studies may be pursued in the Cenozoic and
Mesozoic sedimentary rocks of the Southern Coast Range, and in the Mojave
Desert region. Thick sections of Paleczoic sediments in southeastern Cali-
fornia remain almost unexplored. Structural and physiographic problems in
the Coast and Basin Ranges await critical investigation and frequently involve
an interpretation of folding and faulting on a large scale. The many produe-
tive oil fields in southern California afford opportunity to students interested
in petroleum geology. Many of the actively worked metallic and nonmetallic
deposits of California and Arizona are within reach of week-end field parties.
The world famous mineral localities of Crestmore and Pala are within a few
hours’ driving time from the Institute. Suites of ores, minerals and rocks from
these localities are available for study in the Institute’s collections, in addition
to suites from many other parts of the world.

Collections available from many invertebrate and vertebrate faunal hori-
zons in the sedimentary record of western North America permit the student
interested in paleontology to secure an intimate knowledge of the history of
life. Attractive field and laboratory problems are presented by the sequence,
correlation, and ecologic relationships of western faunas, and their signifi-
cance in an interpretation of geologic history, and by the structure, relation-
ships and evolution of specific groups of fossil organisms.
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A very wide range of graduate courses is offered in both theoretical geo-
physics and in geophysics as applied to prospecting for oil and other mineral
substances. The geophysical staff comprises five members, devoting themselves
to different phases of the subject. Instruction is given in seismic, gravity, elec-
trical, magnetic and other methods of prospecting. The design and construe-
tion of geophysical instruments in the shop of the seismological laboratory
receive attention.

The Seismological Laboratory of the California Institute is located about
three miles west of the campus on a granite ridge affording firm bed-rock
foundation for the instrument piers. There are seven branch stations, built
and maintained with the aid of cooperating agencies in Southern California.
While devoted mainly to research, the laboratory is open to qualified students
registered at the California Institute who desire advanced training in seis-
mology.

MATHEMATICS
UNDERGRADUATE WORK

The four years undergraduate program in mathematics leads to the degree
of Bachelor of Science. The purpose of the undergraduate option is to give the
student an understanding of the broad outlines of modern mathematics, to
stimulate his interest in research, and to prepare him for later work either in
pure mathematics or allied sciences.

Since there are comparatively few teaching or industrial positions open to
mathematicians having only a Bachelor’s degree, the man who expects to make
mathematics his profession must normally plan to continue with graduate
work leading to the degree of Doctor of Philosophy either here or elsewhere.

Courses. The undergraduate option described on page 164 contains many
electives. Their purpose is to enable the student to adapt his program to his
needs and mathematical interests and to give him the opportunity to become
familiar with creative mathematics early in his career. These electives may
be chosen on consultation with the department either from the current grad-
uate courses in mathematics which are open to undergraduates, or else from
predominantly mathematical courses in allied fields such as physics or astron-
omy. Depending on the demand, elective courses in mathematics in addition
to those listed explicitly in the catalogue will be offered.

Requirements. Unless a student has done exceptionally well in his fresh-
man and sophomore years, he should not contemplate specializing in mathe-
matics. Ordinarily, an average of at least “B” in his mathematics courses is
expected of a student intending to major in mathematics.

Library facilities. The mathematics department has an excellent library
with a large collection of journals housed in the general library in West Bridge.
Students are strongly urged to make use of this facility, and may borrow any
books not on reserve for special courses. Current periodicals may be consulted
in the library.

GRADUATE WORK

Graduate work in mathematics is planned to give a student a broad knowl-
:dge of classical and modern mathematics and to train him to do creative in-
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dependent work. The normal course of study leads to the Ph.D. degree and
requires three or four years. Exceptional ability and graduate work done
elsewhere may shorten this time.

Courses. The courses which carry a number between 100 and 199 cover
fundamental general topics; those listed with a higher number are more special
and more advanced and they include research seminars. Students are urged
to take part in one or more of these seminars, and to make extensive use of the
library facilities.

Requirements. The general requirements for the degree of Ph.D. are listed
on pp. 135-138; additional requirements for mathematics are found on p. 138.
The special prerequisites for the course requirements in the minor subject are
listed under the separate departments. In particular those for physics are listed
on pp. 241-242. A candldacy course requirement may be passed by examina-
tion if the student is sufliciently prepared.

As stated on p. 139, the student must submit his thesis before May first of
the year in which his degree is to be granted. In addition, he must be prepared
to present the work of his thesis in person to the staff in one of the research
seminars before April 15 of the same year.

To be allowed to present himself for the doctoral examination, the candi-
date must submit a list of topics offered for examination. This list must be
approved by the department. It must include the equivalent of a full year’s
work in each of the fields of the candidacy courses and in addition two more
advanced topics.

Part time teaching and financial help. A number of graduate assistantships
are available in mathematics giving an opportunity to. teach undergraduate
classes. As a rule, this teaching is limited to one four-hour a week course. Ad-
vanced students of superior research ability may be awarded a graduate fel-
lowship carrying no teaching duties.

Master’s degrees. Students initially planning to take only a Master’s degree
are accepted only under special circumstances. In the exceptional cases when
the complete Ph.D. requirements cannot be met, a Master’s degree will be
awarded upon completion of all candidacy courses and submission of a thesis.
The thesis requirement may be waived at the discretion of the department.

PHYSICS
UNDERGRADUATE WORK

The distinctive feature of the undergraduate work in physics at the Cali-
fornia Institute is the creative atmosphere in which the student at once finds
himself. This results from the combination of a large and very productive
graduate school with a small and carefully selected undergraduate body.

Since the best education is that which comes from the contact of youth with
creative and resourceful minds, the members of the staff of the Norman Bridge
Laboratory of Physics have been from the beginning productive physicists
rather than merely teachers. The instruction 1s done by the small group
method, twenty to a section, save for one rather elaborate demonstration lec-
ture each week throughout the freshman and sophomore years. All the mem-
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bers of the staff participate in these lectures and almost all give at least one
undergraduate course. The entering freshman thus makes some contact in his
first year with practically all of the members of the staff, and he has the op-
portunity to maintain that contact throughout his four undergraduate years,
and his graduate work as well, if he elects to go on to the higher degrees.

In order to provide the thorough training in physics required by those who
are going into scientific or engineering work, two full years of general physics
are required of all studenis. Those who desire to major in physics take during
their junior, senior and fifth years intensive problem type courses that pro-
vide a more than usually thorough preparation for graduate work. However,
electives are provided during the third and fourth years that permit those
who do not expect to go into graduate work to replace some of the mathema-
tics and problem courses by engineering subjects. Many of the undergraduate
students who elect physics are given also an opportunity to participate in some
of the thirty to sixty research projects which are always underway in the
Norman Bridge Laboratory of Physics, and the graduate seminars are open to
undergraduates at all times.

GRADUATE WORK .

Graduate students should complete as soon as possible the courses required
for admission to candidacy for the doctor’s degree. (See page 138.) These
provide an unusually thorough grounding in the fundamentals of physics, and
the student learns to use these principles in the solution of problems of all
kinds. In general, also, graduate students should begin research during their
first year and continue it through their whole graduate period.

The Norman Bridge Laboratory of Physics is equipped to carry on research
in all the principal fields of physics. Special facilities for research in atomic
and nuclear physics are also provided in the W. K. Kellogg Laboratory of
Radiation and the High-Potential Research Laboratory with their million-
volt power transformers, van de Graff machines, magnetic analyzers and spec-
trometers, etc. The facilities are especially good for precision work in the
field of the light nuclei.

The student either may select his own problem in consultation with the de-
partment or may work into some one of the research projects already under
way. The average yearly output of the laboratory for many years has been
from fifty to sixty major papers.

There is a general seminar or research conference each week which is regu-
larly attended by all research workers and all graduate students. In addition,
there is a weekly theoretical seminar conducted for the benefit of those inter-
ested primarily in mathematical physics and several seminars on special fields
of work such as x-radiation, nuclear physics, metals, physics of solids, and
ultra-short electromagnetic waves.

For graduates in physics the main outlets are positions in colleges and uni-
versities, in the research laboratories of the government, and in the increasing
number of industrial research laboratories of the country. There is at present
a continuing demand for physicists in the National Defense activities of the
government, and many graduates are engaged in such work.
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In order to make it possible for students to carry on their researches even
after they have satisfied the requirements for the doctor’s degree, a number
of post-doctoral research fellowships are available.

2. ENGINEERING

UNDERGRADUATE WORK

“The four-year Undergraduate Course in Engineering,” as prescribed in the
Educational Policies of the Institute, “shall be of a general, fundamental
character, with a minimum of specialization in the separate branches of en-
gineering. 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 spe-
cialized technical subjects commonly included 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 en-
dorsed by leading engineers—one which avoids on the one hand the narrow-
ness common among students in technical schools, and on the other the super-
ficiality and the lack of purpose noticeable in many of those taking academic
college courses.” The Course is designed to provide a thorough basis for gen-
eral engineering practice, for advanced study and research, or for industrial
and administrative work.

The plan of instruction in engineering embodies a four-year course for the
degree of Bachelor of Science. The civil, electrical and mechanical engineer-
ing groups are not separated until the third year, all students following the
same program of the fundamental subjects—mathematics, physics and chem-
istry—supplemented by their general applications in surveying, mechanism,
mechanics, strength of materials, direct and alternating currents, heat engines
and hydraulics. The divergence between the different branches occurs in the
third and fourth years, when the study of the professional subjects of spe-
cialized nature is introduced. Subjects in the humanities—English, history,
and economies—are included in each year of the curriculum.

The four-year undergraduate courses in engineering are well balanced
foundations for entrance into many opportunities within the respective fields.
However, those students who wish to prepare for careers in the more inten-
sive technical phases of engineering, and who have shown capacity to do ad-
vanced work, are expected to take the fifth year, which represents additional
professional subjects and work in both design and research. While the work
of the fifth year is prescribed to a considerable extent, it offers time and en-
couragement for the student to engage in research in a field of his own selec-
tion under the guidance of a stail representing a wide range of experience
and current activity.

GRADUATE STUDY AND RESEARCH IN ENGINEERING

Graduate study and research opportunities in Engineering are available in
the fields of aeronautical, civil, mechanical, electrical, and chemical engineer-
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ing, with courses quite definitely outlined, leading to the degree of Master of
Science. These courses normally require one year of work following the
Bachelor’s degree and are designed to prepare the engineer for professional
work of more specialized and advanced nature. A sixth year leads to the de-
gree of Aeronautical Engineer, Chemical Engineer, Civil Engineer, Electrical
Engineer, or Mechanical Engineer. In addition, advanced work is offered
in Aeronautics, Chemical Engineering, Civil Engineering, Electrical Engineer-
ing, and Mechanical Engineering leading to the degree of Doctor of Philos-
ophy. In all phases of the graduate program students are encouraged to in-
clude in their courses of study a considerable amount of work outside of their
specialized fields, particularly in mathematics and physies.

The Division of Engineering includes those curricula and facilities which
are a part of the options of Civil, Electrical, Mechanical Engineering and
Aeronautics in which degrees designated with these options are given. In ad-
dition, the Division includes courses of study and research facilities in which
no specific degree is offered, but which form a part of a student’s course of
study or are available to him as optional work, These subjects are Applied
Mechanics, Hydraulics and Hydrodynamics, Jet Propulsion, and Metallurgy.
Some of the specialized laboratory facilities available for instruction and re-
search are the various wind tunnnels, the Analysis Laboratory which includes
the Analog Computer, the Dynamics Laboratory, the High Voltage Labora-
tory, and the several facilities for work in Hydraulic Structures and Hydro-
dynamics.

AERONAUTICS

The graduate School of Aeronautics and Guggenheim Aeronautical Labora-
tory, widely known as the GALCIT, were established in 1928 at the California
Institute with the aid of the Daniel Guggenheim Fund for the Promotion of
Aeronautics. Since their inception the department and laboratory have been
actively engaged in the fields of Aeronautics and the allied sciences. The
following program of instruction at the post-graduate level and of advanced
research is now in progress:

1. A comprehensive series of theoretical courses in aerodynamics, fluid
mechanics, and elasticity, with the underlying mathematics, mechanics, ther-
modynamics,- and physics.

2. A group of practical courses in airplane design conducted by the In-
stitute’s staff in cooperation with practicing engineers in the vicinity.

3. Experimental and theoretical researches on:
a. The basic problems of fluid mechanics with particular emphasis on
the effects of viscosity and compressibility.
b. The fundamentals of solid mechanics relating to the properties of
materials and to the elastic or plastic behavior of structures and struc-
tural elements, primarily for aircraft and guided missiles.
c. The concepts of aeroelasticity in which the dynamical structural de-
formations are correlated with their attendant aerodynamic effects.
d. The performance, stability, and dynamical behavior of aircraft,
guided missiles, and projectiles.
e. Problems in jet propulsion with special emphasis on the underlying
fluid mechanics, thermodynamics, dynamics, and chemistry.
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The campus laboratory houses a wind tunnel of the closed circuit type with
a working section 10 feet in diameter. A 750 horsepower motor and propeller
produce test section wind velocities in excess of 200 miles per hour. A com-
plete set of aerodynamical balances permits the rapid testing of aircraft
models as well as the undertaking of many types of scientific investigation in
this tunnel. A fluid mechanics laboratory contains several smaller wind tun-
.nels and a considerable amount of auxiliary apparatus especially suitable for
the study of the basic problems connected with turbulent flows. The problems
of transonic, supersonic, and hypersonic flows may be investigated in other
wind tunnels specifically designed for such purposes. In these tunnels, flow
velocities up to approximately 10 times the velocity of sound may be studied.
These tunnels are equipped with optical apparatus which can be used for
the study of shock wave phenomena. A structures laboratory is equipped with
standard and special testing machines for research in the field of aircraft
structures. Fatigue machines are also available for investigating the fatigue
properties of materials. Photoelastic equipment can be made available for
the study of stress distribution by optical methods. The laboratory is also
equipped with excellent shop facilities for the manufacture of testing equip-
ment and research instrumentation.

The Aeronautics Department has developed a number of interests related
to but not strictly included in its academic, on-campus activities. Two of these
now have extensive research facilities with which the Department maintains
close contact, although they are not located on the Institute campus. The first
is the Jet Propulsion Laboratory which is owned and sponsored by the Armed
Services and operated by the California Institute. It is devoted to the study of
the fundamental problems underlying jet propulsion and guided missiles.
Among the subjects emphasized are supersonic aerodynamics, chemistry of
fuels and combustion, high temperature materials, liquid and solid propellant
rocket motors, ramjet and other air-consuming jet engmes missile guidance
and control, etc.

The second off-campus facility is the Southern California Cooperative
Wind Tunnel which is owned by five aircraft companies. The Laboratory with
its equipment was constructed and is operated by the Aeronautics Department
under a management agreement. This tunnel has approximately 15,000 in-
stalled horsepower, an 814 by 12 foot working section, and develops speeds
up to the velocity of sound. It can be operated both above and below atmos-
pheric pressure and is used for studying the aerodynamic problems of modern
aircraft and guided missiles,

The facilities of the Institute are available to students working towards ad-
vanced degrees, and to qualified workers who wish to carry out researches in
the fields outlined above. In some cases the off-campus facilities can also be
made available for such purposes. A few fellowships can be granted to selected
men.

As in the older departments of physics, chemistry, and mathematics, em-
phasis is placed primarily upon the development of graduate study and re-
search; but provision has also been made in the four-year undergraduate
course in engineering for work leading to such graduate study and research.
This affords a broad and thorough preparation in the basic science and engi-
neering upon which aeronautics rests.
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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 preparation. The field of aeronautics is so
many-sided that a student who has completed the undergraduate course either
in engineering or in applied science will be admitted to the fifth-year course.
The sixth-year work, however, may be taken only by students who have com-
pleted the fifth-year course at the Institute or who have had substantially the
same preparation elsewhere.
© Still more advanced study and research are 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.

CHEMICAL ENGINEERING AND APPLIED CHEMISTRY
| (See pp. 84-86)

CIVIL ENGINEERING

In Civil Engineering instruction is offered leading to the degrees of Bache-
lor of Science, Master of Science, Civil Engineer, and Doctor of Philosophy.

The branches of civil engineering in which advanced work is offered in-
clude the control, development and conservation and treatment of water; the
analysis of structures with particular reference to those types achieving econ-
omy through continuity of arrangement; the study of earthquake effects and
means of resisting them; investigation of stresses in dams and the design of
different types of dams; the study of the increasingly important problems of
sanitation, sewage treatment and disposal work; the location, design, con-
struction and operation of railroads and highways; the study of properties and
economical utilization of construction materials; and the study of soil me-
chanics as related to foundations, earth dams, stability of slopes, and other
earthwork problems. 'Also, instruction and research facilities are available
in the subjects of hydraulic structures, open and closed hydraulic channels,
sediment transport, hydraulic machinery, experimental stress analysis, elas-
ticity, and vibrations.

ELECTRICAL ENGINEERING

In Electrical Engineering instruction is offered leading to the degrees of
Bachelor of Science, Master of Science, Elecirical Engineer, and Doctor of
Philosophy.

The field of electrical engineering affords opportunity for many choices of
life work relating to design, research, production, operation and management.
Some phases of these activities and the commercial semi-technical phases of
the electrical industry require only the preparation of the four-year course,
but the better, or more normal preparation for an electrical engineering career
requires the completion of the five-year course leading to the degree, Master
of Science.

The instruction pattern for electrical engineering is therefore designed on
a five-year basis, the fifth year courses being open to qualified students who
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have completed the four year electrical engineering option for the Bachelor
of Science degree from the Institute, or have had substantially the same prep-
aration in other colleges.

Other fields of endeavor call for a knowledge of mathematics, physics, and
electrical engineering in excess of that obtainable in the five year curricula.
To meet this need the Institute has provided courses of graduate study and
research in electrical engineering leading to the degrees of Electrical Engineer
and Doctor of Philosophy. These courses provide for advanced work in the
application of mathematical analysis and physical laws to mechanical and
electrical problems and may be taken by a limited number of exceptional
students who have completed the five year electrical 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 professional
experts in the highly mathematical and scientific phases of electrical engineer-
ing may continue their work for the degree of Doctor of Philosophy. Students
desiring graduate course preparation for work relating to the application, de-
velopment and manufacture of electrical equipment may continue their work
for the degree of Electrical Engineer.

The distinctive features of undergraduate work and graduate work in elec-
trical engineering at the California Institute of Technology are the creative
atmosphere in which the student finds himself and the large amount of physics
and mathematics courses included in the engineering curricula. The graduate
work in electrical engineering greatly strengthens the undergraduate courses
by bringing students who feel the fourth and fifth year courses best adapted
to their needs in close touch with research men and problems.

Of the several electrical engineering laboratories at the California Insti-
tute, two, the High Voltage Research Laboratory and the Analysis Laboratory,
are outstanding.

The High Voltage Building and the million-volt power frequency trans-
former were provided by the Southern California Edison Company. The mil-
lion-volt transformer, which was designed by Professor R. W. Sorensen, has
a normal rating of 1,000 kilovolt amperes but is capable of supplying several
times the rated load at the above potential, with one end of the winding ground-
ed. A 2,000,000 volt surge generator which can be conveniently used as two
1,000,000 volt surge generators and a high current surge generator supple-
mented by cathode-ray oscillographs and other apparatus used in the study
of electric surges (artificial lightning) and its effect upon electrical apparatus
provides ample facility for the study of high voltage transients. This labora-
tory is used both for the pursuit of special scientific problems connected with
the structure of matter and the nature of radiation, and for the conduct of the
pressing engineering problems having to do with the improvement in the art
of transmission at high potentials. It also provides opportunities for instruc-
tion in this field, such as are not at present easily obtainable elsewhere by
students of science and engineering.

The Analysis Laboratory recently established at the Institute provides
means for the development of large scale computer techniques and their appli-
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cation to the solution of the more complex mathematical equations that must
be solved in connection with engineering and scientific investigations. At
present the main activity of this laboratory is centered around a unlque elec-
tric analog computer developed by Professor G. D. McCann.

This computer is available not only as an aid to the research of members
of the Institute staff but also as an instrument of general service to the engi-
neering staffs of the Southern California industrial area and to the armed
forces research groups.

Though very new, this computer seems unsurpassed as a device for rapidly
solving many very difficult equations. Its use has already indicated a number
of development lines for other computation methods. These will provide re-
search projects suitable for graduate students particularly in the field of elec-
trical engineering and applied mechanics.

The computer also provides an important facility for extending certain
lines of basic research in electric circuit theory, mechanics, aeronautics, ther-
modynamics and other fields where similar problems are encountered.

Equipment and laboratories for research work in electronics, radio, and
microwaves are available. Research projects now in progress or planned for
the immediate future include basic studies of wave guide phenomena, propa-
gation of microwaves through the various meteorological conditions encoun-
tered in Southern California, studies of the behavior of electric and electronic
equipment at very high altitudes. Facilities for research in dynamo-electric
machinery and in servo mechanisms are also available.

MECHANICAL ENGINEERING

In Mechanical Engineering instruction is offered leading to the degrees of
Bachelor of Science, Master of Science, Mechanical Engineer, and Doctor of
Philosophy.

The general program of instruction in mechanical engineering is organized
on a five year basis in which the fifth year schedule is open to qualified students
who have completed the four year mechanical engineering option for the
Bachelor of Science degree from the Institute, or have had substantially the
same preparation in other colleges. The first four years at the Institute are con-
cerned with basic subjects in science and engineering and in the humanities.
The fifth year, therefore, is somewhat more specialized, but yet basic in the
field of mechanical engineering. A set schedule of subjects is specified for the
fifth year covering the more specialized and advanced phases of mechanical
engineering.

Greater specialization is provided by the work for the engineer’s or doc-
tor’s degree. The student is allowed considerable latitude in selecting his
course of subjects, and is encouraged to elect related course work of advanced
character in the basic sciences. The engineer’s degree of Mechanical Engineer
is considered as a terminal degree for the student who wishes to obtain ad-
vanced training more highly specialized than is appropriate to the degree of
Doctor of Philosophy. Research work leading to a thesis is required for the
engineer’s degree and for the doctor’s degree.

In advanced work the Mechanical Engineering Department provides facili-
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ties in four general areas: (1) hydrodynamics, (2) design, mechanics, and
dynamics, (3) physical metallurgy and mechanics of materials, and (4) ther-
modynamics and heat power. In hydrodynamlcs extensive facilities are avail-
able as described under a separate section of the catalogue. A Dynamics Lab-
oratory is provided for the study of problems in vibration, transient phe-
nomena in mechanical systems, and experimental stress analysis by means of
special mechanical and electronic equipment. Instruction and research in
physical metallurgy is made possible by a well equipped metallography lab-
oratory in which alloys may be prepared, heat treated, analyzed, and studied
microscopically. Extensive laboratory facilities have been developed for the
study of the mechanics of materials, particularly under conditions of dynamic
loading, which are located in a special laboratory. Work in the field of ther-
modynamics and heat power is implemented by laboratories containing in-
ternal combustion engines, heat transfer apparatus, and refrigeration equip-
ment. Work is in progress on certain phases of gas turbines which provides
problems and facilities for research in this field.

An additional activity of interest to all advanced students in engineering is
the Analysis Laboratory. (See pages 94-95.) This laboratory is built around
an analog computer which merges the various interests in applied mechanics,
applied mathematics, and elecirical engineering in the solution of problems,
The computer is valuable not only for solution of specific research problems
but also as a field of research in itself in the development of new elements to
extend the usefulness of the computer to more general mathematical analysis.

Close connections are maintained by the Mechanical Engineering staff with
the many industries and governmental research agencies in the area which
provide new, basic problems and facilities for study and research in the broad
field of mechanical engineering.

GUGGENHEIM JET PROPULSION CENTER

During 1948 at the California Institute of Technology, a Jet Propulsion
Center was established by the Daniel and Florence Guggenheim Foundation.
This Center was created specifically to provide facilities for postgraduate ed-
ucation and research in jet propulsion and rocket engineering, with particular
emphasis on peace-time uses. The objectives of this Center are to provide
training in jet propulsion technology, to promote research and advanced
thinking on rocket and jet propulsion problems, and to be a center for peace-
time commercial and scientific uses of rockets and jet propulsion. The Gug-
genheim Jet Propulsion Center is a part of the Division of Engineering of the
California Institute of Technology. All instruction in the Guggenheim Center
is on the graduate level.

The solution of the engineering problems in jet propulsion draws on the
knowledge and practice of the older branches of engineering, in particular,
mechanical engineering and aeronautics. Thus, it is proper that the program
of instruction in jet propulsion include material from both of these engineer-
ing fields. Similarly, it is expected that in general students entering the course
work in jet propulsion will have had their undergraduate preparation in me-
chanical engineering or aeronautics. Thus, the program of instruction in jet
propulsion will have two separate options, allowing men from both aeronau-
ties and mechanical engineering to follow their previous inclinations and de-
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velopments. Both options lead to the degree of Master of Science upon the
completion of the fifth year programs. For men in the Aeronautics Option,
the degree of Aeronautical Engineer will be given upon the completion of a
sixth year program. Similarly, the degree of Mechanical Engineer will be
given to men upon the completion of the sixth year program of the Mechanical
Engineering Option.

Students from the Aeronautics Option may be admitted-to work for the de-
gree of Doctor of Philosophy in Aeronautics and a minor field. Students from
the Mechanical Engineering Option may be admiited to work for the degree
of Doctor of Philosophy in Mechanical Engineering and a minor field.” No
designation specifying the field of jet propulsion will be given.

The actual courses of study in jet propulsion under the two options will be
available for registration in September, 1949. The jet propulsion course
which has been offered during the past several years—see Aeronautics sched-
ule of courses—includes substantially the subjects of instruction to be offered
under the new Guggenheim Center. The two new options, which will replace
the present course of study, will emphasize materials and Thermodynamics
for the mechanical engineer and aerodynamics and compressible flow for the
aeronautical engineer.

The facilities of the Institute, in particular those of the department of
Aeronautics and the department of Mechanical Engineering, are available to
students working towards advanced degrees. In addition, there is the Jet Pro-
pulsion Laboratory, first established by the Aeronautics department, which
is owned and sponsored by the Armed Services. This Laboratory, located off
the campus, is now operated by the Institute through the Jet Propulsion Lab-
oratory Board. It is devoted to the study of the fundamental problems underly-
ing jet propulsion and guided missiles. Among the subjects emphasized are
supersonic aerodynamics, chemistry of fuels and combustion, high tempera-
ture materials, liquid and solid propellant rocket motors, ramjet and other
air-consuming jet engines, missile guidance and control, etc. Under the pres-
ent regulations, students who wish to use the facilities of the Jet Propulsion
Laboratory must, however, first obtain clearance from the Armed Services.

HYDRODYNAMICS

Hydrodynamics and hydraulic engineering represent subjects in Fluid
Mechanics which complement other Institute work in Aerodynamics and in
which a vigorous program of research and instruction is maintained. While
no specific degree in Hydrodynamics is given, the several specialized labora-
tories provide excellent facilities for graduate student research.

HypraurLic MacHINERY LaBoraTORY. This laboratory is designed for carry-
ing out basic and precise research studies in the hydrodynamics of centrifugal
and propeller pumps, turbines, and allied flow problems. Dynamometers with
precision speed controls are available up to 450 horsepower output or input,
and for speeds up to 5,000 r.p.m. Accurate instruments for measuring pres-
sures, flow rates, speeds, and torques are provided. Special equipment for the
study of cavitation has been developed.

HypropyNamics LaBoraTory, This laboratory is a three-story wing adjoin:
ing the Hydraulic Machinery Laboratory. Its equipment is designed for the
determination of the dynamics of the motion of underwater bodies. Major
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research programs are now being carried on under the sponsorship of the
Bureau of Ordnance of the Navy. The facilities are also available for graduate
research. The equipment includes (a) a High Speed Water Tunnel with a 14-
inch working section and velocities above 70 feet per second, (b) a Free Sur-
face Water Tunnmel, (c) a large Controlled Atmosphere Launching Tank, and
(d) a Polarized Light Flume. Force balance and pressure distribution measur-
ing equipment are available for the tunnels. Much additional auxiliary equip-
ment has been developed, including a flash-type motion picture camera for
work up to 30,000 exposures per second. Well equipped photographic dark
rooms and precision instrument shop are part of the laboratory facilities.

Hyprauvric StRucTURES LaBOoRATORY. This laboratory is equipped to study
problems of open channel flow that ordinarily occur in water and flood con-
trol work, and problems of wave action that arise in connection with beach
and harbor development. The equipment includes (a) a model basin of about
2400 square feet equipped with a water supply, wave, surge, and tide appara-
tus required for studying river, harbor, beach, and reservoir spillway prob-
lems; (b) a tilting channel platform 100 feet long for studying high velocity
flow; (¢) a concrete flume for use in weir, spillway, and allied problems re-

quiring a deep basin; (d) a complete laboratory unit with a large model basin
120 feet by 120 feet, located about 12 miles east of Pasadena, together with
office space, shops, and auxiliary apparatus such as wave and tide machines,
automatic wave recording gauges, special flash lamp and other photographic
and electronic apparatus. It was built for the Navy Bureau of Yards and Docks
to study the development of Apra Harbor at' Guam, and is especially suitable
for wave and surge problems.

So1r. ConsERVATION LaBoRATORY. This laboratory, originally operated for
soil conservation studies, has become a center for basic investigations into the
mechanism of entrainment, transportation, and deposition of solid particles
by flowing fluids. The equipment includes (a) the closed circuit suspended
load flume with an adjustable gradient, (b) a special flume for the study of
rate of reduction of bed load, (¢) an outdoor model basin for studying field
problems requiring either clear or silt laden flows, and (d) sediment analysis
laboratory. Facilities of this installation are also available to qualified grad-
uate students.

3. THE HUMANITIES

One of the distinctive features of the California Institute is its emphasis
upon the humanistic side of the curriculum. The faculty is in thorough sym-
pathy with this aim and gives full support to it. Every student is required to
take, in each of his four undergraduate years, one or more humanistic courses.
These courses in the Division of the Humanities include the subjects English
and foreign literatures, European and American history, philosophy and
social ethics, economics (including industrial relations), and government.
All of them are so planned and articulated that the student obtains a solid
grounding and not merely the superficial acquaintance which is too often the
outcome of a free elective system. The standards of intellectual performance
in these studies are maintained on the same plane as in the professional sub-
jects. ‘
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Ample quarters for the work in humanities are provided in Dabney Hall,
which was given to the Institute by the late Mr. and Mrs. Joseph B. Dabney of
Los Angeles as an evidence of their interest in the humanities program of the
Institute and their desire to support it. Besides the usual class and lecture
rooms, Dabney Hall of the Humanities contains a divisional library and read-
ing room, offices for members of the humanities faculty, a room for the exhi-
bition of pictures and other works of art, and a student lounge which opens
upon a walled garden of olive trees.

In connection with the acceptance of the gift of Dabney Hall, a special fund
of $400,000 for the support of instruction in the humanistic fields was sub-
scribed by several friends of the Institute. In 1937 the late Mr. Edward S.
Harkness gave the Institute an additional endowment fund of $750,000 for
the same purpose.

In addition to the regular stafl of the Institute, scholars from other institu-
tions give instruction or lectures in the Division of the Humanities. The prox-
imity of the Huntington Library, with its unique opportunities for research
in literature, history, and economics, is assurance that the instruction given
at the Institute in these fields will continue in the future, as in the past, to be
strengthened by the association of visiting scholars.

THE INDUSTRIAL RELATIONS SECTION

The Industrial Relations Section, which was established in 1939, is sup-
ported by special contributions from a substantial number of individuals,
companies, and labor unions.

The program of the Industrial Relations Section includes four types of ac-
tivities: (1) it provides an introductory course in industrial relations for
seniors and graduate students and specialized courses without academic credit
for representatives of companies and unions; (2) it holds periodic conferences
and meetings with industrial executives and labor union officials for the dis-
cussion of current labor problems; (3) it conducts surveys and research
studies on problems of industrial relations; and (4) for the use of students
and representatives of companies and unions, it maintains a comprehensive
reference library in its quarters in Culbertson Hall on the campus. As a result
of these varied activities, the Section publishes a series of bulletins and cir-
culars.

The work and program of the Section is guided by the Committee of the
Industrial Relations Section consisting of Trustees appointed by the Board
and faculty members appointed by the President.



STUDENT LIFE

Student Houses. The four Student Houses are situated on the California
Street side of the campus. Planned in the Mediterranean style to harmonize
with the Atheneum, they were, like the latter building, designed by Mr. Gordon
B. Kaufmann. While the four houses constitute a unified group, each house
is a separate unit providing accommodations for about seventy-five students;
each has its own dining-room and lounge, but all are served from a common
kitchen.

All four houses have attractive inner courts surrounded by portales. Most
of the rooms are single, but there is a limited number of rooms for two. All
the rooms are simply but adequately and attractively furnished. The buildings
are so planned that within each of the four houses there are groupings of rooms
for from twelve to twenty students, with a separate entry and toilet and kitch-
enette facilities for each.

The completion of this group of four residence halls marks the initial step
in a plan to meet the housing and living problems of undergraduate students,
The plan calls eventually for eight residence halls. Each of the four present
houses has its own elected officers and is given wide powers in the matter of
arranging its own social events, preserving its own traditions, and promoting
the general welfare of the house. The houses are under the general supervision
and control of a member of the Faculty known as the Master of the Student
Houses.

By action of the Board of Trustees, all undergraduate students are expected
to live in the Student Houses unless permission is given by one of the Deans
to live elsewhere. This permission will be given only when there are reasons
of emergency or when there are no longer any vacancies in the Houses. Since
the demand for rooms may exceed the supply, newly entering students are
advised to file room applications immediately upon being notified by the Reg-
istrar of admission to the Institute.

Throop Club. The Throop Club is designed to prov1de for non-resident stu-
dents the same sort of focus for undergraduate life that the Student Houses
provide for resident students. The Throop Club has its own elected officers
and committees and carries on a full program of social and other activities.
The Throop Club lounge, made possible by the generosity of a group of friends
of the Institute, provides a convenient gathering place on the campus and is the
center of Throop Club activities. For non-resident students, membership in
the Throop Club greatly facilitates participation in undergraduate social life
and intramural sports.

Interhouse Activities. The presidents and vice-presidents of the four Student
Houses and the Throop Club make up the Interhouse Committee, which de-
termines matters of general policy for all five organizations. While each
sponsors independent activities there is at least one joint dance held each year.
The program of intramural sports is also carried on jointly. At present it
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includes football, softball, cross-country, swimming, water polo, skiing, bas-

ketball, and handball.

Interhouse Scholarship Trophy. A trophy for annual competition in
scholarship among the four Student Houses and the Throop Club has been
provided by an anonymous donor. With the approval of the donor the trophy
has been designated as a memorial to the late Colonel E. C. Goldsworthy who
was Master of the Student Houses and commemorates his interest and effort in
the field of undergraduate scholarship.

Associated Student Body. The undergraduate students are organized as the
“Associated Students of the California Institute of Technology, Incorporated.”
All students who pay their student body fees are automatically members of
this organization, which deals with affairs of general student concern and with
such matters as may be delegated to it by the faculty. Membership in the cor-
poration entitles each student to (a) admission to all regular athletic or
forensic contests in which Institute teams participate, (b) a subscription to
The California Tech, (c) one vote in each corporate election, and (d) the
right to hold a corporate office.

Board of Directors. The executive body of the corporation is the Board of
Directors, which is elected by the members in accordance with the provisions
of the By-Laws. The Board interprets the By-Laws, makes awards for athletic
and extra-curricular activities, authorizes expenditures from the corporation
funds, and exercises all other powers in connection with the corporation not
otherwise delegated.

Board of Control. The Honor System is the fundamental principle of con-
duct of all students. More than merely a code applying to conduct in examina-
tions, it extends to all phases of campus life. It is the code of behavior govern-
ing all scholastic and extra-curricular activities, all relations among students,
and all relations between students and faculty. The Honor System is the out-
standing tradition of the student body, which accepts full responsibility for its
operation. The Board of Control, which is composed of elected representatives
from each of the four undergraduate classes, is charged with interpreting the
Honor System. If any violations should occur, the Board of Control considers
them and may recommend appropriate disciplinary measures to the faculty.

Faculty-Student Relations. Faculty-student codrdination and codperation
with regard to campus affairs is secured through periodic joint meetings of
the Faculty Committee on Student Relations, and the Board of Directors and
the Board of Control of the Student Body. These conferences serve as a clear-
ing house for suggestions as to policy, organization, etc., originating with
either students or faculty.

Athletics. The California Institute maintains a well-rounded program of
athletics and schedules inter-collegiate events with various neighboring insti-
tutions.

The California Institute, having acquired the right to purchase a portion of
Tournament Park through a recent city election, plans to expand its athletic
facilities available to the student. A baseball stadium, championship tennis
courts, a football field, and a standard outdoor track are now available, and
as time and construction permit, other facilities will be offered.
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The Institute sponsors an increasingly important program of intramural
athletics. There is spirited competition among the five groups composed of the
Student Houses and the Throop Club for the possession of three trophies. The
Interhouse Trophy is awarded annually to the group securing the greatest
number of points in intramural competition during the year. The Varsity and
Freshman Rating Trophy is presented to the group having the greatest number
of men parficipating in varsity and freshman athletics. The third trophy,
“Discobolus,” 1s a bronze replica of Myron’s famous statue of the discus
thrower. “Discobolus” is a challenge trophy, subject to competition in any
sport. It remains in the possession of one group only so long as that group
can defeat the challengers of any of the other groups.

Student Bedy Publications. The publications of the student body include
a weekly paper, the California Tech; an annual, and a student handbook,
which gives a survey of student activities and organizations and serves as a
campus directory. These publications are staffed entirely by undergraduates.
Through them ample opportunity is provided for any student who is interested
in obtaining valuable experience not only in the journalistic fields of reporting
and editing, but in the fields of advertising and business management as well.

Musical Activities. The Institute provides qualified directors and facilities
for a band, orchestra, and glee club. The Musicale is an organization which
encourages interest in and appreciation for classical recordings. The extensive
record library of the Institute provides opportunity for cultivation of this

" interest and for the presentation of public programs.

Student Societies and Clubs. There is at the Institute a range of undergrad-
uate societies and clubs wide enough to satisfy the most varied interests. The
American Institute of Electrical Engineers, the American Society of Civil
Engineers, and the American Society of Mechanical Engineers all maintain
active student branches.

The Institute has a chapter (California Beta) of Tau Beta Pi, the national
scholarship honor society of engineering colleges. Each year the Tau Beta Pi
chapter elects to membership students {rom the highest ranking eighth of the
junior class and the highest fifth of the senior class.

The Institute also has a chapter of Pi Kappa Delta, the national forensic
honor society. Members are elected annually from students who have repere-
sented the Institute in intercollegiate debate, or in oratorical or extempore
speaking contests.

In addition to the national honorary fraternities there are four local hon-
orary groups: the Beavers, membership in which is a recognition of service
to the student body; the Varsity Club, which is composed of students who have
earned letters in intercollegiate athletics; the Press Club, which elects mem-
bers who are active in student publications; and the Drama Club, in which
membership is conferred as an award for student dramatic talent.

Special interests and hobbies are provided for by the Chem Club, the Radio
Club, and the Ski Club. The Christian Fellowship Group, Christian Science
Group, Episcopal Group, and the Newman Club are organized on the basis of
religious interests. The Walrus Club comprises a group interested in the dis-
cussion of questions of current national and international importance.
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Student Shop. The Student Shop is located in one of the service buildings
on the campus near the Student Houses. It was equipped by the Institute,
largely through donations, and is operated by the students under faculty sup-
ervision. It has no connection with regular Institute activities, and exists solely
as a place where qualified students may work on private projects that require
machinery.

All students are eligible to apply for membership in the Student Workshop
organization. These applications are acted upon by a governing committee of
students, and this committee is charged with the responsibility of admitting
only those who can demonstrate their competence in the operation of the ma-
chines in the shop. Yearly dues are collected to provide for maintenance and
replacement.

Forensics. Institute debaters engage in an annual schedule of debates with
other Southern California colleges, and take part annually in oratorical and
extempore speaking contests. To encourage undergraduate forensics the
English department offers a course in debate. During the second and third
terms a special debating class for freshmen gives first-year men an opportunity
to prepare for freshman debates. A number of intramural practice debates,
and the annual oratorical contest for the Conger Peace Prize afford all men
interested in public speaking an opportunity to develop their abilities.

Y.M.C.A. The California Institute Y.M.C.A. is a service organization whose
purpose is to supplement a technical and scientific education with a program
emphasizing social and religious values. The “Y” is one of the most active
student organizations on the campus and welcomes as members all students
taking an active part in its regular program of activities. The program includes
weekly luncheon clubs, discussion groups, forums and lectures, student-
faculty firesides, inter-collegiate conferences and work with local church
groups. It also sponsors an annual freshman tea dance and cooperates in plan-
ning the New Student Camp. The “Y” services to the student body include a
used textbook exchange, a tutoring service, a loan fund, an all-year calendar
of student events and the use of the lounge and offices. The executive secretary
of the Y.M.C.A., Wesley L. Hershey, is always available to help students with
their personal problems.

Bookstore. The Student Store serving students, faculty and staff is located
on the ground floor of Throop Hall. The store, which is owned and operated
by the Institute, carries a complete stock of required books and supplies,
many reference books and many extra-curricular items—athletic supplies,
stationery, fountain pens, etc. Net income from operation of the store is used
for undergraduate scholarships and for payment of a dividend to the Asso-
ciated Students for student body activities.
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REQUIREMENTS FOR ADMISSION TO
UNDERGRADUATE STANDING

The academic year at the California Institute consists of one twelve-week
term and two eleven-week terms, extending from late September until the mid-
dle of June. There are no summer sessions, except that graduate students are
permitted to register for summer research. Undergraduates are admitted only
once a year—in September.

I. ADMISSION TO THE FRESHMAN CLASS

Students are selected from the group of applicants on the basis of (a) high
grades in certain required high school subjects, (b) results of the College
Entrance Examination Board tests, and (c¢) a personal interview. The specific
requirements in each of these groups are described below.

APPLICATION FOR ADMISSION. Two applications are needed. One,
for admission, is made on a form furnished by the California Institute on re-
quest, and is returned directly to the Institute. The other, to take examinations,
may be secured by writing to the College Entrance Examination Board either
in Los Angeles or Princeton (see below).

Completed admission application blanks and high school records including
courses that may be in progress must reach the Registrar’s Office by February
1, 1950 if the applicant wishes to be sure that his record is satisfactory before
he arranges to take the College Board tesis. Admission applications may
reach the Registrar’s Office as late as March 1, 1950 from those who have al-
ready arranged to take the tests. The Institute cannot, however, be responsible
in the event that an applicant who has paid his fee to the College Board must
later be informed that his record is not acceptable.

Applicants living outside the continental limits of the United States must
submit their credentials by November 1, 1949.

Records submitted by February 1 will ordinarily show the grades for only
the first three years of high school. The applicant should make sure that a
supplementary transcript showing the grades for the first semester of the
senior year is seni as soon as these grades are available. He should likewise
be sure to list in the space provided on the application blank the subjects he
will take throughout the senior year.

Arrangements to take the tests must be made by writing to the College En-
trance Examination Board in advance of the closing dates and according to
the instructions listed below.

HIGH SCHOQOL CREDITS. 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 recita-
tions weekly. Each applicant must offer all of the units in Group A and at
least five and one-half units in Group B.
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Group A: English 3
Algebra 2
Plane Geometry 1
Trigonometry . 1
Physics 1
Chemistry 1

United States History and Government

Group B: Foreign Languages, Shop, additional English, Mathematics, Geol-
ogy, Biology or other Laboratory Science, History, Drawing, Com-
mercial subjects, ete. 5%

Applicants who offer for entrance a total of fifteen recommended 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, chemistry 1 unit. All entrance deficiencies must be made
up before registration for the second year.

The Admissions Committee recommends that the applicant’s high school
course include at least two years of foreign languages, preferably Latin, a
year of geology or biology, basic elementary shop work, and as much extra
instruction in English grammar and composition as is available in the high
school curriculum.

Each applicant is expected to show that he has satisfactorily completed the
above-stated required preparation, by presenting a complete scholastic record
from an approved school. This record must contain a list of courses in prog-
ress—if any-—at the time the record is submitted.

ENTRANCE EXAMINATIONS. In addition to the above credentials, all
applicants for admission to the freshman class are required to take the follow-
ing entrance examinations given by the College Entrance Examination Board:
the scholastic aptitude test (morning program) ; the afternoon program con-
sisting of achievement tests in Advanced Mathematics, Physics, and Chem-
1stry.

In 1950 these tests may be taken either on Saturday, January 14, or on Sat-
urday, March 11. Most applicants will find themselves better prepared if they
wait until the latter date. I¢ is important io note, however, that no applicant
can be considered for admission in 1950 who has not completed the tests by
the March 11 date. No exception can be made to the rule that all applicants
must take these tests and no substitution of other tests for those listed above
can be permitted.

Full information regarding the examinations of the College Entrance Ex-
amination Board is contained in the Bulletin of Information which may be
obtained without charge by writing to the appropriate address given below.
The tests are given at a large number of centers, but should any applicant be
located more than 65 miles from a test center, special arrangements will be
made to enable him to take the tesis nearer home.
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Applicants who wish to take the examinations in any of the following states,
territories, or foreign areas should address their inquiries by mail to College
Entrance Examination Board, P. O. Box 2416, Terminal Annex, Los Angeles

54, California:

Arizona New Mexico Territory of Hawalii
California Oregon Province of Alberta
Colorado Utah Province of British Columbia
Idaho Washington Republic of Mexico
Montana Wyoming Australia

Nevada Territory of Alaska Pacific Islands, including

Japan and Formosa

Candidates applying for examination in any state or foreign area not given
above should write to College Entrance Examination Board, P. O. Box 592,
Princeton, New Jersey.

Applicants should be sure to state whether they will take the tests in January
or March:

Fach examination application submitted for registration must be accom-
panied by the examination fee of $12 which covers the Scholastic Aptitude
Test and three Achievement Tests.

All examination applications and fees should reach the appropriate office
of the Board not later than the dates specified below:

For examination centers located

In the United States, Canada, OQutside the United States, Can-
the Canal Zone, Mexico, or the ada, the Canal Zone, Mexico, or

Date of Tests West Indies the West Indies
January 14, 1950 December 24, 1949 November 26, 1949
March 11, 1950 February 18, 1950 January 21, 1950

Examination applications received after these closing dates will be subject
to a penalty fee of three dollars in addition to the regular fee.

Candidates are urged to send in their examination applications and fees to
the Board as early as possible, preferably at least several weeks before the
closing date, since early registration allows time to clear up possible irregu-
larities which might otherwise delay the issue of reports. Under no circum-
stances will an examination application be accepted if it is received at a Board
office later than one week prior to the date of the examination. No candidate
will be permitted to register with the supervisor of an examination center at
any time. Only properly registered candidates, holding tickets of admission to
the centers at which they present themselves, will be admitted to the tests. Re-
quests for transfer of examination center cannot be considered unless these
reach the Board office at least one week prior to the date of the examination.

Please note that requests to take the examinations and all questions refer-
ring exclusively to the examinations are to be sent to the College Entrance
Examination Board at the appropriate address as given above, and not to the
California Institute.
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PERSONAL INTERVIEW. A personal interview will, wherever possible,
be arranged with each applicant unless the results of the entrance examina-
tions show very definitely that he has not had sufficient preparation. These
interviews will be held in the locality in which the applicant lives or is attend-
ing school. In some cases, applicants may be asked to travel short distances
to a central point. Notices of interview appointments will be sent, and the
applicant has no responsibility with regard to the interview until such notice
is received.

NOTIFICATION OF ADMISSION. Final selections are ordinarily made
and the applicants notified of their admission or rejection by June first. Upon
receipt of a notice of admission an applicant should immediately send in the
registration fee of $10.00, which covers the cost of the New Student Camp.
See page 109. In the event of subsequent cancellation of application, the reg-
istration fee is not refundable unless cancellation is initiated by the Institute.
Places in the entering class will not be held for more than ten days from the
time an applicant could reasonably be expected to have received notice of ac-
ceptance. When the registration fee has been received, each accepted applicant
will be sent a registration card which will entitle him to register, provided his
physical examination is satisfactory. The registration card should be present-
ed at the Dabney Hall Lounge on the date of registration.

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

PHYSICAL EXAMINATION. Prior to acceptance for admission, each ap-
plicant is required to submit a report of physical examination on a form
which will be sent him at the time he is notified of admission. It is the appli-
cant’s responsibility to have this form filled out by a Doctor of Medicine
(M.D.) of his own choosing. See page 118. Admission is tentative pending
such examination, and is subject to cancellation if the results of the examina-
tions are unsatisfactory. .

Vaccination at the time of the examination is a requirement. Students will
not be admitted unless the physical examination form bears evidence of such
vaccination.

NEW STUDENT CAMP. All undergraduate students entering the Institute
for the first time, either as freshmen or as transfer students, are required to
attend the New Student Camp as part of the regular registration procedure.
This ineeting occupies three days of registration week preceding the fall term,
and is usually held at Camp Radford, a large well-equipped camp owned by
the city of Los Angeles and located in the San Bernardino Mountains east of
Redlands. The expenses of the camp are met in part by the $10 registration
fee from new students and in part by a contribution of funds from the Institute.

A large number of faculty members and student leaders attend the camp.
During the three-day program the new students hear what life at the Institute
is like. They learn what is expected of them and what aids are available to
them to help them live up to these expectations. Because of the comparatively
small student body and the pressure of work once academic activity starts, it is
important both to the student and to the Institute that new students become,
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at the very beginning, part of a homogeneous group sharing a common un-
derstanding of purpose and a common agreement on intellectual and moral
standards. The three days at the camp afford the best possible opportunity for
achieving this necessary unity.

II. ADMISSION TO UPPER CLASSES BY TRANSFER
FROM OTHER INSTITUTIONS

The Institute admits-to its upper classes (i.e., sophomore year and beyond)
a limited number of able men who have made satisfactory records at other
institutions of collegiate rank. In general only students whose grades, espe-
cially those in mathematics and science, are above average can expect to be
permitted to take the entrance examinations.

A student who is admitted to the upper classes pursues a full course in one
of the options in engineering or in science, leading to the degree of Bachelor
of Science. The Institute has no special students. Men are admitted either as
freshmen in accordance with the regulations set forth on pages 106-109 or as
upper classmen in the manner described below. Those who have pursued col-
lege work elsewhere, but whose preparation is such that they have not had the
substantial equivalent of the following freshman subjects, English, mathema-
tics, physics and chemistry, will be classified as freshmen and must be ad-
mitted as such. (See freshman admission requirements on pages 106-109.)
They may, however, receive credit for the subjects which have been completed
in a satisfactory manner.

A minimum residence at the Institute of one scholastic year is required of
all candidates for the degree of Bachelor of Science. See page 116.

An applicant for admission must present a transcript of his record to date
showing in detail the character of his previous training and the grades received
both in high school and college. In addition, he should file an application
for admission; the necessary blanks for this will be forwarded from the
Registrar’s office upon request, but only after transcripts are on file. Tran-
scripts and applications must be on file by April 1. If the applicant is attend-
ing another college, a list of subjects in progress, to be completed by June,
must accompany the transcript. A supplementary transcript, showing the
grades of this work, must be filed as soon as possible after the grades are
available.

Before their admission to the upper classes of the Institute all students are
required to take entrance examinations in mathematics, physics, chemisiry
and English composition covering the work for which they desire credit, ex-
cept that the examination in chemistry is required only of those desiring to
pursue the course in science. Students must offer courses, both professional
and general, substantially the same as those required in the various years at
. the Institute (see pages 154-167) or make up their deficiencies as soon as pos-
sible after admission. In case there is a question regarding either the quality
or the extent of the previous work, examinations in the subjects concerned
may be arranged.
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It is not possible to answer general questions regarding the acceptability
of courses taken elsewhere. The nature of the work at the Institute is such as
to demand that all courses offered for credit be scrutinized individually. Even
when a transeript of record is submitted it is not always possible to tell whether
the courses taken are equivalent to our work. In case the standard of the work
taken elsewhere is uncertain, additional examinations may be required before
the question of credit is finally determined.

Applicants are advised to read the descriptions of the freshman and sopho-
more courses, particularly those in physics, mathematics, and chemistry, and
to note that the work in freshman mathematics includes certain topics in dif-
ferential and integral calculus. It is possible, however, for an able student to
cover outside of class, the necessary work in integral calculus and thus prepare
himself for the entrance examination and the sophomore course in mathe-
matics.

Two examinations of a comprehensive character are offered in each of the
three subjects, mathematics, physics and chemistry. One examination in each
subject covers the work of the first year, the other examination that of the first
and second years. Representative examination papers will be sent to approved
applicants upon request. The English examination covers composition only
and is the same, regardless of the level at which the applicant is seeking ad-
mission. The Institute courses for which those admitted will receive credit
will be determined by the Committee on Admission to Upper Classes on the
basis of their previous record and of the results of the examinations.

Applications will not be considered unless the applicant has had the sub-
stantial equivalent of all four of the following courses—mathematics, physics,
chemistry and English—given at the California Institute at the first year level
for sophomore standing, and at the first and second year levels for junior
standing in the option of the applicant’s choice.

No fee is charged for the entrance examinations, but only those whose
records are good will be permitted to write upon them.

Applicants should not come to the Institute expecting to be admitted to the
examinations, without first receiving definite permission to take them.

The schedule for the three-hour examinations for admission to upper classes
September 21, 1950, is as follows:

Mathematies ............ 9:00am........... June 2, 1950
English ................ 1:00pm........... June 2, 1950
Physics ................ 9:00am........... June 3, 1950
Chemistry .............. 1:00 pm........... June 3, 1950

No other examinations for admission to upper classes will be given in 1950.

Applicants who have completed the substantial equivalent of the first three
years, and wish to transfer to the senior class at the Institute, take the same
examinations as are given to junior transfers. After they have been admitted,
further examinations may be required if any doubt exists with regard to their
previous preparation in any subject.
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Applicants residing at a distance may take the examinations under the
supervision of their local college authorities, provided definite arrangements
are made well in advance. Arrangements for examinations in absentia should
include a letter to the Registrar from the person directing the tests stating that
the required supervision will be given.

The attention of students planning to transfer to junior or senior standing
is called to the fact that, until they have satisfactorily completed three full
terms of residence at the Institute, they are subject to the same scholastic re-
quirements as are freshmen and sophomores. See pages 114-117. In addition,
they should note that to be permitted to register for any science or engineering
options during their junior and senior years they must meet the scholastic
requirements of the divisions concerned. See page 116.

Physical examinations and vaccination are required as in the case of students
entering the freshman class. See page 118. Admission is conditional upon a
satisfactory report on the physical examination.

Transfer students are required to pay a registration fee of $10 upon notifi-
cation of admission to the Institute. This fee covers the cost of the New Student
Camp, which all those entering the Institute for the first time are required to
attend. (See page 109.) In the event of subsequent cancellation of application,
the registration fee is no¢ refundable unless cancellation is initiated by the
Institute.



REGISTRATION REGULATIONS

Fees Instruction
Registration Dates Payable Begins
Freshmen and Transfer Students.............. Sept. 21, 1950 Sept. 21, 1950 Sept. 26, 1950

Upperclassmen and Graduate Students.... Sept. 25,1950 Sept. 25, 1950 Sept. 26, 1950

Fees for Late Registration

Registration is not complete until the student has filled out the necessary
registration and class assignment cards for a program approved by his regis-
tration officer and has paid his tuition and other fees. A penalty fee of four
dollars is assessed for failure to register on the scheduled date, and a similar
fee is assessed for failure to pay fees within the specified dates.

Change of Registration

All changes in registration must be reported to the Registrar’s Office by the
student. A fee of one dollar is assessed for any registration change made after
the first week of classes, unless such change is made at the suggestion of an
officer of the Institute. Registration changes are governed by the last dates for
adding or dropping courses as shown on the Institute calendar.

General Regulations

Every student is expected to attend all classes and to satisfy the requirements
in each of the courses in such ways as the instructor 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, 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; the honor system prevails in examina-
tions, and in all student affairs. A student who is known to be exercising a
harmful influence on the student life of the Institute may be summarily dis-
missed, whatever be his scholastic standing.

Auditing of Courses

Persons not regularly enrolled in the Institute may, with the consent of the
instructor in charge of the course and the Chairman of the Division concerned,
be permitted to audit courses upon payment of a fee in the amount of $10 per
term, per lecture hour. Registration cards for auditing of courses may be ob-
tained in the Registrar’s office. Regularly enrolled students and members of
the Institute staff are not charged for auditing. No grades for auditors are
turned in to the Registrar’s office, and no official record is kept of the result of
the work done.

113



SCHOLASTIC GRADING AND REQUIREMENTS

SCHOLASTIC GRADING

The [ollowing system of grades is used to indicate the character of the stu-
dent’s work in his various subjects of study:

A denotes Excellent,
B ‘denotes Good,

C denotes Satisfactory,
D denotes Poor,

E denotes Conditioned,
F denotes Failed,

inc denotes Incomplete

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

¥

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

Conditioned indicates deficiencies other than incomplete that may be made
up without actually repeating the subject. A grade of “D” is given when the
work is completed.

An incomplete or a condition in any term’s work must be removed during
the next term in residence by the date fixed for the removal of conditions and
incompletes. Each student receiving such grades should consult with his in-
structor at the beginning of his next term in residence. Any condition or in-
complete not so removed automatically becomes a failure unless otherwise
recommended in writing to the Registrar by the instructor prior to the date
for removal of conditions and incompletes.

Failed means that credit may be secured only by repeating the subject, ex-
cept that in special cases the Registration Committee may, with the instructor’s
approval, authorize a removal of an “F” by three 3-hour examinations. When
a grade of “F” is removed either by repeating the work or by three 3-hour
examinations, the instructor may award whatever grade he believes the student
has earned. The new units, grade and credits appear on the record and are
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added to the total to obtain grade-point average. (See below.) However, the
original grade of “I”’ also remains on the record, and the original units are
likewise included in computing grade-point average.

SCHOLASTIC REQUIREMENTS

All undergraduates and Master of Science candidates are required to meet
certain scholastic standards as outlined below. In addition, students who hdve
been reinstated to senior standing after having failed to make the required
number of credits in the junior year are subject to these scholastic require-
ments in the senior year.

Each course in the Institute is assigned a number of units corresponding to
the total number of hours per week devoted to that subject, including class-
work, laboratory, and the normal outside preparation.* Credits are awarded
on the basis of the number of units multiplied by four if the grade received
is “A,” three if “B,” two if “C,” and one if “D”; thus, a student receiving a
grade of “B” in a twelve unit course receives 36 credits for this course.

Credits are not given for work in physical education or in assembly.

Grade-point average is computed by dividing the total number of credits
earned in a term or an academic year by the total number of units taken in the
corresponding period. Units for which a grade of “F”” has been received are
counted, even though the “F” may have subsequently been removed. (See
above.)

Ineligibility for registration. Any undergraduate student or Master’s candi-
date is ineligible to register:

(a) If he fails during any one term to obtain a grade-point average of at
least 1.30.

(b) If he fails to obtain a grade-point average of at least 1.90 for the
academic year. A student who has completed at least three full terms of resi-
dence at the Institute and has been registered for his senior or Master’s year
shall no longer be subject to the requirement that he make a grade-point aver-
age of at least 1.90 for the academic year except that a student who is rein-
stated to enter the senjor year is subject to this requirement during his senior
year. Seniors and Master’s candidates are subject to the requirement that they
must receive a grade-point average of at least 1.30 each term to be eligible for
subsequent registration. (Special note should be made of the graduation re-
quirement described below.)

(¢} An undergraduate student is ineligible to register for any term if he
fails during the preceding term to remove a deficiency in physical education
from an earlier term.

A siudent ineligible for registration because of failure to meet the require-
ments stated in the preceding paragraphs may, if he desires, submit imme-

*The units used at the California Institute may be reduced to semester hours by multiplying the
Institute units by the fraction 2/9., Thus a twelve unit course taken throughout the three terms of
an academic year would total thirty-six Institute units or eight semester hours. If the course were
taken for only one term, it would be the equivalent of 2.6 semester hours.



116 CALIFORNIA INSTITUTE OF TECHNOLOGY

diately to the Registrar a petition for reinstatement, 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. A reinstated student who again fails to fulfill the scholastic re-
quirements for registration will be granted a second reinstatement only under
very exceptional conditions.

Deficiency. Any freshman, sophomore, or new transfer student who fails to
receive at least 72 credits during any one term will be required to report to the
Dean before registering and may be requested to. withdraw from all extra-
curricular activities and outside employment or reduce the number of subjects
he is carrying sufficiently to enable him to meet the scholastic requirements
in succeeding terms,

Departmental regulations. Any student whose grade-point average (credits
divided by units) is less than 1.9 in the subjects listed under his division® may,
" at the discretion of his department, be refused permission to continue the work
of that option. (See note at head of each option in schedules of undergraduate
courses, for special departmental applications of this rule.) Such disbarment,
however, does not prevent the student from continuing in some other option
provided permission is obtained, or from repeating courses to raise his aver-
age in his original option. :

Graduation requirement. To qualify for graduation a student must complete
the prescribed work in some one option of the course in engineering or of the
course in science with a grade point average of 1.9.

Residence requirement. All transfer students who are candidates for the
Bachelor of Science degree must complete at least one full year of residence
in the undergraduate school at the Institute immediately preceding the com-
pletion of the requirements for graduation. At least ninety of the units taken
must be in subjects in professional courses. A full year of residence is inter-
preted as meaning the equivalent of registration for three terms of not less
than 49 units each.

Honor standing. At the close of each academic year the Committee on
Honors and Awards awards Honor Standing to. fifteen or twenty students in
each of the three classes remaining in residence. These awards are based on
the scholastic records of the students. Any holder of such an award who in any
subsequent term fails to maintain a scholastic standard set by the Committee
loses his honor standing for the remainder of the academic year.

Horor Standing entitles the student to such special privileges and oppor-
tunities as excuse from some of the more routine work, instruction in “honor
sections,” and admittance to more advanced subjects and to research work,
but a student in Honor Standing may not be admitted to an honor section in a
particular subject unless he has obtained a grade of “B” or better in the work
prerequisite to that subject. o

*The curriculum of the Institute is organized under six divisions, as follows:
Division of Physics, Mathematics, and Astronomy,
Division of Chemistry and Chemiecal Engineering.
Division of Civil, Electrical, and Mechanical Engineering, and Aeronautics.
Division of the Geological Seiences.
Division of Biology.
Division of the Humanities.
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A student will be graduated with honor who has received on the average
throughout his course 130 credits per term which result from grades of “A”
and “B” exclusively, provided also that he achieves such an average in the
senior year. In addition, a student may be graduated with honor under joint
recommendation of his department and the Committee on Honors and Awards,

and approval of the Faculty.

Term examinations will be held in all subjects unless the instructor in
charge of any subject shall arrange otherwise. No students will be exempt
from these examinations. Permission to take a term examination at other than
the scheduled time will be given only in the case of sickness or other emergency
and upon the approval of the instructor in charge and of one of the Deans. A
form for applying for such permission may be obtained in the Registrar’s
Office. Another form must be filled out when conflicts exist in a student’s ex-
amination schedule. It is the student’s responsibility to report the conflict to
the instructor in charge of one of the conflicting examinations and to request
the instructor to leave a copy of the examination in the Registrar’s Office to be
given at the time and place scheduled for conflict examinations.

Excess or less than normal units. Applications for registration in excess of
the prescribed number of units, or for less than 33 units, must be approved
by the Registration Committee.

Leave of absence. Leave of absence involving non-registration for one or
more terms must be sought by written petition to the Registration Committee,
and the student must indicate the length of time, and the reasons, for which
absence is requested. In case of brief absences from any given exercise, ar-
rangements must be made with the instructor in charge.

Selection of course and option. Students who wish to enter one of the options
in science must select their options and notify the Registrar’s Office thereof
shortly before the close of the freshman year. Students who enter the engineer-
ing course may postpone selection of option until shortly before the close of
the sophomore year.

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 November pre-
ceding the date at which he expects to receive the degree. His record at the end
of that term must show that he is not more than 21 units behind the require-
ment in the regular work of his course as of that date. All subjects required for
graduation, with the exception of those for which the candidate is registered
during the last term of his study, must be completed by the second Monday
of May preceding commencement.
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PHYSICAL EDUCATION

All undergraduate students are required to participate in some form of
physical training for at least one hour a day three days a week. This require-
ment may be satisfied by engaging in organized sports, which include both
intercollegiate and intramural athletics, or by regular attendance at physical
training classes.

During 1949-50, men over 24 years of age by the opening date of the
academic year, and Juniors and Seniors who have had a year of active service
in any branch of the Armed Forces, (exclusive of the time spent in educational
programs) may be excused {rom the requirement of physical education by
action of the Physical Education Committee. It is the responsibility of students
who wish to be excused and who are eligible under these rulings to make ap-
plication for excuse at the Athletic Office.

For Graduate Students there is no required work in physical education, but
opportunities are provided for recreational exercise.

HEALTH SERVICE

A. PHYSICAL EXAMINATION AND VACCINATION

All admissions to the California Institute, whether graduate or undergraduate, are con-
ditional until a report of physical examination has been approved by the Director of Student
Health. A form on which the report is to be made is mailed to applicants at the time they
are notified of acceptance. This form is to be filled out and signed by a licensed Doctor of
Medicine (M.D.) of the applicant’s own choosing. Payment for this service is the appli-
cant’s responsibility. Vaccination against smallpox is required at the time of the examina-
tion. Applicants who refuse to be vaccinated will be denied admission.

B. HEALTH FEE

Each undergraduate and graduate student will pay a health fee of fifteen dollars ($15.00)
per academic year, $4.00 of which is paid toward the Emergency Hospitalization Fund.

C. EMERGENCY HOSPITALIZATION FUND

The following regulations have been established with respect to the Emergency Hos-
pitalization Fund:

1. The funds derived from the Emergency Hospitalization fee will be deposited at in-
terest in a special account known as the Emergency Hospitalization Fund. The Institute
will be the custodian of the fund. Money in this fund shall not be used for any other purpose
than for the payment of hospital, surgical and medical expenses, including Institute infirm-
ary charges. Whether a case is one within the scope of the Emergency Hospitalization Fund
will be decided by the Director of Student Health.

The Emergency Hospitalization Fund is not applicable to accidents away from the
grounds of the Institute, unless these occur in authorized activities of the Institute.

2. In cases falling within the scope of the Emergency Hospitalization Fund, necessary
care will be allowed for a period not to exceed one week. Other necessary hospital expenses
during this period of one week, such as the use of operating-room, surgical supplies and
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dressings, laboratory service, etc., will be allowed. The total allowance for hospital care
and other necessary hospital expenses shall not exceed one hundred and twenty-five dollars.
Payment of surgical fees, anesthetic fees and necessary special nursing fees will also be
allowed whenever possible, provided that the total amount of payments inclusive of hospital
care and hospital expenses shall not exceed one hundred and twenty-five dolars. The amount
to be contributed from the Fund in any particular case shall be decided by the Faculty Com-
mittee on Student Health.

3., The Fund is not available for those students who require, after leaving the hospital,
further attention or special equipment. No distinction will be made between injuries in-
curred in athletics or otherwise, in judging whether the case is an emergency or not, or the
extent to which expenses will be paid out of the Fund.

4. Whenever the expenses for emergency care in any one fiscal year are less than the
total collected in fees for that year, the balance of money remaining shall be kept in the
Emergency Hospitalization Fund, and shall remain deposited at interest to increase for
the benefit of the Fund. A balance kept over from one year will be used to render emergency
medical and surgical aid to the students in later years. It is hoped that the plan can be
liberalized by the building up of the Fund in this manner. )

5. The Emergency Hospitalization Fund does not provide for the families of graduate
or undergraduate students.

6. Donations to the Emergency Hospitalization Fund will be gratefully received.

7. The Faculty Committee on Student Health supervises, and authorizes, expenditures
by the Fund. All questions regarding the administration of this Fund are to be referred to
this Committee. The Committee will review the facts of every emergency case, and may,
if it feels it desirable, recommend an extension of payments in excess of the maximum
amounts prescribed in Section 2 above for specific purposes cited by the Committee.

D. RESPONSIBILITY OF . THE PATIENT

The responsibility for securing adequate medical attention in any contingency, whether
an emergency or not, is solely that of the patient. This is the case whether the student is
residing on or off the campus. Apart from providing the opportunity for free consultation
with the Institute Physician at his office on the Institute grounds, during his office hours,
and for free service from the registered nurse during her office hours, the Institute bears
no responsibility for providing medical attention in case of illness.

Any expenses incurred in securing medical advice and attention in any case are entirely
the responsibility of the patient. Six beds are available for cases not requiring extensive
Hospital care,
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EXPENSES

The following is a list of student expenses at the California Institute of
Technology for the academic year 1949-50, together with the dates on which
the various fees are due. These charges are subject to change at the discretion
of the Institute. In addition to the total amount given, a student miist purchase
his books and supplies, which will amount to approximately $65 for the year.

Date Due Fee .

Upon notification of
admission .....couerecennenns Registration Fee

At time contract for
Student House reserva-
tion is signed or ai
time of registration for
off-campus students ...... General Deposit

Sept. 22, 1949: Fresh-
men and transfer stu-

dents .ooeeeeecereeereeeeeeneansons Tuition, Ist term
Sept. 26, 1949: All 1st installment of Board and Room
OLhers ...ereveeamenenennee 21 meals per week ......

15 meals per week ......

First Term Incidental Fees for undergraduates:

Associated Student Body Dues .oococooooo.... 4:504

Subscription to California Tech for 1949-50 1.50

Health and Hospitalization Fee ......coceooooo. 15.005
Total e

Locker Rent, 1st Term
Parking Fee, 1st Term
Student House Dues, 1st Term ......coc...........

First Term Incidental Fees for graduates:
Health and Hospitalization Fee ..................

November 7, 1949 ........ 2nd installment of Board and Room
21 meals per week ......
15 meals per week ......

January 3, 1950 ............ Tuition, 2nd Term
3rd installment of Board and Room

21 meals per week ......

15 meals per week ......

Second Term Incidental Fees for undergraduates:
Associated Student Body Dues .................
Locker Rent, 2nd Term
Parking Fee, 2nd Term
Student House Dues, 2nd Term ................

February 13, 1950 ........ 4th installment of Board and Room
21 meals per week ......
15 meals per week ......

Amount

$ 10.001

25.002

200.00

108.223
104.103

21.00

1.008
1.506
4.00

15.008

113.963
110.603

200.00

108.223
104.103

5.754
1.006
1.508
4.00

97.303
92.353
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March 27, 1950 ........... Tuition, 3rd Term ... 200.00
5th installment of Board and Room
21 meals per week ...... 89.8838
15 meals per week ...... 86.753
Third Term Incidental Fees for undergraduates:
Associated Student Body Dues ... 5.754
Locker Rent, 3rd Term ... - 1.006
Parking Fee, 3rd Term ... - 1.506
Student House Dues, 3rd Term ... 4.00
May 1, 1950 .....cocoeee..... 6th installment of Board and Room
21 meals per week ... 110.043
15 meals per week ... 104.103

ToraL ror Acapemic YEAr (less deposits, optional items and
Registration Fee)

A. Without Board and Room Tuition ..o 600.00
Student Body Dues 1750 632.50

B. With Board and Room
21-meal plan As under (A)
Board and Room __.......
Student House Dues .... 12.00 1272.12

15-meal plan As under (A) ..o 632.50
Board and Room .......... 602.00
Student House Dues ... 12.00 1246.50

Tuition Fees for fewer than normal number of units:

Over 32 units . . Full Tuition?
32 to 25 units ........ . $150 per term
24 to 10 units ..... $6 per unit per term
Minimum per term $60.00

WrrnprawaLs: Students withdrawing from the Institute during the first three weeks of
a term, for reasons deemed satisfactory to the Institute, are entitled to a refund of tuition
fees paid, less a reduction of 209 and a pro rata charge for time in attendance.®

(1) Paid by all freshmen and transfer students (veteran and non-veteran) ; constitutes fee to
cover expense of New Student Camp. Not refundable if admission cancelled by applicant.

(2) $15 required from veterans inasmuch as laboratory breakage is reimbursed under Public
Laws 16 and 346.

(8) Rate for rooms will be adjusted for those assigned to rooms with double bunks. Rates for
room and board subject to revision prior to beginning of any term upon notice to students. )

(4) If applicable, 20¢ Federal Tax on admissions is added to Student Body dues per term. Not
chargeable under Public Laws 16 or 346.

(5) Required of all students (veteran and non-veteran).

(6) Optional.

(7) Although the Institute charges full tuition for over 82 units, the Veterans Administration
requires 2 minimum of 86 units for full subsistence allotments.

(8) Pro rata refunds are allowed students who are drafted (not volunteers) at any time in the
term provided the period in attendance is insufficient to entitle student to receive final grades.
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EMERGENCY HOSPITALIZATION FEE

The emergency hospitalization fee, payable by each student at the beginning
of each year, provides a certain amount of hospitalization and medical and
surgical care in accordance with regulations prescribed by the Board of Trus-
tees and administered by the Institute Physician and the Faculty Committee on
Student Health (see pages 118-119).

ASSOCIATED STUDENT BODY FEE

The Associated Student Body Fee of $16.00 is payable by all undergraduate
students. This fee is used for the support of athletics, the BIG T, and any other
student activity that the Board of Directors of the Associated Students of the
California Institute of Technology may deem necessary. The subscription to
the CALIFORNIA TECH, $1.50 each year, is collected from every under-
graduate.

TELEPHONE FEE

Those living in the Siudent Houses will be charged a fee of $1.50 per term
to cnver cost of House telephones.

GENERAL DEPOSIT

Each student is required to make a general deposit of $25, to cover possible
loss and/or damage of Institute property used in connection with his work in
regular courses of study. Upon his graduation or withdrawal from the Insti-
tute, any remaining balance of the deposit will be refunded.

STUDENT HOUSES

Students in the Houses must supply their own blankets but bed linen and
towels are furnished and laundered by the Institute.

Application for rooms in the Student Houses may be made by addressing the
Master of Student Houses.

SPECIAL FEES

Students in the jet-propulsion option of Aeronautics and Mechanical En-
gineering pay $100 an academic year in addition to the regular $600 tuition
fee.

Students taking the Spring Field Trip in Geology (Ge 122) and the Summer
Field Geology course (Ge 123) are charged for travel at an estimated rate of
one-cent per automobile mile plus reasonable subsistence expense.

The fee for auditing courses (see page 113) is $10 per term, per lecture hour.
UNPAID BILLS

All bills owed the Institute must be paid when due. Any student whose bills
are delinquent may be refused registration for the term following that in which
the delinquency occurs. Students who have not made satisfactory arrange-
ments regarding bills due by the date of graduation will be refused graduation.



SCHOLARSHIPS, STUDENT AID, AND PRIZES*

FRESHMAN SCHOLARSHIPS

A number of freshman scholarships covering all tuition or part tuition are
awarded each year to members of the incoming freshman class. A few scholar-
ships in excess of tuition are awarded to outstanding applicanis. The recip-
ients of scholarships are selected by the Committee on Honors and Awards
from the candidates who have stood sufficiently high on the entrance examina-
.tions and have otherwise satisfied the entrance requirements of the Institute.

The scholarships are awarded to the extent of available funds where finan-
cial neéd is demonstrated. Awards are made on the basis of all the informa-
tion 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 the result of personal inter-
views where these are possible. Applications for scholarships should be made
on a form which may be obtained by writing to the Registrar or calling at the
office. Scholarship forms should be submitted at the same time as is the entrance
application. Funds for these scholarships are provided in large part by the
income from the various scholarship funds described below and by other gifts
for scholarships.

Recipients of these scholarships are expected to maintain a reasonably good
standing in their academic work during the year for which the scholarship is
granted. If the recipient fails to maintain such an academic standing, or if, in
the opinion of the Committee, the recipient in any other way has failed to
justify the confidence placed in him, the Committee on Honors and Awards
may cancel the scholarship for the balance of the academic year.

'UPPER CLASS SCHOLARSHIPS

Sophomores, Juniors, and Seniors are considered for scholarships if need
is demonstrated and if they have attained a certain academic rank-—usually
the top quarter of their respective classes—which is set each year by the Com-
mittee on Honors and Awards. The rank is determined in the light of the prob-
able demand and of the funds available. Scholarships are for full tuition or
part tuition. Students who are academically qualified to make application
will be notified and may obtain an application form from the Registrar’s
Office. The completed forms must be submitted during the first week of the fall
term.

It is expected that students to whom awards are made will maintain a high
standard of scholarship and conduct. Failure to do so at any time during the
school year may result in the termination of the award.

Funds for these scholarships, as well as for Freshman Scholarships, are
provided in large part from the special scholarship funds named below.

*For further information on Graduate Scholarships and Fellowships see page 146.

123



124 CALIFORNIA INSTITUTE OF TECHNOLOGY

Drake Scholarships: Mr. and Mrs. A. M. Drake of Pasadena have made
provision for an annual scholarship available for a graduate of the high
schools of St. Paul, Minnesota, and a similar annual scholarship available for
a graduate of the high school of Bend, Oregon. If there are no such candidates,
the Institute may award the scholarships elsewhere. Mr. and Mrs. Drake, by
a Trust Agreement of July 23, 1927, also established the Alexander McClurg
Drake and Florence W. Drake Fellowship and Scholarship Fund, the income
of which may be used for fellowships and scholarships as determined by the
Board of Trustees of the Institute.

Harriet Harvey and Walter Humphry Scholarships: The late Miss Harriet
Harvey and the late Mrs. Emily A. Humphry made provision for two scholar-
ships. The first of these, the Harriet Harvey Scholarship, is to be awarded
preferably to a well-qualified candidate from the state of Wisconsin. If there
is no such candidate the Institute may award the scholarship elsewhere.

The second, the Walter Humphry Scholarship, is to be awarded preferably
to a well-qualified candidate from the state of Iowa. If there is no such candi-
date, the Institute may award the scholarship elsewhere.

Dabney Scholarships: Mrs. Joseph B. Dabney has made provision for an
annual scholarship or scholarships to be awarded at the discretion of the In-
stitute to some member or members of the undergraduate student body. The
recipients are designated Dabney Scholars. .

Elizaheth Thompson Stone Scholarship: Miss Elizabeth Thompson Stone of
Pasadena established, by her will, a scholarship known as the Elizabeth
Thompson Stone Scholarship.

Blacker Scholarships: Mr. and Mrs. Robert Roe Blacker of Pasadena, in
1923, established the Robert Roe Blacker and Nellie Canfield Blacker Scholar-
ship and Research Endowment Fund. A portion of the income of this fund, as
determined by the Board of Trustees, may be used for undergraduate scholar-
ships.

Meridan Hunt Bennett Scholarships and Fellowships: Mrs. Russell M.
Benneit of Minneapolis, in January, 1946, made a gift of approximately
$50,000 to the Institute to constitute the Meridan Hunt Bennett Fund, as a
memorial to her son, Meridan Hunt Bennett, a former student at the Institute.
The income of this fund is to be used to maintain scholarships and fellowships
which shall be awarded to undergraduate and graduate students of the Insti-
tute, the holders of such scholarships and fellowships to be known as Meridan
Hunt Bennett Scholars, in the case of undergraduates, and Meridan Hunt Ben-
nett Fellows, in the case of graduates.

David Lindley Murray Educational Fund: Mrs. Katherine Murray of Los
Angeles, by her will, established the David Lindley Murray Educational Fund,
the income to be expended in assisting worthy and deserving students to ob-
tain education, particularly in engineering courses.

Brayton Wilbur-Thomas G. Franck Scholarship: Mr. Brayton Wilbur
and Mr. Thomas G. Franck of Los Angeles, have established the Brayton
Wilbur-Thomas G. Franck Scholarship Fund, the income to be used for a
scholarship for a deserving student at the Institute.
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Blumenthal Scholarship in Physics: Mr. and Mrs. H. A. Blumenthal of Los
Angeles, have recently made provision for a scholarship in Physics in memory
of their son, William David Blumenthal, a member of the class of 1942, who
served as a2 member of the armed forces and lost his life in the European Thea-
ter of Operations. Preference in the awarding of this scholarship is to be given
to a deserving applicant from the Los Angeles High School.

Amie S. Kennedy Scholarship: Mrs. Amie S. Kennedy of Los Angeles, in
December, 1945, made possible a scholarship for a worthy student, or for two
or more students, as the Institute may determine.

Thomas Hunt Morgan Scholarship : The Thomas Hunt Morgan Scholarship
is named in honor of the famous geneticist and Nobel Laureate who established
the Division of Biology at the California Institute of Technology. It is a full-
tuition scholarship, that may be awarded to an entering freshman who indi-
cates an interest in Biology. The recipient is, however, under no obligation to
elect the Biology option during his student career at the Institute.

Seeley W. Mudd Scholarship: Mr. Seeley G. Mudd has established at the
Institute a tuition scholarship of $600 a year available on a competitive basis
to all third and fourth year undergraduates in the Biology Option who plan
to enter medical school or to work toward a Ph.D. degree in a field of biologi-
cal science related to medicine. This scholarship will be awarded on the basis
of: (1) the scholastic achievements of candidates during their first two years
at the Institute (2) reports and recommendations of faculty members under
whom the candidates have studied and (3) a competitive examination given
by the Division of Biology (on May 20, 1950). Applications for the academic
year 1950-51 should be submitted by May 15, 1950 to the Chairman, Division
of Biology.

‘La Verne Noyes Scholarships: Under the will of the late La Verne Noyes,
of Chicago, funds are provided for paying the tuition, in part or in full, of
deserving students needing this assistance to enable them to procure a univer-
sity or college training. This is to be done without regard to differences of
race, religion, or political party, but only for those who shall be citizens of
the United States of America and either

First, shall themselves have served in the army or navy of the United States
of America in the war into which our country entered on the 6th day of April,
1917, end were honorably discharged from such service, or

Second, shall be descended by blood from some one who has served in the
army or navy of the United States in said war, and who either is still in said
service or whose said service in the army or navy was terminated by death or
an honorable discharge.

The recipients are designated La Verne Noyes Scholars.

Management Club of California Institute of Technology Scholarship: The
Management Club at the Institute has established a tuition scholarship to be
awarded to an undergraduate student selected by the Faculty Committee On
Honors and Awards.

In addition to the foregoing named scholarships, there is a Scholarship En-
dowment Fund made up of gifts of various donors.
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STUDENT AID
LOAN FUNDS

The Institute has the following loan funds, from the income, and in certain
cases the principal, of which it makes loans to students for the purpose of aid-
ing them to pursue their education:

The Olive Cleveland Loan Fund—established by Miss Olive Cleveland.

The Howard R. Hughes Loan Fund—estabhshed by the gift of Mr. Howard
R. Hughes.

The Raphael Herman Loan Fund—established by the gift of Mrs. Raphael

Herman.

The Noble Loan and Scholarship Fund——glven by Mr. and Mrs. Arthur
Noble of Pasadena.

The Thomas Jackson Memorial Loan Fund—established in 1932 by Mr.
and Mrs. Willard C. Jackson in memory of their son Thomas Jackson, a mem-
ber of the sophomore class of that year who died during the fall, at the be-
ginning of a very promising career.

The Roy W. Gray Fund.
The James R. Page Loan Fund.

The David Joseph Macpherson Fund, given by Miss Margaret V. Macpher-
son in memory of her father, David J. Macpherson.

The John McMorris Loan Fund—established by the gift of an anonymous
donor as a memorial to John McMorris, a graduate of the Institute and a mem-
ber of the Institute Staff, who lost his life while engaged in defense research
work conducted by the Institute for the Armed Forces.

" The Scholarship and Loan Fund which has been constituted by gifts from a
number of donors.

The Albert H. Stone Education Fund in Los Angeles has made available to
the Institute from time to time funds for loans to students of the Institute.

STUDENT EMPLOYMENT

The Institute tries to help students to find suitable employment when they
cannot continue their education without thus supplementing their incomes.
The requirements of the courses at-the Institute are so exacting, however, that
under ordinary circumstances students who are entirely or largely self-sup-
porting should not expect to complete a regular course satisfactorily in the
usual time. It is highly inadvisable for freshman students to attempt to earn
their expenses. Students wishing employment are advised to write, before com-
ing to the Institute, to the Director of Placements.

PLACEMENT SERVICE

The Institute, in cooperation with the Alumni Association, maintains a
Placement Office, under the direction of a member of the Faculty. With the
services of a full-time secretary, this office assists graduates and undergradu-
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ates to find employment. Students, both graduate and undergraduate, wanting
part-time employment during the school year or during vacations, should
register at the Placement Office. Assistance will be given whenever possible in
securing employment for summer vacations. Graduates who are unemployed
or desire improvement in their positions should register at the Placement

Office.

It should be understood that the Institute assumes no responsibility in ob-
taining employment for its graduates, although the Placement Office will make
every effort to find employment for those who wish to make use of this service.

PRIZES
THE CONGER PEACE PRIZE

The Conger Peace Prize was established in 1912 by the Reverend Everett L.
Conger, D.D., for the promotion of interest in the movement toward universal
peace, and for the furtherance of public speaking. The annual income from
$1,000 provides for a first and a second prize to be awarded at a public con-
test and announced at Commencement. The contest is under the direction of
representatives of the Division of the Humanities.

THE FREDERIC W. HINRICHS, JR., MEMORIAL AWARD

The Board of Trustees of the California Institute of Technology established
the Frederic W. Hinrichs, Jr. Memorial Award in memory of the man who
served for more than twenty years as Dean and Professor at the Institute. In
remembrance of his honor, courage, and kindness, the award bearing his name
is made annually to the senior who, in the judgment of the undergraduate
Deans, throughout his undergraduate years at the Institute has made the great-
est contribution to the welfare of the student body and whose qualities of char-
acter, leadership, and responsibility have been outstanding. At the diseretion
of the Deans, more than one award or none may be made in any year. The
award, presented at Commencement without prior notification, consists of
$100 in cash, a certificate, and a suitable memento.

THE MARY A. EARL MCKINNEY PRIZE IN ENGLISH

The Mary A. Earl McKinney Prize in English was established in 1946 by
Samuel P. McKinney, M.D., of Los Angeles, a graduate in Civil Engineering
of Rensselaer Polytechnic Institute, class of 1884, as a memorial to his mother.
It is provided for by the annual income from $3,500.

The contest for this prize is designed to cultivate proficiency in English.
Eligibility is limited to the junior and senior classes. Any contestant in his
junior year who has not won a prize may again be a contestant in his senior
year. Each year the department of English announces the subject for an essay
which shall be based on certain prescribed books. The several students sub-
mitting the best essays engage in a final discussion before a group of judges,
who award a first and a second prize, each consisting of a sum of money and
a trophy in the form of a valuable book. Each of the other final contestants
also receives such a trophy. The awards are announced at Commencement.



INFORMATION AND REGULATIONS FOR THE
GUIDANCE OF GRADUATE STUDENTS

A. GENERAL REGULATIONS

I. REQUIREMENTS FOR ADMISSION TO GRADUATE STANDING

1. The Institute offers graduate work leading to the following degrees:
Master of Science after a minimum of one year of graduate work; the degrees
of Aeronautical Engineer, Chemical Engineer, Civil Engineer, Electrical En-
gineer, Geological Engineer, Geophysical Engineer, and Mechanical Engineer,
after a minimum of two years of graduate work; and the degree of Doctor of
Philosophy.

2. To be admitted to graduate standing an applicant must in general Lave
received a bachelor’s degree representing the completion of an undergraduate
course in science or engineering substantially equivalent to one of the options
offered by the Institute. He must, moreover, have attained such a scholastic
record and, if from another institution, must present such recommendations
as to indicate that he is fitted to pursue with distinction advanced study and
research. In some cases examinations may be required.

3. Application for admission to graduate standing should be made to the
Dean of Graduate Studies, on a form obtained from his office. Admission to
graduate standing will be granted only to a limited number of students of
superior ability, and application should be made as early as possible. In gen-
eral, admission to graduate standing is effective for enrollment only at the
beginning of the next academic year. If the applicant’s preliminary training
has not been substantially that given by the four-year undergraduate options
at the Institute, he may be admitted subject to satisfactory completion of such
undergraduate subjects as may be assigned. Admission sometimes may have
to be refused solely on the basis of limited facilities in the department con-
cerned. Students applying for assistantships or fellowships need not make
separate application for admission to graduate standing. (See page 146).
For requirements in regard to phsical examination, see page 118.

4. Admission to graduate standing does not of itself admit to candidacy
for a degree. Application for admission to candidacy for the degree desired
must be made as provided in the regulations governing work for the degree.

5. Foreign students who are admitted to graduate standing may be required
to confine their work during their first term of residence to undergraduate
courses when this is necessary in order to familiarize the student with Ameri-
can teaching methods and vernacular English.

II. GRADUATE RESIDENCE

One term of residence shall consist of one term’s work of not less than 45
units of advanced work in which a passing grade is recorded. If less than 45
units are successfully carried, the residence will be regarded as shortened in
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the same ratio; but the completion of a larger number of units in any one term
will not be regarded as increasing the residence. See pages 131, 132, 135 for
special requirements for residence.

Graduvate students are encouraged to continue their research during the
whole ot a part of the summer, but in order that such work may count in ful-
filmen! of the residence requirements, the student must file a registration card
for such summer work in the office of the Registrar. Students who are regis-
tered for summer research but not for course work, will not in general be re-
quired to pay tuition therefor.

Graduate students expecting to receive a degree will be required to main-
tain their admission status until the degree is obtained, either by continuity
of registration or on the basis of approved leave of absence. In case of lapse
in graduate standing, readmission must be sought before the degree may be
conferred. Registration is required for the term in which a degree is con-
ferred, unless all requirements for the degree, including approval of the
thesis, have been met earlier.

III. TUITION FEES

The tuition charge for all students registering for graduate work is $600
per academic year, (see page 122 for special fees in jet propulsion) payable
in three installments at the beginning of each term. Graduate students who
cannot devote full time to their studies are allowed to register only under spe-
cial circumstances. Students desiring permission to register for less than 33
units should petition therefor on a blank obtained from the Registrar. If such
reduced registration is permitted, the tuition is at the rate of $150 a term for
32 to 25 units, and at the rate of $6 a unit for less than 25 units, with 4 mini-
mum of $60 a term. If the courses registered for do not correspond to the full
educational facilities made available to the student, additional tuition will be
charged.

The payment of tuition by graduate students is required (a) without refer-
ence to the character of the work of the student, which may consist in the prose-
cution of research, in independent reading, or in the writing of a thesis or
other dissertation, as well as in attendance at regular classes; (b) without
reference to the number of terms in which the student has already been in resi-
dence; and (c) without reference to the status of the student as an appointee
of the Institute, except that members of the academic staff of rank of Instructor
or higher are not required to pay tuition.

There is a fee of $15.00 per academic year to assist in defraying expenses
for medical care and emergency hospitalization. (See page 118.) Each gradu-
ate student is required to make a general deposit of $25 to cover any loss of, or
damage to Institute property used in connection with his work in regular
courses of study. Upon completion of his graduate work, or upon withdrawal
from the Institute, any remaining balance of the deposit will be refunded.

No degrees are awarded until all bills due the Institute have been paid.

In regard to fellowships and assistantships, see pages 146-148 of this cata-
logue. In addition, to students with high scholastic attainments there may be
awarded graduate scholarships covering the whole or a part of the tuition
fee. For such students loans also may be arranged, for which application
should be made to the Student-Aid Committee.
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B. REGULATIONS CONCERNING WORK FOR THE
DEGREE OF MASTER OF SCIENCE

I. GENERAL REQUIREMENTS

To receive the degree of Master of Science the student must complete in a
satisfactory way the work indicated in the schedule of fifth-year courses (see
pages 168-178) as well as in the schedule of the four-year course in science
or in engineering, except that, in the case of students transferring from other
. institutions, equivalents will be accepted in subjects in which the student shows
by examination or otherwise that he is proficient, and except in so far as sub-
stitutions may be approved by special vote of the committee in charge.

Senior students at the Institute desiring to return for a fifth year should
consult with the representatives of the department in-which they expect to do
their major work, and apply for admission to work towards the master’s degree
on a form obtained from the Dean of Graduate Studies. Such students will be
expected to present satisfactory scholarship qualifications, and to have demon-
strated a capacity for doing advanced work.

All programs of study, and applications for admission to candidacy for the
degree of Master of Science shall be in charge of the Committee on the Course
in Science (in case the advanced work is to be in biology, chemistry, chemical
engineering, geology, geophysics, mathematics, paleontology, or physics), or
of the Committee on the Course in Engineering (in case the work is to be in
civil, mechanical or electrical engineering, or aeronautics) ; and recommenda-
tions to the Faculty for the award of the degree shall be made by the appro-
priate one of these committees, all such actions being taken in general after
consideration and recommendation by the department concerned.

A student before entering upon work for the degree of Master of Science
should, after consultation with the department concerned, submit a plan of
study (together with his previous record if he tranfers from another institu-
tion), and make application to the committee in charge for acceptance as a
candidate for that degree. Application forms for admission to candidacy for
these degrees may be obtained from the Registrar, and must be submitted not
later than the sixth week of the academic year in which the degree is to be
granted.

II. REGISTRATION

1. The regulations governing registration and student responsibilities as
given for undergraduate students on page 113 of the catalogue apply also to
students working toward the master’s degree.

2. Before registering, the graduate student should consult with members
of the department in which he is taking his work to determine the studies which
he can pursue to the best advantage.

3. A student will not receive credit for a course unless he is properly reg-
istered, and at the first meeting of each class should furnish the instructor with
a regular assignment card for the course, obtained on registration.
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4. Srudents registering for more than 50 units but less than 63 units in any
term must have the approval of their department. Registration for more than
62 units must in addition have the approval of the Registration Committee.

5. In the case of a student registered for the degree of Master of Science
or for an engineer’s degree, and holding a position as graduate assistant, the
actual number of hours per week required by his teaching or research services
shall be deducted from the total number of units for which he might otherwise
register. This number of units shall be determined by his Department.

III. SCHOLASTIC REQUIREMENTS

1. A minimum of 140 units of graduate residence at this Institute is re-
quired for the master’s degree. All or any part of this residence may be ac-
quired prior to the completion of the work for the bachelor’s degree provided
a total of fifteen terms of acceptable college work is completed. Courses used
to fulfill requirements for the bachelor’s degree may not be counted as gradu-
ate residence. A student will not, in general, be admitted to graduate standing
until he has completed work equivalent to that required for the bachelor’s

degree.

2. Scholastic requirements for undergraduate students (see page 115)
also apply to students working toward the master’s degree. In meeting the
graduation requirements as stated on page 116, the following rule will apply
for master’s degree candidates: only those courses shown on the candidacy
blank and approved by the department representative shall be counted in fig-
uring the grade-point average. Changes on the candidacy blank which are not
initialed by the proper authority are not to be recognized. No course which
appears on the candidacy blank and for which the candidate is registered may
be removed after the last date for dropping courses as listed in the catalogue.

3. Candidates for the degree of Master of Science who have completed the
senior year at the Institute are subject to the same regulations as are seniors,

as listed on page 115.

4. Candidates for the degree of Master of Science who have completed
their undergraduate work at other institutions are subject to the scholastic
regulations applying to new transfer students as listed on pages 115-116.

5. Candidates for the master’s degree in the Division of the Geological
Sciences should familiarize themselves with, and are expected to meet, certain
special requirements: foreign language, basic sciences, field geology, thesis.
Detailed information may be obtained from the Division Secretary.

1IV. THESIS

In the case of a required thesis two final copies must be filed with  the Divi-
sion concerned ten days before the degree is to be conferred. In the Depart-
ment of Mathematics, a complete first draft of a thesis presented in partial ful-
filment of the requirements for the degree of Master of Science must be sub-
mitted to the supervising instructor not later than six weeks before the date
on which the degree is to be conferred. Instructions for the preparation of
theses may be obtained from the office of the Dean of Graduate Studies.
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C. REGULATIONS CONCERNING WORK FOR THE
ENGINEER'S DEGREE

1. The work for an engineer’s degree must consist of advanced studies and
research in the field appropriate to the degree desired. It must conform to the
special requirements established for the degree desired and should be planned
in consultation with the members of the faculty concerned. Advanced studies
are defined on page 135. Regulations governing registration will be found
on page 134.

2. Residence. At least six terms of graduate residence subsequent to a
baccalaureate degree equivalent to that given by the California Institute are
required for an engineer’s degree. Of these, at least the last three terms must
be at the California Institute. It must be understood that these are minimum
requirements, and students must often count on spending a somewhat longer

time in graduate work.

Work for which a grade lower than C is received will not be accepted to-
ward the final three terms of graduate residence for an engineer’s degree.
Work upon research and the preparation of a thesis must constitute in no
case less than 45 units, and in most cases at least 70 units.

3. Admission to Candidacy. Before the end of the second week of the first
term of the academic year in which the student expects to receive the degree
he must file in the office of the Dean of Graduate Studies an application for ad-
mission to candidacy for the degree desired. Upon receipt of this application,
the Dean, in consultation with the chairman of the appropriate division, will
appoint a committee of three members of the faculty to supervise the student’s
work and to certify to its satisfactory completion. One of the members of the
committee must be in a field outside of the student’s major field of study. The
student should then consult with this committee in planning the details of his
work. The schedule of his work as approved by the committee shall be en-
tered on the application form and shall then constitute a requirement for the
degree. Changes in the schedule will not be recognized unless initialed by
the proper authority. Ne course which appears on the approved schedule and
for which the applicant is registered may be removed after the last date for
dropping courses as listed in the catalogue.

The student will be admitted to candidacy for the degree when his super-
vising committee certifies.
(a) That all the special requirements for the desired degree have

been met, with the exception that certain courses of not more than
two terms in length may be taken after admission to candidacy.

(b) That the thesis research has been satisfactorily started and
can probably be finished at the expected time.

Such admission to candidacy must be obtained by mid-term of the term in
which the degree is to be granted.

4. Thesis. At least two weeks before the degree is to be conferred, each
student is required to submit to the Dean of Graduate Studies two copies of a
satisfactory individual thesis describing his research, including a one-page
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digest or summary of the main results obtained. In form, the thesis must satisfy
the requirements for theses for the degree of Doctor of Philosophy. (See page
137).

The use of “classified” research as thesis material for any degree will not
be permitted. Exceptions to this rule can be made only under special circum-
stances, and then only when approval is given by the Dean of Graduate Studies
before the research is undertaken.

Before submitting his thesis, the candidate must obtain written approval of
it by the chairman of the division and the members of his supervising commit-
tee, on a form obtained from the office of the Dean of Graduate Studies.

5. Examination. At the option of the department representing the field
in which the degree is desired a final examination may be required. This ex-
amination would be conducted by a board to be appointed by the candidate’s
supervising committee.

Special Requirements for the Degree of Electrical Engineer

To be recommended for the degree of Electrical Engineer the applicant must
pass with a grade of C or better (with the exception of Ph 131) the same sub-
ject requirements as listed for the doctor’s degree on pages 141-142.

Special Requirements for the Degree of Mechanical Engineer

Each candidate shall be required ‘to take an oral placement examination
given by the department before his registration. The results will be used as a
guide in planning the student’s work.

The candidate must take on the average at least 48 units of advanced work
per term for two years subsequent to the bachelor’s degree. Not less than a
total of 45 units and in most cases at least 70 units of this work shall be for
research and thesis, the exact number of units to be left to the discretion of the
Supervising Commitiee appointed by the Dean of Graduate Studies. The
courses shall be closely related to Mechanical Engineering, and the specific
courses to be taken and passed with a grade of “C” or better by each candidate
shall be determined by the Supervising Committee, but must include:

ME 125 abe Engineering Laboratory
and one of the following:

EE 226 abc Engineering Mathematical Physics

Ph 102 abc Introduction to Mathematical Physics and
Differential Equations

AE 257 abe Engineering Mathematical Principles
Ma 114 abe Mathematical Analysis

A list of possible courses from which a program of study may be organized
will be found on page 177.

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

I. GENERAL REGULATIONS

The degree of Doctor of Philosophy is conferred by the Institute primarily
in recognition of breadth of scientific attainment and of power to investigate
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scientific problems independently and efficiently, rather than for the comple-
tion of definite courses of study through a stated period of residence. The work
for the degree must consist of scientific research and the preparation of a thesis
describing it, and of systematic studies of an advanced character in science or
engineering. In addition, the candidate must have acquired the power of ex-
pressing himself clearly and forcefully both orally and in wriiten language,
and he must have a good reading knowledge of French and German*.

Subject to the general supervision of the Commitiee on Graduate Study,
the student’s work for the degree of Doctor of Philosophy is specifically di-
rected by the department in which he has chosen his major subject. Each stu-
dent should consult his department concerning special divisional and depart-
mental requirements. See Section VI.

With the approval of the Committee on Graduate Study, any student study-
ing for the doctor’s degree whose work is not satisfactory may be refused reg-
istration at the beginning of any term by the department in which the student
is doing his major work.

II. REQUIREMENTS FOR ADMISSION TO WORK FOR THE DOCTOR’S DEGREE

With the approval of the Committee on Graduate Study, students are ad-
mitted to graduate standing by the department in which they choose their
major work toward the doctor’s degree. In some cases, applicants for the
doctor’s degree may be required to register for the master’s degree first. The
master’s degree, however, is not a general prerequisite for the doctor’s degree.
Students who have received the master’s degree and wish to pursue further
studies leading towards the doctor’s degree must file a new application for
admission to graduate standing to work towards that degree.

IIT. REGISTRATION

1. Students are required to register and file a program card in the Regis-
trar’s office at the beginning of each term of residence, whether they are attend-
ing regular courses of study, carrying on research or independent reading
only, writing a thesis or other dissertation, or utilizing any other academic
service.

2. ~ Before registering, the student should consult with members of the de-
partment in which he is taking his major work to determine the studies which
he can pursue to the best advantage.

3. A student will not receive credit for a course unless he is properly regis-
tered. At the first meeting of each class he should furnish the instructor with
a regular assignment card for the course, obtained on registration. The student
himself is charged with the responsibility of making certain that all grades to
whizh he is entitled have been recorded.

4. 'The number of units allowed for a course of study or for research is so
chosen that one unit corresponds roughly to one hour a week of work through-
out the term, for a student of superior ability.

*With the permission of the Department coneerned and the Dean of Graduate Studies, another
modern language may be substituted for French.
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5. In registering for research, students should indicate on their program
card the name of the instructor in charge, and should consult with him to de-
termine 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 for.

6. Graduate students studying for the doctor’s degree who are devoting
their whole time to their studies will be allowed to register for not more than
60 units in any one term. When admitted for work leading to the doctor’s de-
gree, Graduate Assistants with duties in either teaching or research will be
allowed to register for not more than 45 units.

IV. GRADES IN GRADUATE COURSES

1. Term examinations are held in all graduate courses unless the instrue-
tor, after consultation with the chairman of the division, shall arrange other-
wise. No student taking a course for credit shall be exempt from these examin-
ations when held.

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

3. The following system of grades is used to indicate class standing in
graduate courses: “A” excellent, “B” good, “C” satisfactory, “D” poor,
“E” conditioned, “F” failed. In addition to these grades, which are to be inter-
preted as having the same significance as for undergraduate courses, (See
page 114) the grade “P”, which denotes passed, may be used at the discretion
of the instructor, in the case of seminar, research, or other work which does not
lend itself to more specific grading.

V. GENERAL REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

1. Major and Minor Subjects: The wotk for the doctor’s degree must con-
sist of scientific research and advanced studies in some branch of science or
engineering, which will be termed the “major subject” of the candidate. In
addition, as “minor subject” (or subjects), studies which will give a funda-
mental 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 by the depart-
ments in charge both of the major and of minor subjects, and must involve
not less than 45 units of advanced study in each minor subject. Such advanced
study must consist of subjects which are listed as graduate subjects.

Advanced studies include courses with numbers of 100 or over. However, no
graduate residence credit is given for such courses when they are required in
the undergraduate option corresponding to the student’s major field. No resi-
dence credit is given for courses with numbers under 100 when they constitute
prerequisites to the student’s minor subject courses. Credit in amount to be
determined by the Committee on Graduate Study may be allowed for other
11310111;ses with numbers under 100 when they are outside the student’s major

eld.
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2. Residence: At least three academic years of work in residence subse-
quent to a baccalaureate degree equivalent to that given by the Institute are
required for the doctor’s degree. Of this at least one year must be in residence
at the Institute. It should be understood that these are minimum requirements,
and studenis must usually count on spending a somewhat longer time in resi-
dence. However, no student will be allowed to continue work toward the doc-
tor’s degree for more than five years of graduate residence, or more than 18
terms of full- or pari-time academic work, except by special action of the
Committee on Graduate Study.

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 ful-
filment of the residence requirements, the student must comply with the above
regulations and file in advance a registration card for such summer work in
the office of the Registrar. Students who are registered for summer research
but not for course work, will not in general be required to pay tuition therefor.

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

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

3. Admission to Candidacy: Any student admitted to work for the doctor’s
degree who has been in residence one term* or more, who has satisfied the
several departments concerned by writien or oral examination 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 with reasonable facility scientific literature in
German and one other approved language (see page 134), who has shown
ability in carrying on research and whose research subject has been approved
by the Chairman of the Division concerned, and whose program of study has
been approved by both his major and minor departments may, on recommen-
dation 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. Members of the permanent Institute staff of rank higher than
that of Assistant Professor are not admitted to candidacy for a higher degree.
For special departmental regulations concerning admission to candidacy, see
Section V1.

A regular form, to be obtained from the Dean of Graduate Studies, is pro-
vided for making application for admission to candidacy. Such admission to
candidacy must be obtained before the closé of the first term of the year in

*One year's residence required prior to application for admission to candidacy in the Division
of the Geological Sciences. See Section VI D.
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which the degree is to be conferred, and must be followed by two terms of
further residence before the degree is conferred. The student himself is respon-
sible for seeing that admission is secured at the proper time.

4. Examinations: (a) The language examinations, prerequisite to admis-
sion to candidacy for the degree of Doctor of Philosophy, will be given three
times in the year, these times to be announced by the Registrar’s Office. In place
of these examinations, students may take the advanced undergraduate exam-
inations offered at the end of each term. Students who have credit for courses
in languages taken at the Institute and who have a grade above average may
be exempted from further requirements after consultation with the language
department.

Graduate students are permitted to audit all courses in the department of
languages. In general, however, it is desirable for students without previous
study in required languages to take these subjects in class for at least the first
term rather than to depend upon studying them by themselves. Students are
advised to take examinations as long as possible before they expect to file
application for candidacy, so that, if their preparation is inadequate, they
may enroll in one of the language courses. No graduate credit is given for
language courses.

(b) Final examinations in their major and minor subjects are required of
all candidates for the doctor’s degree. These examinations, subject to the ap-
proval of the Committee on Graduate Study, may be taken at such time after
admission to candidacy as the candidate is prepared, except that they must take
place at least two weeks before the degree is to be conferred. The examinations
may be written or oral, or both, and may be divided into parts or given
all at one time at the discretion of the departments concerned. The student
must petition for these examinations on a form obtained from the Dean of
Graduate Studies. For special departmental regulations concermng candidacy
and final examinations, see Section VI.

5. Thesis: Two weeks before the degree is to be conferred, the candidate
is required to submit to the Dean of Graduate Studies two copies of a satisfac-
tory thesis describing his research. For special departmental regulations con-
cerning theses, see Section VI.

With the approval of the department concerned, a portion of the thesis may
consist of one or more articles published jointly by the candidate and members
of the Institute staff or others. In any case, however, a substantial portion of
the thesis must be the candidate’s own exposition of his work. For regulations
regarding use of “classified” material, see page 133.

Regulations and directions for the preparation of theses may be obtained
from the office of the Dean of Graduate Studies, and should be followed care-
fully by the candidate.

Before submitting his thesis to the Dean of Graduate Studies, 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 Dean. The candidate himself
is responsible for allowing sufficient time for the members of his committee to
examine his thests.



138 CALIFORNIA INSTITUTE OF TECHNOLOGY

6. Grades on Degree: The doctor’s degree is awarded with the designa-
tions “summa cum laude,” “magna cum laude,” “cum laude,” or without
designation, in Aeronautics, in Physics, and in Civil, Electrical, and Mechan-
ical Engineering. It is awarded without designation in the Biological Sciences,
Chemistry, Chemical Engineering, the Geological Sciences, and Mathematics.

VI. SPECIAL REQUIREMENTS FOR THE DOCTOR’S DEGREE

In agreement with the general requirements for the doctor’s degree adopted
by the Committee on Graduate Study, as set forth in Section V (page 135),
‘the various divisions and departments of the Institute have adopted the fol-
lowing supplementary regulations.

A. DIVISION OF PHYSICS, ASTRONOMY, AND MATHEMATICS

la. Physics. To be recommended for candidacy for the doctor’s degree in
physics the applicant must pass the following subjects with a grade C or better:

Ph 131 abe Electricity and Magnetism
Ph 133 abe Analytical Mechanics

Ph 135 ab Optics

Ph 137 Spectroscopy

Ph 139 abe Nuclear Physics

1b. Astronomy. To be recommended for candidacy for the doctor’s degree
in astronomy the applicant must pass 130 units of the following subjects with
a grade of C or better:
Ay 101 abe Astroyphysics I
and/or
Ay 102 abe Astrophysics 11
with the balance from: ,
Ph 130 abc Methods of Mathematical Physics
Ph 133 abe Analytical Mechanics
Ph 135 ab Opties

Ph 137 Spectroscopy
Ph 139 abe Nuclear Physics
Ph 143 ab Principles of Quantum Mechanics

le. Mathematics. To be recommended for candidacy for the doctor’s degree
in mathematics the applicant must pass the following subjects with a grade of
C or better:

Ma 101 ab Modern Algebra

Ma 114 ab Mathematical Analysis

Ma 256 ab Modern Differential Geometry
Ma 102 ab Introduction to Higher Geometry

and one of the following subjects:

Ph 131 ab Electricity and Magnetism
Ph 133 ab Analytical Mechanics
{ Ph 139 ab Nuclear Physics }
together with
Ph 143 a Quantum Mechanics

The atiention of prospective graduate students in mathematics is particu-
larly called to the undergraduate prerequisites in physics for these courses,
and to the fact that the geometry courses are given generally only in alternate
years.
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2. An applicant may also satisfy any of the course requirements described
above by taking an examination in the subject with the instructor in charge.
Every examination of this type will cover the whole of the course specified
and the student will not be permitied to take it either in parts (e.g. term by
term) or more than twice. These so-called candidacy examinations will be
given early in the first term of each academic year and the student must apply
for permission to take them before the end of the second week of the term.
Such application must be in writing and, if approved, will be regarded as one
of the two permitted trials, whether or not the student actually takes the ex-
amination. (Note: The above regulations are not to be interpreted as prevent-
ing the student, with the permission of the instructor in charge, from satisfy-
ing the candidacy requirements by taking the examinations in a course without
actual class attendance.)

No course which has been taken more than twice will be counted towards
the fulfilment of the above candidacy requirements, nor will the student be
permiited a total of more than three trials at the removal of any part of the
candidacy requirements. A trial consists in registration for the course and class
attendance for a sufficient period to appear in the instructor’s records regard-
less of subsequent withdrawal.

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

Students registered for the Ph.D. degree who fail to meet at least two-thirds
of the candidacy requirements by the end of their first academic year of grad-
uate study will not be allowed to register for further work without special per-
mission from the department.

3. In general a student will find it necessary to continue his graduate study
and research for two years after admission to candidacy, and the final doctoral
examination will be based upon this work rather than upon the candidacy
courses,

4. Candidates for the degree of Doctor of Philosophy with a major in
physics or mathematics must take the final examination some time before the
beginning of the term in which they expect the degree to be conferred.

5. A candidate for the degree of Doctor of Philosophy with a major in
mathematics must be ready to present the results of his thesis in one of the
seminars by April 15. He must deliver a typewritten or printed copy of his
completed thesis, in final form, to the professor in charge on or before May 1
of the year in which the degree is to be conferred.”

6. A student in electrical engineering will, in general, be expected 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.

B. DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING

la. Chemistry. During the week preceding registration for the first term
of graduate study, graduate students admiited to work for the Ph.D. degree

*I{ is requested that he deposit in the Graduate School Office an additional copy of his thesis in
final form, for transmission to the Library of the Ameriean Mathematical Society.
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will be required to take written placement examinations in the fields of in-
organic chemistry, physical chemistry, and organic chemistry. These examina-
tions will cover their respective subjects to the extent that these subjects are
treated in the undergraduate chemistry option offered at this Institute and in
general will be designed to test whether the student possesses an understand-
ing of general principles and a power to apply these to concrete problems,
rather than a detailed informational knowledge. It is expected of graduate
students that they demonstrate a proficiency in the above subjects not less than
that acquired by abler undergraduates. Students who have demonstrated this
proficiency in earlier residence at this Institute may be excused from these
examinations. ‘

In the event that a student fails to show satisfactory performance in any of
the placement examinations he will be required to register for a prescribed
course, or courses, in order to correct the deficiency at an early date. In gen-
eral no graduate credit will be allowed for prescribed undergaduate courses.
If the student’s performance in the required course or courses is not satisfac-
tory he will not be allowed to continue his graduate studies except by special
action of the Division of Chemistry and Chemical Engineering on receipt of
his petition to be allowed to continue.

To be recommended for candidacy for the doctor’s degree in chemistry the
applicant, in addition to demonsirating his understanding and knowledge of
the fundamentals of chemistry, must give satisfactory evidence of his pro-
ficiency, at a higher level, in that field of chemistry elected as his primary field
of interest and approved by the Division of Chemistry and Chemical Engineer-
ing. In general the applicant will be required to pass an oral examination and
to present a written research report giving evidence of his indusiry and abil-
ity in research, and of his power to present his results in clear, concise lan-
guage and with discrimination as to what is essential in scientific reports.

A student admiited to work for the Ph.D. degree who fails to be admitted
to candidacy by the end of his fifth term of residence at the Institute will not
be allowed to register in a subsequent academic year except by special per-
mission of the Division of Chemistry and Chemical Engineering.

1b. Chemical Engineering. The requirements in chemical engineering are
the same as those in chemistry except that the placement examinations will be
required in the fields of physical chemistry, either inorganic or organic chem-
istry, engineering thermodynamics of one-component systems, and the unit
operations of chemical engineering.

2. It is expected that the applicant shall have studied mathematics and
physics substantially to the extent that these subjects are covered in the first
two years of the Institute undergraduate courses. In cases where the appli-
cant’s training is less extensive than this, the Division of Chemistry and Chem-
ical Engineering may prescribe additional work in these subjects prior to
recommending him as a candidate.

3. The 45 units of study offered for satisfaction of a minor requirement
are to consist in general of graduate courses other than research; however, the
Division of Chemlstry and Chemical Engineering may, by spec1al action, per-
mit up to 23 units to consist of appropriate research.
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4. The candidate must submit to the Division of Chemistry and Chemical
Engineering two copies of his thesis, in final form, at least two weeks before
the date of his final examination. These copies are returned to the candidate
after his examination.

5. The final examination will consist in part of the candidate’s oral pre-
sentation of a brief résumé of his research and its defense against attack, and
in part of the defense of a set of propositions prepared by the candidate. The
candidale may also expect questions related to his minor subject.

The propositions should be about ten in number, of which about four should
relate to the minor subject and to general branches of chemistry, and about six
to the branch of chemistry of major interest to the candidate, including his
research.

For students in chemical engineering about three propositions should re-
late to the minor subject, two to chemistry if this is not the minor subject or to
mechanical engineering if chemistry is the minor subject, and about five to
chemical engineering. The candidate may also include propositions not relat-
ing to his major and minor fields. The propositions, prepared by the candi-
date himself, should display his originality, breadth of interest, and soundness
of training; the candidate will be judged on his selection and formulation of
the propositions as well as on his defense of them. It is recommended that the
candidate begin the formulation of his set of propositions early in his course
of graduate study.

A copy of the set of propositions must be submitted to the Division of Chem-
istry and Chemical Engineering at least two weeks before the date set for the
examination. A copy of the set of propositions must be submitted to the Dean
of Graduate Studies with each of the two copies of the thesis.

C. DIVISION OF ENGINEERING

1. Civil Engineering. To be recommended for candidacy for the doctor’s
degree in civil engineering the applicant must pass with a grade of C or better
the subjects prescribed and elected for the fifth year, or equivalent substitu-
tion satisfactory to the department, and such other advanced subjects related
to the contemplated direction of study as the department may require, and
must pass special comprehensive oral or written examinations in the field
covered by these subjects.

2. Electrical Engineering. To be recommended for candidacy the appli-
cant must pass the following subjects with a grade C or better:

Ph 131 abe Electricity and Magnetism

EE 120 abc Advanced Electric Power System Analysis
EE 121 abe Alternating Current Laboratory

EE 158 abc Circuit Analysis.

and one of the following subjects:
Ph 102 abe Introduction to Mathematical Physics and
Differential Equations
AM 115 abc  Engineering Mathematics
Ma 108 abe Advanced Calculus
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Before completing the requirements for the doctorate in electrical engi-
neering the applicant must pass with a grade of C or better:

EE 226 abe Engineering Mathematical Physics

3. Mechanical Engineering. To be recommended for candidacy for the
doctor’s degree in mechanical engineering, the applicant must pass the fol-
lowing subjects with a grade of C or better:

ME 125 abe Engineering Laboratory
and one of the following: .
EE 226 abe Engineering Mathematical Physics
Ph 102 abc Introduction to Mathematical Physics and Differential
Equations
AE 257 abe Engineering Mathematical Principles
Ma 114 abe Mathematical Analysis

and, in addition, not less than 50 units of advanced courses arranged by the
student in conference with his department advisor and approved by the De-
partment. If any course submitted for candidacy was taken elsewhere than at
the Institute, the candidate may be required to pass special examinations indi-
cating an equivalent knowledge of the subject.

Candidates are required to take two oral examinations after admission to
candidacy. The first, termed the general examination, must be taken not later
than six weeks after admission to candidacy and shall cover the major and
minor subjects. The second, or thesis examination, shall be a defense of the
doctoral thesis and a test of the candidate’s knowledge in his specialized field
of research.

4. Aeronautics. In general, a graduate student is not admitted to work for
the doctor’s degree in aeronautics until he has completed at least 15 units of
research in his chosen field. Thus, upon completion of his 5th year’s work,
he will be admitted to work towards the engineer’s degree and, at the end of
the first term of the 6th year he should apply for permission to work towards
the doctorate in Aeronautics. If his course work and research shows that he is
capable of carrying on work at the doctorate level he will then be admitted
to work towards the doctor’s degree. In general, notification of the depart-
ment’s action will be given to the applicant by the middle of the second term.
Upon being admitted to work towards the doctor’s degree, he is expected to
withdraw any request for the engineer’s degree and to proceed directly to the
doctorate.

To be recommended for candidacy for the doctor’s degree in aeronautics
the applicant must pass the following subjects with a grade of C or better:

AE 257 abe Engineering Mathematical Principles

or
Ma 114 ab Mathematical Analysis

and
AE 251 abc Aerodynamics of the Airplane
AE 266 abe Theoretical Aerodynamics of Real and Perfect Fluids
AE 270 abe Elasticity Applied to Aeronautics

And one of the following subjects:

AE 252 abc Airplane Design
Ph 133 abe Analytical Mechanics

If any of the above subjects was taken elsewhere than at the Institute, the candidate may
be required to pass special examinations indicating an equivalent knowledge of the subject.



INFORMATION FOR GRADUATE STUDENTS 143

D. DIVISION OF THE GEOLOGICAL SCIENCES

1. A student cannot become eligible for admission to candidacy for the
doctorate in the Division of the Geological Sciences until after completion
at the Institute of 3 terms of graduate residence. The applicant may or may
not be given either a qualifying oral examination or a written one or both at
the discretion of the Division.

2. Doctorate research may not be undertaken until admission to candidacy
for the doctorate has been approved by the Division.

3. The Division will accept as major subjects any of those subjects listed
under the following groups, providing the number of students working under
the staff member in charge of the ﬁeld does not exceed the limit of efficient
supervision:

GROUP, I—GEOLOGY GROUP. II—PALEONTOLOGY GROUP II—GEOPHYSICS

AND GEOCHEMISTRY
Engineering Geology Invertebrate Paleontology Applied Geophysics
Geomorphology Micropaleontology General Geophysics
Glaciology Stratigraphy Geochemistry
Mineralogy Vertebrate Paleontology Seismology

Ore deposits
Petroleum Geology
Petrology
Structural Geology

The candidate must also undertake research in a minor subject, which in gen-
eral must be given in another Division of the Institute or in one of the above
groups different from that of the major subject. Requests for approval of
major and minor subjects in the same group will be considered by the Divi-
sion but will be approved only if it can be shown that they are widely sepa-
rated in subject matter and in methods of study. Applications for approval
of minor subjects in other Divisions must be approved by the Division of the
Geological Sciences and by the Division concerned. A minor subject in the
Division of the Geological Sciences shall consist of a minimum of 45 units at
the graduate level, comprising courses, research, and a thesis.

4. Alihough the requirements f or the degree of Doctor of Philosophy may
in exceptional cases be fulfilled in three years of graduate work, a total of
four years will normally be needed.

5. Special training in California geology and in field technique will be
required, and the amount will be determined in each case by review of the
candidate’s record and experience. All candidates will take the Spring Field
Trip. Ge 122, every year they are in residence. All candidates from other in-
stitutions will attend the Summer Field Geology Camp, Ge 123, at least once
during their period of residence.

6. The candidate must prepare a paper for publication embodying the
results of his major or minor thesis work in whole or in part. Approval of
the Division on the choice of subject (particularly as between major and
minor) and on the scope of the paper must be obtained prior to preparation.
This paper must either be accepted by an agency of publication or be in form



144, CALIFORNIA INSTITUTE OF TECHNOLOGY

such that the examining committee believes that it will be published. This
paper, the major thesis, and the minor thesis must be completed and in final
form for submission to the Division Secretary by April 20.

E. DIVISION OF BIOLOGY
1. Admission. To be admitted to graduate study in Biology:—
a) The applicant should have a satisfactory undergraduate record.

b) He should have shown (as judged by the confidential reports of his in-
structors) a genuine interest in Biology and promise of development into an
independent investigator.

c) He should have studied the subjects required of undergraduate students
majoring in Biology at the California Institute of Technology (see curricu-
lum for Biology Option), or their equivalent. Applicants otherwise accept-
able may be admitted with deficiencies in some of these subjects, but will be
expected 0 make up such deficiencies early in the course of their graduate
study. Applicants wishing to specialize in fields bordering between Biology
and Chemistry (or Physics) may be admitted on the basis of a curriculum
equivalent to the Chemistry (or Physics) Option at the California Institute
of Technology, in which case they are expected to prepare themselves in the
fundamental fields of Biology early in their graduate course; otherwise they
should make application for admission to graduate study in the Division of
Chemistry (or Physics). The student must consult with his advisory commit-
tee at the start of his graduate work in order to determine which of the under-
graduate courses he will be required to complete, as well as to obtain approval
of his program of advanced study.

d) The applicant must be acceptable to the staff member expected to be in
charge of his major field of study. This decision will be based on the instruc-
tor’s opinion that the ensuing relationship will be mutually advantageous to
both student and instructor.

e) Students may be admitted to Graduate Study (1) leading to the Degree
of Doctor of Philosophy, (2) leading to the Degree of Master of Science. As
a rule, only students studying for the doctor’s degree will be admitted in
Biology. A course of study leading to the master’s degree is not considered
suflicient preparation for the development of original investigators, and hence
lies outside the scope of graduate instruction in Biology.

f) The fields in which a student may pursue major work leading towards
the doctor’s degree in Biology consist at preseni of:—Animal Physiology,
Biochemistry, Bio-organic Chemistry, Biophysics, Embryology, Genetics,
Invertebrate Zoology and Plant Physiology.

g) One or more minors may be selected from the above list with the addi-
tion of Immunology, or in other Divisions of the Institute. The choice of the
minor (s) must be approved by the student’s advisory committee.

h) While the Division of Biology has “departments” of specialization, the
student selects one instructor under whose direction he carries on his major
study, and not a department. The choice of the staff member with whom the
student works is entirely up to the student, except that the staff member is free



INFORMATION FOR GRADUATE STUDENTS ‘ 145

to refuse to accept him as a student. During the course of graduate study, a
student may change his major or minor fields. The initiative in such changes
is left to the student himself, but he must secure the approval of his committee.

2. Advisory Committees. At the start of his graduate work each student
will have an advisory committee consisting of the instructor who supervises
his major work, and the members of the Biology Committee on Graduate
Study (at present constituted by Drs. Bonner, Emerson, and Sturtevant).

3. Admission to Candidacy. To be recommended for admission to Can-
didacy to the Doctor’s Degree by the Division of Biology, the student must sat-
isfactorily pass the appropriate Candidacy examinations and have a satisfac-

“tory report from the instructors in charge of the major and minor subjects.
"~ Recommendations are made by a vote of the Biology Staff in regular meeting.
The Candidacy examinations consist of comprehensive written or oral exami-
nations in four of the following fields including (a) or (b), or both, the selec-
tion of which must be approved by the advisory committee:— a) General
Botany, b) General Zoology, ¢) Animal Physiology, d) Biochemistry, e) Bio-
organic Chemistry, f) Embryology, g) Genetics, h) Immunology, i)} Plant
Physiology, j) Biophysics. Fach examination will be three hours in length
and will usually be given only once a year, usually in the fifth week of the fall
term. The student should make application to take the examinations, in whole
" orin part, at least two weeks before the scheduled date. This application should
be made to the Biology Committee on Graduate Study (Dr. Emerson, chair-
man). Those examinations that are in the student’s major and minor fields
must be passed with a grade of B or better. For the others a grade of C is
accepted as passing. The factual information required is more than that re-
quired of undergraduate students selecting the Biology Option; but emphasis
will be placed especially on the student’s ability to make reasonable inferences
and deductions from his information, and to show how it relates to his sub-
jects of specialization. In-the field of his major, the student is expected to be
informed on current developments and to know the pertinent current literature.
Except in the field of his major, the student may, with the consent of his in-
structor, satisfy the examinations c¢)-to i) that he selects by passing (with the
grades specified above) final examinations in the respective graduate courses,
namely:—for ¢) Bi 260; d) Bi 107; e) Bi 214; f) Bi 220; g) Bi 225; h)
Bi 114 and Ch 258; i) Bi 240. In place of one or two of the above examina-
tions, ¢) to i), students may substitute one-fourth or one-half, respectively, of
the candidacy examinations required in the Division of Chemistry, the Divi-
sion of Physics, or the Division of Geology. A student majoring in another
Division and taking a minor in Biology, must pass examinations a) or b) and
that one of ¢) to i) that is in the field of his minor. A student who fails any one
of these examinations twice will not be allowed to register in the subsequent
academic year except with special permission of the Division of Biology. The
student must present a written report of his research and an outline of his
future plan of work which must be approved by those in charge of his major
work before admission to candidacy.

4. Final Examination and Thesis. A final oral examination covering prin-
cipally the work of the thesis will be held at least two weeks before the degree -
is to be conferred. Three copies of the candidate’s thesis, one of which will be
retained by the Division, must be submitted at least two weeks before the date
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of the final examination. The Examining Committee will consist of the in-
structors in charge of the major and minor work and such other individuals
as may be recommended by the chairman of the division.

F. OPPORTUNITIES FOR GRADUATE AND
SCIENTIFIC WORK AT THE INSTITUTE

1. GRADUATE FELLOWSHIPS, SCHOLARSHIPS, AND ASSISTANTSHIPS

The Institute offers in each of its divisions a number of fellowships, scholar-
ships, and graduate assistantships. In general, scholarships carry tuition
grants; assistantships, cash stipends; and fellowships often provide both tui-
tion and cash grants or stipends.

Provision is made so that appointees may secure for themselves board in
the Athenaeum (sée page 80);:and when space is available lodging as well.
This affords the possibility of contact not only with fellow graduate students
but also with others using the Athenaeum, including the Associates of the
Institute, distinguished visitors, and members of the professional staffs of the
Mount Wilson Observatory, the Huntington Library, and the California
Institute. ‘

Students from any university or college who have completed their under-
graduate work satisfactorily (see page 128) are eligible to apply for graduate
assistantships, scholarships, and fellowships. In the award of such appoint-
ments preferred consideration will be given to students who have been accept-

ed as candidates for the degree of Doctor of Philosophy.

Forms for making application for fellowships, scholarships, or assistant-
ships may be obtained on request from the Dean of Graduate Studies. In using
these forms it is not necessary to make separate application for admission to
graduate standing. When possible, these applications should reach the Insti-
tute by February 15. Appointments to fellowships, scholarships, and assist-
antships are for one year only; and a new application must be filed each year
by all who desire appointments for the following year, whether or not they
are already holders of such appointments.

(A). Graduate Assistantships

Graduate Assistants devote during the school year not more than fifteen
hours a week to teaching, laboratory assistance, or research of a character
that affords them useful experience. This time includes that required in prep-
aration and in marking note-books and papers, as well as that spent in class-
room and laboratory. Of the remaining time at least one-half must be devoted
to research, unless otherwise arranged by the division or department con-
cerned; and the obligation to prosecute the research earnestly is regarded as
no less binding than that of showing proper interest in the teaching and in the
advanced study, which is also pursued so far as time permits. The usual as-
sistantship assignment calls for twelve hours per week and permits the holder
to carry a full graduate residence schedule as well.

(B). Graduate Scholarships and Fellowships

1. Institute Scholarships: The Institute offers a number of tuition scholar-
ships to graduate students of exceptional ability who wish to pursue advanced
study and research.
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2. Cole Scholarships: The income from the Cole Trust, established by
the will of the late Mary V. Cole in memory of her husband, Francis J. Cole,
is used to provide three scholarships annually, one in each of the following
fields: electrical engineering, mechanical engineering, and physics. The re-
cipients are designated as Cole Scholars.

3. Drake Fellowships and Scholarships: The income from the Drake
Fund, provided by the late Mr. and Mrs. Alexander M. Drake, is used to main-
tain fellowships and scholarships in such numbers and amounts as the Board
of Trustees determines. Graduate students who are recipients from this fund
are designated as Drake Fellows or Scholars. '

4. Blacker Fellowships and Scholarships: The Robert Roe Blacker and
Nellie Canfield Blacker Scholarship Endowment Fund, established by the late
Mr. R.R. Blacker and Mrs. Blacker, provides in part for the support of grad-
uate men engaged in research work. The recipients are designated as Blacker
Fellows or Scholars.

5. Henry Laws Fellowships: The income from a fund given by the late
Mr. Henry Laws is used to provide fellowships for research in pure science,
preferably in physics, chemistry, and mathematics. The recipients are desig-
nated as Henry Laws Fellows.

6. Caroline W. Dobbins Fellowships and Scholarships: The income from
the Caroline W. Dobbins Fellowships and Scholarships Fund, provided by
the late Mrs. Caroline W. Dobbins, is used to maintain fellowships and schol-
arships at the Institute. Graduate student recipients are designated as Caroline
W. Dobbins Fellows or Scholars.

7. Meriden Hunt Bennett Fellowships: These fellowships for graduate
students are granted from the Meriden Hunt Bennett Fund as stated on page
123.

8. Bridge Fellowship: The late Dr. Norman Bridge provided a fund, the
income of which is used to support a research fellowship in physics. The re-
cipient is designated as the Bridge Fellow.

(C). Special Fellowship and Research Funds

1. A considerable group of governmental units, industrial organizations,
and private individuals have contributed funds for the support of Fellows and
Assistants engaged in fundamental researches related to their interests and
activities. These include Abbot Laboratories, Allied Chemical and Dye Cor-
poration, American Cancer Society, American Petroleum Institute, California
Research Corporation, California Ship Building Corporation, Carbide and
Carbon Chemicals Corporation, Climax Molybdenum Company, Cole Elec-
tic Company, Consolidated Vultee Aircraft Corporation, Department of Water
and Power of City of Los Angeles, E. I. du Pont de Nemours and Company,
Eastman Kodak Company, Ethyl Corporation, Herman Frasch Foundation,
General Petroleum Corporation, Kelman Electric and Manufacturing Com-
pany, Eli Lilly and Company, Mr. and Mxrs. F. S. Markham, John and Mary L.
Markel Foundation, Merck and Company, Charles E. Merrill, Molybdenum
Corporation of America, National Advisory Committee for Aeronautics, Nu-
trition Foundation, Inc., Phi Beta Kappa Alumni Association Fellowship
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Fund, Pioneer Hi-Bred Corn Company, Procter and Gamble Company, Pur-
due University Corn Research Fund, Research Corporation, Shell Fellowship
Committee, A. O. Smith Corporation, Socony-Vacuum Oil Company, South-
ern California Edison Company, Standard Oil Company of California, Stano-
lind Oil and Gas Company, State of California, Sugar Research Foundation,
Times-Mirror Company, United States Army (Army Air Forces, Engineer
Corps, Ordnance Department), United States Navy (Bureau of Yards and
Docks, Bureau of Ordnance, Office of Naval Research), United States Public
Health Service, United States Rubber Company, Westinghouse Educational
Foundation.

2. The Rockefeller Foundation Fund for Research on Basic Problems of
Biology and Chemistry: This fund is contributed by the Rockefeller Founda-
tion for the support of research in immunology, serological genetics and em-
bryology, chemical genetics, and the structure of proteins, which are being
carried out in the Division of Chemistry and Chemical Engineering and in the
Division of Biology.

3. The National Foundation for Infantile Paralysis Fund: This fund, con-
tributed by the National Foundation for Infantile Paralysis, is for support of
studies of fundamental molecular biology, including the physical, chemical,
and biological properties of proteins, nucleic acids, and nucleo-proteins and
the relation of these substances to self-duplicating bodies, such as genes and
viruses, including the poliomyelitis virus. The work is being carried on in the
Division of Biology and in the Division of Chemistry and Chemical Engineer-

ing.
II. POST-DOCTORAL FELLOWSHIPS

1. A number of foundations, societies, and companies support fellowships
for the encouragement of further research by men who hold the doctor’s de-
gree. These grants usually permit choice of the institution at which the work
will be done, and include those administered by the National Research Coun-
cil, John Simon Guggenheim Memorial Foundation, Commonwealth Fund,
American Chemical Society, Lalor Foundation, Bell Telephone Laboratories,
E. I. du Pont de Nemours and Company, various national governments, and
other agencies.

2. Institute Research Fellowships: The Institute each year appoints as
Research Fellows a number of men holding the degree of Doctor of Philosophy
who desire to pursue further research work.

3. Gosney Fellowships: In 1929, Mr. E. S, Gosney established and en-
dowed the Human Betterment Foundation. Following the death of Mr. Gosney
in 1942, the Trustees of this Foundation transmitted the fund to the California
Institute for the study of the biological bases of human characteristics. The
Trustees of the Institute have, for the present, set the income aside for the es-
tablishment of Gosney Fellowships. These are post-doctoral research fellow-
ships, the conditions being similar to those of Guggenheim Fellowships. The
stipend varies with the experience of the Fellow.

4. Harry Bateman Research Fellowship: In honor of the late Professor
Harry Bateman, the Institute offers a research fellowship in pure mathematics
to a candidate holding the doctorate. The recipient will devote the major part
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of his time to research, but will be expected to teach one upper class course in
mathematics. The stipend is $3600 for the academic year, and appointment is
normally made for one year, but may be renewed for a second year.

5. George Ellery Hale Research Fellowships in Radiation Chemistry: Dr.
Arthur Amos Noyes, for many years Professor of Chemistry and Director of
the Gates and Crellin Laboratories of Chemistry, by his will, gave the Insti-
tute a fund to provide for certain research fellowships to be known as the
“George Ellery Hale Research Fellowships in Radiation Chemistry,” these
fellowships to be available to competent young investigators who have re-
ceived the degree of Doctor of Philosophy or have had a corresponding re-
search training, and who will pursue, at the Institute, investigations in radia-
tion chemistry (broadly interpreted to include the study of molecule strue-
ture by the methods of modern physics). These fellowships are to carry sti-
pends, obligations and privileges similar to those of the National Research
Fellowships. 7

6. Noyes Fellowships: Dr. Noyes further left his entire estate, after pro-
viding for certain specific bequests and annuities, to the Institute to constitute
a fund to be known as the “Noyes Chemical Research Fund.” The purpose of
this fund, as stated in his will, is to provide for the payment of salaries or
grants to competent persons to enable them to carry on scientific investigations
in the field of chemistry at the Institute. Such persons shall have the status of
members of the staff of the Institute, and shall devote their time and attention
mainly to the execution at the Institute of experimental and theoretical re-
searches upon the problems of pure science (as distinct from those of applied
science) in the field of chemistry. Dr. Noyes further provided that “no por-
tion of the income of the said fund shall be used for the payment of tuition
fees, nor for scholarships or fellowship grants to persons still registered as
students, or in general for the education of persons as to existing knowledge;
but on the contrary the whole thereof shall be used for promoting, in the man-
ner aforesaid in the field of aforesaid, the search for new or more exact knowl-
edge by persons who have completed their period of formal study and are
devoting at least one-half of their working time to scientific investigations.”

III. INSTITUTE GUESTS

Members of the faculties of other educational institutions and Research
Fellows already holding the doctor’s degree, who desire to carry on special
investigations, may be invited to make use of the facilities of the Institute.
Arrangement should be made in advance with the chairman of the division of
the Institute concerned. Such guests are requested to file a card in the Regis-
trar’s office at the beginning of their work, giving Institute and home address,
degrees, nature of work planned, etc.
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Electrical Engineering (page 206)

Engineering Drafting (page 211)
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SCHEDULES OF THE UNDERGRADUATE COURSES

The school year is divided into three terms. The number of units assigned
in any term to any subject represents the number of hours spent in class,
laboratory, and preparation. In the following schedules, figures in parenthesis
denote hours in class (first figure), hours in laboratory (second figure), and
hours of outside preparation (third figure).*

Besides the subjects shown in the course schedules, students are required to
take assembly and physical education®* in each term of each of the four school
years. Students who continue their undergraduate work beyond four years
continue to take physical education throughout their undergraduate course.
Freshmen attend six orientation assemblies in addition to the general assem-

blies.

KEY TO ABBREVIATIONS

Aeronautics ... i AE  Geology Ge
Applied Chemistry.......ooooooveie . ACh History and Government ... H
Applied Mechanics .........ooocooeeeocii. AM  Hydraulics Hy
Astronomy ... ... Ay  Jet Propulsion ... ... P
Biology ... SO, Bi Languages L
ChemiStry oo Ch  Mathematics ..o Ma
Civil Engineering ..o CE  Mechanical Engineering ......ccccoocooooeeon.. ME
Drafting and Drawing ... ... D  Philosophy Pl
Economies ..oeeeeeeeeeeeeeeeeeee Ec  Physical Education ... PE
Electrical Engineering EE Physics .o Ph
English En Thesis .o Th

*The units used at the California Institute may be reduced to semester hours by multiplying the
Institute units by the fraction 2/9. Thus a twelve-unit eourse taken throughout the three terms of
an academic year would total thirty-six Institute units or eight semester hours, If the course were
taken for only one term, it would be the equivalent of 2.6 semester hours.

**See page 118 for rule regarding excuse from physical education.
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FIRST YEAR, ALL OPTIONS

The subjects listed below are taken by all students during their first year. Differentiation
into the various options begins in the second year.

Ma 1 ‘abe

Ph 1 abe
Ch 1 abe
En 1 abe
H 1 abe
D 1 abe

Plane Analytical Geometry, Differential and some

Principles of Integral Calculus (4-0-8) .......
Mechanics, Molecular Physics, Heat, Sound (3-3-6) ..

Inorganic Chemistry, Qualitative Analysis (3-6-3) ..........

English: Reading, Writing and Speaking (3-0-3)
History of European Civilization (2-0-3) ...

Freehand and Engineering Drafting (0-3-0)

Units per Term

1st

2nd

12
12
12

[ =)

8rd

12

12

12
6-
5

w
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ASTRONOMY OPTION

(For First Year see page 154)
(For Second Year see Physics Option, page 166)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the sub]ects listed under his division may, at the discretion of his department, be refused
-permission to continue the work of that option. A fuller statement of this regulation will
be found on page 116.

THIRD YEAR

Units per Term
1st 2nd - 3rd

En 7 abe  Introduction to Literature (3-0-5) ............... 8 8 8
Ph 6 abc  Introduction to Mathematical Physics and
Differential Equations (5-0-10) 15 15 15
EE 1 abc  Basic Electrical Engineering (2-0-4) ... USRIV 6 6
EE2b Basic Electrical Engineering Laboratory 3
Ay 2 abe  General Astronomy (3-3-3) ettt eeans 9 9 9
L 32 abc Elementary German (4-0-6) ... 10 10 10
48 51 48
FOURTH YEAR
Humanities Electives (3-0-6)* . 9 9
¥ec 4 ab Economics (3-0-3) oo 6 —
H 5 ab Current History (1-0-1) oo 2 —
H 10 The Constitution of the United States (1-0-1) ........ — 2
Ma 108 abc Advanced Calculus (4-0-5) ... 9 9
Ph 12 abe Introduction to Atomic & Nuclear Physics (3-0-6) 9 9
Flectives (See list below) to make ... -53  46-53
ELECTIVES
Ay 101 or Ay 102 abe Astrophysics (3-0-6) ** 9 9 9
Ay 141 abc Astronomy Research Conference ... ... .2 2 2
Ma 112 Elementary Statistics (3-0-6) ** (1Ist or 3rd Term) .......... 9 — 9)
Ch 21 abe Physical Chemistry (4-0-6) oo e 10 10 10
EE 60 abc Electronics and Circuits (3-0-6, 2-3-4, 2-3-4) ... 9 9 9
Ph 135 ab  Optics (3-0-6) ** .9 9 -—
Ph 136 ab Optics Laboratory (0-3-0)** . ... 3 3 —
Ph 137 Spectroscopy (3-0-6) ** ... - — - 9
Ph 138 Spectroscopy Laboratory (0-3-0) ** ... ... S — — 3

*Fourth year Humanities Electives (the courses to be offered in any one term will be announced
before the close of the previous term) :

Pl1 Philosophy Ec 48 Introdaction to Industrial

Pl 2 Logic Relations :

Pl 3 Current European Phil- H4 The British Empire
osophies H7 M(();dern and Contemporary

. ‘ ermany

gi g g&iﬂigfogy If-Il 8 %ﬁe I‘EIViSt(I)gy of Russia

Fo Do Bl el

En 8 Contemporary English and Since 1789 gn nelations
European Literature H 17 The Far West and the Great

En 9 American Literature Plains

En 10 Modern Drama H 18 The South: A Study in

En 11 Literature of the Bible Persistence

En 17 Technical Report Writing H 19 Modern America

LS French Literature H 21 British-American History

L 40 German Literature

#**#Qtudents who plan to do graduate work in astronomy at the California Institute should elect
one of these courses.
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BIOLOGY OPTION

(For First Year see page 154)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will be
be found on page 116.

SECOND YEAR*
Units per Term

15t 2nd  8rd
Ma 2 abc  Solid Analytic Geometry, Vector Analysis, Diflerential

and Integral Calculus (4-0-8) . 12 12 12
Ph 2 abc  Optics, Electrostatics and Electrodynamics (3-3- 6) .............. 12 12 12
H 2 abc History of the United States (2-0-4) . 6 6 6
Ch 12 ab Analytical Chemistry (2-6-2) ... 10 10
Gela Physical Geology (4-2-3) .o 9
Bil Elementary Biology (3-3-3) oo 9
Bi 2 Genetics (2-4-3) 9
Bi 3 Plant Biology (2-6-2) ..o eeeeen 10
49 49 49
THIRD YEAR )
En 7 abe  Introduction to Literature (3-0-5) .. .. .. .. 8 8 8
L 32 abc  Elementary German (4-0-6) ..o .10 10 10
Ch 41 abc Organic Chemistry (3-0-5) .. 8 8 8
Ch 47 Organic Chemistry Laboratory (0-6-0) ..o 6
Ch 21 abc - Physical Chemistry (4-0-6) 10 10 10
Bi 5 abe Advanced Plant Biology (3-8-2; 3-8-2; 24-1) ..o 13 13 7
49 49 49
FOURTH YEAR ;
Humanities Electives (3-0-6) ** . 9 9 9
H 5 ab Current History (1-0-1) 2 9 __
H 10 The Constitution of the United States (1-0-1) ... — — 2
Bi 114 Immunology (2-4-4) p— — 10
Bi 107 ab = Biochemistry (3-4-5) ... — 12 12
Ec 4 ab Economic Principles and Problems (3-0:3) . 6 6 —
Bi 11 Histological Technique (1-3-0) ... 4 — —
Bi 12 Histology (1-3-2) ‘ 6 — —
Bi 13 Mammalian Anatomy (1-3-1) ... 5 — —
Bi 116 abc Animal Physiology (2-3-3) ... 8 8
Bi 106 Embryology (2-6-4) ... e 12 —
Bi 108 Advanced Genetics (2-0-4) oo 6 — -
Bi 109 Advanced Genetics Laboratory (0- 20) 4 — —
Biology Electivest .. ... . — — 9
50 49 50

*Students taking the Biology option are required to take Bi 4 (20 units), Invertebrate and Ver-
tebrate Zoology, at the Marine Laboratory for six weeks starting the Monday following the end of
their sophomore year. This course is taken without payment of additional tuition, and living quar-
ters are provided at the Laboratory.

*tFor the list of Humanities electives, see footnote, page 155.

hTThe following subjects are contemplated as Biology electives of which one or two will be offered
each year:

Bio-organie Chemistry Laboratory Chemical Geneties Laboratory
Entomology Invertebrate and Experimental Embryology
Biophysics Marine Ecology

Chemical Genetics Paleontology (Ge 1 b)
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CHEMISTRY OR APPLIED CHEMISTRY OPTIONS

(For First Year see page 154)

Any student of the Chemistry or Applied Chemistry Option whose grade point average
(credits divided by units ) in the required chemistry subjects of any year is less that 1.9
will be admitted to the required chemistry subjects of the following year only w1th the
special permission of the Division of Chemistry and Chemical Engineering.

SECOND YEAR

Units per Term:
Ist 2nd 3rd

Ma 2 abe  Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe  Optics, Electrostatics and Electrodynamics (3-3-6) ... 12 12 12
Ch 12 abc Analytical Chemistry (2-6-2) .oeoerioroeecereeenr e .10 10 10
H 2 abe History of the United States (2-0-4) 6 6 6

Gela Physical Geology (4-2-3) .9
Bil Elementary Biology (3-3-3) ........... 9 ..
Bi 2 Genetics (2-4-3) oot e ) 9

or
Ay 1 Introduction to Astronomy (3-1-5) <ot e e 9
49 49 49
THIRD YEAR
En 7 abc  Introduction to Literature (3-0-5) oo 3 8 8
Ec 4 ab Economic Principles and Problems (3-0-3) ... e 6 6
Ch 21 abe Physical Chemistry (4-0-6) .......... 10 10 10
Ch 41 abe Organic Chemistry (3-0-5) 8 8 8
Ch 46 abc Organic Chemistry Lab. (0-6-0; 1-9-0) ... 6 6 10
L 32 abc  Elementary German (4-0-6) 10 10 10
48 48 46
CHEMISTRY OPTION
FOURTH YEAR

Humanities Electives (3-0-6) * 9 9 9
H 5 ab Current History (1-0-1) .o, .2 2
H 10 Constitution of the United States (1-0-1) ... ... 2
Ch 13 ab  Inorganic Chemistry (2-0-4) (S 6 6
Ch 123 Thermodynamic Chemistry (2-0-4) ... 6
Ch 129 Surface and Colloid Chemistry (3-0-5) 8
Ch 16 Instrumental Analysis (0-6-2) - 8
Ch 26 ab  Physical Chemistry Laboratory (0-6-2) ... 8 8
L 35 Scientific German (4-0-6) ..o 10
Elective Subjects®* ... ettt 13 17 21
48 43 43

*For list of Humanities electives, see footnote, page 155.

**Professional elective subjects include the following: Chemical Research Ch 80-86, Inorganic
Chemistry Ch 18 ¢, Radioactivity and Isotopes Ch 27 ab, Photochemistry Ch 180, Advanced Organic
Chemistry Ch 148 abe, Advanced Organic Chemistry Laboratory Ch 149 abe, Industrial Chemistry
Ch 61 ab, Introduction to Mathematical Physics and Differential Equations Ph 6 abe, Biochem-
istry Bi 107 ab.
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APPLIED CHEMISTRY OPTION

FOURTH YEAR

|

: Humanities Electives (3-0-6) *
H 5 ab Current History (1-0-1) oo
H 10 The Constitution of the United States (1-0-1) ...
Ch 16 Instrumental Analysis (0-6-2) oemeevcececraiecnnnns
Ch 26 ab  Physical Chemistry Lab. (0-6-2; 0-3-1) ...
Ch 129 Surface and Colloid Chemistry (3-0-5) ..o
Ch 61 ab  Industrial Chemistry (4-0-8; 2-0-4) :
Ch 63 ab’  Chemical Engineering Thermodynamics (2-0-4; 4-0-8) .......
AM 2 abc Applied Mechanics (3-0-5)
EE 1 abc  Basic Electrical Engineering (2-0-4)
EE 2 ab Basic Electrical Engineering Laboratory (0-3-0) ...

*For list of Humanities electives, see footnote, page 155.

Units per Term

1st

9
2

8

2nd

9
2

5l wowaai i i

3rd
9

- :
AN O

49



SCHEDULES OF UNDERGRADUATE COURSES

CIVIL ENGINEERING OPTION

(For First Year see page 154)

159

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will
be found on page 116.

Ma 2 abe

Ph 2 abe
H 2 abe
CE 1
ME 3
Gela
AM 1 a

ME 1 ab

En 7 abe
Ec 1 abe
AM 1 bed

EE 1 abe
Hy 2 ab

Ec 25
EE 2 ab
CE 2
CE 6
CE7

AM 15 abe
CE 9 a

H 5 ab

H 10

CE 4

Hy 11

CE 10 abc
CE 12
AM 3

AM 105 a
ME 20
CE 14 abc

SECOND YEAR

Units per Term

1st 2nd
Solid Analytic Geometry, Vector Analysis, Differential
and Integral Calculus (4-0-8) .12 12
Optics, Electrostatics and Electrodynamies (3-3-6) ... 12 12

History of the United States (2-0-4)
Surveying (2-4-3)
Materials and Processes (3-3-3)
Physical Geology (4-2-3)
Applied Mechanics (Statics) (3-3-6) *

Descriptive Geometry (0-6-0) .............. I s
Empirical Design (0-3-0; 0-6-0) ... ... 3
8 48
THIRD YEAR
Introduction to Literature (3-0-5) ... 8 8
General Economics & Economic Problems (3-0-3) ... 6 6
Applied Mechanics (Strength of Materials, Dynamies)
(B-3-0)  cereeeeee e e e e e e e ee e 12 12
Basic Electrical Engineering (2-0-4) . 6 6
Hydraulics (3-0-6) oo 9
OrpriON A:
Engineering Law (3-0-4) oo 7
Basic Electrical Engineering Lab (0 3- 0) - 3 3
Advanced Surveying (1-7-2) .
Transportation Engineering (2 0- 4-) 6
- Curves and Earthwork (2-0-4)
50 51
OrT1iON B:
Engineering Mathematics (3-0-6) ...l 9 9
Route Surveying Problems (1-3:2) ...
50 50

FOURTH YEAR
Humanities Elective (3-0-6) ** e 9 9

Current History (1-0-1) 2 2
The Constitution of the United States (1- 01) ... R
Highways and Airports (2-4-4) oo I 10
Hydraulics Laboratory (0-6-0) ... e ennas 6

Theory of Structures (3-3-65 3-0-6) ... . . 12 12
Reinforced Concrete (3-3-6) e
Testing Materials Laboratory (1-6-1) ...

Soil Mechanics (1-3-2) oooeoeoeeiceeeeee . 6

Heat Engineering (3-0-6) . .
Engineering Conference (1-0-1; 71-0-1: 1- 0-0)

8rd

12
12
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OpTION A:
CE 8 Route Surveying (0-7-0) i 7
Ge 110 Engineering Geology (2-3-4) 9
CE 20 Elements of Water Supply (2-0-4) 6
47 47 50
OrT1iON B:
CE 6 Transportation Engineering (2-0-4) 6
CE9b Route Surveying Problems (1-3-2) ... 6
EE 2 ab Basic Electrical Engineering Laboratory (0-3-0) .3 3
CE 20 Elements of Water Supply (2-0-4) .o 6
. or or
Ec 25 Engineering Law (3-0-4) ... ... .. 7
49 51 47

*Transfer students who have not completed the requirements of Applied Mechanies, AM 1 a,
may be excused from this requirement provided they satisfy the Applied Mechanics department by
examination that they have 4 satisfactory knowledge of the subject.

*For list of Humanities electives, see footnote, page 155.
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ELECTRICAL ENGINEERING OPTION
(For First Year see page 154)
Attention is called to the fact that any student whose grade-point average is less than 1.9
in the sub]er'*s listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulatlon will

be found on page 116.
SECOND YEAR
Units per Term
1st 2nd  3id

Ma 2 abe  Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe  Optics, Electrostatics and Electrodynamics (3-3-6) ... 12 12 12
H 2 abe History of the United States (2-0-4) ... ... . 6 6 6
CE 1 Surveying (2-4-3) oo . %or 9
ME 3 Materials and Processes (3-3- 9or 9
Gela Physical Geology (4-2-3) .ooonecec.cc. 9 ..
AM 1 a Applied Mechanics (Statics) (3-3-6) . 12
D2 Descriptive Geometry (0-6-0) .......... . 6
ME 1 ab Empirical Design (0-3-0; 0-6-0) ... ... 3 6
48 48 48
THIRD YEAR

En 7 abc  Introduction to Literature (3-0-5) 8 -8 8

AM 1 bed Applied Mechanics (Strength of Materials, Dynamics) .
(3-3-0) oo ettt 12 12 12
EE 1 abc Basic Electrical Engineering (2-0-4) .o 6 6 6
EE 2 abc  Basic Electrical Engineering Laboratory (0-3-0) 3 3 3
AM 15 abc Engineering Mathematics (3-0-6) ** ... ............ 9 9 9
ME 15 abe Thermodynamics and Fluid Mechanics (3-3-5) ... ... 11 11 11
49 49 49

*Transfer students who have not completed the requirements of Applied Mechanics, AM 1 a,
may be excused from this requirement provided they satisfy the Applied Mechanics department
by examination that they have a satisfactory knowledge of the subject.

**Electrical and mechanical engineering students with scholastic records that warrant the excess
load may take Ph 6 abe, Introduction to Mathematical Physics and Differential Equations (5-0-10)
as an alternate for Engineering Mathematics.

FOURTH YEAR

Humanities Elective (3-0-6) * S 9 9 9
Ec 1 abe General Economics and Economic Problems (3-0-3) .. .. 6 6 6
Ec 25 Engineering Law (3-0-4) e e e 7
H 5 ab Current History (1-0-1) 2 2
H 10 The Constitution of the United States (1-0-1) ... e e 2
AM 3 Materials Testing Laboratory (1-6-1) ___. . .. 8 e e
Ph 7 abe Electricity and Magnetism (2-0-4) ** . 6 6 .0
EE 6 ab Electrical Machinery (2-0-4; 3-0-6) oo 6 9
EE 7 Electrical Engineering Laboratory (0-3-4) ... ... ... 7
EE 12 Electrical - Circuits (4-0-8) ... ...
EE 16 Electrical Measurements (0-3-3) __.
EE 70 ab  Engineering Conference (1-0-1) _. 2
EE 62 ab  Electron Tubes (2-3-53) oo 10 10
51 48 49

**For list of Humanities electives, see footnote, page 155.
*+HElectrical engineering students who have completed Ph 6 abe will, as an alternate for Ph 7 abe,
take the following:
Ph 8 Electricity and Magnetism (3-0-6) ... 9

EE 15 ab  High Frequency Circuits (2-0-4; 0-3-3) .o
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GEOLOGICAL SCIENCES OPTION

(For First Year see page 154)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in freshman and sophomore physics and chemistry may, at the discretion of the Division of
the Geological Sciences, be refused permission to register for the third-year course in the
Geological Sciences Option. Students whose grade point average is less than 1.9 in the re-
quired geology subjects of the third year will be admitted to the required geology subjects
of the fourth year only with the special permission of the Division of the Geological Sciences.

SECOND YEAR

Units per Term
1st 2nd 3rd

Ma 2 ab Solid Analytic Geometry; Vector Analysis, Differential

and Integral Calculus (4-0-8) ........ 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3-3-6) ... 12 12 i2
Ch 12 a Analytical Chemistry (2-6-2) ..o 10
H 2 abe History of the United States (2-0-4) ... .. 6 6 6
CE1 Surveying (2-4-3) eooeeeoeeeeeeei e 9
Gela Physical Geology (4-2-3) ... 9
Bil Elementary Biology (3-3-3) . .. 9
Ge 3 ab Mineralogy (3-3-2; 3-4-3) oo 8 10
Geology Option
Gelb Elementary Paleonotology (4-1-4) ..o, 9
49 47 46
Geophysics Option
Ma 2 ¢ Solid Analytic Geometry, Vector Analysis, Differential
and Integral Calculus (4-0-8) ... . 12
49 47 49

All majors in the Division of the Geological Sciences may attend the Summer Field Camp.
Ge 123, without registration for credit.

THIRD YEAR*

En 7 abc  Introduction to Literature (3-0-5) . OTUSUOURRR . | 8 8
Ec 4 ab Economic Principles and Problems (3 0- 3) ..... 6 6
CE 3 Plane Table Surveying (1-6-1) ... 8
Ge 4 ab Petrology (2-3-15 2-4-2) e 6 8
Gelec Historical Geology (4-2-6) .. 12
Ge 9 Structural Geology (4-0-6) ..o
Ge 14 Geologic Hlustration (0-3-2) ... . 5
Ge 21 abc  Introduction to Field Geology (4-5-1; 0-8-2; 0-6-4) 10 10
Ge 176 Elementary Seismology (3-0-3) .o 6 ..
Ge 102 Oral Presentation (1-0-0) e s lor 1
Geology Option

Ch 24 ab  Physical Chemistry (4-0-6) ... 10 10
D5 Descriptive Geometry (0-6-0) .. 6

50 48 49

or49 or 50
Geophysics Option

EE 1 abe  Basic Electrical Engineering (2-0-4) 6 6 6
EE 2 ac Basie Electrical Engineering Laboratory (0-3-0) ............. 3 3
49 47 49

or48 or50

*Spring Field Trip, Ge 122, 1 unit, required in third and fourth years.
Summer Field Geology, Ge 128, 20 units, required after third year.



H S ab
H 10

L 32 abc
Ge 100
Ge 128
Ge 175

 Ge 105
Ge 106 ab
Ge 111 ab

Ge 121 ab:

Ph 6 abe

Ph 9
Ma 112
D5
Ge 165

SCHEDULES OF UNDERGRADUATE COURSES

GEOLOGICAL SCIENCES OPTION ,

FOURTH YEAR*

163

Units per Term

1st
Humanities Elective (3-0-6) ** . 9
Current History (1-0-1) 2
The Constitution of the United States (1-0-1) ...
Elementary German (4-0-6) ... .o 10
Geology Club (1-0-0) 1
Introduction to Economic Geology (4-0-3)
Introduction to Applied Geophysics (3-0-3) ... 6

Geology Option

Optical Mineralogy (2-6-2) ..o 10
Petrography (2-6-2) oo
Invertebrate Paleontology (2-6-2) 10
Field Geology (1-1-0; 0-8-0; 0-7-3) ..o 2

50

Geophysics Option

Introduction to Mathematical Physics and Differential
Equations (5-0-10) 15
Electrical Measurements (0-3-3)

Elementary Statistics (3-0-6) . 9
Descriptive Geometry (0-6-0) e
Introduction to General Geophysics I (20-4)

52

#*Spring Field Trip, Ge 122, 1 unit, required in third and fourth years.
**For list of Humanities electives, see page 155.

2nd

9
2

10

10
10

50

3rd
9

2
10
1
7

10
49

15
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'MATHEMATICS OPTION

(For First Year see page 154)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will

be found on page 116.
SECOND YEAR

Ma 2 abe  Solid Analytic Geometry, Vector Analysis. Differential

and Integral Calculus (4-0-8) -
Ph 2 abe  Optics, Electrostatics and Electrodynamics (3-3-6) ...
H 2 abe ‘History of the United States (2-0-4) .
Gela Physical Geology (4-2-3)

Bil Elementary Biology (3:3-3)
Ay 1 Introduction to Astronomy (3-1-5) oo
Ma 3 Theory of Equations (4-0-6)
Ma 16 Matrices and Quadratic Forms (4-0-6) .....oooooeeooeeeoe.
Schedule A (1950-51, and alternate years thereafter)
Ma 10 Differential Equations (4-0-6)
Schedule B (1949-50, and alternate years thereafter)
Ma 4 Geometry (4-0-6)
THIRD YEAR

En 7 abe  Introduction to Literature (3-0-5) ... ...
Ec 4 ab Econemic Principles and Problems (3-0-3) ... ...
Ph 6 abe Introduction to Mathematical Physics and Differential
Equations (5-0-10) ...
L 32 ab¢  Elementary German (4-0-6)
Ma 108 abc Advanced Calculus (4-0-5) ..
Schedule A (1949-50, and alternate years thereafter)

Ma 4 Geometry (4-0-6) oo
Schedule B (1950-51, and alternate years thereafter)
Ma 10 Differential Equauons (4-0-6)

FOURTH YEAR

Humanities Eleetive (30-6)% . ...
H5 ab Current History (1-0-1) ool
H 10 The Constitution of the United States (1-0-1) ... ...
L 35 Scientific German (4-0-6) ... -
L1ahb Elementary French (4-0-6) ... e
Ma 112 Elementary Statistics (3-0-6) ..o ool
Approved Mathematics Electives ... .

*For list of Humanities electives, see footnote, page 155.

Units per term

1st

12
12
6
9

10

2nd

12
12

6
9

10

49

10

&1 %

3rd

12
12
6

' 10

10
49

15
10
10
10
52

9
1n

27
48
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MECHANICAL ENGINEERING OPTION

(For First Year see page 154)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will
be found on page 116.

SECOND YEAR

Units per Term
1st 2nd 3rd

Ma 2 abc  Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) .12 12 12
Ph 2 abe  Optics, Electrostatics and Electrodynamlcs (o 3-6) 12 12 12
H 2 abe History of the United States (2-0-4) 6 6 6
CE 1 Surveying (2-4-3) RSN ¢ Qor 9 .
ME 3 Materials and Processes (3-3-3) oo 9or 9
Gela Physical Geclogy (4-2-3) 9
AM 1 a Applied Mechanics (Statics) (3-3-6)* . ... 12
D2 Descriptive Geometry (0-6-0) ’ 6
ME 1 ab Empirical Design (0-3-0; 0-6-0) ... ... 3 6
48 48 48
THIRD YEAR
En 7 abe Introduction to Literature (3-0-5) 8 8 8
AM 1 bed Applied Mechanics (Stlength of Materials, Dynamies)
(3-3-6) 12 12 12
EE 1 abc  Basic Electrical Engineering (2-0-4) - 6 6 6
EE 2 abc  Basic Electrical Engineering Laboratory (0-3- 0) . 3 3 '3
AM 15 abc Engineering Mathematics (3-0-6) ** 9 9 9
ME 15 abe¢ Thermodynamics and Fluid Mechanics (3-3-5) .o 11 11 11
49 49 49
FOURTH YEAR
Humanities Elective (3-0-6)F oo 9 9 9
H5 ab Current History (1-0-1) o 2 -2
H 10 Constitution (1-0-1) o 2
Ec 1 abc  General Economics and Economic Problems (3-0-3) ... 6 6 6
Eec 18 Industrial Organization (3-0-4) ... ... .. 7
ME 5 abc Machine Design (2-6-1) . .9 9 9
ME 10 Metallurgy (3-3-6) 12
AM 3 Testing Materials Laboratory (1-6-1) oo 8
ME 16 ab Thermodynamics (3-0-6; 2-0-4) ... ... . .9 6
ME 25 Mechanical Laboratory (0-6-3) 9
Hy 1 Hvdraulics (3-0-6) 9
Hy 11 Hydraulics Laboratory (0-6-0) 6
ME 50 ab Engineering Conference (1-0-1) 2 2
51 48 49

*Transfer students who have not ecompleted the requirements of Applied Mechanics, AM 1 a.
may be excused from this requirement provided they satisfy the Applied Mechanics department
by examination that they have a satisfactory knowledge of the subject.

**Electrical and mechanical engineering students with scholastiec records that warrant the excess
load may take Ph 6 abe, Introduction to Mathematical Physics and Differential Equations (5-0-10),
as alternate for Engineering Mathematics.

1For list of Humanities electives, see footnote, page 155.
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PHYSICS OR ASTRONOMY OPTION

(For First Year see page 154)

Attention is called to the fact that any student whose grade-point average is less than
1.9 in the subjects listed under his division may, at the discretion of his department, be
refused permission to continue work of that option. A fuller statement of this regulation
will be found on page 116.

Ma 2 abe

Ph 2 abc
‘H 2 abe
Gel a
Bil

Ay 1
ME 3
Ch 43
Ch 11

En 7 abc
Ph 6 abe

EE 1 abe
EE2Db
Ma 108 abc

L 32’abc
Ch 21 abc

Ec 4 ab
H 5 ab

H 10

Ph 9

Ph 12 abc

SECOND YEAR

Units per Term

1st
Solid Analytic Geometry, Vector Analysis, Differential and
Integral Calculus (4-0-8) oo 12
Optics, Electrostatics and Electrodynamics (3-3-6) _........... 12
History of the United States (2-0-4) . 6
Physical Geology (4-2-3) oo 9

Elementary Biology (3-3-3)
Introduction to Astronomy (3-1-5) -
Materials and Processes (3-3-3) ..o 9
Organic Chemistry (2-6-2) .
Quantitative Chemical Analysis (26-2) ...

48
PHYSICS OPTION
THIRD YEAR
Introduction to Literature (3-0-5) oo 8
Introduction to Mathematical Physics and Differential
Equations (5-0-10) .15
Basic Electrical Engineering (2-0-4) 6
Basic Electrical Engineering Laboratory (0- 3-0) __________________
Advanced Calculus (4-0-5) 9
EIECHIVES veemeemeceeee et 10
48
ELECTIVES
Elementary German (4-0-6) % ... ... .. e e 10
Physical Chemistry (4-0-6) ... . 10
FOURTH YEAR
Humanities Flectives (3-0-6) ®* e 9
Economic Principles and Problems (3-0-3) ... 6
Current History 2
The Constitution of the United States (1-0-1) ..o,
Electrical Measurements (0-3-3)
Introduction to Atomic and Nuclear Physics (3-0-6) ............ 9
Electives per term, 22 to 24 units 22
Total per term ..o 48

2nd

12
12
6

9

10
49

V=R S CR RV

to

to

3rd

12
12

6
10

49

V- I )

gl R
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Electivest, t

L 35 Scientific German (4-0-6) * e 10
L1ab Elementary French (4-0-6) . 10 10
Ph 131 abc Electricity and Magrietism (3:0-6) ... ... 9 9 9
Ph 135 ab - Optics (3-0-6) ettt et 9 9
Ph 137 Spectroscopy (3-0-6) . 9
Ph 136 ab Optics Laboratory (0-3-0) ..o 3 3
Ph 138 Spectroscopy Laboratory (0-3-0) . 3
Ph 8 Electricity and Magnetism (3-0-6) 9
EE 60 abc Electronics and Circuits (3-0-6, 2-34, 2-3-4) .. 9 9 9
EE 15 ab  High Frequency Circuits (2-0-4, 0-3-3) ... " 6 6
Ch 21 abc Physical Chemistry (4-0-6) 10 10 10
Ph 14 abc Physics Conferences (1-0-2) ... 3 3 3.
Ph 172 Research$ 9 9 9
Ma 112 Elementary Statistics (3-0-6) (¥First or third term) ... 9 9)

*Students who eleet L 32 abe must also elect L 35.
**For list of Humanities electives see page 155.

tStudents who expect employment at the B.S, level should elect one of the Electricity and Mag-
netism courses and EE 60 abe.

}Students who plan to do graduate work at the Cahforma Ingtitute should elect one of the
sequences in the Ph 181 or Ph 138 group.

§Students may not register for Research until efter making arrangements with the supervising
instructor.



SCHEDULES OF FIFTH- AND SIXTH-YEAR COURSES

AERONAUTICS
FIFTH YEAR

(Leading to the degree of Master of Science in Aeronautics)
Units per Term
1st 2nd 3rd

Humanities Electives (3-0-6; 4-0-6) * 90r10 90r10 9o0r10
9

AE 251 abc Aerodynamics (3-0-6) .oemecoorceememecreee e 9 9
AE 252 ab¢ Airplane Design (2-1-6) 9 9 9
AE 253 abc Design of Aircraft Components (2-0-2) e 4 4 4
AE 257 abc Engineering Mathematical Principles (3-0-6) ** . 9 9 9

AE 258 abc Introductory Mechanics and Thermodynamics of
Fluids (3-0-6) 9 9 9
AE 290 abc Aeronautical Seminar (1-0-0) 1 1 1
50 50 50
or or or
51 sl 51

JET PROPULSION, AERONAUTICS OPTIONY

FIFTH YEAR
(Leading to the degree of Master of Science in Aeronautics)

Humanities Electives (3-0-6; 4-0-6)* .. . ... ... .. 90r10 90r10 9or10
JP 121 Rocket (4-0-8) oo 12

JP 130 ab Thermal Jets (4-0-8) oo 12 12
JP 170 abe Jet Propulsion Laberatory (0-30) ... ... 3 3 2
AE 251 abc Aerodynamics of Airplane (3-0-6) ... ... . 9 9 9
AE 257 abc Engineering Mathematical Principles (3-0-6) .. .. 9 9 9
AE 258 abe Introductory Mechanics and Thermodynamics (3-0-6) 9 9 9
AE 290 abc Aeronautical Seminar (1-0-0) ... ... .. 1 1 1
52 52 52

or or or

53 53 23

*Graduate humanities electives to the extent of 9 or 10 units per term for a total of 27 or 30
units are required of all candidates for the Master’s Degree in any option.

Humanities Electives: (The subjects to be offered in any one term wiil be announced before the
close of the previous term.)

H 100 abc Seminar in History and Government
En 100 abe Seminar in Literature

Pl 100 abc Seminar in Philosophy

Pl 101 abec History of Thought

Ec 100 abe Business Economics

Ec 110 Industrial Relations
Ec 111 Business Cycles and Fiscal Policy
Ec 112 Modern Schools of Economic Thought

#**AE 257 abe will be taken by ail students who have previously had Advanced Caleulus and Dif-
ferential Equations or AM 15 (or AM 115) Engineering Mathematics. Otherwise they will take

AM 115 abe.
7See page 122 for extra fee for this option.

168



SCHEDULES OF FIFTH- AND SIXTH-YEAR COURSES

AERONAUTICS
SIXTH YEAR .

(Leading to the degree of Aeronautical Engineer )

169

Units per Term

. 1st

AE 260 abc Aeronautics Research ... 15
AE 266 abc Theoretical Aerodynamics of Real and Perfect

Fluids (3-0-6) 9

AE 270 abc Flasticity Applied to Aeronautics (2-0- 4) ............................ 6

AE 272 abc Precision Measurements (1-0-2) . S 3

AE 290 abc Aeronautical Seminar (1-0-0) ... ... ... 1

Electives (not less than) ... 11

45

2nd

15

9
6
3
1
11

45

8rd
15

9
6
3
1
11

45

Elective subjects are to be selected from Aeronautics courses or advanced courses in

other departments as approved by the Aeronautics Department.

JET PROPULSION, AERONAUTICS OPTION*

SIXTH YEAR
(Leading to the degree of Aeronautical Engineer)

JP 200 ab Chemistry Problems in Jet Propulsion (2-0-4) ... ... 6
JP 210 High Temperature Design Problems (2-0-4) ... =

JP 220 ab Applications of Jet Propulsion (2-0-4) __.. .6
JP 280 abc Jet Propulsion Research (Thesis) ... .16
AE 261 abe Hydrodynamics of Compressible Fluids (3-1-6) ... 10
AE 270 abe Elasticity Applied to Aeronautics (2-0-4) ... .. 6
AE 290 abc Aeronautical Seminar (1-0-0) ... 1

45

*See page 122 for extra fee.

et

22
10

45
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ASTRONOMY
FIFTH YEAR
Units per Term-

1st 2nd 3rd
Humanities Elective (3-0-6; 4-0-6)* 90r10 9or10 9orl0
Ay 101 abe or Ay 102 abc, Astrophysics (3-0-6) 9 9 9
FElectives, as below, t0 total ... ... 4810 50 48 to 50 48 to 50
ELECTIVES:
Ay 112 abc General Astronomy (3-3-3)** ... ... 6 6 6
Ay 105 Internal Constitution of the Stars (3-0-6) 9
Ay 141 abc Research Conference in Astronomy ......... .2 2 2
Ma 108 abc Advanced Calculus (3-0-6) ... . . . 9 9 9
Ph 133 abc Analytical Mechanics (4-0-8) ... e 12 12 12
Ph 135 ab Optics (3-0-6) oo 9 9
Ph 136 ab Optics Laboratory (0-3-0) 3 3
Ph 137 Spectroscopy (3-0-6) ... 9
Ph 138 Spectroscopy Laboratory (0-3-0) _ 3
Ph 139 abe¢ Nuclear Physics (3-0-6) ... ... 9 9 9
Ch 130 Photochemistry (2-0-4) ... . 6

*For list of Humanities electives, see footnote, page 168.

* : : i . e
insuﬂ::m‘lesi courses, with reduced credit, may be vequired of students whose previous training seems
cient.

BIOLOGY

A_S nearly all Biology majors are working for the doctor’s degree and fol-
lowing programs arranged by the students in consultation with members
of the Division, no specific graduate curricula can be outlined.

CHEMISTRY
FIFTH YEAR
(Leading to the degree of Master of Science in Chemistry)

The needs of Chemistry majors vary so widely in specialized fields of this
subject that no specific curricula can be outlined. Before registering for the
first time, a candidate for the master’s degree should consult a member of the
Commitiee on Undergraduate and Fifth-Year Study of the Division.

The Humanities requirement for a master’s degree will be found on page
168. Candidates who have not had courses substantially equivalent to Inorganic
Chemistry Ch 113ab, Thermodynamic Chemistry Ch 122, and Surface and
Colloid Chemistry Ch 129, must take these courses. In addition not less than
30 units of courses of science subjects chosen from fifth-year and advanced
courses and not less than 40 units of Chemical Research must be offered for
the master’s degree. Two copies of a satisfactory thesis describing this re-
search, including a one-page digest or summary of the main results obtained,
must be submitted to the Committee at least ten days before the degree is to
be conferred.

Candidates must satisfy the modern languages department that they are able
to read scientific articles in at least one of the following languages: German,
French, or Russian.



SCHEDULES OF FIFTH- AND SIXTH-YEAR COURSES

CHEMICAL ENGINEERING

FIFTH YEAR

(Leading to the degree of Master of Science in Chemical Engineering)

171

Umts per Term

‘ 1st 2nd  8rd:

Humanities Electives (3-0-6; 4-0-6)* . ... 90r10 90r]0 9or 10
Ch 166 abc Chemical Engineering (3-0-9) 12 12 12°
Ch 167 abc Chemical Engineering Laboratory (0-150) ... ... 15 15 15
Electives—at least 14 14 14

50 . 50 50

~or or or

51 10 51 51

Elective subjects approved by a member of the Division to be chosen from. advanced sub-
]ects in Chemistry, Chemical Engineering, Physics, Mathematics and Mechanical Engineer-

ing, or Ma 10 Differential Equations.
SIXTH YEAR

(Leading to the degree of Chemical Engineer)

Programs are selected from a comprehensive list of available subjects and are arranged
by the student in consultation with members of the Division. At least half of the student’s

time will be spent on research.

*For list of Humanities electives, see footnote, page 168.
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CIVIL ENGINEERING
FIFTH YEAR

(Leading to the degree of Master of Science in Civil Engineering)’ ‘

Units per Term
1st 2nd 8rd

Ec 100 abc Business Economics (4-0-6) 10 10 10
CE 120 a  Statically Indeterminate Structures (4-3-5) .oooroooceec 12
CE 121 abc Structural and Civil Engineering Design (0-12-0; 09-0) ... 12 9 9
CE 125 Irrigation and Water Supply (4-0-8) 12

CE 126 Masonry Structures (2-3-4) 9

CE 127 Sewerage and Sewage Treatment (2-3-4) ... 9

AM 115 abc Engineering Mathematics (3-0-6) ... 9 9 9

AM 105 b - Soil Mechanics (13-2) omeete e eem et et . 6

Hy 100 Hydraulics Problems (2-0-4)* ._. . 6 ...

CE 130 ab Engineering Seminar (1-0-1) ... 2. 2 2
" Approved Elective .o 5 ..

' 51 50 31
SUPPLEMENTARY SUBJECTS**

CE 120 be Statically Indeterminate Structures (2-0-4) .ooeoovoeeeeeeeeee. 6 6

CE 122 Earthquake Effects upon Structures .........oooocormncees

CE 131 Sewage Treatment Plant Design

CE 132 Water Power Plant Design

CE 133 Water Treatment Plant Design -

CE 134 Ground Water Investigations .........ocooooooimmcccrenans

CE 135 Geodesy and Precise Surveying

CE 136 Irrigation Investigations

CE 141 Structural Engineering Research ...

CE 142 Sanitation Research

CE 143 Highway Research

CE 144 Airport Design

CE 150 Foundations (3-0-6) 9

Ge 110 Engineering Geology. (2-3-4) 9

AM 110 a  Introduction to the Theory of Elasticity (20-4) ... 6

AM 110 b Theory of Plates and Shells (2-0-4) — 6

AM 110 ¢ Mechanics of Materials (2-0-4) 6

AE 270 abc Elasticity Applied to Aeronautics (2-04) ... 6 6 6

Hy 100 Hydraulies Problems

Hy 101 ab Advanced Fluid Mechanics (2-0-4; 3-0-6) ... 6 9

SIXTH YEAR

(Leading to the degree of Civil Engineer)

Programs are arranged by the student in consultation with members of the Department.
Note: No deviation from the prescribed 5th-year work will be permitted unless the student
has had equivalent work in one or more of the subjects listed under-the above 5th-year
curriculum, in which case courses may be elected from the supplementary subjects.

*For students who have credit for AM 105-a.
**Where no hours are shown, units are to be arranged based upon work done.



SCHEDULES OF -FIFTH- AND SIXTH-YEAR COURSES

ELECTRICAL ENGINEERING

FIFTH YEAR

* (Leading to the degree of Master of Science in Electrical Engineering)

Units per Term

Ist 2nd 8rd

Humanities Electives (3-0-6; 4-0-6)* .. ... 90r10 90r10 9or 10

EE 120 abc Advanced Electric Power System Analysis (4-0-8) ... 12 . 12 12
EE 121 abe Alternating Current Laboratory (0-3-3) ... 6 6 6
EE 158 abe Circuit Analysis (3-0-6) .oooooooeooeiee 9 9 9
% 36 36

or or or

37 317 37

Electives wooovreioeeee oo e nen 12 12 12

SIXTH YEAR
(Leading to the degree of Electrical Engineer)
EE 226 abc Engineering Mathematical Physics (3-0-12) ** ... 15 15 15

The balance of the programs are selected from a comprehensive list of available subjects
and are arranged by the student in consultation with members of the Division.

*For list of Humanities electives, see footnote, page 168,
**This course is also required for the doctor’s degree in electrical engineering.



Ge 100
Ge 102
Ge 165
Ge 295

Ge 100
Ge 102
Ge 165

Ge 105
Ge 106 ab
Ge 107
Ge 109
Ge 110
Ge 111 ab
Ge 112 ab
Ge 115
Ge 121 abe
Ge 122 -
Ge 123
Ge 125
Ge 126
Ge 128
Ge 200
Ge 202
Ge 209
Ge 210
Ge 212
Ge 213
Ge 214
Ge 215
Ge 220
Ge 226
Ge 228
Ge 229
Ge 230
Ge 232
Ge 233
Ge 235
Ge 237
Ge 238
Ge 245 ab
Ge 248
Ge 249
Ge 250
Ge 295
Ge 297
Ge 299

CALIFORNIA INSTITUTE OF TECHNOLOGY

GEOLOGICAL SCIENCES
FIFTH YEAR

(Leading to the degree of Master of Science in Geology)
Units per Term

1st 2nd 3rd
Humanities Flectives (3-0-6; 406)* ... ... 90r10 9or10 9or10
Geology Club 1 1 1
Oral Presentation 1 or 1 orl
Introduction to General Geophysics, T ... 6
Master’s Thesis Research (units and subjects by
arangement)
Elective units from groups A and B below to total ...... 50 30 50

(Leading to the degree of Master of Science in Geophysics)

Humanities Electives (3-0-6; 4-0-6)F ... ... ... 90r10 90r10 9or 10
Geology Club .o 1 1 1
Oral Presentation et 1 orl orl
Introduction to General Geophysics, I .......................... 6
For additional requirements, consult Division — — —
circular: required and optional courses to total .......... 50 50 50

A. GeoLOGY AND PALEONTOLOGY
FIFTH AND SIXTH YEARS
{Leading to the degree of Geological Engineer)

Optical Mineralogy -.... . 10
Petrography ...eeooooeeooooe e 10 10
Stratigraphy oo e 12
Structural Geology . 6
Engineering Geology 9
Invertebrate Paleontology ... 10 10
Vertebrate Paleontology ..o 10 10
Micropaleontology e 8
Field Geology oo 2 8 10
Spring Field Trip ‘ 1
Summer Field Geology - 20
Geology of Western America ... 5
Elementary Geomorphology
Introduction to Economie Geology ... 7
Mineragraphy ..o 10

Ore Deposits .ooeoeeoee ceeeecieecn . 10

Sedimentary Petrology** ... e 10

Metamorphic Petrologyt ..o 10
Nonmetalliferous Deposits . 10
Mineralogy (Seminar) .. . 5

Petrology (Seminar) .......... 5
Ore Deposits (Seminar) ... ceeeereceenenees 5
History of the Geological Sciences (Summer reading) ........ 5
Advanced Geomorphology** e 10

Geomorphology of Arid Regions** ... ... ... 10

Glacial Geologyt SO - 10

Geomorphology (Seminar) ... 5

Petroleum Geology .o 10

Petroleum Geology Practices ... 10
Petroleum Geology (Seminar) ....coococomeenee, e e 5
Tectonics 10
Structural Geology (Seminar) ... 5 .
Vertebrate Paleontology (Semmar) e 5 5
Fossils of the California Tertiary e 5 -
Stratigraphy of the Coast Ranges ...... 5
Invertebrate Paleontology (Seminar) ............cocooieiiiees 5
Master’s Thesis Research (units by arrangement) .....
Advanced Study (units and subject by arrangement) -
Research (units and subject by arrangement) ...

*For list of Humanities electives, see footnote, page 168.

**1949-50
11948-49
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B. GEOPHYSICS
FIFTH AND SIXTH YEARS

(Leading to the degree of Geophysical Engineer)

Units per Term
1st 2nd 3rd

Ge 165 Introducton to General Geophysics I .o 6

Ge 166 Introduction to General Geophysics II* 6
Ge 174 Well Logging 5
Ge 175 Introduction to Applied Geophysics ... 6 .
Ge 176 Elementary Seismology 6
Ge 261 Theoretical Seismology** 6
Ge 262 Interpretations of Seismograms of Teleseisms™* ... 4
Ge 263 Field Work in Earthquakes and Interpretation of

Seismograms of Local Earthquakes** ... ... 4
Ge 270 Geophysical Instruments** 7
Ge 273 ab Applied Geophysics I* ..o 5 5
Ge 274 abc Applied Geophysics II* ... .o 5 5 7
Ge 275 ahc Applied Geophysics ITI** ... . 6 8 4
Ge 282 abc Geophysics (Seminar) ..o 1 1 1
Ge 297 Advanced Study (units and subject by arrangement) ...
Ge 299 Research (units and subject by arrangement) ...............
CE 122 Earthquake Effects Upon Structures (units by

arrangement)
EE 156 Electrical Communication ....... 6 ... ..
Ma 108 abe Advanced Caletlus ... 9 9 9
Ph 102 abc Introduction to Mathematical Physics and

Differential Equations ..o 10 10 10
Ph 130 abe Methods of Mathematical Physics .. 12 12 12
Ph 131 abe Electricity and Magnetism ..o s 9 9 9

Graduate students who have not had the equivalent of the 'following undergraduate sub-
jects may have to take one or more of these subjects without graduate credit.

CE 2 Advanced Surveying ... 10
EE 1 abec  Basic Electrical Engineering ........... . .. 6 6 6
EE 2 abe  Basic Elecirical Engineering Laboratory .3 3 3
EE 62 ab Electron Tubes . 10 10
Ma 112 Elementary Statistics ... ; 9
EE 16 Electrical Measurements .
or
Ph 9 Electrical Measurements ..............occoooooioooeeomoeeeeeeeeeeeenen 6
+1950-51
**1949-50

MATHEMATICS

As nearly all mathematics majors are working for the doctor’s degree and
following programs arranged by the student in consultation with members
of the Division, no specific graduate curricula can be outlined.
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MECHANICAL ENGINEERING
FIFTH YEAR

(Leading to the degree of Master of Science in Mechanical Engineering)
Units per Term

1st 2nd 3rd

Humanities Electives (3-0-6; 4-0-6)* ... 90rl0 90r10 9%orl0

ME 125 abc Engineering Laboratory (1-6-2) ... . 9 9 9
ME 150 abc Mechanical Engineering Seminar (1-0-0) .. 1. 1 1
5

Electives as below (minimum) ... ... 27 27 by

46 or 47 46 or 47 46 or 47

ELECTIVES

ME 101 abc Advanced Machine Design (1-6-2) ..o .. 9 9 9
AM 150 abc Mechanical Vibrations (2-0-4) ..ol 6 6 6

ME 110 abc Physical Metallurgy and Metallography
(3-0-6; 2-3-45 2-34) oo 9 9 9
ME 115 abc Thermodynamics (3-0-6) -9 9 9
Hy 101 abc Advanced Fluid Mechanics (3-0-6) ... ‘ 9 9 9
AM 110 abe Elasticity (2-0-4) oo 6 6 6

JET PROPULSION, MECHANICAL ENGINEERING OPTION**
FIFTH YEAR
(Leading to the degree of Master of Science in Mechanical Engineering)
Humanities Electives (3-0-6; 4-0-6)* .. ... 9or1090r10 9or10
JP 121 Rocket (4-0-8) oo 12
JP 130 ab Thermal Jets (4-0-8) ... 12 12
JP 170 abe Jet Propulsion Laboratory (0-3-0) 3 3 3
ME 125 abc Engineering Laboratory (1-6-2) ... 9 9 9
Electives 15 15 15
ME 150 abc Mechanical Engineering Semlnar (1 00) 1 1 1
49 or 50 49 or 50 49 or 50
ELECTIVES

ME 101 abc Advanced Machine Design (1-6-2) 9 9 9
AM 150 abc Mechanical Vibrations (2-0-4) ... 6 6 6

ME 110 abc Physical Metallurgy and Metallography
(3-0-6; 2-3-4; 2-3-4) 9 9 9
ME 115 abc Thermodynamics and Heat Transfer (3-0-6) ... 9 9 9
Hy 101 abc Advanced Fluid Mechanics (3-0-6) . 9 9 9
AM 110 abe Elasticity (2-0-4) oo 6 6 6

Notk: Students who desire to do so may substitute Elementary Statistics Ma 112 for one
term of Engineering Laboratory ME 125.

Note: Students who have not had a course in Advanced Engineering Mathematics,
Advanced Calculus, or the equivalent in their undergraduate work are Tequired to include
AM 115 abe among the elective units.

- Note: Studenis who plan advanced study past the fifth year, and who have had AM
115 abc or an equivalent course in their undergraduate work may substitute one of the fol-
lowing courses for one of the professional courses listed above, subject to the approval of
the Mechanical Engineering Department:

EE 226 abe Engineering Mathematical Physics
AE 257 abe Engineering Mathematical Principles
Ph 102 abe Introduction to Mathematical Physics and Differential Equations

*For list of Humanities electives. see footnote, page 168.
**See page 122 for extra fee for this option.
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MECHANICAL ENGINEERING

SIXTH YEAR
(Leading to the degree of Mechanical Engineer)

Specific requirements for the degree of Mechanical Engineer are given on
page 133. The following list will suggest possible subjects from which a pro-
gram of study may be organized:

ME 200 Advanced Work in Mechanical Engmeerlng
ME 210 abe Science of Metals

ME 211 abc Metallography Laboratory

ME 212 ab X-ray Metallography

ME 215 Internal Combustion Engines

ME 216 ab Refrigeration and Air Conditioning

ME 217 ab Steam and Gas Turbines

ME 218 ab Aircraft Power Plants

ME 219 Experimental Background of Engine Research
ME 220 Lubrication

ME 300 Thesis—Research ‘

Hy 200 Advanced Work in Hydraulic Engineering
Hy 201 abe Hydraulic Machinery

Hy 202 ab Hydraulics of Free Surface Phenomena

Hy 203 Cavitation Phenomena

Hy 210 ab Hydrodynamics of Sediment Transportation
Hy 300 Thesis

AE 261 abe Hydrodynamics of Compressible Fluids

AE 266 abc Theoretical Aerodynamics of Real and Perfect Fluids
AE 267 abc Statistical Problems in Gas Dynamics

AE 270 abc Elasticity Applied to Aeronautics

Ch 63 ab  Chemical Engineering Thermodynamics

Ch 227 abc The Structure of Crystals

Ch 229 Diffraction Methods of Determining the Struciure of Molecules
Ch 262 ab Thermodynamics of Multi-Component Systems
Ph 211 Thermodynamics

JET PROPULSION, MECHANICAL ENGINEERING OPTION**

SIXTH YEAR

(Leading to the degree of Mechanical Engineer)

Units per Term
1st 2nd 3rd
6

JP 200 ab  Chemistry Problems in Jet Propulsion (2-0-4) ... 6

JP 210 High Temperature Design Problems (2-0-4) .. 6
JP 220 ab  Applications of Jet Propulsion (2-0-4) ... 6 6
JP 280 abe Jet Propulsion Research (Thesis) 16 16 22
ME 150 abc Mechanical Englneermcr Seminar (1-0-0) oo 1 1 1
Electives 21 21 21

50 50 50

The list of subjects which could be chosen as electives for the sixth year work is given
above.

**See page 122 for extra fee for this option.
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PHYSICS

FIFTH YEAR
(Leading to the degree of Master of Science in Physics)

Units per Term

1st 2nd 3rd
Humanities Electives (3-0-6; 4-0-6)* ... .. . 90r10 90rl0 9Yoril
Ph 133 abc Analytical Mechanics (4-0-8) oo 12 ‘12 12
or or or or or
Ph 131 abe Electricity and Magnetism (3 0-6) o 9 9 9
Electives as below oo 27 to 30 27 to 30 2710 30

4810 49 48 t0 49 4810 49

Ph 102 abc Introduction to Mathematical Physics and

Differential Equations (5-0-10)** . .. . . 10 10 10
Ph 131 abe Electricity and Magnetism (3-0-6) 9 9 9
Ph 133 abc Analytical Mechanics (4-0-8) ..o 12 12 12
Ph 135 ab Optics (3-0-6) 9 9
Ph 136 ab Optics Laboratory (0-3-0) 3 3
Ph 137 Spectroscopy (3-0-6) . 9
Ph 138 Spectroscopy Laboratory (0-3-0) ... 3
Ph 139 abc Nuclear Physics (3-0-6) 9 9 9
Ph 140 ab Kinetic Theory of Matter (3-0-6) ..o 9 9
Ph 143 a  Principles of Quantum Mechanics (3-0-6) ... 9
Ph 147 ab  X-Rays (3-0-6) oo 9 9
Ph 149 History of Modern Physics (3-0-6) ... . .. 9
Ma 108 abc Advanced Calculus (4-0-5) 1 9 9 9
Ma 114 abec Mathematical Analysis (4-0-8) ... ... 12 12 12

*For list of Humanities electives, see footnote, page 168.

#**Prerequisite for most other fifth-year courses. Two-thirds credit allowed graduate students.
(Note: with the department’s approval, students who have the proper preparation may sub-
stitute other graduate courses in Electrical Engineering, Mathematics or Physics for some of
those listed above. Students who have received eredit for Ph 181 abe, Ph 138 abe or Ph 135 ab
and Ph 137 as undergraduates may use these credites towards a master of science degree pro-
vided they replace them with undergraduate credits in L 32 abe (4-0-6) earned during the fifth
year.

{Prerequisite for Ma 114.



SUBJECTS OF INSTRUCTION
AERONAUTICS

FIFTH YEAR AND ADVANCED SUBJECTS

AE 251 abec. Aerodynamics of the Airplane. 9 units (3-0-6); each term.
Prerequisite: AM 15, Hydraulics.

Airfoil lift, drag and moment characteristics. Boundary layers. Effects of compressibility.
Calculation of spanwise lift distribution on finite wings. Performance of complete airplane.
Static stability. Dynamic stability. Maneuverability.

Texts: Aerodynamics of the Airplane, Millikan; Technical Aerodynamics, Wood; Theory
of Flight, von Mises. i

Instructor: Felberg.

AE 252 abe. Airplane Design. 9 units (2-1-6); each term.

Prerequisites: Applied Mechanics, Strength of Materials, and Machine Design.

The solution of problems connected with the structural design and analysis of airplane
structural components. Special emphasis is placed on the problems dealing with monocoque
construction. A modern airplane is considered and the key structural elements are designed
and analysed.

Texts: Airplane Structural Analysis and Design, Sechler and Dunn; Airplane Structures,
Niles and Newell.

Instructors: Sechler, Martin.

AE 253 abc. Design of Aircraft Components. 4 units (2-0-2) ; each term.

A study of the non-structural components of airplane including control and flap systems,
landing gears, power plants, electrical, radio, and instrument installations, heating and ven-
‘ilating problems, hydraulic systems and acoustics.

Instructor: Klein, assisted by engineers from aircraft companies.

AE 254 abe. Advanced Problems in Airplane Désign. 4 units (2-0-2) ; each

lerm.
Prerequisites: AE 252, AE 253.

The application of basic mathematical methods to structural problems, A study of ad-
ranced design methods for airplane structural components.

Instructor: Lurie.

AE 255. Wind Tunnel Operation and Technique. 6 units (1-3-2) ; one term.

A one-term course covering pressure and velocity measuring instruments, balances, model
uspensions, wind tunnel calibrations and correction factors, data reduetion and presenta-
ion, extrapolation of model results to full scale. Experiments on various aerodynamic phe-
romena are carried out by the students in a special wind tunnel constructed for instruction
urposes.

Text: Wind Tunnel Testing, Pope.

Instructor: Bowen.

AE 256. Flight Test Techniques. 6 units (2-0-4); second term only.
Prerequisite: AE 251.

The methods of obtaining aerodynamic data by means of flight testing. Instrumentation,
ypes of flight testing, and flight tests procedures. The reduction of flight test data and their
orrelation with wind tunnel data and airplane performance.

Instructor: Williams.

179
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AE 257 abe. Engineering Mathematical Prineciples. 9 units (3-0-6); each
term.

Prerequisites: AM 15, AM 115, Ma 108, or equivalent.

Elementary theory and applications of ordinary and partial differential equations in
applied mechanics and related fields.

Calculus of residues and conformal transformations. Laplace and Fourier transforms,
characteristic value problems, special functions. Second order partial differential equa-
tions, method of Green’s functions, Riemann’s method and theory of characteristics. Direct
variational methods and numerical solutions.

Instructors: DePrima, Marble, Plesset.

AE 258 abe. Introductory Mechanies and Thermodynamics of Fluids. 9 units
(3-0-6) ; each term.

Dimensional analysis, thermodynamics, kinetic theory of gases, dynamical principles,
circulation and vorticity, velocity potentials, stream functions, perfect fluid flows, one
dimensional gas dynamics, viscosity, turbulence, Reynolds stresses, heat transfer, diffusion.

Reference texts: Airfoil and Airscrew Theory, Glauert; Aerodynamic Theory, Vol. 1,
Durand.

Instructor: Liepmann.

AE 260 abe. Research in Aeronautics. Units to be arranged.

Theoretical and experimental investigations in the following fields: aerodynamics; fluid
mechanics; compressibility; supersonics; structures, including photoelasticity; and flutter.

AE 261 abe. Hydrodynamics of Compressible Fluids. 10 units (3-1-6) ; each

term.

Prerequisites: AE 251, AE 258.

One dimensional gasdynamics; subsonic and supersonic channel flow; normal and oblique
shockwaves; condensation phenomena. Experimental methods employed in compressible
fluid mechanics research using Schlieren, shadowgraph, interferometers, and other high
speed instruments. Two- and three-dimensional vortices; Linearized theory of subsonic and
supersonic flow fields; Hodograph methods. Boundary layer and interactive phenomena
between boundary layers and shockwaves.

Text: Introduction to the Aerodynamics of a Compressible Fluid, Liepmann and Puckett.

Instructor: Millikan.

AE 265 abe. Advanced Problems in Aerodynamics. 6 units (2-0-4); each

term.

Prerequisites: AE 251, AE 257, AE 258.

Aerodynamics of propeller design. Flow in ducts and cooling problems. Aerodynamics of
high speed flight including the effects of compressibility on stability and control.

Instructor: Bell.

AE 266 abe. Theoretical Aerodynamics of Real and Perfect Fluids. 9 units
(3-0-6) ; each term.

Prerequisites: AE 251, AE 257, AE 258.

Hydrodynamics of perfect fluids, potential motion, circulation, laws of vortex motion,
elements of conformal transformation, streamline bodies, two-dimensional airfoil theory,
three-dimensional wing theory, monoplanes, biplanes, interference, propellers, theory of
airfoils in non-uniform motion, hydrodynamics of viscous fluids, laminar motion in pipes
and channels, turbulence and Reynolds’ criterion, similarity laws, theory of drag, discon-
tinuous flow, and vortex streets, theory of skin-friction, boundary layer, general theory of
turbulence.

Text: Aerodynamic Theory, Vols. I and II, Durand.

Instructor: Stewart.
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AE 267 abe. Statistical Problems in Gas Dynamics. 6 units (2-0-4) each
term.

Prerequisites: AE 258; AE 261; AE 257, or Ma 114.

Fundamental concepts: concept of probability, random variables, averaging procedures,
distributions, random walk, relation to parabolic equations, use of Fourier analysis, cor-
relations, stochastic processes. Statistical foundation of continuum hydrodynamics: review
of statistical theory of gases, transport phenomena, Boltzmann equation, motion of rarefied
gases, interaction of gas and solid surface, nucleation. Turbulance: experimental methods
and phenomenological turbulence, stability of laminar motion, statistical theories of tur-

bulence.

Instructors: Lagerstrom, Liepmann.

AE 268 abe. Advanced Problems in Fluid Mechanies. 9 units (3-0-6) ; each

term.
Prerequisite: AE 258: AE 261; AE 266, or consent of instructor.

Waves of finite amplitude, both stationary and non-stationary. Theory of characteristics
of linear and quasi-linear hyperbolic equations. Transonic flow. Mixed elliptic-hyperbolic
equations; Influence of viscosity. Parabolic equations and the connection with statistical
concepts.

Instructor: Lagerstrom.

AE 269 abe. Seminar in Fluid and Solid Mechanics. 3 units (2-0-1); each

term.

A seminar course in the applications of theoretical aerodynamics to aeronautical prob-
lems for students who have had AE 266 and AE 267,

Instructor: Liepmann.

AE 270 abe. Elasticity Applied to Aeronautics. 6 units (2-0-4) ; each term,

Prerequisites: Applied Mechanics, AE 257,

Fundamental. stress and strain relationships in elastic bodies. Theories of bending and
-orsion. Elastic stability problems including those of thin plates and shells.

Texts: Elasticity in Engineering, Sechler; Theory of Elasticity, Elastic Stability, and
Plates and Shells, by Timoshenko.

Instructors: Lurie, Sechler.

AE 272 abe. Precision Measurements. 3 units (1-0-2); each term.
Prerequisites: Applied Mechanics, Mechanisms.
A study of the fundamental principles involved in making precision measurements. De-

ermination of limits of error. Primary and secondary references. Problems in the design
f precision instrumentation.

Instructor: Klein,

AE 273 abe. Photoelasticity and Structural Testing Methods. 6 units (2-0-4) ;
sach term.

Prerequisites: AE 270. (May be taken simultaneously)
The basic principles of photoelasticity used as a method of stress distribution determina-
ion. Types of photoelastic procedure, the equipment involved, and the results obtained.

)iscussions of newer types of testing instruments and machines, their advantages and dis-
dvantages. Demonstrations and laboratory problems as required.

Instructor: Martin.

AE 274 abe. Problems in Aero-elastieity. 6 units (2-0-4) ; each term.
Prerequisites: AE 251, AE 265, AE 270.

A survey of the developments in aero-elasticity and associated fields. The dynamics of a
eformable body subjected to aerodynamic, elastic, and inertia forces. Effect of deforma-
ons on stability, control, and flutter. Gust frequency and landing impact as they effect
irplane design.

Instructor: Fung.
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JET PROPULSION
FIFTH YEAR AND ADVANCED SUBJECTS

JP 121. Rocket. 12 units (4-0-8) ; first term.

Prerequisite: AM 15.

Fundamentals of rockets, solid propellant rocket, liquid propellant rocket.
Instructors: Tsien, Seifert. ‘

JP 130 ab. Thermal Jets. 12 units (4-0-8) ; second and third terms.
Prerequisite: AM 15.

Performance analysis of ramjet, pulsejet, turbojet, turbofan, and turboprop. Combustion
chamber design. Design principles of centrifugal and axial compressors.

Instructors: Marble, Rannie.

JP 170 abe. Jet Propulsion Laborary. 3 units (0-3-0) ; each term.

Laboratory demonstrations of the operation of jet propulsion systems and tlie reduction
and interpretation of observed data.

Instructors: Seifert and JPL staff members.

JP 200 ab. Chemistry Problems in Jet Propulsion. 6 units (2-0-4) ; first and
second terms.

Chemical properties of propellants and fuels. Chemical equilibrium and combustion tem-
perature. Combustion problems.

Instructors: Altman, JPL staff members.

JP 210 High Temperature Design Problems. 6 units (2 0-4) ; third term.

Prerequisites: ME 3, ME 10 and AE 270 a or AM 110 a.

Temperature distribution and thermal stress under non-uniform and nonsteady condi-
tions. Design principles for high temperature operations. Heat resistant alloys and ceramic
materials.

[nstructors: Duwez, Tsien.

JP 220 ab. Applications of Jet Propulsion Power Plants. 6 units (2-0-4);

first and second terms.
Prerequisites: AE 257 or EE 226.

Jet propelled vehicles; rockets applied to assisted take-off and superperformance; per-
formance of aircraft with jet power plants.

Instructors: Tsien and JPL staff members.

JP 270. Special Topics in Jet Propulsion. 6 units (2-0-4).

The topics covered will vary from year to year. A critical and systematic review of current
literature in the following fields will be given: Combustion, dynamics of rarefied gases,
guidance and control.

Instructors: Staff members.

JP 280 abe. Research in Jet Propulsion. Units to be arranged.

Theoretical and experimental investigations in jet propulsion power plants and their
applications.

Instructors: Tsien and JPL staff members.

JP 290 abe. Advanced Seminar in Jet Propulsion. 3 units (1-0-2); each
term.

Seminars on current research problems in jet propulsion to be held in conjunction with
the JPL staff, for students working on special projects with the JPL.

Instructors: Staff members.
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APPLIED MECHANICS

UNDERGRADUATE SUBJECTS

AM 1 a. Applied Mechanics—Statics. 12 units (3-3-6); third term.

Prerequisites: Ma 1 abe, 2 ab; Ph 1 abe.

Principles of statics; composition and resolution of forces and force systems; equilibrium
of force systems; applications of these principles to engineering problems involving theory
of structures, machine design, hydrostatics, and strength of materials.

Text: Applied Mechanics-Statics, Housner and Hudson.

Instructors: Housner, Hudson and Assistants, ’

AM 1 bed. Applied Mechanics—Strength of Materials and Dynamies. 12
units (3-3-6 ) jfirst, second, third terms.

Prerequisite: AM 1 a.

The first term (AM 1 b) and half of the second term (AM 1 ¢) are devoted to Strength
of Materials. The remainder of the second term and the third term (AM 1 d) are devoted
to Dynamics. Thus, approximately 18 units of work are done in each of these subjects. The
following topics will be included: Theory of elasticity applied to engineering problems in-
volving tension and compression, bending of beams, torsion of shafts, buckling, etc.; deter-
mination of the stresses, strains, and deformations in typical structures; theory of statically
indeterminate structures; properties of the materials of construction; determination of safe
loads for engineering structures and machines; principles of dynamics; dynamics of a par-
ticle, including equations of motion, impulse and momentum, work and energy; dynamics
of rigid bodies; applications to engineering problems involving dynamic characteristics
of machine parts, mechanical and structural vibrations. impact, fluid dynamics, ete.

Text: Applied Mechanics-Dynamics, Housner and Hudson.

Instructors: Housner, Hudson and Assistants.

AM 2 abe. Applied Mechanies. 8 umits (3-0-5) ; first, second, third terms.

Prerequisites: Ma 1 abe, 2 ab; Ph 1 abe. -

An abridgement of AM 1 abecd designed particularly to meet the needs of students of
Applied Chemistry.

AM 3. Testing Materials Laboratory. 8 units (1-6-1); first second, or third
terms, .

Prerequisite: AM 1 c.

Tests of the ordinary materials of construction in tension, compression, torsion, and
flexure; determination of elastic limit; yield point; ultimate strength, and modules of
elasticity; experimental verification of formulas derived in the theory of strength of ma-
terials.

Instructors: Converse and Assistants,

AM 15 abe. Engineering Mathematics. 9 units (3-0-6) ; first, second, third
terms. ’

Prerequisites: Ma 1 abe, Ma 2 abe.

A course in the mathematical treatment of problems in engineering and physics. The
topics studied include: solution of ordinary differential equations by standard techniques,
power series and Fourier series; problems leading to special functions such as Bessel func-
tions and Legendre functions; partial differential equations and boundary value problems;
complex variables, conformal mapping and vector analysis as applied to fluid flow, electro-
statics, etc.

Instructors: Wayland and Assistants.
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ADVANCED SUBJECTS

AM 105 a. Soil Mechanics. 6 units (1-3-2); first term.

Prerequisite: AM 1 abed. ‘

A study of the physical characteristics of soil, including origin, methods of classification
and identification; elasticity, plasticity, the effects of soil moisture on physical properties,
permeability, seepage, capillary action, and the effects of frost.

Instructor: Converse.

AM 105 b. Soil Mechanies. 6 units (1-3-2); second term.

Prerequisite: AM 105 a.

A study of the mechanics of soil masses subjected to loads, including the distribution of
stress within the soil mass, active and passive pressures on retaining walls, bearing capacity
and settlement of footings, piles, stability of slopes, earth dams, highway and airport run-
ways.

Instructor: Converse.

AM 110 a. Introduction to the Theory of Elasticity. 6 units (2-0-4); first
term. .

Prerequisite: AM 1 bed. ‘

Fundamental concepts of elasticity theory. Equations of stress equilibrium and strain
compatibility. Solution of two-dimensional problems. Photo-elastic method of stress mea-
surements. Analysis of stress and strain in three dimensions. Solution of torsion problems.
Wave propagation in elastic solids.

Instructor: Housner.

AM 110 b. Theory of Plates and Shells. 6 units (2-0-4) ; second term.

Prerequisite: AM 1 bed.

Simplifications introduced in elasticity theory. Laterally loaded plates with various boun-
dary conditions. Elastic stability of plates. Membrane theory of shells. General theory of
shells. :

Instructor: Housner,

AM 110 e. Mechanics of Materials. 6 units (2-0-4) ; third term.

Prerequisites: AM 1 bed; AM 110 a.

Use of tensors in elasticity theory. Non-linear stress-strain relations. Theory of plasticity.
Theories of failures of stressed materials.

Intructor: Housner.

AM 115 abe. Engineering Mathematies. 9 units (3-0-6) ; first, second, third
terms.

Prerequisites: Ma 1 abe, Ma 2 abe.

A course in the mathematical treatment of problems in engineering and physies for fifth
year graduate students who have not had a course in advanced engineering mathematics or
advanced calculus in their undergraduate work. The mathematical content is similar to
that of AM 15, but greater emphasis is placed on applications to the specific field of engineer-
ing in which the student is specializing,

Instructors: DePrima and Assistants,

AM 150 abe. Mechanical Vibrations. 6 units (2-0-4) ; first, second, and third
terms.

Prerequisites: AM 1 bed, AM 115 abe.

A study of the theory of vibrating systems, and the application of such theory to prob-
lems of mechanical design. Subjects considered include theory of resonant systems; elimin-
ation of undesirable vibrations; design of vibration instruments; periodic disturbing forces
such as engine vibration problems; critical speed phenomena; transient excitations; self-
excited vibrations and instability in mechanical systems, including aircraft flutter prob-
lems; non-linear vibration theory.

Texts: Mathematical Methods in Engineering, Kdrmdn and Biot; Mechanical Vibrations,
Den Hartog.

Instructor: Hudson,
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AM 160. Vibrations Laboratory. 6 units (0-3-3).

Prerequisite; AM 150.

The experimental analysis of typical problems involving vibrations in mechanical systems,
such as a study of the characteristics of a vibration isolation system, or a determination
of the transient strains in a machine member subjected to impact loads. The measure-
ment of strains, accelerations, frequencies, etc., in vibrating systems, and the interpreta-
ion of the results of such measurements. Consideration is given to the design, calibration
and operation of the various types of instruments used for the experimental study of

dynamics problems.
Instructor: Hudson.

AM 200. Special Problems in Advanced Mechanies.

Dynamics of solid and deformable bodies, fluids, and gases; mathematical and applied
elasticity. By arrangement with members of the staff, properly qualified graduate students
are directed in independent studies. Hours and units by arrangement.

AM 201. Theory of Cavitating Flow. Units in accordance with work done.

Theory of free streamline flow. Applications of kinetic theory and statistical mechanics
to liquid-vapor systems.

Instructor: Plesset.

AM 250 abe. Research in Applied Mechanics.

Research in the field of Applied Mechanics. By arrangement with members of the staff,
properly qualified graduate students are directed in research. Hours and units by arrange-
ment.

Note: Other subjects in the general field of Applied Mechanics will be found listed under
the departments of Aeronautics, Mechanical Engineering, and Physics.



186 CALIFORNIA INSTITUTE OF TECHNOLOGY

ASTRONOMY

UNDERGRADUATE SUBJECTS

Ay 1. Introduection to Astronomy. 9 units (3-1-5); third term.

This course is intended to give the student sufficient familiarity with general astronomy
to enable him to read thh profit all but the more technical books and articles dealing with
this subject.

Text: Astronomy, Baker
Instructor: Johnson.

Ay 2 abe. General Astronomy. 9 units (3-3-3): first, second, third terms.
Prerequisites: Ay 1, Ph 2 abe; Ma 2 abe.

The planets, the sun and solar-terrestrial relations. Physical properties of the stars and
the spectral sequence. Binary and variable stars. Dynamics of the Galaxy, extragalactic
nebulae.

Instructor: Joy.

ADVANCED SUBJECTS

Ay 101 abc. Astrophysics I. 9 units (3-0-6) ; first, second and third terms.
Prerequisites: Ay 2 abe, Ph 12 abe, Ma 10, or their equivalents.

The determination of the masses, luminosities and radii of the stars. The sun. Stellar
spectra. The theory of radiative equilibrium in stellar atmospheres. The continuous absorp-
tion by atoms and the production of the continuous spectrum of the star; the line absorp-
tion coefficient and the formation of spectral lines. Determination of the abundances of the
elements.

Offered in alternate years with Ay 102. Not given 1949-50.
Instructor: Greenstein,

Ay 102 abe. Astrophysies II. 9 units (3-0-6); first, second, third term.
Prerequisites: Ay 2 abc, Ph 12 abc or their equivalents.

The results of the measurement of stellar compositions, masses, luminosities and radii;
an introduction to the study of stellar interiors. Atomic processes in diffuse nebulae. Inter-
stellar space and stellar evolution. Structure of the Galaxy and of extragalactic nebulae.

Instructor: Greenstein.

Ay 105. Internal Constitution of the Star. 9 units (3-0-6) ; second term.
1949-50 only.
Prerequisites: Ph 6 abc, Ph. 12 abc, Ma 108 abc or their equivalents.

Polytropic gas spheres; properties of matter at the pressure and temperature in stellar
interiors. Stellar models. Chemical composition and the mass-luminosity relation. Energy
generation. Degenerate matter and white dwarfs.

Instructor: Strémgren.

Ay 112 abe. General Astronomy. 6 units; first, second and third terms.
This subject is the same as Ay 2, but with reduced credit for graduate students.
Instructor: Joy.
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Ay 140 abe. Seminar in Astrophysics. 4-12 units; first, second, third terms.

Discussions on the large scale distribution of mattter in the Universe, statistics of the
distribution of nebulae and of clusters of nebulae. Hydrodynamic and statistical mechani-
cal analysis of the morphology of nebulae. Theory and discussion of observational data
obtained from observations on stars of special interest, such as supernovae, novae, white
dwarfs, variable stars, and emission line stars. Theory and practice of new types of tele-
scopes and other observational devices. Practical work of reduction of data obtained with
the Schmidt telescopes on Palomar Mountain. Only students, assistants, faculty members,
and visiting research personnel are admitted to the seminar who have the time, inclination
and ability to engage in active, constructive work on problems which will be formulated
in this seminar.

Meetings throughout the year according to agreement.

Instructor: Zwicky.

Ay 141 abe. Research Conference in Astronomy. 2 units; first, second and
third terms.

Meets weekly to discuss work in progress in connection with the staff of the Mount
Wilson and Palomar Observatories.

Ay 142. Research in Astronomy and Astrophysics. Units in accordance with
the work accomplished. :
The student should consult the division and have a definite program of research outlined
before registering.

Ay 202. Sun Spots and the Solar Atmosphere. Units to be arranged; first term.
Admission to qualified students.

The surfzce features of the sun, observed by direct photographs, specirograph and
spectroheliograph; solar  activity. Lectures and measurement and reduction of current

research material.
Instructors: Nicholson, Pettit and Richardson.

Ay 205. The Spectra of Emission-Line Stars. Units to be arranged; second
term.

Admission to qualified students.

Phenomena in emission B stars, and symbiotic objects. Velocity variations in shells.
Lectures and laboratory work on stellar spectra. Spectral peculiarities of emission line stars.

Instructor: Merrill.

Ay 211. The Structure of the Galaxy. Units to be arranged; third term.

Admission to qualified students.

Methods of determination of parallax, proper motion and radial velocity. Analysis of
statistical data to. determine solar motion, galactic rotation, absolute magnitudes, and the
structure of the Galaxy.

Instructor R. E. Wilson.

The following special seminars will be offered from time to time by members of the
Mount Wilson Observatory and Institute staffs:

Ay 201. The Sun and Planetary System

Ay 203. Zeeman Effect in Solar and Stellar Spectra
Ay 204. Classification of Stellar Spectra

Ay 206. Stellar Radial Velocities

Ay 207. Stellar Absolute Magnitudes

Ay 208. Microphotometry of Stellar Spectra
Ay 209. Spectra of Gaseous Nebulae

Ay 210. Interstellar Matter

Ay 212. Extragalactic Nebulae

Ay 213. Observational Cosmology

Ay 214. Theoretical Cosmology
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BIOLOGY
UNDERGRADUATE SUBJECTS

Bi 1. Elementary Biology. 9 units (3-3-3); second term.

An introductory subject intended to give the student of general science some information
about the fundamental properties of living organisms.

Instructors: ——, Beadle.

Bi 2. Genetics. 9 units (2-4-3) ; third term.

Prerequisite: Bi 1.

An introductory subject presenting the fundamentals of genetics in connection with some
general biological problems, such as variation and evolution.

Bi 3. Plant Biology. 10 units (2-6-2), third term.

Prerequisite: Bi 1.

A general survey of the water relations of plants in connection with their morphology.
Instructor: Went.

Bi 4. Invertebrate and Vertebrate Zoology. 20 units, (5-10-5).
Prerequisite: Bi 1.

A course dealing with the taxonomy, comparative anatomy and ecology of the more im-
portant animal phyla.

(Students taking the Biology option are required to take this course at the Marine Lab-
oratory for six weeks, starting the Monday following the end of their sophomore year. This
course is taken without payment of additional tuition, and living quarters are provided at
the Laboratory.) '

Bi 5 abe. Advanced Plant Biology. 13 units (3-8-2), first term; 13 units
(3-8-2), second term; 7 units (2-4-1), third term.

Prerequisite: Bi 3.

A general survey of growth and the chemical processes taking place in the living plant
(Bi 5 ab), followed by a survey of the plant kingdom (Bi 5 ¢).

Instructors: Galston, Went, Wildman.

Bi 11. Histological Technique. 4 units (1-3-0) ; first term.

A course in the preparation of biological material for microscopic examination; includes
electron microscopy.

Instructor: Tyler.

Bi 12. Histology. 6 units (1-3-2); second term.
Prerequisite: Bi. 4

A course in the microscopic anatomy of vertebrates.
Instructor: Tyler.

Bi 13. Mammalian Anatomy. 5 units (1-3-1); first term.
Prerequisite: Bi. 4

The dissection of a mammal.

Instructors: van Harreveld, Keighley.

Bi 18. Review in Botany. 3 units (1-0-2). No graduate credit.

A short review course of general botany and plant physiology required of graduate stu-
dents who take a minor in plant physiclogy, but have had ne previous courses in botany.

Instructor: Went.
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ADVANCED SUBJECTS

A. Subjects open to graduate students, but not to be counted toward a major for the
degree of Doctor of Philosophy.

Bi 102 abe. Biological Assays. 8 units (1-6-1); first, second, third terms.

A course with lectures and laboratory practice, on certain biological tests for physiologi-
cally active substances.

Instructors: Went, Haagen-Smit, Bonner.

Bi 106. Embryology. 12 units (2-6-4); second term.

Prerequisite: Bi. 4

A subject in vertebrate embryology, including some experimental and cytological ma-
terial.

Instructor: Tyler.

Bi 107 ab. Biochemistry. 12 units (3-4-5); second, third terms.
Prerequisites: Bi 116 a, Ch 41.

A lecture course on the chemical constitution of living matter; and the chemical changes
in animals, with laboratory work illustrating principles and methods in current use.

Instructors: Boorsook, Mitchell.

Bi 108. Advanced Genetics. 6 units (2-0-4) ; first term.

Prerequisite: Bi 2.

A course dealing with advanced general genetics for seniors and graduate students.
Required of graduate students majoring and minoring in Genetics. Graduate students
majoring or minoring in Genetics who have not had a course in Genetics with laboratory,
and all undergraduates, are required to take Bi 109, a laboratory course, simultaneously
with Bi 108.

Instructor: Lewis.

Bi 109. Advanced Genetics Laboratory. 4 units (0-4-0) ; first term.
Prerequisite: Bi 2.
A laboratory course in general genetics designed to accompany Bi 108.

Bi 111. Histological Technique. 3 units; first term.

This subject is the same as B11, but with reduced credit for graduate students. Gradu-
ate students majoring in Biology receive no credit for this subject.

Instructor: Tyler.

Bi 112. Histology. 4 units; second term.

Prerequisite: Bi 4.

This subject is the same as Bi 12, but with reduced credit for graduate students. Graduate
students majoring in Biology receive no credit for this subject.

Bi 113. Mammalian Anatomy. 3 units; first term.

Prerequisite: Bi 4. \

This subject is the same as Bi 13, but with reduced credit for graduate students. Grad
uate students majoring in Biology receive no credit for this sub]ect

Instructors: van Harreveld, Keighley.

Bi 114. Immunology. 10 units (2-4-4) ; third term.
Prerequisites: Bi 2, Ch 41 abe,

A course on the principles and methods of immunology and their application to various
biological problems. Some previous knowledge of biochemistry and embryology is desirable.

Instructors: Emerson, Owen.

Bi 116 abe. Animal Physiology. 8 units (2-3-3) ; first, second, third terms.
Prerequisites: Bi 4, Bi 13, Ch 41 to be taken simultaneously or previously.

A survey of comparative and mammalian physiology.

Instructors: Wiersma, van Harreveld.
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Bi 126. Chemical Genetics. 6 units (2-0-4) ; third term.

Prerequisites: Bi 107 and Bi 108.

A course dealing with chemical genetics, especially in Neurospora. Required of all
graduate students majoring or minoring in Genetics. May be taken by seniors as a Biology
elective. .

Instructors: Horowitz, Beadle.

Bi 127. Chemical Geneties Laboratory. 3 or 6 units (0-3-0) or 0-6-0) ; third

term.
A laboratory course dealing especially with Neurospora, to be taken concurrently with

Bi 126. May be taken by seniors as a Biology elective.
Instructors: Horowitz, Beadle.

B. Subjects primarily for graduate students:

Bi 201. Biology Seminar. 1 unit.

Meets weekly for reports on current research of general biological interest by members
of the Institute Staff and visiting scientists.

In charge: Bonner, van Harreveld.

Bi 202. Biochemistry Seminar. 1 unit.

A seminar throughout the academic year on special selected topics and on recent advances

In charge: Bonner, Horowitz.

Bi 204. Genetics Seminar. 1 unit.
Reports and discussion on special topics.
In charge: Anderson.

Bi 205. Experimental Embryology Seminar. 1 unit.
Reports on special topics in the field; meets twice monthly.

In charge: Tyler.

Bi 206. Immunology Seminar. 1 unit.
Reports and discussions; meets tw1ce monthly.

In charge: Tyler, Owen.

Bi 207. Biophysics Seminar. 1 unit.

A seminar throughout the academic year on the application of physical concepts to se-
lected biological problems. Reports and discussions. Open also to graduate students in
physics who contemplate minoring in Biology.

In charge: Delbriick.

Bi 214 abe. Chemistry of Bio-Organie Substances. 3 units (1-0-2) ; first,
second and third terms.

Prerequisite: Ch 41 ab.

A series of lectures on selected topics of organic chemisiry which have special interest
from a biclogical viewpoint.

Instructor: Haagen-Smit.

Bi 217. Quantitative Organic Microanalysis. Units based on work done
(0-20-0) ; second term.

Laboratory practice in the methods of quantitative organic microanalysis required for
structure determination of organic compounds. Students must obtain permission from the
instructor before registering for this subject as the enrollment is necessarily limited.

Instructor: Haagen-Smit.

Bi 220 abe. Experimental Embryology. 6 units (2-0-4); first, second and
third terms.

Lectures and discussion of the problems of embryonic development, including such topics
as growth of the ovary, breeding habits of animals, fertilization, cleavage, organ formation,
‘metamorphosis, regeneration, tissue culture, embryonic metabolism, etc. The subject may
be taken for two consecutive years since the subject matter will be duplicated only in
alternate years.

Instructor: Tyler.
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Bi 221. Experimental Embryology Laboratory. Units to be decided by stn-
dent and instructor: Given any term.

The work will include certain classical experiments and instruction in the methods of
studying embryonic metabolism, in transplantation, vital staining, cytochemistry, ete.

Instructor: Tyler.

Bi 225 ab. Special Topics in Geneties. 6 units (2-0-4) ; second and third terms,

Special subjects in genetics will be treated in detail. The material in this course will not
ordinarily be duplicated in a period of three years, and students majoring in Genetics will
be expected to register for at least five terms.

Instructors: Beadle, Sturtevant, Anderson, Emerson, Delbriick, Horowitz, Lewis, Owen,
Novitski.

Bi 240 abe. Plant Physiology. 6 units (2-0-4) ; first, second and third terms.
Reading and discussion of the problems of plant physiology.
Instructors: Went, Bonner, Wildman, Galston.

Bi 241 abe. Plant Chemistry. 6 units (2-3-1) ; first, second and thirds terms,
A survey of the biochemistry of highér plants with selected laboratory exercises.

Instructor: Bonner.

Bi 242 abec. Physical Factors and Plant Growth. 6 units (2-0-4) ; first, second
and third terms.

Prerequisite: Bi 5 abe.

Discussion of the physical factors such as temperature, light and humidity on growth
and development of plants. This course is intended as an introduction to work in the Ear-
hart Plant Research Laboratory.

Instructor: Went.

Bi 260 abe. Advanced Physiology. Units to be arranged. First, second and
third terms.

A subject in the methods of physiology, with special reference to nerve and muscle, with
opportunity for research.

Instructors: Wiersma, van Harreveld.

Bi 280-288. Biological Research.

Students may register for research in the following fields, the number of units to be de-
termined by consultation with those in charge:

Animal physwlogy (280), biochemistry (281), bio-organic chemistry (282), embryology

(283), genetics (284), 1mmunology (285), marine zoology (286), plant physmlogy (287),
biophysics (288).
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CHEMISTRY AND CHEMICAL ENGINEERING
UNDERGRADUATE SUBJECTS

Ch 1 abe. Inorganic Chemistry, Qualitative Analysis. 12 units (3-6-3) ; first,
second, third terms. .

Lectures, recitations, and laboratory exercises dealing with the general principles of
chemistry. The first and second terms are devoted to the preparation and properties of sub-
tances and to the fundamental laws and theories of chemistry. The cubject matter for the
third term is qualitative analysis of the common metals.

Text: General Chemistry, Pauling,

Instructors: Pauling, Davidson and Assistants.

Ch 11. Quantitative Chemical Analysis. 10 units (2-6-2) ; second term.

Prerequisite: Ch 1 c.

Laboratory practice in typical methods of gravimetric and volumetric analysis, supple-
mented by lectures and problems emphasizing the principles involved.

Text: Chemical Analysis, Switt.

Instructor: Swift.

Ch 12 ab. Analytical Chemistry. 10 units (2-6-2) ; first, second terms.

Prerequisite;: Ch 1 c.

Laboratory practice in the methods of gravimetric and volumetric, and advanced quali-
tative analysis, supplemented by lectures and problems in which the principles involved in
the laboratory work are emphasized.

Text: Chemical Analysis, Swift,

Instructor: Swift.

Ch 12 c. Analytical Chemistry and Chemistry Review. 10 units (2-6-2) ; third
term.

Prerequisite: Ch 12 b,

Advanced qualitative analysis and a study of special methods of chemical analysis, in-
cluding electrometric methods. Analysis of selected alloys, minerals, and other materials
will be made. Students may be assigned individual problems for investigation. The class
exercises are devoted to a discussion and review of the general principles of analytical and
inorganic chemistry. The examination in this subject covers the chemistry work of the
whole sophomore year.

Instructor: Swift.

Ch 13 abe. Inorganic Chemistry. 6 units (2-0-4); first, second, third terms.
Prerequisites: Ch 12 b, 21 ab,

The chemical and physical properties of the elements are discussed with reference to the
periodic system and from the view-points of atomic structure and radiation effects. Such
topics as coordination compounds, the liquid ammonia system, the compounds of nitrogen,
the halides, and selected groups of metals are taken up in some detail. The class work is
supplemented by problems which require a study of current literature.

Instructor: Yost.

Ch 16. Instrumental Analysis. 8 units (0-6-2) ; first term.
Prerequisite: Ch 12 c.

Laboratory practice designed to familiarize the student with special analytical apparatus
and methods, used both for process control and for research.

Instructor: Sturdivant.



CHEMISTRY AND CHEMICAL ENGINEERING 193

Ch 21 abe. Physical Chemistry. 10 units (4-0-6) ; first, second, third terms,

Prerequisites: Ch 12 ab or Ch 11; Ph 2 abc; Ma 2 abe.

Conferences and recitations dealing with the general principles of chemistry from an
exact, quantitative standpoint, and including studies on the pressure-volume relations of
gases; on thermodynamics, on vapor-pressure, boiling point, freezing peint, and osmotic
pressure of solutions; on the molecular and ionic theories; on electrical transference and
conduction; on chemical and phase equilibria; on thermochemistry, and the elements of
thermodynamic chemistry and electro-chemistry. A large number of problems are assigned:
to be solved by the student.

Text: Mimeographed notes.

Instructors: Bates, Badger, Shoemaker,

Ch 24 ab. Physical Chemistry. 10 units (4-0-6) ; first, second terms,

Prerequisites: Ch 12 ab; Ma 2 ab; Ph 2 abe.

A discussion of selected topics in physical chemistry, adapted to the needs of Science
Course students in the Geology Option.

Instructor: Hughes.

Ch 26 ab. Physical Chemistry Laboratory. 8 units (0-6-2), second term; and
8 units (0-6-2) or 4 units (0-3-1), third term.

Prerequisites: Ch 12 ab, Ch 21 a.

Text: Mimeographed Notes,

Instructor: Badger.

Ch 27 ab. Radioactivity and Isotopes. 6 units (2-0-4) ; first and second terms.

The fundamental particles and isotopes. Natural and artificial radioactivity. The applica-
tions of natural and artificial radioactive substances and isotopes to the study of chemical
and biochemical reactions.

Instructors: Yost, Davidson.

Ch 41 abe. Organic Chemistry, 8 units (3-0-5) ; first, second, third terms.

Prerequisite: Ch 12.

Lectures and recitations treating of the classification of carbon compounds, the develop-
ment of the fundamental theories, and the characteristic properties of the principal classes
of carbon compounds.

Text: Organic Chemistry, Lucas.

Instructor: Lucas.

Ch 43. Organic Chemistry. 10 units (2-6-2); third term.

Prerequisite: Ch 1.

A discussion of selected topics in organic chemistry, adapted to the needs of Science
Course students in the Physics Option.

Ch 46 abe. Organic Chemistry Laboratery., 6 units (0-6-0) first, second
terms; 10 units (1.9-0) third term.

Prerequisite: Ch 12,

Laboratory exercises to accompany Ch'41 abc. The preparation and purification of carbon
compounds and the study of their characteristic properties. Qualified students may pursue
research work.

Text: Mimeographed notes, Lucas and Pressman.

Instructors: Lucas and Assistants.

Ch 47. Organic Chemistry Laboratory. 6 units (0-6-0) ; third term.
Prerequisite: Ch 12.

Similar to 46. Selected experiments for students of hiology.

Text: Mimeographed notes, Lucas and Pressman.

Instructors: Lucas and Assistants.
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Ch 61 ab. Industrial Chemistry. 12 units (4-0-8) first term; 6 units (2-0-4)
second term. .

Prerequisite: Ch 21 a,

A study of the most important industrial chemical processes, from the point of view not
only of the chemical reactions, but of the conditions and equipment necessary to carry on
these reactions.

Text: Chemical Process Industries, Shreve.

Instructor: Lacey.

Ch 63 ab. Chemical Engineering Thermodynamics. 6 units (2-0-4) second
term; 12 units (4-0-8) third term.

Prerequisite: Ch 21 a.

Class exercises and problems in engineering thermodynamics studied from the point of
view of the chemical engineer.

Text: Thermodynamics of One-Component Systems, Lacey and Sage.

Instruetor: Lacey.

Ch 80-86. Chemical Research.

Opportunities for research in analytical and inorganic chemistry (80), physical chemistry
(82), and organic chemistry (84) are offered to candidates for the degree of Bachelor of
Science.

ADVANCED SUBJECTS

Ch 113 abe. Inorganic Chemistry. 4 units (2-0-2); first, second, third terms.

Selected groups of inorganic compounds will be considered from modern physicochemi-
cal view-points; thus with reference to their physical properties, their thermodynamic con-
stants (their heat-contents, free-energies, and entropies), their rates of conversion into one
another (including effects of catalysis and energy radiations), and their molecular structure
and valence relations.

Instructer: Yost.

Ch 122. Thermodynamie Chemistry. 6 units (2-0-4); first term.

Prerequisites: Ch 12 ab or Ch 11; Ph 2 abc; Ma 2 abc or the equivalent; a year’s course
in Physical Chemistry.

This subject is for students who have studied physical chemistry but wish to review
the elements of thermodynamics. It covers substantially the same topics as does Ch 21 a.

This course is not open for credit to students who already have credit for Ch 21 a or
Ch 24 a.

Text: Mimeographed notes.
Instructor: Bates.

. Ch 123. Thermodynamic Chemistry. 6 units (2-0-4); second term.
Prerequisities: Ch 21 abe, or Ch 122 or the equivalent.

This course deals chiefly with applications of thermodynamic principles. Practice is
given in the computation of free energies, entropies, and activities of typical chemical
substances, and in the relations of these to various physical and chemical phenomena.

Text: Chemical Principles, Noyes and Sherrill.
Instructor: Bates.

Ch 127 ab. Radioactivity and Isotopes. 4 units (2-0-2); first and second
terms.

This course is the same as Ch 27.
Instructors: Yost, Davidson.

Ch 129, Surface and Colloid Chemistry. 8 units (3-0-3); third term.
Prerequisite: Ch 21 abc or equivalent.

Classroom exercises with outside reading and problems, devoted to the properties of sur-
faces and interfaces, and to the general principles relating to disperse systems with par-
ticular reference to the colloidal state.

Instructor: Badger.
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Ch 130. Photochemistry. 6 units (2-0-4) ; third term.

Lectures and discussions on photochemical processes, especially in their relation to quan-
tum phenomena. The following topics will be included: the photochemical absorption law;
the processes—excitation, dissociation, ionization—accompanying the absorption of radia-
tion; subsequent processes including fluorescence and collisions of the second kind; photo-
sensitization; quantum yield and its relation to photochemical mechanism; kinetics of
homogeneous thermal and photochemical reactions; catalysis and inhibition; temperature
coefficients of photochemical reactions.

Instructor: Wulf.

Ch 148 abe. Advanced Organic Chemistry. 4 units (2-0-2) ; first, second, third
terms.

Prerequisites: Ch 41, Ch 46.

Lectures and recitations emphasizing the analytical methods of organic chemistry. Con-
sideration of the general problem of the characterization of organic compounds by quali-
tative and quantitative procedures.

Instructor: Niemann.

Ch 149 abe. Advanced Organic Chemistry Laboratory. 6 units (0-6-0) ; first,
second and third terms.
Prerequisites: Ch 41, Ch 46, and consent of instructor.

Laboratory exercises to accompany Ch 48. The isolation, purification, and identification
of organic compounds with special reference to the manipulation of milligram and deci-
gram quantities. Qualified students may pursue research work.

Instructors: Niemann and Assistant.

Ch 163 ab. Chemical Engineering Thermodynamies. 4 units second term:;
8 units third term.
Prerequisites: Ch 21 or ME 15.

This subject is the same as Ch 63 ab, but with reduced credit for graduate students. No
graduate credit is given for this subject to students in chemistry or chemical engineering.

Ch 166 abe. Chemical Engineering. 12 unmits (3-0-9); first, second, third
terms,

Prerequisites: Ch 61, Ch 63 ab.

Calculations and discussions designed to bring the student in touch with.the problems
involved in earrying out chemical reactions efficiently on a commercial scale. The unit oper-
ations of chemical industry (such as materials transféer, heat transfer, mixing, filtration, dis-
tillation) are studied both as to principle and practice.

Text: Principles of Chemical Engineering, Walker, Lewis, McAdams, and Gilliland.
Instructor: Lacey.

Ch 167 abe. Chemical Engineering Laboratory. 15 units (0-15-0); first,

second, third terms.
Prerequisites: Ch 21, Ch 61, Ch 63.

A course in laboratory work to give training in the methods and technique fundamental
to engineering measurements and to research encountered by the chemical engineer.

Instructor: Sage.

Ch 168 ab. Mechanics of Fluid Flow. 8 units (2-0-6) ; second, third terms.

Prerequisite: Ch 166 a.

Consideration is given to the flow of compressible and incompressible fluids in conduits
from the standpoint of the more recent theories of fluid mechanics. Emphasis is placed
upon the estimation of velocity and pressure distributions and the friction associated with
the flow of fluids under conditions of known geometric restraint. .

Instructor: Sage,

Ch 180-186. Chemical Research.

Opportunities for research in analytical and inorganic chemistry (180), physmal chem-
istry (182), organic chemistry (184), and applied chemistry and chemlcal engineering
(186) are offered to candidates for the degree of Master of Science. The main lines of re-
search in progress are tabulated under Ch 280-286.
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Ch 221 abe. The Nature of the Chemical Bond (Seminar). 6 units (2-0-4);
first, second, third terms.

This subject comprises the detailed non-mathematical discussion of the electronic struc-
ture of molecules and its correlation with the chemical and physical properties of substances.

Given every third year. Offered in 1948-49.
Text: The Nature of the Chemical Bond, Pauling.
In Charge: Pauling, Schomaker.

Ch 223 abec. Statistical Mechanies. 9 units (3-0-6) ; first, second, third terms.

After a survey of the principles of classical and quantum mechanics and of the theory
of probability, the equilibrium theory of statistical mechanics is developed and used to in-
terpret the laws of thermodynamics from the molecular standpoint, A detailed study of the
relationships between the thermodynamic functions of gases, liquids, and solids and their
structure on the molecular scale follows. The interpretation of phase transitions as coopera-
tive phenomena in aggregates of molecules is presented. In the third term the statistical
mechanics of systems departing from equilibrium is developed, and the transport process,
diffusion, heat transfer, and viscous fluid flow are analyzed in the light of current theories.

Given every other year. Offered in 1949-50.
Instructor: Kirkwood.

Ch 225 abe. Advanced Chemical Thermodynamics. 9 units (3-0-6); first,
second, third terms.

Prerequisite: Ch 21 or the equivalent.

Basic concepts and the laws of thermodynamics are veviewed. The theories of hetero-
geneous equilibrium and chemical equilibrium are developed according to the methods of
Willard Gibbs. Methods of calculation of the thermodynamic functions of pure chemical
substances and of components of real gas mixtures and liquid solutions are treated in a
systematic manner. Heterogeneous equilibrium is interpreted analytically by means of
the differential equations of the equilibrium lines and surfaces in phase diagram space.
Chemical equilibrium in homogeneous real gas reactions, and in reactions in liquid solu-
tions, is treated in detail. Attention is given to the important applications of thermody-
namics to electrochemical systems, surface phases, and to systems under the influence of
external gravitational, electric, and magnetic fields. Problems.

Given in alternate years. Offered in 1948-49.
Instructor: Kirkwood.

Ch 226 abe. Introduction to Quantum Mechanics, with Chemical Applica-
tions. 9 units (3-0-6) ; first, second, third terms.

A review of Lagrangian and Hamiltonian mechanics and of the old quantum theory is
first given, followed by the discussion of the development and significance of the new quan-
tum mechanics and the thorough treatment of the Schrédinger wave equations, including its
solution for many simple systems such as the rotator, the harmonic oscillator, the hydrogen
atom, etc. During the second and third terms various approximate methods of solution (per-
turbation theory, the variation method, etc.) are discussed and applied in the consideration
of the resonance phenomenon, the structure of many-electron atoms and of simple molecules,
the nature of the covalent chemical bond, the structure of aromatic molecules, and other
recent chemical applications.

Given every third year. Offered in 1949-50.

Text: Introduction to Quantum Mechanics, with Applications to Chemistry, Pauling and
Wilson.

Instructors: Pauling, Kirkwood.

Ch 227 abe. The Structure of Crystals. 9 units (3-0-6) ; first, second, third
terms.

The following topics are discussed.

The nature of crystals and X-rays and their interaction. The various experimental meth-
ods of investigation—Bragg, Laue, oscillation, Weissenberg, etc. The theory of space groups
and the use of symmetry in the determination of the structures of crystals. The detailed
study of representative structure investigations. The quantitative treatment of X-ray diffrac-
tion. Fourier-series methods of structure investigation.

Given every third year. Offered in 1949-50,

Instructor: Sturdivant. -
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Ch 229. Diffraction Methods of Determining the Structure of Molecules. 6
units (2-0-4).

A discussion of the diffraction of X-rays and electrons by gases, liquids, glasses, and
crystals.

Given every third year. Offered in 1948.-49.

Instructors: Schomaker, Hughes, Sturdivant.

Ch 233 ab. The Metallic State. 6 units (2-0-4) ; first and second terms.
The physical, electrical, and magnetic as well as the structural, chemical, and thermody-
namic properties of metals and alloys considered from modern viewpoints.

Instructor: Yost.

Ch 234. Introduction to the Spectra of Molecules. 6 units; first term.

The theory of the structure of the spectra of both the diatomic and the simpler polyatomic
molecules is presented, and the transition rules and their relation to the symmetry elements
of molecules are discussed. Emphasis is laid on the methods of interpreting and analyzing
molecular spectra, and it is shown how from an analysis one obtains information regarding
the structure and other properties of a molecule of interest to the chemist. Problems are
given in the interpretation of actual data.

Given every third year. Offered in 1949-50.

Instructor: Badger.

Ch 243. Quantitative Organic Microanalysis. Units based on work done; any
term by arrangement.

Prerequisite: Consent of instructor. ,

Laboratory practice in the methods of quantitative organic microanalysis required for
the structure determinations of organic compounds.

Instructor: Haagen-Smit.

Ch 244 abe. The Reactions of Organic Compounds. 4 units (2-0-2); first,
second, third terms.

Prerequisites: Ch 41, Ch 46.

A consideration of the typical reactions exhibited by certain classes of organic compounds

with particular reference to reaction mechanisms.
Given every third year. Offered in 1948-49.
Instructors: Lucas, Niemann.

Ch 250 abe. Selected Chapters of Organic Chemistry. 2 units (2-0-0) ; first,
second, third terms.

Prerequisite: Ch 41.

Topics considered have included chromatography, fats, steroids, sex hormones, simple
heterocyclic compounds and alkaloids, chlorophyll, carotenoids, anthocyanins, flavones,
pterins, bile pigments; structure and physiological action; chemistry of the chemothera-
peutics and of the insecticides; detoxification processes, nitrogen metabolism, carbohydrate
metabolism, nucleic acids, and history of erganic chemistry.

Instructor: Zechmeister.

Ch 252 abe. The Chemistry of the Carbohydrates. 3 units (1-0-2); first,
second, third terms.

Prerequisites: Ch 41, Ch 46.
Lectures and discussions on the chemistry of the mono-, di-, and polysaccharides.
Given every third year. Offered 1947-48.

Instructor: Niemann.

Ch 254 abe. The Chemistry of the Amino Acids and Proteins, 3 units (1-0-2);
first, second, third terms.

Prerequisite: Ch 41, Ch 46. .

A consideration of the physical and chemical properties of the amino acids, peptides, and
proteins.

Given every third year. Offered in 1949-50.

Instructor: Niemann.



198 CALIFORNIA INSTITUTE OF TECHNOLOGY

Ch 255 abe. Chemistry of Bio-organic Substances. 3 units (1-0-2); first,
second, third terms.

Lectures on selected subjects of organic chemistry such as alkaloids, essential oils, and
other major groups of natural products.

Instructor: Haagen-Smit.

Ch 258. Immunochermstry. 8 units (3-3-2), secund term.

Prerequisite: Consent of instructor.

After a discussion of the techniques of immunology, a detailed presentation is given of
the properties of antisera, serological reactions, hypersensitivity, and immunity and resist.
ance to disease. The laboratory work covers techniques and methods involved in the study
of antigen-antibody reactions with emphasis on the quantitative aspects of serological re-
actions.

Instructor: Campbell.

Ch 260. Volumetric and Phase Behavior in Fluid System. 6 units (2-0-4);
first term.

Prerequisite: Ch 21.

A discussion of pure substances and of binary, ternary, and multlcomponent systems Te-
stricted primarily to liquid and gas phases. Problem work relating to the prediction of be-
havior in relation to pressure, temperature, and composition is included.

Text: Volumetric and Phase Behavior of Hydrocarbons, Sage and Lacey.

Instructor: Sage.

Ch 261. Phase Equilibria in Applied Chemistry. 6 units (2-0-4) ; first term.

Prerequisites: Ch 21, Ch 61.

Problems and discussions relating to industrial applications involving heterogeneous
equilibria, primarily in the quantitative treatment of solid-liquid systems.

Instructor: Lacey.

Ch 262 ab. Thermodynamics of Multi-Component Systems. 8 units (2-0-6);
second and third terms.

Prerequisite: Ch 166, AM 15 ab or equivalent.

A presentation of the background necessary for a working knowledge of the thermody-
namics of multicomponent systems from the engineering viewpoint. The work includes nu-
merous problems relating to the application of these principles to industrial practice.

Instructor: Sage.

Ch 263 abe. Thermal Transfer in Fluid Systems. 8 units (2-0-6); first,
second, third terms.

Given in alternates years. Offered in 1949-50.

Prerequisites: Ch 166, AM 15 ab or equivalent.

A consideration of thermal transfer in fluid systems under conditions encountered in prac-
tice. Emphasis is placed upon the analogy between momentum and thermal transfers. The
greater part of the effort of the course is devoted to the solution of thermal transfer prob-
lems many .of which require the use of graphical or numerical methods of solution of the
differential equations involved.

Instructor: Sage.

Ch 264 abe. Material Transfer in Fluid Systems. 8 units (2-0-6); first,
second, third terms.

Given in alternate years. Offered in 1948-49.

Prerequisites: Ch 166, AM 15 ab or equivalent.

Treatment of diffusion processes under conditions of industrial interest followed by con-
sideration of material transfer in fluid systems under both laminar and turbulent flow con-
ditions. Emphasis is placed upon the analogy between momentum and material transfer in
such systems.

Instructor: Sage.

Ch 265 ab. Combustion in Homogeneous Systems. 8 units (2-0-6) ; second
and third terms.

Given in alternates years. Offered in 1949-50.

Prerequisites: Ch 166, Ch 262.

The problems of thermodynamic equilibrium and the influence of reaction kinetics in
combustion processes is first considered. This is followed by a treatment of the influence
of the physical environment upon the combustion process.

Instructor: Sage.
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Ch 280-286. Chemical Research.

Opportunities for research are offered to graduate students in all the main branches of
chemistry; namely, in analytical and inorganic chemistry (280), physical chemistry (282),
organic chemistry (284), immunochemistry (285), and applied chemistry and chemical
engineering (286).

The main lines of research now in progress are:
(In physical and inorganic chemistry)

The free energies, equilibria, and electrode-potentials of reactions.

Distribution of chemical compounds between immiscible phases.

Studies of analytical methods.

The crystal structure of amino acids, peptides, and proteins.

The kinetics of chemical reactions including photochemical reactions.

The study of ecrystal structure and molecular structure by diffraction of X-rays and
electrons.

The application of quantum mechanics to chemical problems.

The study of molecular structure and of chemical problems by spectroscopic methods.

The diamagnetic anisotropy of ecrystals.

The nature of the metallic bond and the structure of metals and intermetallic com:
pounds.

Studies of radioactivity.

Studies of the transuranic elements.

The application of physmal methods to the study of proteins and other high molecular
weight substances.

(In organic chemistry and immunochemistry)

Chemotherapy of parasitic diseases.

Isolation and structure of alkaloids.

The synthesis of cyclobutadiene and related substances.

The chemistry of carotenoids and other plant pigments.

The use of chromatographic methods of analysis and separation of stereoisomers.

Diphenylpolyenes.

Configuration and vitamin A potency.

Fluorescing compounds in the vegetable kingdom 1nclud1ng micro organisms.

The Walden inversion,

Kinetics and equilibria invelving addition to unsaturated compounds.

Coordination reactions of alkenes.

Sulfiny]l and phosphinyl chlorides.

The chemistry of protozoa.

The study of plant hormones and related substances of physiological importance.

Studies on the constitution of the phosphatides and cerebrosides.

The chemistry of amino acids and peptides.

Studies on mammalian and bacterial polysaccharides including the blood group spe-
cific substances.

Studies on the enzymatic cleavage and formation of amide bonds.

The mechanism of antigen-antibody reactions and the structure of antibodies.

The isolation and characterization of cellular antigens.

The functional significance of antibodies.

The chemical and physical properties of blood.

(In applied chemistry and chemical engineering)

The influence of turbulence upon heat transfer in fluids.

The influence of turbulence on the transfer of material through fluids.
Phase and thermodynamic behavior of hydrocarbons and other fluids.
Gas phase combustion.

Ch 290 abe. Chemical Research Conference. First, second, third terms.

These conferences consist of reports on investigations in progress in the chemical lab-
oratories and on other researches which are of current interest. Every graduate student in
chemistry is expected to attend these conferences. Seminars in special fields (immunochem-
istry, inorganic chemistry, crystal structure, organic chemistry) are also held.



200 CALIFORNIA INSTITUTE OF TECHNOLOGY

CIVIL ENGINEERING
UNDERGRADUATE SUBJECTS

CE 1. Surveying. 9 units (2-4-3) ; first or second terms.

A study of the elementary operations employed in making surveys for engineering work,
including the use, care, and adjustment of instruments, linear measurements, angle meas-
urements, note keeping, stadia surveys, calculation and balancing of traverses, use of cal-
culating machines, topographic mapping and field methods.

Text: Surveying, Bouchard.

Instructor: Michael.

CE 2. Advanced Surveying. 10 units (1-7-2) ; third term.

Prerequisite: CE 1.

A continuation of CE 1, covering topographic surveys, plane table surveys, base line meas
urements, triangulation, determination of latitude and a true meredian by sun and circum
polar star observations, curves, cross-section surveys and earthwork estimates, stream gaug-
ing, draughting room methods and mapping, and the solution of problems.

Instructor: Michael.

CE 3. Plane Table Surveying. 8 units (1-6-1) ; third term.

A subject 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 and geological map of the region covered.

Text: Surveying, Bouchard

Instructor: Michael.

CE 4 nghways and Airports. 10 units (2-4-4) ; second term.

A comparison of various types of highway construction; the design, construction and
maintenance of roads and pavements., An introduction to airport design.

Instructor: Michael.

CE 6. Transportation Engineering. 6 units (2-0-4); first term.

Prerequisites: CE 1, 2.

A study of economic railway location and operation; waterways and motor traffic; rail-
way plant and equipment; signaling; the solution of grade problems.

Text: Elements of Railroad Engineering, Raymond, Riggs, Sadler.

Instructor: Thomas.

CE 7. Curves and Earthwork. 6 units (2-0- 4) third term.

Prerequisite: CE 1.

The theory of railway, highway and ditch location and surveys; problems relating to
curves, grades, earthwork and track layout, including a study of the mass diagram as applied
to railway and highway earthwork.

Text: Railwwy Curves and Earthwork, Allen.

Instructor: Michael.

CE 8. Route Surveying. 7 units (0-7-0) ; first term.

Prerequisite: CE 7

The class devotes one entire day a week to field surveys of a route location, applying the
principles as outlined under course CE 7.

Text: Railway Curves and Earthwork, Allen.

Instructor: Michael.

CE 9 ab. Route Surveying Problems. 6 units (2-0-4); 3rd term junior and
3rd term senior years.
Selected problems in advanced surveying, curves and earthwork and route surveying.

Instructor: Michael,
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CE 10 abe. Theory of Structures. 12 units (3-3-6) first, second terms; 9
units (3-0-6) third term.

Prerequisite: AM 1 c.

Methods used in the calculation of stresses in beams, girders, and columns; study of the
effects of moving load systems; graphic statics applied to roofs and bridges. A study of arch,
cantilever, and continuous bridges; and deflection of trusses.

Texts: Structural Theory, Southerland and Bowman; Structural Design in Steel, Shedd.

Instructor: Martel.

CE 12. Reinforced Concrete. 12 units (3-3-6) ; third term.

Prerequisites: AM 1 ¢, CE 10 a..

The theory of reinforced concrete design, with a study of the application of this type of
construction to various engineering structures.

Text: Reinforced Concrete, Caughey.

Instructor: Martel.

CE 14 abe. Engineering Conference. 2 units (1-0-1) first and second terms;
1 unit (1-0-0) third term.

Conferences participated in by faculty and seniors of the Civil Engineering department.
The discussions cover current developments and advancements within the field of civil en-
gineering and related sciences.

The technique of effective oral presentation of reports is emphasized through eriticisms
of the reports from the standpoint of public speaking by a member of the department of
English. In the third term senior year, students will visit and inspect engineering projects.

Instructors: McCrery, Michael.

CE 20. Elements of Water Supply. 6 units (2-0-4) ; second term.

An introductory study of the collection, storage and distribution of water for municipal,
domestric and irrigation purposes.

Instructor: McKee.

FIFTH-YEAR AND ADVANCED SUBJECTS

CE 120 a. Statically Indeterminate Structures. 12 units (4-3-5); first term.
Prerequisites: CE 10 abe, 12.
A study of such structures as continuous spans, rigid frames and arches by the methods
of least work or slope-deflections; analysis of secondary stresses.
 Text: Continuous Frames of Reinforced Concrete, Cross and Morgan.
Instructor: Martel.

CE 120 be. Statically Indeterminate Structures. Units to be based upon work

done; any term.
A continuation of the study of indeterminate structures as begun in CE 120 a with the

use of analytical and instrumental methods of solution.
Instructor: Martel.

CE 121 a. Structural Design. 12 units (0-12-0) ; one term.

Prerequisites: CE 10 abe, 12.

The design of a plate girder bridge and a truss bridge or a steel frame building; stress
sheets and general drawings are made. Designing office practice is followed as affecting both
computations and drawings.

Instructor: Thomas.

CE 121 b. Structural Design. 9 units (0-9-0) ; one term.

Prerequisites: CE 10 abe, 12,

The design of a reinforced concrete building in accordance with a selected building
ordinance, with computations and drawings.

Instructors: Thomas, Martel,

CE 121 c¢. Civil Engineering Design. 9 units (0-9-0) ; one term.

Prerequisite: CE 125.

Special problems including preliminary investigations of irrigation or water power proj-
ects; study of stream flow data, the effect of reservoir storage upon distributed flow, deter-
mination of size and type of economic development.

Instructor: Thomas.
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CE 122. Earthquake Effects upon Structures. Units to be based upon work
done; any term.

A comparison of the analytical study and the experimental effects of vibrations on simple
structures with the actual effects of earthquakes upon buildings.

Instructor: Martel.

CE 125. Irrigation and Water Supply. 12 units (4-0-8) ; third term.

Prerequisite: Hy 1.

A study of the modern practice of the collection, storage, purification and distribution of
water for municipal, domestic and irrigation uses; design, construction and operation of
systems; consideration of the conditions adapted to irrigation developments, dams, reser-
voirs, canals; laws pertaining to irrigation; the economic aspects of projects.

Text: Water Supply and Utilization, Baker and Conkling.

Instructor: Thomas.

CE 126. Masonry Structures. 9 units (2-3-4) ; second term.

Prerequisiter CE 12,

Theory of design and methods of construction of masonry structures; foundations, dams,
retaining walls, and arches.

Text: Design of Masonry Structures, Williams.

Instructor: Martel.

CE 127. Sewerage and Sewage Treatment. 9 units (2-3-4); second or third
terms.

Prerequisite: Hy 1.

A study of systems for the collection and treatment of sewage, the design of sewers and
storm drains; characteristics of various treatment processes; factors affecting treatment
plant design; inspection of local plants.

Text: Sewerage and Sewage Disposal, Metcalf and Eddy.

Instructor: McKee,

CE 130 abe. Engineering Seminar. 2 units (1-0-1) ; first, second, third terms.

Conferences participated in by faculty and graduate students of the Civil Engineering
department. The discussions cover current developments and advancements within the
fields of civil engineering and related sciences, with special consideration given to the
progress of research being conducted at the Institute.

CE 131 ab. Advanced Study in Sewerage and Sewage Treatment. Units to be
based upon work done; any term.

Prerequisite: CE 127.

A study of the mechanisms of sewage treatment processes with particular reference to
the effects of pollution on the receiving water course or other body of water.

Instructor: McKee.

CE 131 c. Sewage Treatment Plant Design. Units to be based upon work
done; any term.

A design of treatment works for a selected community and site involving special condi-
tions of location, volume, and requirements for disposal. Includes selection of type of
treatment, arrangement of tanks and equipment, and general design of structures.

Instructor: McKee.

CE 132, Water Power Plant Design. Units to be based upon work done; any

term.

A design of a power plant in conformity with the conditions of head, flow, and load fluc-
tuations at a particular site. Includes selection of number and type of units, design of water
passages and general structural features. :

Instructor: Thomas.
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CE 132 ab. Advanced Study in Water Supply and Treaiment. Units to be
based upon work done; any term.

Prerequisite: CE 125.

A more detailed study of methods of hydrology, water supply, treatment, and control of
water quality.

Instructor: McKee.

CE 133 ¢. Water Treatment Plant Design. Units to be based upon work done;
any term.

Preparation of a layout and design of the general features of a plant to effect the purifi-
cation and softening of water as may be required in specific circumstances. Includes design
of typical structural features of the plant.

Instructor: McKee.

CE 134. Ground Water Investigations. Units to be based upon work done;
any term.

A study of the relation between rainfall, runoff, percolation, and accumulations of ground
water. Investigation of the location, extent, and yield of underground reservoirs.

Instructor: Thomas.

CE 135. Geodesy and Precise Surveying. Units to be based upon work done;
any term.

Methods of triangulation and surveying over extended areas. The adjustment of triangu-
lation systems, the adjustment of observations by the method of least squares. Map projec-
tions, precise leveling determination of a true meridian.

Instructor: Michael.

CE 136. Irrigation Investigations. Units to be arranged.

Prerequisite: CE 125. )

Investigation of irrigation methods and practices and the presentation of reports.
Instructor: Thomas.

CE 141. Structural Engineering Research. Units to be based upon work done;
any term.
Selected problems and investigations to meet the needs of advanced students,

Instructor: Martel.

CE 142. Sanitation Research. Units to be based upon work done; any term.
Exceptional opportunities for advanced study in the fields of water and sewage treatment
are available at the numerous plants located in this locality. '

Instructor: McKee.

CE 143. Highway Research. Units to be based upon work done; any term.

Cooperating with the Highway Research Board of the National Research Council, oppor-
tunities are offered for advanced studies in highway engineering. Arrangements may be
made for special studies on subgrade materials, wearing surfaces, economics of vehicle
operation, and allied subjects.

Instructor: Michael.

CE 144. Airport Design. Units to be based upon work done; any term.

Prerequisite: CE 4.

Preparation of a layout and design of an airport, including studies of a proposed site,
surface and subsurface drainage; runway, and taxiway. Design of base courses and run-
ways surfaces. Accessory structures and lighting.

Instructor: Michael.

CE 150. Foundations. 9 units~(:3:0:6) ; third term.

Prerequisite: AM 105 ab.

Types and methods of construction of foundations for buildings, bridges, and other
major structures. Spread footings and foundation slabs, piles and pile driving equipment,
open and pnuematic caissons; cofferdams, underpinning, methods of exploration,

Instructor: Converse.
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ECONOMICS

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.

Ec 1 abe. General Economies and Economic Problems. 6 units (3-0-3) ; first,
second, third terms.

A course in economic life and institutions, the principlés underlying them, and the
major problems they present. Subjects studied include production, exchange, distribution,
money and banking, the economic activities and policies of government, and international
trade.

Instructors: Brockie, Untereiner.

Ec 4 ab. Economic Principles and Problems. 6 units (3-0-3); first term,
and either second or third term.

A course in economic life, institutions, and problems, stressing the national income
approach. Subjects studied parallel those of Ec 1 ab, with such difference in emphasis as is
necessary to make this shorter course complete in itself. Students who have satisfactorily
completed the two terms of Ec 4 may, register for the third term of Ec 1 as an elective.

Instructors: Brockie, Untereiner.

Ec 18. Industrial Organization. 7 units (3-0-4); first term.

After outlining the historical background of industry with the economic changes involved,
this subject surveys the major problems facing management, especially in factory opera-
tions. The principal topics included are organization, plant layout, costs and budgets,
methods, time and motion study, production control, labor relations, and wage scales.

Instructors: Brockie, Gray.

Ee 25. Engineering Law. 7 units (3-0-4) ; second term.

The law of business, with particular emphasis on the legal rights and obligations pertain-
ing most directly to the engineering profession. Contracts and specifications, agency,
property, mechanics liens, workmen’s compensation, and the principles of legal liability
are studied.

Instructor: Untereiner,

Ec 48. introduction to Industrial Relations* 9 units (3-0-6).

Senior Elective.

This course stresses the personnel and industrial relations functions and responsibilities
of supervisors and executives. The history, organization, and activities of unions and the
provisions of current labor legislation are included. The relationships of a supervisor or
executive with his employees, his associates, and his superiors are analyzed, and the services
which he may receive from the personnel department are examined. The course also dis-
cusses the use of basic tools of supervision.

Instructor: Gray.

*The fourth year Humanities electives to be offered in any given term will be scheduled before
the close of the preceding term.
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FIFTH-YEAR AND ADVANCED SUBJECTS

Ec 100 abc. Business Economics. 10 units (4-0-6) ; first, second, third terms.

Open to graduate students.

This course endeavors to bridge the gap between engineering and business, especially
industry. It is intended for two groups of technically trained students: 1) those who wish
sooner or later, to take advantage of opportunities in industry beyond their strict technical
fields, and 2) those who will be engaged in teaching and in scientific research, but who
wish to get an understanding of industry in both its technical and philosophical aspects.
The broad assumptions in the course are that technical training is an excellent approach
to positions of general responsibility in business and industry, and that technically trained
men going into industry can make significant contributions to the improved functioning of
the economy.

The principal divisions of the subject matter of the courses are: 1) business organization,
2) industrial promotion and finance, 3) factory management, 4) industrial sales, and 5)
business economic topics, especially the business cycle. This treatment provides a descrip-
tion of the industrial economy about us and of the latest management techniques. The points
of most frequent difficulty are given special study. The case method of instruction is used
extensively in the course.

Instructors: Gilbert, Kinard.

Ec 106 abc. Business Economics .(Seminar). Units by arrangement; first,
second, third terms.

Open to graduate students.

This seminar is intended to assist the occasional graduate student who wishes to do special
work in some part of the field of business economics or industrial relations. Special permis-
sion to register for this course must be secured from the instructors.

Instructors: Gilbert, Gray.

Ec 110. Industrial Relations. 9 units (3-0-6) ; first term.

Not open to students who have taken Ec 48, Introeduction to Industrial Relations.

An introductory course dealing with the basic problems of employer-employee relation-
ships and covering the internal organization of an enterprise, the organization and func-
tions of unions, and the techniques of personnel administration with emphasis on the prob-
lems of setting wage rates,

Instructors: Gray, Arthur H. Young.

Ec 111. Business Cycles and Fiscal Policy. 9 units (3-0-6); second term.

A study of the nature, causes, and possible control of economic fluctuations with special
emphasis on the interrelationship of business cycles and such fiscal matters as national
debt control, national budgetary control, and the maintenance of high levels of employ-
ment, production, and purchasing power. The course also integrates the international prob-
lems of war, reconstruction, trade, and investment with the analysis of business cycles
and internal fiscal policies in order to provide a unified theory of national and inter-
national economic equilibrium.

Instructor: Brockie.

Ec 112. Modern Schools of Economic Thought. 9 units (3-0-6) ; third term.

A study of economic doctrine in transition, with particular emphasis on the American
contribution. Against a background of Marshall and Keynes, a critical examination will
be made of the institutional, collective, quantitative, special, experimental, and adminis-
trative schools of economics.

Instructor: Untereiner,
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ELECTRICAL ENGINEERING
UNDERGRADUATE SUBJECTS

EE 1 abe. Basic Electrical Engineering. 6 units (2-0-4); EE 1 a first term
only, EE 1 be second or third terms.

Prerequisites: Ma 2 abc; Ph 2 abc.

An introductory study of electric and magnetic fields and circuits, electromagnets, direct
and alternating current machinery and electronic devices.

Instructors: Maxstadt, Pickering and Assistants,

EE 2 abc. Basic Electrical Engineering Laboratory. 3 unmits (0-3-0); first,
second, third terms.

Prerequisites: Ma 2 abc; Ph 2 abe.

This course is the laboratory for the corresponding EE 1 course. Use of measuring instru-
ments, operation of direct and alternating current machinery and determination of their
characteristics and instrumentation of electronic circuits.

Text: Laboratory Notes.

Instructors: Maxstadt and Assistants.

EE 6 ab. Electrical Maéliinery. 6 units (2-0-4) second term; 9 units (3-0-6)
third term.

Prerequisites: EE 1 abe; EE 2 abe; and EE 12,

Windings, special characteristics, graphical methods, commutation, machine reactances,
and short circuit currents. System stability; short transmission lines.

Instructor: Sorensen.

EE 7. Electrical Engineering Laboratory. 7 units (0-3-4) ; third term.

Prerequisites: EE 1 abc; EE 2 abe; and enrollment in EE 6.

A continuation of EE 2 abc. Efficiency tests of alternating current machinery. Graphic
analysis of alternator performance; operation of transformers, alternators and direct cur-
rent machimes in parallel; communication circuit testing; use of electronic devices; writing
of engineering test reports.

Text: Laboratory Notes.

Instructors: Maxstadt and Assistants.

EE 12. Electric Circuits. 12 units (4-0-8) ; first term.

Prerequisites: EE 1 abec; EE 2 abe.

A course of study relating to the calculation of voltage, current, and power in electrical
power and electronic circuits, including an introductory study of filter circuits. In all of
these studies free use is made of the symbolic or complex method of solving problems using
Kirchoff’s laws, Thevenin’s theorem and other special methods of calculation.

Texts: Alternating Current Circuits, Kerchner and Corcoran; Problems in Alternating
Currents, Lyon.
Instructors: McCann and Assistants.

EE 15 ab. High Frequency Circuits. 6 units (2-0-4) second term; (0-3-3)
third term.

Prerequisites: Ph 7 or Ph 8; EE 62 to be taken concurrently.

Maxwell’s equations, electromagnetic fields, generation and propagation of microwaves.
Laboratory experiments illustrating microwave phenomena.

Instructors: Pickering and Mackeown.
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EE 16. Electrical Measurements. 6 units (0-3-3); first term.
Prerequisities: Ph 2 abe; EE 1 abe; EE 12 (which may be taken simultaneously).

Advanced course in premsmn elec’mcal measurements, measurements of impedance,
voltage, current, etc.

Text: Advanced Electrical Measurements, Michels.
Instructors: Pickering and Graduate Assistants.

EE 60 abe. Electronics and Cirenits. 9 units (3-0-6; 2-3-4; 2-3-4); first,
second, third terms.

Prerequisite: EE 1 abc.

Basic physics of vacuum tubes, electron ballistics, thermionic emmission, space charge
_effects, ete. Application of tubes and circuits to physical measurements.

Instructor: Nichols,

EE 62 ab. Electron Tubes. 10 units (2-3-5) ; second, third terms.
Prerequisites: EE 1 abc; EE 12.

Fundamental theory of electron tubes in radio, communication and contrel circuits.
Instructors: Pickering and Mackeown.

EE 70 ab. Engineering Conference. 2 units (1-0-1); first, second terms.

Prerequisites: EE 1 abc; EE 2 abe.

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

Instructors: MeCrery, Sorensen.

FIFTH-YEAR SUBJECTS

EE 120 abe. Advanced Eleetric Power System Analysis. Three terms.

This course is devoted to the study of electric circuit theory as applied to the basic
problems encountered in the design and operation of modern power transmission and dis-
tribution systems.

Texts: Electrical Transmission and Distribution Reference Book and Course Notes.

Instructors: McCann, Lindvall, and Sorensen.

EE 120 a. 12 units (4-0-8) ; first term.
Prerequisites: EE 6 ab; EE 7; EE 12.

Theory of symmetrical components and basic circuit theorems for reduction and sim-

plification of power system networks. System fault calculations supplemented by a compre-

henswe power system fault study with the Electric Analog-Computer used as an AC-
Network Analyzer.

EE 120 b. 12 units (4-0-8) ; second term.
Prerequisite: EE 120 a.

Analysis of transformer characteristics including development of sequence circuits
for two and three winding transformer banks. Theory of synchronous and induction motors
including transient analysis during system faults. Calculation of transmission line constants
and their equivalent sequence circuits. General principles of circuit breaker and relay
application.

EE 120 c. 12 units (4-0-8) ; third term.
Prerequisite: EE 120 b.

Development of generalized circuit constants for transmission lines and integrated
systems. Application of power circle diagrams and other techniques for steady state power
flow and regulation problems. Treatment of the steady state and transient stability problem.
Transient circuit analysis as applied to switching surge calculations. General discussion of
the effects of system grounding on switching surge voltages. Basic principles of overvoltage
protection against switching surges and lightning. AC-Network Analyzer techniques will
be applied to actual calculations of transient stability and switching surge problems.
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EE 121 abe. Alternating Current Laboratory. 6 units (0-3-3) ; first, second,
third terms.

Prerequisites: EE 7 and preceding courses.

Complete tests of the induction motor; the operation of transformers in parallel; study
of polyphase connections; photometric measurements; use of the oscillograph; calibration of
watt-hour meters and relays, high voltage tests of insulation. Special emphasis is placed on
the report.

Text: Advanced laboratory notes.

Instructors: Maxstadt and Assistants,

EE 128. Electric Transportation. 9 units supervised reading course by
assignment,

Prerequisites: EE 1 abe, EE 6 ab.

Modern electric and oil-eleciric railways, studies of the motive power, train require-
ments, frictional and other resistances, schedules, acceleration and braking; the portable
power plant vs. substations and contact conductor. Safe speeds and riding qualities are
studied.

Text: Electric Transportation, Thompson.

Instructors: Lindvall, Maxstadt.

EE 130. Electric Lighting and Power Distribution. 6 units supervised reading
course by assignment.

Prerequisites: EE 1 abe, EE 6 ab. )

Electric distribution and wiring; calculation of simple alternating current circuits; in-
stallation and operation costs and selling price of electric power.

Text: Generating Stations, Lovell,

Instructor: Maxstadt.

EE 148. Specifications and Design of Electrical Machinery. 6 units (3-0-3);
first term.

Prerequisites: EE 7, and preceding subjects.

Preparation of specifications and design calculations for alternating and direct current
machinery.

Text: Electrical Machine Design, Gray.

Instructor: Sorensen.

EE 152. Dielectrics. 6 units (2-0-4) ; third term.

Prerequisites: EE 120 ab, and preceding subjects.

A study of electric fields in insulations, particularly air, and the effects on sparking
voltage of the sparking distance, atmospheric pressure and humidity; corona phenomena;
high frequency voltages, characteristics of commercial insulations.

Instructor: Sorensen.

EE 156. Electric Communication. 6 units (2-0-4) ; first term.
Prerequisites: EE 12, EE 62 ab.

A study of modern means of communication with special emphasis on recent develop-
ments.

Instructor: Mackeown.

EE 157. Communications Laboratory. 6 units (0-3-3); first term.

Prerequisite: Must be taking or have taken EE 156.

Laboratory assignments in advanced communication problems.

Instructors: Pickering and Assistants.

EE 158 abe. Circuit Analysis. 9 units (3-0-6) ; first, second, third terms.

Prerequisites: EE 12, EE 62 ab.

Transient analysis of linear networks; Laplace transform methods; feed back amplifiers;
network analysis,

Instructor: Pickering.
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EE 162 ab. Electron Tubes. 7 units; second and third terms.
Same as EE 62 ab with reduced units for chemical engineers.

EE 170 a. Servomechanisms. 9 units (3-0-6) ; second term,
Covers the theory and analysis of electrical, mechanical and hydraulic feedback and
servomechanism systems.

EE 170 b. Servomechanisms. 12 units (2-3-7) ; third term.

A continuation of EE 170 a with more advanced theoretical analysis of servomechanisms
and the inclusion of a laboratory program with servo systems and computatlons of servo
performances with the electric analog computer.

Instructors: McCann, Vazsonyi, Wllts

EE 190 abc. Electromagnetic Fields. 9 units (3-0-6); first, second, third
terms,

Prerequisites: EE 62, Ph 7 or Ph 8, EE 15.

Applications of Maxwell’s equations to the generation and radiation of microwaves.
Includes antenna problems, wave guides, cavity resonators, etc.

Instructor: Pickering.

EE 191. Ultra High Frequency Laboratory. 6 units (0-3-3) ; third term.
Prerequisite: EE 190, or be enrolled for it.

Laboratory measurements and use of ulira-high frequency equipment.

Instructors: Pickering and Assistants.

ADVANCED SUBJECTS .

EE 200. Advanced Work in Electrical Engineering.

Special problems relating to electrical engineering will be arranged to meet the needs
of students wishing to do advanced work in the field of electricity. The Institute is equipped
to an unusual degree for the following lines of work: Theory of Electrical Machine Design,
‘Electrical Transients, and High Voltage Engineering Problems, under the direction of
Professors R. W. Sorensen, F. C. Lindvall, and G. D. McCann; Electrical Engineering
Problems relating to electronic devices and their applications under the direction of Pro-
fessors S. S. Mackeown and W. H. Pickering; Engineering Analysis problems requiring
large scale computer techniques, A.C. network techniques, Analog and Transient studies,
etc., under the direction of Professor G. D. McCann. Problems relating to the distribution
and uses of electric power for lighting and industrial uses; studies of light sources and
illumination under the direction of Professor F. W. Maxstadt.

EE 220. Research Seminar in Electrical Engineering. 2 units.

Meets once a week for discussion of work appearing in the literature and in industry. All
advanced students in electrical engineering and members of the electrical engineering stafl
are expected to take part.

In charge: Maxstadt, Mackeown, Nichols, Pickering, Sorensen.

EE 223 abe. Electric Strength and Dielectrics. Units by arrangement; first,
second, third terms. Not given every year.

A study of the effect of high potentials applied to dielectrics.

Imstructor: Sorensen.

EE 224 abe. Vacuum Tube and Radio Frequency Circuits. Units to be based
on work done; first, second, third terms.

A study of the literature on vacuum tubes and associated circuits. Experimental work
with oscillators, transmitters, and receivers.

Instructor: Mackeown.

EE 226 abe. Engineering Mathematical Physics. 15 units (3-0-12)3 first,
second, third terms.

Prerequisites: Differential Equations or AM 15 or 115.

This subject is designed to develop the correlation of mathematics and physics with
problems in engineering design and application. The following subjects will be treated in
detail: mechanical vibrations, oscillations in electro-mechanical systems, short circuit forces,
power system transients, electric motors applied to variable or pulsating loads, heat trans-
fer and transient heat flow. The principle of constant flux linkage in electrical transient
analysis; solution of mechanical problems by electrical methods; application of Heaviside
operational calculus to mechanical and thermal problems.

Instructor: Lindvall.
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EE 228 abc. Conduction of Electricity in Gases and Solids. Units to be
arranged; first, second, third terms. Not given every year.

Fundamental physical processes underlying electrical conduction, with t_axamples from
flow, arc, and spark discharges, rectifiers (gaseous and solid), conductors, insulators, and
semi-conductors.

Instructor: Wooldridge.

EE 230. Microwave Electronics. 9 units (3-0-6) ; third term.

The behavior of vacuum tubes at ultra-high frequencies, electron transit time eflects,
microwave oscillators.

Instructor: Pickering.

EE 232 abe. Advanced Problems in Modern Radio Engineering. 8 units
(2-0-6) ; first, second, third terms. Given in alternate years.

Prerequisites: EE 15 ab, EE 62 ab, Ph 7, Ph 8, or Ph 131 abe.

A case-problem course treating frontier problems in antennas, electron tubes, random
phenomena and signal-noise ratio, and complex radio systems. Order-of-magnitude esti-
mates are emphasized for many important phenomena not yet susceptible to complete anal-
ytical solution.

Instructor: Ramo.

EE 234 abe. Radio Engineering. 9 units (3-0-6); first, second, third terms.
Prerequisites: EE 15 ab, EE 60 abe, EE 62 abe, or EE 190.

An advanced lecture and problem course covering most important aspects of modern
radio engineering for students who have completed a first course.

Instructor: Ramo.
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ENGINEERING DRAFTING

D 1 a. Freehand Drawing. 3 units (0-3-0) ; first term.

The study of geometrical forms and their representation by means of freehand ortho-
graphic and perspective. Training in pencil rendering is given and the fundamental prin-
ciples of perspective are illustrated by simple engineering studies and the use of machine
parts. Emphasis is placed on careful observation and accurate drawing.

Instructors: Wilcox and Assistants.

D 1 b. Engineering Drafting. 3 units (0-3-0) ; second term.

This course is designed to give the student a general knowledge of the most important
types of engineering drawings. Instruction is given in the proper use of drafting equip-
ment and in the fundamental principles of drafting and lettering. Elementary detail
drawings are included.

Text: Engineering Drawing, French.

Instructors: Wilcox and Assistants.

D 1 e¢. Engineering Drafting. 3 units (0-3-0); third term.

Prerequisite: D 1 b.

A continuation of D 1 b. Emphasis is placed on the elementary geometry of engineering
drawing and visualization in three dimensions. Elementary principles of design are dis-
cussed and the accepted standards of machme drafting are applied in the making of simple
working drawings.

Text: Engineering Drawing, French.

Instructors: Wilcox and Assistants.

D 2. Descriptive Geometry. 6 units (0-6-0) ; second term.

Prerequisites: D 1 abe.

The course is designed to supplement the study of shape description as given in D 1 abe,
and to present a graphical means of solving the more difficult three-dimensional problems.
Special emphasis is placed on the ability to visualize and analyze three-dimensional struc-
tures. Analytical solution of the simpler problems is discussed. The work includes problems
covering the geometrical relationship of straight lines and planes, curved lines, single
curved surfaces, double curved surfaces, warped surfaces, intersections, and developments
The course stresses the practical application of descriptive geometry in the various fields
of engineering.

Text: Geometry of Engineering Drawing, Hood.

Instructors: Tyson, Wilcox, Campbell.

D 5. Descriptive Geometry. 6 units (0-6-0) ; third term.
Prerequisite: D 1 abe.

This course is planned primarily for geology students and is des1gned to cover the fun-
damentals of descriptive geometry as given in the first part of D 2. Emphasis is placed,
throughout the course, on practical problems in mining and earth structures.

Text: Geometry of Engineering Drawing, Hood.
Instructors: Tyson, Welch.

D 7. Advanced Engineering Drafting. Maximum of 6 units. Elective; any
term.,

Prerequisites: D 1 abe; D 2; ME 1 ab.

The study and execution of layout drawings involving further applications of machine
mechanisms.

Instructor: Tyson.
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ENGLISH

English composition is prescribed for all students in the freshman year, and an intro-
duction to 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 writing and
speaking. The instruction in literature is intended to provide an appreciative acquaintance
with some of the chief works of major authors, past and present, and to foster the habit
of self-cultivation in books.

The regular courses in English do not exhaust the attention given at the Institute to
the student’s use of the language; all writing, in whatever department of study, is subject
to correction with regard to English composition.

UNDERGRADUATE SUBJECTS

En 1 abe. English: Reading, Writing, and Speaking., 6 units (3-0-3); first,
second, third terms.

A thorough review of the principles of composition; constant practice in writing and
speaking; and an introduction to the critical reading of essays, biographies, short stories,
novels and plays.

Instructors: Bowerman, Clark, Eagleson, Huse, Langston, Smith, Stanton.

En 7 abe. Introduction to Literature. 8 units (3-0-5); first, second, third
terms.

Prerequisite: En 1 abe. .

This course is designed to give the student a discriminating acquaintance with a selected
group of principal literary works. The reading for the first term is concentrated on Shakes-
peare; for the second and third terms, on representative British and American authors.

Instructors: Bowerman, Clark, Eagleson, Eaton, Huse, Jones, Langston, MacMinn,
Smith, Stanton.

En 8. Contemporary English and European Literature.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A survey of English and Continental literature from 1859 to the present time. Emphasis
is placed on the influence of science, particularly biological and psychelogical theory, on
content and techniques. ‘

Instructor: Eagleson.

En 9. American Literature.®* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A study of major literary figures in the United States from Whitman and Mark Twain
to those of the present time. The larger part of the course is concerned with contemporary
writers. An emphasis is placed on national characteristics and irends as reflected in
novel and short story, biography, poetry and drama.

Instructors: Langston, MacMinn.

En 10. Medern Drama.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A study of leading European, British, and American dramatists from Ibsen to writers
of the present time. Special attention is given to dramatic technique, and to the plays
hoth as types and as critical comments upon life in the late nineteenth and the twentieth
centuries.

Instructors: Huse, Stanton,

. *The fourth year Humanities electives to be offered in any given term will be scheduled before
the close of the preceding term.
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En 11. Literature of the Bible.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A study of the Old and New Testaments, and the Apocrypha, exclusively from the point
f view of literary interest. The history of the English Bible is reviewed, and attention is
yrought to new translations. Opportunity is offered for reading modern fiction, poetry, and
Irama dealing with Biblical subjects.

Instructor: MacMinn.

En 12 abe. Debating. 4 units (2-0-2).
Elective, with the approval of the Registration Committee.

A study of the principles of argumentation; systematic practlce in debating; preparation
or intercollegiate debates.
Instructor: McCrery.

En 13. Reading in English and History. Units to be determined for the
ndividuzal by the department.

Elective, with the approval of the Registration Committee, in any term.

Collateral reading in literature and related subjects, done in connection with regular
ourses in English or history, or independently of any course, but under the direction of
nembers of the department.

En 14. Special Composition. 2 units (1-0-1).
This sub]ect may be prescribed for any student whose work in composition, general or

echnical, is unsatisfactory.

En 15 abe. Journalism. 3 units (1-0-2); first, second, third terms.

Elective, with the approval of the Registration Committee.

A study of the elementary principles of newspaper writing and . editing, with special
ittention to student publications at the Institute.

Instructors: MacMinn, McCrery.

En 16. Spelling. No credit.
This subject may be prescribed for any student whose spelling is unsatisfactory.

En 17. Technical Report Writing.* ‘9 units (3-0-6).

Senior elective. Prerequisite: En 7.

Practice in writing reports and articles in engineering, science, or business administration.
Che course includes some study of current technical and scientific periodicals. The major
roject is the preparation of a full-length report.

Instructor: MacMinn.

En 20. Summer Reading. Units to be determined for the individual by the
lepartment. Maximum 8 units. Elective. )

Reading in literature, history, philosophy, and other fields during summer vacation, books
o be selected from a recommended reading list, or in consultation with a member of the
taff. A brief written report will be required.

FIFTH-YEAR AND ADVANCED SUBJECTS

En 100 abe. Seminar in Literature. 9 units (2-0-7).

A study of writers chosen to illusirate irends in literary and social history.

First term: English literature and the French Revolution.

Literary responses in England to the French Revolution and the changing social and
yolitical patterns of the age. Special attention will be given to Wordsworth, Coleridge,
3yron, Shelley, and Keats.

Second term: Political, social, and religious ferment in Victorian literature.

A study of such writers as Tennyson, Browning, Carlyle, and Newman as they reflect
he problems of their day. Special attention will be given to those issues of concern today.

Third term: The meaning and enjoyment of literature.

A study of certain dramas and poems in the light of critical theory. Special effort will
e made to read poetry as poetry rather than in terms of its miliew.

Instructor: Griggs.
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FRENCH

(See under Modern Languages)

GEOLOGICAL SCIENCES

UNDERGRADUATE SUBJECTS

Ge 1 a. Physical Geology. 9 units (4-2-3) ; first term.

Prerequisites: Ch 1 abe, Ph 1 abe.

Rocks and minerals; deformation and structure of the earth’s crust; earthquakes;
work of weathering, wind, running water, oceans, glaciers and volcanism; economic aspects
and principles of ground water; ore deposits and petroleum. Occasional field trips.

Text: Textbook of Geology, Part 1, Longwell, Knopf, and Flint.

Instructors: Sharp and Teaching Fellows.

Ge 1 b. Elementary Paleontology. 9 units (4-1-4) ; third term.

Prerequisite: Ge 1 a.

A discussion of the principles on-which the history of life is based. Illustrations of evo-
lution taken from certain groups of animals for which the fossil record is essentially com-
plete. Occasional field trips.

Text: Organic Evolution, Lull.

Instructor: Stock,

Ge 1 e. Historical Geology., 12 units (4-2-6) ; third term.

Prerequisite: Ge 1 a.

A consideration of the geologic hlstory of the Earth, as shown by the changing patterns
of land and sea and by the succession of faunas and floras. Conferences, lectures, and occa-
sional field trips.

Instructor: Merriam.

Ge 3 ab. Mineralogy. 8 units (3-3-2), second term; 10 units (3-4-3), third
term.

Prerequisites: Ge 1 a, Ch 1 abe.

A study of the physical and chemical properties of minerals, of their associations and
modes of occurrence; of their industrial applications; with training in their identification.

Text: Manual of Mineralogy, Dana-Hurlbut.

Instructor: Engel.

Ge 4 a. Petrology. 6 units (2-3-1); first term.

Prerequisites: Ge 1 a, Ge 3 ab.

A study of the origin and occurrence of the igneous rocks, with training in the mega-
scopic identification, description, and interpretation of these rocks and their constituent
minerals.

Text: Principles of Petrology, Tyrrell.

Instructor: Jahns.

Ge 4 b. Petrology. 8 units (2-4-2) ; second term.

Prerequisites: Ge 1 a, Ge 3 ab.

A study of the origin, identification and classification of the principal sedimentary
and metamorphic rocks.

Text: Principles of Petrology, Tyrrell; or Rocks and Rock Minerals, Pirrson-Knopf.

Instructor: Engel.
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Ge 9. Structural Geology. 10 units (4-0-6) ; first term.

Prerequisite: Ge 1 a.

A consideration of the structural features of the Earth’s crust: folds, faults, joints, folia
tion.

Text: Principles of Structural Geology, Nevin,

Instructor: Buwalda.

Ge 14. Geologic Ilustration. 5 units (0-3-2) ; third term.

Classroom training in the drawing of block diagrams. Problems in perspective, projection,
and the rendering of topographical features and stratigraphy. Exercises, using various
mediums, in freehand and mechanical drawing as applied to geologic illustration. Freehand
sketching of landscape forms and visible geologic structures in the field.

Text: Block Diagrams, Lobeck.

Instructor: Willoughby.

Ge 21 abe. Introduction to Field Geology. 10 units (4-5 1) first term; 10
units (0-8-2) second term; 10 units (0-6-4) third term.

Prerequisites: Ge 1 ab, Ge 3 ab.

An introduction to the interpretation of geologic features in the field, and to the funda-
mental principles and techniques of geologic mapping. Classroom and field studies include
the interpretation of geologic maps, megascopic investigation of rock types, the solution
of simple field problems in structure and stratigraphy, geologic computations, and an intro-
duction to the use of aerial photographs and of the plane table for field mapping. To these
ends, small areas are mapped in great detail and reports are prepared in professional form.

Text: Field Geology, Lahee,

Instructor: Jahns, (21a); Engel and Pray (21bc).

UNDERGRADUATE OR GRADUATE SUBJECTS

Ge 100. Geology Club. 1 unit (1-0-0) ; all terms.

Presentation of papers on research in geological science by the students and staff of the
Division of the Geological Sciences, and by guest speakers.
. Required of all senior and graduate students in the Division; optional for sophomores and
juniors.

Ge 102. Oral Presentation. 1 unit (1-0-0) ; first, second or third term.

Training in the technique of oral presentation. Practice in the effective organization and
delivery of reports before groups.

Successful completion of this course is required of all candidates for the bachelor’s,
master’s, and doctor’s degrees in the Division. The number of terms taken will be deter-
mined by the proficiency shown in the first term’s work.

Instructor: Jones.

Ge 105. Optical Mineralogy. 10 units (2-6-2) ; first term.

Prerequisite: Ge 3 ab.

The principles of optical crystallography; training in the use of the petrographic micro-
scope in identification of crystalline substances, especially natural minerals, both in thin
section and as unmounted grains.

Texts: Optical Crystallography, Wahlstrom, and Notes on Optical Mineralogy, Tunell.

Instructor: Jahns.

Ge 106 ab. Petrography. 10 units (2-6-2); second and third terms.

Prerequisites: Ge 105, Ch 24 ab.

A systematic study of rocks; identification of their constituents by means of the polariz-
ing microscope; interpretation of textures; problems of genesis; qualitative and quanti-
tative classifications.

Text: Petrography and Petrology, Grout.

Instructor: Campbell.
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Ge 107. Stratigraphy. 12 units (4-2-6); third term.
Prerequisite: Ge 111 ab.
General principles of stratigraphy, Correlation and description of sedimentary forma-

tions. Standard sections and index fossils, with emphasis on the California and Great
Basin columns.

Text: Principles of Sedimentation, Twenhofel.
Instructor: Merriam.

Ge 109. Struetnral Geology. 6 units; first term.

This subject is the same as Ge 9 but with reduced credit for graduate students.
Text: Principles of Structural Geology, Nevin,

Instructor: Buwalda.

Ge 110. Engineering Geology. 9 units (2-3-4) ; third term.

Prerequisite: Ge 1 a.

A discussion of those conditions that affect particular engineering operations, such as
tunnelling, the building of dams, the retention of water in reservoirs, foundation excava-

tion, harbor work, control of erosion and landslides, materials of construction, ete, Lectures,
assigned reading, weekly field trips.

The course is planned primarily for civil engineers.
Teéxt: Geology and Engineering, Legget.
Instructor: Buwalda.

Ge 111 ab. Invertebrate Paleontology. 10 units (2-6-2); first, second terms.

Prerequisite; Ge 1 ab.

Morphology and geologic history of the common groups of fossil invertebrates, with
emphasis on their evolution and adaptive modifications. Second term: identification, classifi-

cation, and preparation of invertebrate fossils, with emphasis on characteristic forms of
the California section. Occasional field trips.

Instructor: Merriam.

Ge 112 ab. Vertebrate Paleontology. 10 units (2-6-2) ; second, third terms.

Prerequisite: Ge 1 b,

Osteology, affinities, and history of the principal groups of fossil mammals and reptiles.
History of vertebrate life with special reference to the region of western North America.

Instructor: Stock. ’

Ge 115. Micropaleontology. 8 wunits (1-3-4); second term.
Prerequisite: Ge 111 ab.

Introduction to the morphology and classification of the foraminifera.
Text: Principles of Micropaleontology, Glaessner.

Instructor: Israelsky.

Ge 121 abe. Field Geology. 2 units (1-1-0), first term; 8 units (0-8-0),
second term; 10 units (0-7-3), third term.

Prerequisites: Ge 3 ab, Ge 21 ab.

The student investigates a limited geologic problem in the field. Individual initiative
is developed, principles of research are acquired, and practice is gained in technical
methods, including those of plane-table and underground mapping. The student prepares
a report setting forth the results of the research and their meaning.

Text: Principles of Field and Mining Geology, Forrester,

Instructors: Engel, Jahns, Pray,
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Ge 122. Spring Field Trip. 1 unit (0-1-0); week between second and third
terms.

Brief studies of various localities in the Southwest representative of important geologic
provinces. Trips are conducted in successive years to such regions as Owens and Death
Valleys where excellent Paleozoic sections are exposed, and Basin Range structure and
morphology may be observed; to the Salton Basin and Lower California where the San
Andreas fault and the Peninsular Range may be studied; to the San Joaquin Valley and
the mountains to the west where important Tertiary formations are exposed and typical
Coast range structure may be seen; and to the Grand Canyon of the Colorado River where
a fascinating record of Archean, Algonkian and Paleozoic geologic history may be inves-
tigated.

Required of junior, senior, and graduate students in the Division of the Geological
Sciences.

Instructors: Engel, Jahns, Merriam, Sharp.

Ge 123. Summer Field Geology. 20 units (0-17-3).

Prerequisites: Ge 3 ab, Ge 21 ab.

Intensive field mapping of a selected area from a centrally located field camp. Determi-
nation of the rock types, fossil content, stratigraphy, structure and geologic history of this
ared. Preparation of a map, structure sections, and a report in professional form. Both field
and office work are done under close supervision.

The area chosen will probably lie in the Great Basin or other parts of the southwestern
states, inasmuch as the regular school-year courses, Ge 21 and Ge 121, provide training in
the geology of the California Coast Ranges. As an occasional alternative an expedition will
be conducted to localities important in western geology. The interpretations of classical
localities: afforded in the literature will be studied in the field.

The course begins immediately after Commencement (about June 12), and lasts for
approximately 6 weeks. Required at the end of the junior year for the bachelor’s degree. °
Required also of candidates for the Master of Science degree, and at the discretion of
the staff, of candidates for other advanced degrees in the Division of the Geological
Sciences.

Instructor :Pray.

Ge 125. Geology of Western America. 5 units (3-0-2); third term.

Presents an organized concept of the geologic history of western North America.
Lectures, mainly by staff members personally familiar with the regions discussed, and
assigned reading,.

Text: Geologic History at a Glance, Richards and Richards,

Instructors: Buwalda, Campbell, Hewett, Jahns, Noble, Sharp.

Ge 126. Geomorphology. 10 units (4-0-6) ; first term.
Prerequisites: Ge 9, Ge 121 ah.,

Origin and evolution of land features produced by weathering, mass movements, wind,
running water, glaciers, shore processes, vulcanism, and diastrophism.

Text: Geomorphology, 4th edition, revised. Cotton.
Instructor: Sharp.

Ge 128. Introduction to Economic Geology. 7 units (4-0-3) ; third term.

A survey course of geology applied to coal, oil and gas, industrial minerals, metalliferous
deposits, water resources, and engineering.

Text: Economic Mineral Deposits, Bateman,

Instructors: Noble and other members of Geology staff.

Ge 165. Introduction to General Geophysics, I. 6 units (2-0-4) ; second term.

Prerequisite: Ph 1 abc.

Structure of the Earth; gravity and isostasy; tides; movement of the poles; elastic prop-
erties; temperature; density.

Instructor: Gutenberg.
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Ge 166. Iniroduction to General Geophysics, II. 6 units (2-0-4); first term,
1950-51,

Prerequisites: Ma 2 ab, Ph 2 abe.

Structure of the ocean and the atmosphere, tides, propagation of sound waves, tempera-
ture, density.

Instructor: Gutenberg.

Ge 174. Well Logging. 5 units (3-0-2) ; second term.

Physical principles of various methods of well logging and their applications. Electrical.
radioactive, chemical, fluoroscopic and mechanical methods will be studied.

Instructor: Potapenko.

Ge 175. Introduction to Applied Geophysics. 6 units (3-0-3) ; first term.
A survey of pure and applied geophysics designed mainly for geological, engineering, and
other students who do not expect to enroll in specialized subjects in this field.

Text: Geophysical Prospecting for Oil, Nettleton.
Instructor: Potapenko.

Ge 176. Elementary Seismology. 6 units (3-0-3) ; second term.

Prerequisites: Ge 1 a, Ma 2 ab.
A survey of the geology and physics of earthquakes.

Instructor: Richter.

GRADUATE SUBJECTS

Courses given in alternate years are so indicated. Courses in which the enrollment is less
than five may, at the discretion of the instructor, not be offered.

GEOLOGY

Ge 200. Mineragraphy. 10 units (1-9-0) ; first term,

Prerequisites: Ge 106 ab, Ge 128.
Techniques of the study of the minerals of ore deposits in polished and in thin sections.
Texts: Microscopic Determination of Ore Minerals, M. N. Short; U.S.G.S. Bull. 914.

Instructor: Noble.

Ge 202. Ore Deposits. 10 units (2-6-2) ; second term,

Prerequisites: Ge 106 ab, Ge 128, Ge 200.

A study of the mode of occurrence and theory of origin of the main types of ore deposits
of the world. The laboratory work will use the technique of Ge 200 and the materials of the
Frederick Leslie Ransome memorial collection. Reading will be assigned in the literature
of ore deposits; there will be no required textbook.

Instructor: Noble.

Ge 209. Sedimentary Petrology. 10 units (2-4-4) ; second term, 1949-50.

Prerequisite: Ge 106 ab.

Discussion, reports and conferences on sediments, particularly from the petrographlc
viewpoint. The work in the laboratory affords an introduction to the various ‘quantitative
methods for detailed analysis of sediments.

Text: Manugl of Sedimentary Petrology, Krumbein and Peitijohn.

Instructors: Pray, Russell.

Ge 210. Metamorphic Petrology. 10 units (2-4-4) ; second term, 1950-51.
Prerequisite: Ge 106 ab.

A study of metamorphic processes.

Text: Metamorphism, Harker.

Instructor: Campbell.
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Ge 212. Nonmetalliferous Deposits. 10 units (2-3-5) ; third term.

Prerequisite: Ge 106 ab.

A study of the industrial minerals; their occurrence, exploitation, beneficiation. In the
laboratory the petrographic microscope is applied not only to problems of identification
and paragenesis of the minerals, but also to problems involving processed and fabricated
materials. Occasional field trips.

Instructor: Campbell.

Ge 213. Mineralogy (Seminar). 5 units; first term.

Discussion of special problems and current literature related to the general province of
mineralogy. Topics in such broad fields as the geology of mineral deposits, crystallography,
geochemistry, techniques of mineral identification, and optical mineralogy are selected for
attention during the term, largely on the basis of trends of interest among members of the

group.
In charge: Jahns,

Ge 214. Petrology (Seminar). 5 units; second term.
Discussion of classic and current literature with consideration of recent advances in the
field of petrology. Occasional conferences on research problems are included.

In charge: Campbell.

Ge 215. Ore Deposits (Seminar). 5 units; third term.
Discussion of problems and current literature concerning ore deposits.
In charge: Noble.

Ge 220. History of the Geological Sciences. 5 units, summer reading course.

Development of basic concepts and specialized fields by great geologists of the past.
Intended to provide historical background and understanding of growth of the science.

Assigned reading during summer, examination second week of fall term.
Instructor: Stock.

Ge 226, Advanced Geomorphology. 10 units (3-0-7); second term, 1949.50.

Prerequisites: Ge 9, Ge 121 ab, Ge 126.

Detailed analysis of geological processes acting on the earth’s crust, and of the land
forms they produce, with emphasis on humid regions. Lectures, assigned reading, field
trips to the San Gabriel Mountains, the Coast Ranges, and the coast of California.

Instructor: Sharp.

Ge 228. Geomorphology of Arid Regions. 10 units (3-0-7); second term
1949-50.

Prerequisite: Ge 126.

A study of the geological processes of arid regions and their products. Origin of pediments
and evolution of other land forms. Reading, discussion, and field trips to the Mojave Desert.

Text: Climatic Accidents, Cotton.
Instructor: Sharp.

Ge 229, Glacial Geology. 10 units (3-0-7) ; second term 1948-49,
Prerequisite: Ge 126.

Origin of glaciers, existing glaciers, glaciology and glacial mechanics, eresional and dep-
ositional features of mountain and continental glaciers, chronology of the Pleistocene.

Text: Glacial Geology and the Pleistocene Epoch, Flint.
Instructor: Sharp.

Ge 230. Geomorphology (Seminar). 5 units; second term.
Discussion of research and current literature in geomorphology.
In charge: Sharp.
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Ge 232. Petroleum Geology. 10 units (2-0-8); first term.

Prerequisites: Ge 9, Ge 21 ab.

History of oil and gas development; physical and chemical properties of oil,  charac-
teristics of source and reservoir rocks; theories of origin, migration and accumulation.
Occasional field trips.

Text: Bulletins, AAPG and AIME.

Instructor: Geis.

Ge 233. Petroleum Geology Practices. 10 units (2-4-4); second term.

Prerequisites: Ge 9, Ge 21 ah.

Type cases of structural and stratigraphic traps; oil shale; oil field exploration and
exploitation methods; general drilling and completion practices; core analysis; reservoir
characteristics; evaluation of fields and properties. Occasional field trips.

Text: Bulletins, AAPG and AIME.

Instructor: Geis.

Ge 235. Petroleum Geology (Seminar). 5 units; third term.
Problems of petroleum geology; geology and engineering of typical American and
foreign oil fields; current literature and study. of new discoveries.

In charge: Geis.
Ge 237. Tectonies. 10 units (4-0-6) ; third term.
Prerequisites: Ge 9, or equivalent, and Ge 121 ab, or equivalent.

Advanced structural and tectonic geology. Structure of some of the great mountain
ranges; theories of origin of mountains, mechanics of crustal deformation; isostasy, con-
tinental drift.

Instructor: Buwalda.

Ge 238. Structural Geology (Seminar). 5 units; first term.
Critical review of literature dealing with some part of the field of structural geology.
In charge: Buwalda.

GRADUATE SUBJECTS—PALEONTOLOGY

Ge 245 ‘ab. Vertebrate Paleontology (Seminar). 5 units; second and third
terms.

Discussion of progress and results of research in vertebrate paleontology.

Critical review of current literature.

In charge: Stock.

Ge 248. Fossils of the California Tertiary. 5 units; second term.
Study of some of the more important invertebrate fossils of the California Tertiary with
especial emphasis on their use as horizon markers in field geology.

Ge 249, Stratigraphy of the Coast Ranges (Seminar), 5 units; third term.
Review, discussion .and criticism of literature of the California Coast Ranges, with
especial emphasis on correlation and fauna.

Ge 250. Invertebrate Paleontology (Seminar). 5 units; first term.
Critical review of classic and current literature in invertebrate paleontology. Study of
paleontologic principles and methods.

GRADUATE SUBJECTS—GEOPHYSICS

Ge 261. Theoretical Seismology. 6 units (2-0-4) ; first term 1949-50.
Prerequisites: Ma 108, or Ma 10, or Ph 102 abec.

Studies and conferences on the principles of physical seismology. -
Instructor: Gutenberg.

Ge 262, Interpretation of Seismograms of Teleseisms. 4 units (0 3-1) ; second
term, 1949-50.
Prerequisite: Ge 261.

Instructor: Gutenberg.
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Ge 263. Field Work in Earthquakes and Interpretation of Seismograms of
Local Earthquakes. 4 units (0-3-1) ; third term 1949-50.

Prerequisite: Ge 261.

Instructor: Richter.

Ge 270. Geophysical Instruments. 7 units (3-2-2) ; third term 1949-50.

Prerequisite: Ph 102 abe or equivalent.

Discussion of instruments used in seismology and geophysical exploration.

Instructor: Dix.

Ge 273 ab. Applied Geophysics, I. 5 units (2-0-3); first and second terms
1950-51. )

Prerequisite: Ph 102 abc or equivalent.

Methods of seismology applied to geological problems and prospecting. Theory and
practice.

Instructor: Dix.

Ge 274 abe. Applied Geophysics, II. 5 units (2-0-3), first and second terms;
7 units (0-4-3), third term; 1950-51.

Prerequisite: Ph 102 abc or equivalent.

Theory of electrical methods of prospecting, laboratory and field work.

Text: Geophysical Exploration, Heiland.

Instructor: Potapenko.

Ge 275 abe. Applied Geophysics, III. 6 units (3-0-3), first term; 8 units

- (3-2-3), second term; 4 units (1-2-1), third term; 1949-50.

Prerequisite: Ph 102 abc or equivalent.

Theory of potential useful in making interpretations of gravity and magnetic field data.
Brief discussion of gravity and magnetic fields of the earth. Interpretation of field data..
Practice in making field observations.

Instructor: Dix. ‘ )

Ge 282 abce. Geophysics (Seminar). 1 unit; first, second, third terms,

Prerequisite: At least two subjects in geophysics.

Discussion of papers in both general and applied geophysics.

In charge: Gutenberg, Buwalda, Dix, Potapenko,

GRADUATE SUBJECTS—GENERAL

Ge 295. Master’s Thesis Research. Units to be assigned. Listed as to field
according to the letter system under Ge 299,

Ge 297. Advanced Study.

Students may register for 8 units or less of advanced study in fields listed under Ge 299.
Occasional conferences; final examination.

Ge 299. Research.

Original investigation, designed to give training in methods of research, to serve as theses
for higher degrees, and to yield contribution to scientific knowledge. These may be carried
on in the following fields.

(e) engineering geology, (q) geomorphology,

(f) petroleum geology, (r) - petrology,

(g) ground water geology, (s) vertebrate paleontology,

(h) metalliferous geology, (1) invertebrate paleontology,
(i) nonmetalliferous geology, (u) seismology,

(j) geochemistry, (w) general geophysics,

(m) mineralogy, (x) applied geophysics,

(n) areal geology, . (y) - geophysical instruments,
(o) stratigraphic geology, - (z) glacial geology.

(p) structural geology
Special requirement in Field Geology for graduate students in the Division of the Geo-
logical Sciences.
If, in the judgment of the Division, additional technical training in geologic mapping is
desirable, a graduate student may be required to take Ge 21 or Ge 121 and/or Ge 123.
GERMAN

(See under Modern Languages)
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HISTORY AND GOVERNMENT
UNDERGRADUATE SUBJECTS

H 1 abe. History of European Civilization. 5 units (2-0-3); first, second,
third terms.

Lectures and discussions dealing with European c1v1hzat10n Emphasis will be on the
more recent past. The course will begin with a brief survey of the medieval background
and the Renaissance and Reformatlon, and will then turn to a study of the development
of the modern state system.

Instructors: McCreery, Tanham.

H 2 abec. History of the United States. 6 units (2-0-4); first, second, third

terms.

Lectures and discussions on the United States since 1763. Particular attention will
be given to the rise of the great questions of domestic and foreign policy which have
dominated the United States in recent decades.

Instructors: Paul, Schutz, Tanham.,

H 4. The British Empire Since 1783.* 9 units (3-0-6).

Senior elective.

A study in the evolution of empire. Discussion of the changing political philosophies
and methods by which Britain has adjusted her imperial policy to new conditions created
by such factors as modern industrialism, humanitarianism, and shifts in the international
balance of power.

Instructor: Schuiz.

H 3 ab. Current History. 2 units (1-0-1); first, second terms.

This course, required of all seniors, focuses attention on major problems of inter-
national and national affairs. It is given as a series of weekly lectures, accompanied by
appropriate reading.

Instructors: McCreery, Tanham.

H 7. Modern and Contemporary Germany.* 9 units (3-0-6).
Senior elective,

A study of what is sometimes called “The German Problem.” Attention will be focused.
on the rise of Prussia, on Prussian leadership in the unification and direction of Germany,
and on the place of Germany in the economy of Europe. Particular stress will be placed
upon the German experience since the first World War,

Instructor: McCreery.

H 8. Modern and Contemporary Russia.* 9 units (3-0-6).
Senior elective.

A study of the rise of Russia as a national state. Attention will be directed particularly
to the revolutionary movement, with its economic and political implications, which cul-
minated in the Bolshevik Revolution of 1917. Due emphasis will be placed on the organiza-
tion and character of the Soviet Regime.

H 10. The Constitution of the United States. 2 units (1-0-1) ; third term.

A study of the principles and provisions of the national constitution in the light of inter
pretation by the courts. Required of all seniors.

Instructor: Schutz.

*The fourth year Humanities electives to be offered in any given term will be scheduled before
" the close of the preceding term.
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H 15. Europe Since 1914.* 9 anits (3-0-6).

Senior elective.

Since 1914 the world has felt the impact of two great wars and powerful revolutionary
ideas. This course will-analyze these upheavels of the twentieth century and their effect on
domestic problems and international organization.

Instructor: McCreery.

H 16. American Foreign Relations Since 1789.* 9 units (3-0-6).

Senior elective.

A study of the foreign relations of the United States. Attention will be directed to
problems concerning the Monroe Docirine, neutrality, freedom of the seas, manifest
destiny, acquisition of overseas possessions, and isolationism vs. world leadership.

Instructor: Schutz.

H 17. The Far West and the Great Plains.* 9 units (3-0-6).

Senior elective.

A study of the development of the great regions that compose the western half of
the United States. Especial attention will be paid to the influence of the natural environ-
ment on the men who settled the West, from pioneer days to the present time, and the
exploitation of natural resources, through such industries as mining, ranching, oil, and
farming.

Instructor: Paul.

H 18. The South: A Study in Persistence.* 9 units (3-0-6).

Senior elective.

A study of life in the Old South, of the sectional crisis, Civil War, and Reconstruc
tion, and of the problems which persist today in the modern South.

Instructor: Paul. .

H 19. Modern America.* 9 units (3-0-6).

Senior elective.

The course will focus attention on the main social and economic forces which have
shaped present-day American life since the Civil War. Part of the discussion wiil be
based on study of original source material.

Instructor: Paul.

H 21. British-American History.* 9 units (3-0-6).

A study of English expansion, 1558-1783. Attention will be devoted to the development
of British-American social and political institutions, with special emphasis upon the
philosophy, literature, and travel accounts of the period.

Instructor: Schutz.

H 40. Reading in History. Units to be determined for the individual by the
depariment.

Elective, in any term. Approval of the Registration Committee is required where excess
units are involved.

Reading in history and related subjects, done either in connection with the regular
courses or independently of any course, but under the direction of members of the depart-
ment. A brief written report will usually he required.

H 41. Summer Reading. Units to be determined for the individual by the
deparitment. Maximum, 8 units.

Elective.

Reading in history and related subjects during summer vacation. Topics and books to be
selected in consultation with members of the department, A brief written report will usu-
ally be required.

FIFTH-YEAR AND ADVANCED SUBJECTS

H 100 abe. Seminar in History and Government. 9 units (2-0-7).

A study of recent developments in national and international history.

First and second terms: English and American foreign policy considered in its political,
social and economic aspects.

Third term: world problems from an Anglo-American point of view. Initial enrollment
in the second or third term is allowed only upon approval of the instructor.

Instructor: Davies.

“The fourth year Humanities electives to be offered in any given term will be scheduled before
the close of the preceding term.
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HYDRAULICS
UNDERGRADUATE SUBJECTS

Hy 1. Hydraulics. 9 units (3-0-6) ; first term.
Prerequisites: AM 1 abed, ME 15 abc.

Application of basic principles of fluid mechanics to engineering problems in laminar
and turbulent flow, flow in closed conduits, flow in open channels, flow around immersed
bodies; analysis and study of hydraulic turbines and centrifugal pumps.

Hy 2 sb. Hydraulics. 9 units (3-0-6); first and second terms. (For Civil
Engineers).

Prerequisite: AM 1 ab.

Kinematics and dynamics of fluid motion with particular emphasis on the properties of
liquids. Hydrostatics, flow of water in pipes, nozzles, channels; hydraulic turbines; centrif-
ugal pumps and other hydraulic equipment.

Hy 11. Hydraulic Laboratory. 6 units (0-6-0) ; second term.
Prerequisite: AM 1 abced.

Experiments on the characteristics of fluid flow and tests of hydraulic machines.
Instructor: Kyropoulos.

~ ADVANCED SUBJECTS

Hy 100. Hydraulics Problems. Units to be based upon work done, any term.
Special problems or courses arranged to meet the needs of fifth year students or qualified
undergraduate students.

Hy 101 abe. Advanced Fluid Mechanics. 9 units (3-0-6); first, second, and
third terms.

Prerequisites: Hy 1 or Hy 2 ab and Hy 11.

Dimensional analysis; hydraulic similitude, theory and use of hydraulic models; elem-
entary principles of flow; principles of energy, continuity and momentum; theory and
use of the flow net; development of generalized equations of flow; circulation and
vorticity; velocity and force potentials; stream function; conformal transformation;
cavitation; equations of viscous motion; laminar flow; lubrication; percolation.

Fluid turbulance; boundary layer; separation; resistance of immersed bodies; flow
in closed conduits; resistance and roughness; flow in open channels; hydraulic jump;
sub- and super-critical flow phenomena; weirs and spillways; erosion; wave phenomena;
and miscellaneous topics.

Instructor: Levy.

Hy 110. Hydraulics. 7 units (3-0-6) ; first term.
Prerequisites: AM 1 abed, ME 15 abec.

This subject is the same as Hy 1, but with reduced credit for graduate students in all
éepanments except AE, CE, and ME. No graduate credit is given for this subject in AE,
E, and ME. )

Hy 200. Advanced Work in Hydrodynamiecs or Hydraulic Engineering. Units
to be based upon work done; any term.

Special courses on problems to meet the needs of students beyond the fifth year.

Hy 201 abe. Hydraulic Machinery, 6 units (2-0-4) ; first, second, third terms.

A study of such rotating machinery as turbines, pumps, and blowers, and their design
to meet specific operating conditions. This course will be given in seminar form led by
members of the Hydrodynamic and Mechanical Engineering staffs.
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Hy 202 ab. Hydraulics of Free Surface Phenomena. 6 units (2-0-4).

A study of the hydrodynamics of a fluid having a free surface with special reference to
gravity wave phenomena. Fields studied will include low and high velocity in open channels
and wave phenomena in enclosed bodies of fluid.

Hy 203. Cavitation Phenomena. 6 units (2-0-4).

Study of the experimental and analytical aspects of cavitation and allied phenomena.
Problems will be considered from the field of hydraulic machinery and also for bodies
moving in a stationary fluid.

Instructors: Knapp, Plesset.

Hy 210 ab. Hydrodynamics of Sediment Transportation. 6 units (2-0-4).

A study of the mechanics of the entrainment, transportation, and deposition of solid
particles by flowing fluids. This will include problems of water and wind erosion, and
density currents.

Instructor: Vanoni,

Hy 300. Thesis.

JET PROPULSION

For subjects in Jet Propulsion see under Aeronautics, page 182.
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MATHEMATICS
UNDERGRADUATE SUBJECTS

Note: Students intending to take the Mathematics Option must indicate their choice at
the beginning of their sophomore year.

Ma 1 abe. Freshman Mathematics, 12 units (4-0-8); first, second, third
terms.

Prerequisites: High school algebra and trigonometry.

An introduction to differential and integral calculus and the fundamentals of plane anal-
ytic geometry.

Text: Analytic Geometry and Calculus, Phillips.

Professor in charge: Bohnenblust.

Ma 2 abe. Sophomore Mathematics. 12 units (4-0-8); first, second, third
terms.

A continuation of the freshman calculus, through partial differentiation, multiple inte-
gration and the use of series. The course includes as well topics in solid analytic geometry
and vector analysis.

Text: Unified Calculus, Smith, Salkover, Justice.

Professor in charge: Ward.

Ma 3. Theory of Equations. 10 units (4-0-6) ; first term.
Includes topics of algebra of interest primarily to prospective mathematicians.

Topics Treated: the fundamental algebraic operations, the field concept, properties of
number fields and polynomials, symmetric functions, elimination and results.

Text: Introduction to Theory of Equations, Weisner,
Instructor: Karlin.

Ma 4. Geometry. 10 units (4-0-6) ; third term.

A treatment of the classical metric, affine, and projective geometries of two and three
dimensions.

Text: Higher Geometry, Graustein.

Instructor: Wear.

Ma 10. Differential Equations. 10 units (4-0-6) ; third term.

Prerequisites: Ma 1, 2.

This course will stress the rigorous development of the subject rather than formal methods
of solution. Topics treated will include the general existence theorems, systems of differen-
tial equations, solutions of equations by means of operators, series, and iteration methods,
treatment of non-linear differential equations and perturbation methods.

Text: Differential Equations, Agnew.
Instructor: Ward.

Ma 16, Matrices and Quadratic Forms. 10 units (4-0-6); second term.

This course is intended for mathematicians and those physicists and engineers who must
use the methods and techniques of modern linear algebra. Tt will cover the more frequently
used parts of matrix algebra, linear transformations, quadratic forms and linear spaces.

Instructors: Bell, Dilworth.

Ma 41. Postulational Analysis. 9 units (3-0-6); second term.
The gerferal theory of postulational systems, with reference to the classics of 1899-
1949. Lectures and reports. Reading knowledge of German desirable.

Instructor: Bell.
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Ma 42. Inequalities. 9 units (4-0-5); third term.

A study of the inequalities of Cauchy, Holder, Minkowski, Tchebycheff and other
important inequalities of analysis, in particular those connected with convex functions.
Applications to infinite series, the calculus and multilinear forms.

Instructor: Karlin.

UNDERGRADUATE OR GRADUATE SUBJECTS

Ma 141 abe. Modern Algebra. 9 units; three terms.
Prerequisites: Ma 108 abc, reading knowledge of German.
Abstract algebra as developed since about 1910.

Instructors: Bell, Dilworth, Ward.

Ma 102 abe. Introduection to Higher Geometry. 12 units; three terms.

Prerequisites: Ma 1 ab, 2 abe, 4.

The course covers selected topics in metrical differential geometry and in algebraic
geometry.

Instructor: Wear.

Ma 103. Fourier Analysis. 9 units (3-0-6) ; third term.

Prerequisites: Ma 108 abc. A working knowledge of Lebesgue and Stieljes integration
will be assumed.

This course is intended for pure mathematicians and those applied mathematicians,
physicists and engineers who must use Fourier Series and Integrals extensively. The topics
treated will include complete orthonormal systems, Fourier Integral theorem, Plancherel
theorem, Fourier-Stieltjes transforms and other unitary transforms, Fejer-Lebesgue kernels
with application to various fields of analysis and number theory.

Instructor: DePrima.

Ma 106 abe. Introduction to Theory of Functions of Real Variables. 9 units;
three terms.

Prerequisite: Ma 108 ab.

Postulational treatment of real number system, descriptive properties of point sets, con-
tinuous and discontinuous functions, derivatives and differentials. Riemann integration,
functions of several real variables, implicit functions. Modern integration theory. Topologi-
cal spaces, metric spaces and normed spaces with special emphasis on function spaces,
Hilbert spaces and Banach spaces. Existence theorems for differential equations. Theory
of functionals and functional transformations. Polynomials and power series in normed
linear spaces. Differentials in normed linear spaces. Integral equations and other functional
equations,

Instructor: Michal.

Ma 108 abe. Advanced Calculus. 9 units (4-0-5) ; three terms.

Prerequisites: Ma 1, Ma 2.

This course will deepen and extend the student’s knowledge of the technique and
methods of the calculus. The course will include elementary functions of a complex
variable, line integrals, gamma functions, and functions of several variables. This course
or its equivalent is a prerequisite to graduate mathematics courses in analysis. Graduate
students in Mathematics receive no credit for taking this subject.

Text: Differential and Integral Cdlculus, Courant, McShane.

Instructors: Bohnenblust, Comba, Flanders.

Ma 111 ab. Elementary Theory of Tensors. 9 units: two terms.
. Prerequisites: Ma 108 abec, 10.

Fundamental properties of tensors, differential forms, covariant differentiation, geodesic
coordinates, Riemannian differential geometrics. Applications to dynamics, fluid mechanics,
elasticity theory and other physical and engineering subjects.

Instructor: Michal.
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Ma 112. Elementary Statisties. 9 units (3-0-6).

Prerequisites: Ma 1, 2 :

This course is intended for anyone interested in the applications of statistics to science
and engineering, and is a prerequisite to all other courses in statistics. The topics treated
will include the preparation and systematization of experimental data, the fundamental
statistical concepts; population, sample, mean and dispersion, curve fitting and least -
squares, significance tests and problems of statistical estimation. No graduate credit
will be given to mathematics majors for this course.

Text: Selected references.

Instructor: Dilworth.

Ma 113 abe. Geometry. 12 units; three terms,
Prerequsite: Ma 2 abe.

Algebraic geometry; projective geometry; differential geometry; tensor analysis and its
applications to numerous geometrical problems; non-Euclidean geometry; Riemannian
differential geometry; geometry of dynamics; hyperspace; elementary group theory and
its geometrical applications.

Texts: Application of the Absolute Differential Calculus, McConnell ; Riemannian Geom-
etry, Eisenhart; collateral reading.

Instructor: Michal.

Ma 114 abe. Mathematical Analysis. 12 units; three terms.

Prerequisites: Ma 108 abc; Ma 10 or its equivalent.

Theory of convergence, integration and residues, expansions of functions in infinite series.
asymptotic and divergent series. Fourier series. Differential equations and function theory,
integral equations, the gamma function and the zeta function, the hyper-geometric function
and related functions of mathematical physics, elliptic functions, ellipsoidal harmonies.

Text: Functions of @ Complex Variable, Copson,

Instructors: Bohnenblust, Erdelyi, Roberston, Ward.

Ma 119 abe. Introduction to Theory of Numbers. 9 units; three terms.

Prerequisites: Ma 1 abe, 2 abe.

The fundamental theorem of arithmetic, continued fractions, congruences, Bernouilli
numbers, quadratic residues, quadratic forms and other topics in elementary number theory.

Instructor: Ward.

Ma 137 abe. Real Variables. 9 units; three terms.

Prerequisite: Ma 108 abc or its equivalent.

The real number system; the fundamental concepts of topology and point-set theory;
types of abstract spaces and mappings of spaces, set functions, functionals and sequences,
continuous and discontinuous functions, series and summability methods, measure of sets,
Lebesgue and Stieltjes integration, differentiability, functions spaces and Hilbert space,
linear operators.

Instructors: Bohnenblust, Dilworth, Ward.

Ma 138 abc. Applied Mathematics. 12 units; three terms.

Prerequisite: Ma 108 abc or Ma 10.

Matrix calculus, tensor calculus and operational calculus—including Laplace transform
theory and numerical methods. Most of the course will be devoted to applications of the
subjects to vibrations, circuit theory, flutter theory in aeronautics, fluid mechanics, elasticity
theory, classical dynamics of particles and rigid bodies, and to modern physics. A brief but
adequate introduction to analytic functions of a complex variable and conformal mapping
will be given. The applications will include airfoil theory and the more advanced portions
of Laplace transform theory.

Instructor: Michal.
Ma 139 abe. Topology and Modern Geometry. 9 units; three terms.
Prerequisites: Ma 108 abe or Ma 10.

An introduction to topology, topological algebra and topelogical spaces. Applications to
various mathematical domains, especially to the foundations of Euclidean and Non-Eucli-
dean geometries, and to the foundations of differential geometry.

Instructor: Michal.
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Ma 140 abe. Combinatorial Topology. 9 units (3-0-6) ; three terms.

Introduction to combinatorial topology by a study of two-dimensional manifolds. Their
classification. Applications to Riemann surfaces. General homology and co-homology theory.
Invariance under homomorphisms .Application to Analysis.

Instructor: Bohnenblust.

GRADUATE SUBJECTS

Note: For all subjects numbered above 200, a reading knowledge of French
and German is required.

Ma 201 ab. Introduction to the Calculus of Variations. 9 units; first and
second terms. .

Prerequisites: Ma 108, Ma 114 or their equivalents.

Topics treated in 201 a will inlcude:

Variational problems of physics and engineering. Euler equation. Natural boundary con-
ditions. Classical necessary and sufficient conditions. Extremal Fields. Hamilton-Jacobi
Theory. Iso-perimetric Problems. Lagrange Multipliers.

Topics treated in 201 b will include:

Modern direct methods. Dirichlet’s principle. Approximate methods of Rayleigh, Ritz,
Trefftz, Synge, etc. Finite difference and random-walk methods. Applications to boundary-
value and eigen-value problems of physics and engineering, to conformal mapping minimal
surfaces, geometry.

Instructor: DePrima.

Ma 205 abe. Theory of Functions. 15 units; three terms.

Theory of convergence and infinite processes, properties of continuous and discontinuous
functions, functions of limited variation, selected topics on analytic functlons, point sets,
measure of point sets, Stieltjes integrals, Lebesgue integrals, Fourier series and integrals,
orthogonal functions, convergence in the mean, geometry of Hilbert space. Function theory
in abstract spaces.

Text: The Theory of Functions, Titchmarsh.

Instructor: Michal.

Ma 209 abe. Funetionals and Funetional Equations. 15 units; three terms.
Prerequisite: Graduate standing in Mathematics, including a course in Analysis,

Functional operations; permutable functions, functions of composition; integral equa-
tions, integro-differential equations; differentials of functions, functional equations with
functional derivatives; infinite matrices; Stieltjes and Lebesgue integrals; abstract spaces;
partial differential equations and their characteristics; calculus of variations. Applications
to the sciences. Analytic functionals.

Instructor: Michal.

Ma 221 abe. Advanced Differential Equations. 9 units (3-0-6) ; three terms.

This course is intended primarily for students in Mathematics. Existence theorems and
abstract formulation of the problems will be emphasized more than the study of special
cases. Ordinary and partial differential equations will be studied. Ma 137 or its equivalent
is desirable.

Instructor: Bohnenblust.

Ma 251 abe. Seminar in Algebra and Theory of Numbers. 6 units (2-0-4).
Prerequisite: Graduate standing.

Topics selected to suit the class.

In charge: Bell.

Ma 252 abe. Seminar in Continuous Groups. 9 units; three terms.
Prerequisite: Graduate standing in Mathematics.

Lie’s theory of r-parameter groups; differential geometry of the group manifold. Groups
of functional transformations; invariant functionals; differential geometries of function
spaces. Topological groups.

In charge: Michal.
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Ma 253 abe. Seminar in Foundations of Abstract Algebra. 6 units; three
terms.

Prerequisite: Graduate standing.

Lattice theory, Boolean rings and algebras. Decomposition theorems in rings and hyper-
complex systems.

In charge: Ward.

Ma 2534 abe. Seminar in Modern Thecories of Integration. 6 units; three
terms.

Prerequisite: Graduate standing in Mathematics, including a course in Function Theory.

Stieltjes and Lebesgue integrals with applications to the algebra and geomeiry of
functionals.

In charge: Michal.

Ma 235 abe. Methods of Mathematical Physics. 10 units; three terms.

Prerequisites: Ma 108 abc, Ma 10.

Matrices and bilinear forms, spectral analysis of quadratic forms in Hilbert space. Fourier
series, integrals, and expansions in terms of orthogonal function systems. Integral Equa-
tions, the methods of Volterra, Fredholm, Hilbert. Introduction to the Calculus of Varia-
tions. Partial Differential Equations of the Elliptic Type—Green’s Function. Vibration and
Quantum Mechanical Problems—equations of Sturm-Louiville type. Spectral Resolution
of differential operators. Asymptotic distribution of eigen-values. Perturbation Methods.

Instructors: Ward, De Prima, Robertson.

Ma 256 abc. Modern Differential Geometry. 9 units; three terms.

Prerequisite: Graduate standing.

Riemannian and Non-Riemannian geometries. Theory of parallel displacement of tensors.
Affine differential geometry. Projective differential geometry. Continuous groups and their
applications to geometry. Contemporary researches in differential geometry.

Instructor: Michal.

Ma 257 abe. Seminar in Abstract Spaces. 6 units; three terms.
Prerequisite: Graduate standing.

- Metric spaces, linear vector spaces; topological spaces; abstract polynomials; general
function theories; analysis and geometry in abstract spaces; connections with abstract
algebra and the theory of functionals; analysis of selected papers of Frechet, Riesz and
Banach; contemporary researches; applications to mathematical problems in modern
theoretical physics.

In charge: Michal.

Ma 260. Reading.

Occasionally advanced work is given by a reading course under the direction of an in-
structor. Hours and units by arrangement.

Ma 261. Research.

By arrangement with members of the staff, properly qualified graduate students are
directed in research. Hours and units by arrangement.

Ma 270 abe. Seminar in Applied Mathematies. 6 units; three terms.

Prerequisite: Graduate standing.

Subjects selected according to the interest of the members of the seminar.

In charge: Michal.

Ma 271 abe. Seminar in Mathematical Analysis. 3 or 6 units; three terms.

A fortnightly seminar open to anyone who has taken or is taking a course in analysis or
functional theory.

In charge: Michal.

Ma 272 abe. Seminar in Differential Equations. 3 or 6 units; three terms.

Selected topics.
In charge: Bohnenblust.
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Ma 273 abe. Seminar in Structure of Abstract Algebras. 6 units; three terms.

Prerequisite: Graduate standing.

This seminar is a continuation of Ma 253 with emphasis upon the structure theorems of
groups, rings, and fields.

In chiarge: Dilworth.

APPLIED MATHEMATICS COURSES OFFERED BY OTHER DEPARTMENTS

AM 15 Engineering Mathematics—See Applied Mechanics section, for description.
AM 115 Engineering Mathematics—See Applied Mechanics section, for description.

AE 257 Engineering Mathematical Principles—See Aeronautics section, for descrip-
tion.

Ph 6 (Ph 102) Introduction to Mathematical Physics and Differential Equations—
See Physics section, for description.

Ph 130 Methods of Mathematical Physics—See Physics section, for description.
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MECHANICAL ENGINEERING
UNDERGRADUATE SUBJECTS

ME 1 a. Empirical Design. 3 units (0-3-0) ; second term.

Prerequisite: D 1 abe.

This course is designed to supplement D 1 bc with more advanced drafting and
Jayout techniques, including the kinematics of machines, and to introduce elementary
principles of design. Drafting room problems are formulated to incorporate these princi-
ples and to introduce the use of design reference material.

Instructors: Tyson, Welch, Campbell.

ME 1 b. Empirical Design. 6 units (0-6-0); thlrd term.

Prerequisites: D 1 abe, D 2, ME 1 a.

This course is a continuation of ME 1 a. Problems involving simple design features, the
use of reference material and a consideration of materials, are stressed. Machine mechan-
isms including the transfer of velocities and accelerations through linkages by graphical
methods, gearing applications, gear trains, cams, bearings, and fastenlnus are studied
in relation to layout and machine design.

Instructors: Tyson, Welch, Campbell.

ME 3. Materials and Processes. 9 units (3-3-3) ; first or second term,

Prerequisites: Ph 1 abe, Ch 1 abe.

A study of the materials of engineering and of the processes by which these materials are
made and fabricated. The fields of usefulness and the limitations of alloys and other engi-
neering materials are studied, and also the fields of usefulness and limitations of the various
methods of fabrication and of processing machines.

The class work is combined with inspection trips to many industrial plants. The student
is not only made acquainted with the technique of processes but with their relative im-
portance industrially and with the competition for survival which these materials and
processes continually undergo.

Text: Engineering Materials and Processes, Clapp and Clark.

Instructors: Clark, Varney.

ME 5 abe. Machine Design. 9 units (2-6-1) ; first, second, third terms,

Prerequisites: ME 1 ab, AM 1 abed.

Application of the mechanics of machinery and strength of materials, which are reviewed
and extended, to practical design and construction. Fastenings: riveting, welding, screws,
bolts and keys. Power transmission: shafting, sleeve and rolling bearings, belts, chains,
gears, couplings, and clutches. Elements of power machinery: cylinders, cylinder heads,
piping and valves, springs, crankshafts, flywheels, packing and seals. Variety in design is
explained by pointing out the different requirements of every application.

Text: Design of Machine Elements, Spotis; Prevention of Fatigue of Metals, Battelle.

Instructor: Morelli.

ME 10. Metallurgy. 12 units (3-3-6) ; third term.

Prerequisite: ME 3.

A study of the properties of ferrous and non-ferrous metals and alloys with respect to
their application in engineering; the principles of heat treatment for a proper understand-
ing by engineers for application in specification of alloys for design. The microstructures
of ferrous and non-ferrous metals and alloys are studied in the laboratory.

Text: Engineering Physical Metallurgy, Heyer.
Instructors: Clark, Varney.
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ME IS5 abe. Thermodynamies and Fluid Mechanics. 11 units (3-3-5) ; first,
second, third terms.

Prerequisites: Ph 2 abe, Ma 2 abe.

A study of the first and second laws of thermodynamics and their application to flow and
non-flow processes both with and without friction. Emphasis will be placed on single com-
ponent systems. Fluid motion treated from the point of view of thermodynamics and of
mechanics for flow with and without friction. Steady flow versus non-steady flow. Introduc-
tion to the detailed mechanics of fluid motion and its relation to energy dissipation.

Apphcatlon of the basic principles to the main types of fluid motions encountered in
engineering problems and to the main classes of industrial heat enginés, thermodynamic
processes, and hydraulic machinery.

Laboratory demonstrations of thermodynamic and fluid mechanic principles, Tests of
industrial heat engines and hydraulic machinery.

Instructors: D'aughtery, Kyropoulos.
ME 16 ab. Thermodynamies. 9 units (3-0-6) first term; 6 units (2-0-4)

second term.

Prerequisite: ME 15 abe. :

Further discussion of engineering applications of thermodynamics, including more
detailed analyses of the examples included in ME 15, and additional items such as the
following: Combustion processes and flue gas analysis; heat transfer (correlate conduc-
tion and convection discussion with fluid mechanics discussion of turbulence); gas and
vapor mixtures.

Instructors: Rannie, Kyropoulos.

ME 20. Heat Engiheering. 9 units (3-0-6); first term.
An abridgement of ME 15 and 16 for students in Civil Engineering.

Text: Fundamentals of Thermodynamics, Adams and Hilding
Instructor: Kyropoulos.

ME 25. Mechanical Laboratory. 9 units (0-6-3) ; third term.,
Prerequisite: ME 15 abec.

Tests of steam engine, steam turbine, blower and gas engine, etc.
Instructor: Kyropoulos.

ME 50 ab. Engineering Conferences. 2 units (1-0-1); first, third terms.
A course in public speaking for engineers, on engineering topies.
Instructors: Daugherty, McCrery.

FIFTH-YEAR AND ADVANCED SUBJECTS

ME 100. Advanced Work in Mechanical Engineering.

The staff of the mechanical engineering department will arrange special courses or
problems to meet the needs of fifth-year students or qualified under-graduate students.

ME 101 ab. Advanced Machine Design. 9 units (1-6-2); first, second, and
third terms,
Prerequisites: ME 5 abe, ME 10.

The application of machine elements to specific problems of design by combining them
to form a self-contained unit for a definite purpose. Attack of such a design problem by
setting up the different requirements of the specified unit, and showing how they may
vary, according to the number of such units to be made, the methods of manufacture,
space, weight, and cost limitations, required life, wear, and duty. Selection of materials
and of permissible stresses and strains for various conditions. Examination and justifica
tion of established constructions, with a consideration of possible improvements and of
different methods of approach.

Examples in the design course are chosen to broaden the students’ knowledge of sound
practice, and to show that for a good solution of such design problems a fundamental
knowledge of mechanics, thermodynamics, and hydraulics is essential as well as a knowl-
edge of the strength and properties of materials and the methods of forming them by
casting, forging, welding, machining, and other processes.

Instructor: Hollander.
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ME 104 abe. Machine Design. 7 units (2-6-1) ; first, second, third terms.

Prerequisites: ME 1, AM 1 abed.

This subject is the same as ME 5 abc. but with reduced credit for graduate students in
all departments except AE, CE, and ME. No graduate credit is given for this subject to
students in AE, CE, and ME.

ME 110 abc. Physical Metallurgy and Metallography. 9 unmits (3-0-6) first
term; 9 units (2-3-4) second and third terms.

Prerequisite: ME 10.

A study of phase equilibria of metallic systems, the physics of transformation and
hardenability of steel, the heat flow in heating and cooling metals, the function of
alloying elements in steel, grain size, grain growth, and precipitation hardening. Technique
of metallographic laboratory practice including preparation of specimens, photomicro-
graphy, heat treatment, grain size, recrystallization, and hardenability.

Text: Lecture notes, references, and laboratory notes.

Instructors: Clark, Varney.

ME 114. Metallurgy. 9 units (3-3-6) ; third term.

Prerequisite: ME 3.

This subject is the same as ME 10, but with reduced credit for graduate students in all
departments except AE and ME. No graduate credit is given for this subject to students
in AE and ME.

ME 115 abe. Thermodynamies. 9 wunits (3-0-6); first, second, and third
terms.

Prerequisites: ME 15 abe, ME 16 ab. )

Macroscopic thermodynamics and an introduction to microscopic thermodynamics with
applications. to engineering processes; the transfer of heat by radiation, conduction,
and convection; the thermodynamics of flow systems.

Instructor: Rannie.

ME 124 ab. Thermodynamies. 7 units (3-0-6), first term; 4 units (2-0-4),

second term,
This subject is the same as ME 16 ab, but with reduced credit for graduate students in

all departments except AE, ChE, and ME. No graduate credit is given for this subject to
students in AE, ChE, and ME.

ME 125 abe. Engineering Laboratory. 9 units (1-6-2); first, second, third
terms.

The techniques of making measurements encountered in engineering practice and
research, with the use of special and standard measuring instruments, and the recognition
of precision and accuracy of data secured. The planning of tests and research, and the
analysis of data.

Instructors: ME Department Staff.

ME 150 abe. Mechanical Engineering Seminar. 1 unit (1-0-0) ; first, second,

third terms.
Attendance required of graduate students in mechanical engineering. Conference on

research work and reviews of new developments in engineering.
Instructor: Daugherty.

ME 200. Advanced Work in Mechanical Engineering.

The staff of the mechanical engineering department will arrange special courses on
problems to meet the needs of students beyond the fifth year.

ME 210 abe. Science of Metals. 9 units (3-0-6) ; first, second, third terms.

Prerequisite: ME 110 abc.

Atomic structure of metals, free atoms, assembly of atoms, physics of X-rays, elementary
crystal structure. Methods of analysis by X-ray diffraction applied to metals and alloys.
Structure of alloys, solid solutions, intermetallic compounds, electron compounds, electrical
and magnetic properties. Plastic deformation, internal friction, age hardening, grain
growth, recrystallization, and diffusion. During the latter part of the course, topics are
assigned from the literature.

Text: Atomic Theory for Students of Metallurgy, Hume, Rothery; Structure of Metals,

C. S. Barrett; X-ray Metallography, Taylor.
Instructor: Duwez.
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ME 211 abc. Metallography Laboratory., 8 wunits (1-6-1); first, second,
third terms.

Prerequisite: ME 110 abc.

Preparation of metallographlc specimens, photomicrography, macroscopy, carburizing,
heat treatmeni, grain size, hardenability, structure of welded and brazed joints, recrystal-
lization, and special problems.

Text: Principles of Metallographic Laboratory Practlce Kehl.
Instructor: Clark,

ME 212 ab, X-ray Metallography. 6 units (0-6-0) ; second and thlrd terms.

Prerequisites: ME 210 a, ME 211 a.

Experimental methods of obtaining diffraction patterns of metals, The interpretation and
identification of diffraction patterns of metals and alloys. Study of phase diagrams, plastic
deformation and grain orientation, recrystallization texture, precipitation and age harden-
ing, determination of grain size, and stress measurement by X-ray diffraction methods.

Text: An Introduction to X-ray Metallography, Taylor.

Instructor: Duwez.

ME 215. Internal Combustion Engines. 9 units (3-0-6) ; one term.

Prerequisites: ME 15 abe, ME 16.

Advanced study of: engine cycles with real fuel-air mixtures, combustion processes,
fuels, detonation, octane and cetane rating, engine performance, and design.

Instructor: Daugherty.

ME 216 ab. Refrigeration and Air Conditioning. 9 units (2-3-4) ; two terms.

Prerequisites: Heat Power (class and laboratory)

Principles of vapor and absorption refrigeration; composite cycles. Deep f{reezing and
liquifaction of gases. Reversed cycles.

Principles of air conditioning: properties of air-water vapor mixtures, air conditioning
cycles. Comfort air conditioning (residence, trains, airplanes), industrial air condmonmg
(food, photographic, textile, paper industries).

Instructor: Kyropoulos.

ME 217 ab. Steam and Gas Turbines. 9 units (3-0-6) ; two terms.

Prerequisites: ME 15 abc, ME 16.

(a) Steam Turbines: cycles, reheat factor, condition curve, construction features, operat
ing characteristics, and design. (b) Gas Turbines: cycles, compressor design and perform
ance, fuels and combustion chamber design nozzles, blading, cooling problems, and plant
output and overall efficiency.

Instructor: Daugherty.

ME 213 ab. Aircraft Power Plants (Reciprocating Engines). 9 units (3-0-6) ;
two terms.

Prerequisites: Heat power and internal combustion engines (class and laboratory).

Range of application of reciprocating aircraft engines. Thermodynamics and perform-
ance of spark ignition engines at altitude. Blower and exhaust turbine performance. Cruis-
ing contact. Flight testing cooling and cowling. Special design problems (injection, car-
buretion, lubrication, ignition).

Instructor: Kyropoulos.

ME 219. Experimental Background of Engine Research. 4 units (2-0-2);
one ietrm.

Prerequisite: ME 215, or to be taken concurrently,

Survey of combustion research in spark and ignition engines, Flame front observation.
High speed indicators, detonation indicators. Study of experimental methods of fuel in-
jection problems and droplet formation. Carburetion and direct injection in spark ignition
engines. Hydrocarbon thermodynamics. Reaction kinetics. Measurement of ignition guality
of spark and compression ignition fuels. Standard methods (ASTM-CFR). Power meas-
urement at sea level and altitude. Preparation of power charts and cruising charts. Meas-
urement of exhaust composition and temperature. Measurement of cooling requirements
and performance.

Texts: Science of Petroleum (Oxford Press), I. C. Engines, Pye (Oxford Press), The
Chemical Background of Engine Research (Interscience Publishers).

Instructor: Kyropoulos.
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ME 220. Lubrication. 6 units (2-0-4); one term.

Prerequisites: Internal combustion engines, machine design, hydrodynamics.

Hydrodynamic theory of lubrication. Application to actual bearings. Boundary lubrica-
tion. Interaction between bearing surface and lubricant. Extreme pressure lubricants,
detergent oils. Lubricant performance in the engine.

Flow of viscous fluids (Reynolds, Sommerfeld) viscosity and friction. Pressure distribu-
tion and load carrying capacity of theoretical and actual bearing. Dimensional analysis of
the problem. Partial bearings, thrust bearings. Temperature rise and heat dissipation.
Bearings for high speed. Clearances. Gear tooth lubrication.

Boundary lubrication, problem, theory experiment. Interaction between surface and
lubricant. Constitution of lubricating oils. Addition agents. detergents, extreme pressure
lubricants. Property control of lubricants. Lubricant behaviour in the engine, corrosion,
sludge formation.

Bearing metals; tin, lead, silver, etc.

Texts: Theory of Lubrication, M. D. Hersey (Wiley, 1939) ; Lubrication, A. E. Norton.
(McGraw-Hill, 1942).

Instructor: Kyropoulos.

ME 300. Thesis Research.
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MODERN LANGUAGES

The subjects in modern languages are arranged primarily to meet the needs of science
students who find it necessary to read books, treatises, and articles in French, German and
Russian. In the study of these languages correct pronunciation and the elements of gram-
mar are taught, but the emphasis is laid upon the ability to translate from them into English.

UNDERGRADUATE SUBJECTS

L 1 ab. Elementary French. 10 units (4-0-6) ; second, third terms.

A subject in grammar, pronunciation, and reading that will provide the student with a
vocabulary and with a knowledge of grammatical structure sufficient to enable him to read
at sight' French scientific prose of average difficulty. Accuracy and facility will be insisted
upon in the final tests of proficiency in this subject. Students who have had French in the
secondary school should not register for these subjects without consulting the department
of modern languages.

Instructors: Bowerman, Stern.

L 5. French Literature.* 9 units (3-0-6) ; second term.

Senior elective. Prerequisite: L 1 ab, or the equivalent.
The reading of selected classical and modern literature, accompanied by lectures on the
development of French literature. Elective and offered when there is sufficient demand.

Instructors: Bowerman, Stern, Vogel.
L 32 abe. Elementary German. 10 units (4-0-6) ; first, second, third terms.

This subject is presented in the same manner as the Elementary French. Students who
have had German in the secondary school or junior college should not register for these
subjects without consulting the department of modern languages

Instructors: Bowerman, Stern, Vogel.

L 35. Scientific German. 10 units (4-0-0); first term.

Prerequisite: L 32 abc, or equivalent.
This is a continuation of L. 32 abc, with special emphasis on the translation of scientific

material in the student’s field.

Instructor: Bowerman,

L 39 abe. Readings in French or German. Units to be determined for the
individual by the department. Elective, with the approval of the Registration
Commiittee, in any term.

Reading in secientific or literary French or German under the direction of the department.

L 40. German Literature.* 9 units (3-0-6); third term.

Senior elective. Prerequisites: L 35, or L 32 abc with above average grades.
The reading of selected classical and modern literature, accompanied by lectures on the
development of German literature.

Instructors: Bowerman, Stern.

L 50 abe. Elementary Russian. 10 units (4-0-6) ; first, second, third terms.

A subject in pronunciation, grammar, and reading that is intended to enable a beginner
to read technical prose in his field of study. Students are expected to become familiar with
a basic scientific vocabulary. Articles from current Russian scientific periodicals are used
in the second and third terms.

Instructor: Chaitkin.

FIFTH-YEAR AND ADVANCED SUBJECTS

I 105. Same as L 5. For graduate students.
L 140. Same as L 40. For graduate students.

PALEONTOLOGY

(See under Geological Sciences)

*The fourth year Humanities electives to be offered in any given term will be scheduled before
the close of the preceding term.
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PHILOSOPHY, PSYCHOLOGY, AND SOCIOLOGY
UNDERGRADUATE SUBJECTS

Pl 1. Introduction to Philosophy.* 9 units (3-0-6).

Senior elective.

A study of the major problems of philosophy in terms of the most influential contem-
porary world views, including naturalism, idealism, theism, pragmatism and positivism.

Instructors: Mead, Bures.

Pl 2. Logic.* 9 units (3-0-6).
Senior elective.

" A study of modern and traditional logic. An analysis of knowledge into basic symbolic
forms. Detailed consideration of such logical concepts as: proposition, truth, variable,
definition, implication, inference, class, syllogism, logical law, deductive system. Em-
phasis on the fundamental role of logical methods in the rational approach to knowl-
edge.

Instructor: Bures.

Pl 3.* Current Tendencies in European Philosophy. 9 units (3-0-6).

Senior elective.

A critical analysis of the main trends in contemporary European philosephy, espec-
ially in France, Germany and Italy. The course will include neo-Kantianism, neo-
Hegelianism, Bergsonism, neo-Positivism, Phenomenology, and Existentialism, in their
influence on the whole of modern culture.

Instructor: Stern.

Pl 4. Ethics.* 9 units (3-0-6).

Prerequisite: P1 1.

Senior elective.

The principal concepts and conflicts of man’s ethical thought, studied in terms of the
major ethical systems. The problems of the good life, the nature of obligation, and the
sources of moral authority are considered at length, particularly in relation to modern life
and its ethical tensions.

Instructor: Mead.

Pl 5. Sociology.* 9 units (3-0-6).

Senior elective.

The genesis and evolution of human society. The influence of economiec, religious and
social forces. The nature of social control and the analysis of mores, morals, and legal
codes. The development of social institutions and the nature of change in these institutions.

(Not offered in 1949-50.) i

Pl 6. General Psychology.* 9 units (3-0-6).

Senior elective.

An introduction to modern psychological theory and practice. The principal topics
studied are: the response mechanisms and their functions, emotion; motivation; the
nature and measurement of intelligence; learning and retention; sensation and per-
ception; personality and personal adjustment.

Instructors: Mead, Bures.

*The fourth year Humanities electives to be offered in any given term will be scheduled before
the close of the preceding term.
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FIFTH-YEAR AND ADVANCED SUBJECTS

Pl 100 abe. Seminar in Philosophy. 9 units (2-0-7); each term.

A full-year sequence. The relation between science and philesophy. The functions of
logical analysis in knowledge and the analysis of the language of science. A study of
the nature of formal science (logic and mathematics) and of factual science, their
methods and interrelationships. Concept formation in the sciences. Analysis of some
basic problems in the philosophy of science: measurement, causality, probability, induction,
space, time, reality. Scientific method and social problems.

Instructor: Bures.

Pl 101 abe. History of Thought. 9 units (2-0-7).

A full-year sequence. A study of the basic ideas of Western Civilization in their
historical development. The making of the modern mind as revealed in the develop-
ment of philosophy and in the relations between philosophy and science, art and religion.
The history of ideas in relation to the social and political backgrounds from which they
came.

Instructor: Mead.
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Ph 136 ab. Optics Laboratory. 3 wunits (0-3-0); first, second terms.
" Advanced laboratory work in light, consisting of accurate measurements in diffraction,
dispersion, interference, polarization, spectrophotometry.

Text: Manual of Advanced Optics, Taylor.

Instructor: King. ‘

Ph 137. Spectroscopy. 9 units. (3-0-6) ; third term.
Prerequisite: Ph 6 abe, or Ph 102 ahe.

A discussion of observed spectra in terms of atomic structure theory.
Instructor: Bowen.

Ph. 138. Spectroscopy Laboratory. 3 units (0-3-0); third term.
Laboratory work in the measurement and classification of spectral lines to accom-
pany Ph 137.

Instructor: Bowen.

Ph 139 abe. Nuclear Physics. 9 units (3-0-6); first, second, third terms.

Prerequisite: Ph 12 abc or equivalent.

A problem and lecture course in nuclear physics. Subjects include fundamental prop
erties and structure of nuclei, nuclear forces, nuclear reactions, and the behavior of high
energy particles and radiation including cosmic rays.

Text: Elementary Nuclear Theory, Bethe, and outside references.

Instructors: Fowler and Christy.

Ph 140 ab. Kinetic Theory of Matter. 9 units (3-0-6) 3 first and second
terms.

Prerequisites: Ph 1 abe, Ma 2 abe.

During. the first term, the fundamental concepts of the molecular theory of matter are
treated from the theoretical, experimental and technical viewpoints (Clausius, Maxwell,
Boltzman, van der Waals, Knudsen equations). During the second term, advance problems
on the constitution of matter as well as practical applications are discussed (such as ther-
modynamics of low temperature phenomena, liquifaction of gases, phase relations, specific
heats, crystallization, plasticity.)

Instructor: Goetz.

Ph 143 abe. Principles of Quantum Mechanics. 9 units (3-0-6); first second
and third terms.

Prerequisites: Ph 6 abe, or Ph 102 abe, Ph 12 abc.

The fundamental experimental basis and theoretical principles of quantum mechanics,
including the concept of states, indeterminancy principle, Schroedinger equation, perter-
bation theory, collision theory, radiation theory, spin, Dirac equation, and fields.

Instructor: Christy.

Ph 147 ab. X-Rays. 9 units (3-0-6) ; first and second terms.

Prerequisite: Ph-6:abe, or Ph 102 abec.

A course covering the generation of X-rays and their interactions with matter in theory
and in practical applications to research physics; including the early history of X-rays in
atomic research, X-ray tubes and high voltage power supplies, generation of continuous and
characteristic X-rays in targets, X-ray intensity -measurements, polarization, absorption,
diffraction, refraction, scattering, X-ray spectroscopy, spectroscopic methods and instru-
mentation, the X-ray photoelectric effect, Compton effect, dynamical theory of X-ray dil-
fraction, the Auger effect, scattering by liquids and gases, metallurgical applications, and
relation of X-rays to atomic constants. During the latter part of the course, class members
will be assigned topics to report from the literature.

Instructor: DuMond.

Ph 149. History of Modern Physics. 9 units (3-0-6) ; first term,
Prerequisites: Ph 1 abe, Ph 2 abe.

Instructor: Millikan.

Ph 172. Research in Physics. Units in accordanece with the work aecom-
plished. Approval of the department must be obtained before registering.
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GRADUATE SUBJECTS

Ph 211. Thermodynamiecs. 12 units (4-0-8) ; first term.
Prerequisites: Ph 1 abe, 2 abc; Ma 2 abe.

The two fundamental laws of thermodynamics. Entropy and the thermodynamic poten-
tials. Equations of reciprocity. Applications to gases, perfect and imperfect, and to dilute
solutions. Phase rule and chemical equilibrium. Nernst’s theorem.

Instructor: Epstein.

Ph 212 ah. Mechamcs of Continuous Medla. 12 units (4-0-8); first and

second terms.
Prerequisite: Ph 133 abe.

Hydrodynamics of non-viscous fluids. Equations of Euler and Lagrange. General integrals
and special problems. Tensor theory of deformations and of stresses. Hydrodynamics of
viscous fluids. Equations of Stokes-Navier with applications to special problems. Funda-
mental equations of the theory of elastlcny Applications to static deformations of solids.
Theory of elastic oscillations in space and in plates.

Instructor: Plesset.

Ph 215. Theoretical Nuclear Physics. 9 units (3-0-6) ; second term.
Prerequisite: Ph 143 ab, or equivalent.

The subject matter may vary from year to year. The course may include Stablhty of
nuclei; Theory of nuclear reactions, radiation and beta-decay; Theory of nuclear rorces
and its connection with cosmic rays; Neutron physics.

Instructer: Christy.

Ph 220 ab. Applications of Maxwell’s Equations. 12 wunits (3-0-9); first,
third terms.
Prerequisite: Ph 131 abe.

A mathematical problem course in the use of retarded potentlals and orthogonal solu-
tions of the electromagnetic propagation equations. It includes the radiation patterns and
impedances of antennas; diffraction; surface waves; coupling, input impedances and at-
tenuation in wave guides and cavities.

Instructor: Smythe.

Ph 223. Theory of Electromagnetic Waves. 12 units (4-0-8) ; second term.

Prerequisite: . Ph 131 abe. '

Mathematical study of Maxwell’s equation, propagation of waves, absorption and reflec-
tion, approximate and rigorous treatment of diffraction, theory of dispersion, electro- and
magneto-optics.

Instructor; Epstein.

Ph 224. Physical Optics. 12 units (4-0-8).

Prerequisite: Ph 135 ah.

Metal optics, theory of dispersion, Zeeman effect, Stark effect, optical activity, and other
problems of electro- and magneto-optics.

Instructor: Epstein.

Ph 225, Theory of Electrons. 12 units (4-0-8) ; third term.
Prerequisites: Ph 131 abe, Ph 223.

Retarded potentials. Radiation of a point charge Theory of dielectrics. Electron theory
of dia-, para- and ferromagnetism. Phenomena in moving bodies and expenmental foun-
lations of the theory of relativity.

Instructor: Epstein.

Ph 226. Heat Radiatior. and Quantum Theory. 12 units (4-0-8) ; second term.
Prerequisites: Ph 133 abe; Ph 211.

Historical treatment of the development of the mathematical theory of heat radiation
ind of the application of the theory of quanta to the phenomena of specific heats of solid
ind gaseous bodies, photoelectricity, photochemistry, chemical constants, etc.

Instructor: Epstein.
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‘Ph 228. Modern Aspects of the Quantum Theory. 12 units (4-0-8); third
term.

Prerequisites: Ph 133 abe, Ph 139 abe, Ph 229,

This course is devoted to review of recent developments in the quantum theory, especially
in the fields of theory of radiaiion and of the electron theory of metals. The subject matter
varies from year to year.

Instructor: Epstein.

Ph 229 ab. Quantum Mechanics. 12 units (4-0-8) ; second and third terms.

Prerequisites: Ph 133 abe, Ph 139 abc.

Schroedinger’s equation and matrix calculus. Apphcatlons to spectroscopy and atomic
structure. Transformatlon theory. Dirac’s electron equation. Fundamentals of the theory of
the electromagnetic field and second quantization.

Instructor: Epstein.

Ph 232. Dispersion and Absorption of Ultra-Short Electromagnetic Waves.
6 units (2-0-4) ; first term.

Propagation of waves. Maxwell’s dispersion and absorptlon in semi-conductors and
metals. Electronic and dipolar dispersion and absorption in dielectrics. Dispersion and
absorption in electrolytes. Waves along wires and dispersion in magnetic substances.

Experimental results on dispersion and absorption of ultra-short waves in dielectrics,
electrolytes, and magnetic substances.

Instructor: Potapenko.

Ph 234. Topics in Theoretical Physics. 9 units (3-0-6) ; one term.
The content of this course will vary from year to year. Typical Topics: Non-relativistic
Quantum Theory; Relativistic Quantum Theory.

Instructor: Christy.

Ph 235 abe. The Theory of Relativity, 9 units (3-0- 6); first second and
third terms.

A systematic exposition of Einstein’s special and general theories of relativity; the
conflict between Newtonian relativity and the Maxwellian theory of the electromagnetic
fields; its resolution in the special theory of relativity. The geometrization of the gravita-
tional field accomplished by the general theory of relativity. The search for a unified
theory of the electromagnetic and gravitational fields. Applications of the velativity
theories to cosmology and cosmogony. Topics in the more advanced mathematical disci-
plines (tensor analysis, Riemannian geometry) will be developed as required as ap-
propriate tools for the formulation of physical law.

The first term, Ph 235 a may be taken separately by students who are interested
only in the principles and applications of the special theory of relativity.

Text: Relativity, Thermodynamics and Cosmology, Tolman.

Instructor: Robertson.

Ph 238 abe. Seminar on Theoretical Physics. 4 units; first, second and third
terms.
Recent developments in theoretical physics for specialists in mathematical physics.

In charge: Epstein.

Ph 239 abe. Seminar on the Solid State. 4 units; first, second and third terms.

Meets once a week for the report and discussion of problems and selected current publi-
cations on physics of the solid states. The field covered concerns especially low temperature
phenomena (every second week), the physics of photographic emulsions and biophysical
problems (each every fourth week).

In charge: Goetz.

Ph 240. Seminar on X-Radiation. 4 units; second and third terms.

Meets once a week for reports and discussions of problems in X-Radiations. Standard
texts on X-rays are followed in the first term as an outline only; the reports being amplifi-
cations and additions to the material of the text as drawn from the original papers of
workers in the field. During the second and third terms advanced reports are made on
current problems and on. fundamental classical work.

In charge: DuMond.
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Ph 241. Research Conferences in Physics. 4 units; first, second and third
ferms.

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

In charge: Epstein.

Ph 242. Research in Physics. Units in accordance with work accomplished.

Opportunities for research are offered to graduate students in all the main branches of
physies. The students should consult the department and have a definite program of
research outlined before registering.

PSYCHOLOGY
(See under Philosophy)

RUSSIAN
(See under Modern Languages)

SOCIOLOGY
(See under Philosophy)
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DEGREES CONFERRED JUNE 10, 1949
Docror or PHIrLosorPHY

Tuomas Lorron ALLEN. (Chemistry and Physics), B.S., University of California, 1944,
Aran ANDREW. (Physics and Mathematics), B.S., Un1vers1ty of Nebraska, 1942; M.S.,
California Institute of Technology, ]944
Cuarres Hammonp ARrINGTON, JR. (Chemistry and Physics), B.S., Duke University,
1941.
Evwarp LeicH BEnNETT, (Chemistry and Plant Physiology), B.A., Reed College, 1943.
Roeert Rovce Bennert. (Electrical Engineering and Physics), B.S., California Institute
of Technology, 1945; M.S., 1947.
Artaur Trew Birmi. (Elecirical Engineering and Physics), B.S., Illinois Institute of
Technology, 1945; M.S., California Institute of Technology, 1947.
Joun Tuomas BoweN. (Mechanical Engineering and Physics), B.S., California Institute
- of Technology, 1942; M.S., 1946.
Raymonp ALLEN BrRowN. (Chemistry and Physics), B.S., Wagner College, 1941; M.S.,
California Institute of Technology, 1947.
Frank Paur Burr. (Chemistry and Physics), A.B., University of California, 1944.
Wittiam Warron Carter. (Physics and Mathematics), B.S., Carnegie Institute of
Technology, 1943; M.S., California Institute of Technology, 1948.
E. Ricuarp Conen, (Physics and Mathematics), A.B., University of Pennsylvania, 1943;
- M.S., California Institute of Technology, 1946.
Jurian Davip Cork. (Aeronautics and Mathematics), B.MLE., Cornell University, 1944;
M.S. & Ae.E.,, California Institute of Technology, 1946.
Jacos Freperick DEwaLp. (Chemistry and Physics), B.S., Haverford College, 1943.
Frank Host Dickey. (Chemistry and Genetics), B.S., California Institute of Technology,
1941.
NormAN Harry EnensTeIN. (Electrical Engineering and Physics), B.A., University of
California at Los Angeles, 1946; M.S., California Institute of Technology, 1947.
Dawier. Tarsor Finkeeiner, II. (Mathematics and Physies), A.B., Washington and
Jefferson College, 1941; M.A., 1943.
Harowp Karr Garner. (Chemistry and Plant Physiology), B.S., California Institute of
Technology, 1943.
Harry Gruensere. (Electrical Engineering ‘and Physics), B.A., University of British
Columbia, 1944.
Georce BoarpMaN GUTHRIE, Jr. (Chemistiry and Physics), B.A., Reed College, 1940.
Kent Mmciey Harmon. (Chemistry and Physics), A.B., University of Redlands, 1942;
M.S,. University of California, 1944.
Parure Havywarp, (Chemistry and Mathematics), B.S., University of Arizona, 1941.
Ricuarp Moore HEeap. (Aeronautics and Meteorology), B.S. & M.S.My., California
Institute of Technology, 1942; Ar.E., 1943.
Lawrence I’Arce Hinparr. (Physics and Electrical Engineering), B.S., Carnegie In-
stitute of Technology, 1942; M.S., California Institute of Technology, 1946.
‘WiLuiam Frank Hornyak. (Physics and Electrical Engineering), B.E.E., College of the
City of New York, 1944; M.S., California Institute of Technology, 1945.
BenyamiN FrRaANkLIN Howeri, Jr. (Geophysics and Geology), A.B., Princeton University,
1939; M.S., California Instltute of Technology, 1942.
Hassan MowmaMED ISMAIL. (Civil Engineering and Aeronautics), B.S., Fouad 1 Umversny,
1938; M.S., 1944.
Leon KNOPOFF. (Physics and Mathematics), B.S., California Institute of Technology,
1944; M.S., 1946.
Max Krauss. (Embryology and Genetics), A.B., University of California, 1938; M.A.,
1940.
Joun FrRANKLIN LANcE. (Paleontology and Geology), B.A., College of Mines and Metal-
lurgy, 1940; M.S., California Institute of Technology, 1946.
Ricuarp LaTrer. (Physics and Mathematics), B.S., California Institute of Technology,
1942.
Ricuarp Henrt MacNEaL. (Electrical Engineering and Physics), B.A,, Harvard College,
1943; M.S., California Institute of Technology, 1947."
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SamueL THEODORE MARTNER. (Geophysics and Geology), A.B., University of California,
1940; M.S., California Institute of Technology, 1946.

Davip MaLcoLm Mason, Jr. (Chemical Engineering and Mechanical Engineering), B.S.,
California Institute of Technology, 1943; M.S., 1947.

Evcene Kincery Maun. (Chemistry and Physics), B.S., University of Illinois, 1945.

Rueen Frep MerTLER. (Electrical Engineering and Aeronautics), B.S., California Institute
of Technology, 1944; M.S., 1947.

Georce Kivosut Morikawa. (Aeronautics and Mathematics), B.S., California Institute
of Technology, 1939; M.S., 1941.

Henry Takesul NAcaMATsu. (Aeronautics and Mathematics), B.S., California Institute
of Technology, 1938; M.S., 1940.

Juop CuTuBERT NEVENZEL. (Chemistry and Plant Physiology), B.S., University of Ari-
zona, 1941; M.S., 1942,

Frep Derancy OrRbpway, JR. (Chemistry and Physics), B.S., Rensselaer Polytechnic. In-
stitute. 1942; M.S., 1943.

NorMAN CHARLES PETERSON. (Aeronautics and Mathematics), B.S.E. Ma, and B.S.E.
AE.E., University of Michigan, 1943; M.S., California Institute of Technology, 1947.

Heinz Gergarp PrEiFFER. (Chemistry and Physics), A.B., Drew University, 1941; M.A.,
Syracuse University, 1943.

ALLEN EMersoN Puckerr. (Aeronautics and Mathematics), S.B., Harvard College, 1939;
M.S., Harvard University, 1941.

Patrick MicHAEL QuiNtaN. (Civil Engineering and Mathematics), B.E., University
College, 1941; B.Sc., 1942; M.Sc., National University of Ireland, 1943.

Irvine Stoy REEp. (Mathematics and Physics), B.S., California Institute of Technology,
1944.

CuarLes FRankLiN Rosinson. (Physics and Mathematics), A.B., State Teachers College
of Missouri, 1935; B.S., Drury College, 1936; M.S., California Institute of Tech-
nology, 1938.

Witriam CarL Rorsca. (Physics and Mathematics), B.A., Miami University, 1945.

Rorr HEINRICH SABERSKY. (Mechanical Engineering and Physics), B.S., California In-
stitute of Technology, 1942; M.S., 1943.

GEORGE ' MiIcHAEL SAroNov. (Physics and Mathematics), B.S., California Institute of
Technology, 1943; M.S,, 1948.

WARREN GLEASON ScHLINGER. (Chemical Engineering and Mechanical Engineering),
B.S., California Institute of Technology, 1944; M.S., 1946.

ArTHUR JouN Ruporpa Scuneiber. {Mechanical Engineering and Physics), B.S. & M.S,,
California Institute of Technology, 1943.

Tueopore BeaToN SmitH. (Meteorology and Aeronautics), A.B., Ohio State University,
1933; M.S., California Institute of Technology, 1940.

BraxkeEmorRe Ewince Tromas. (Geology and Meteorology), A.B., University of California,
1940; M.S., California Institute of Technology, 1943.

Micton DENMAN VAN Dyke. (Aeronautics and Mathematics), S.B., Harvard College,
1943; M.S., California Institute of Technology, 1947.

Puinie Auvrrep VaucuAN. (Chemistry and Physics), B.A., Pomona College, 1943.

LowgLL GRANT WAYNE. (Chemistry and Mathematics), B.S., University of California,
1937.

Winiiam Jonivs West., {Physics and Mathematics), B.S., Massachusetis Institute of
Technology, 1944.

M. KEnT WiLsoN. (Chemistry and Physics), B.S., University of Utah, 1943.

Davip SuorwerLL Woobp. {Mechanical Engineering and Physics), B.S., California Insti-
tute of Technology, 1941; M.S., 1946.

SiEN-Cuive Yu. (Genetics and Embryology), B.S., National Wu-Han University, 1935.

CrayroN MEeLviN ZiEMAN. (Physics, Electrical Engineering and Mathematies), B.A.,
University of Wisconsin, 1927; M.S., University of Hawaii, 1939.

ENGINEER’S DEGREES
AERONAUTICAL ENGINEER

Joun WirLiam Bacon, Jr., B.S., California Institute of Technology, 1943; M.S., 1948.

Josepu Nissim Benezra, B.S., University of Washington, 1944; M.S., California Insti-
tute of Technology, 1948.

RicuskRp ALEXANDER BEVERNICK, Comdr., U.S.N., B.S., United States Naval Academy,
1937.
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Pairip Georce BrLEnkusu, B.A.E., Detroit University, 1941; M.S., California Institute
of Technology, 1948.

WiLLiam Romert BorreEnBERG, Lt. Comdr., U.S.N., B.S., United States Naval Academy,
1940.

Joun R. Brown, Comdr., U.S.N., B.S., United States Naval Academy, 1938.

James DonaHUE Burke, B.S., California Institute of Technology, 1945; M.S., 1948,

Rarpa StewarRT CHANDLER, Lt. Comdr., U.S.N., B.S., United States Naval Academy, 1941.

Janmes Siceins CooLey, Lt. Comdr., U.S.N., B.S., United States Naval Academy, 1938.

James Epwarp Densmork, B.S., California Institute of Technology, 1946; M.S., 1948.

SATI;HEDHAWAN, B.A., Punjab University, 1938; M.A., 1941; B.Sc M.E., 1944; M.S.,

E., 1947.

WarreN Wooprow Forp, Comdr., U.S.N., B.S., United States Naval Academy, 1937.

Donarp LowkeLr Francis, B.S., California Institute of Technology, 1945; M.S., 1948.

Josepr Garrert, Lt. Comdr., U.S.N., B.S., South Dakota School of Mines, 1939.

Frumore Boirine GikesoN, Comdr., U.S.N., B.S., United States Naval Academy, 1937.

Taomas PARKER GOEBEL, B.S, in A.E., Towa State College, 1944; M.S., California Insti-.
tute of Technology, 1945.

GeorcE Epwarp Gompr B.S., Virginia Polytechnic Institute, 1942; M.S., California
Institute of Technology, 1947.

Donarp James Haroy, Lt. Comdr., U.S.N., B.S,, United States Naval Academy, 1939.

Leonarp Epwarp Harmon, Comdr U. SN B S., United States Naval Academy, 1938.

Wirriam EarL Henry, Lt. Comdr U.SN. :

WiLLiAM EMERSON LAMB, Lt. Comdr U.S.N,, B.S, United States Naval Academy, 1948.

Nen Avran MacKinnown, Lt. Comdr. U.S.N., B.S., United States Naval Academy, 1941.

MicHAEL FERDINAND MARX, B.S., Rensselaer Polytechnic Institute, 1944; M.S., 1948,

Benorr B. ManpeLgrOT, B.S,, Université de Clermont-Ferrand, 1942; Ingénieur de L’Ecole
Polytechnique, 1947; Licencié &s Sciences Mathématiques et Physiques, Université
de Paris, 1947; M.S., California Institute of Technology, 1948.

Jou~ D McKenney, B.S., California Institute of Technology, 1945; M.S., 1948.

GEeraLp MorcaN Monrok, Lt. U.S.N.,, A A., North Texas Agricultural College, 1939.

Vincent UrieL MuiraEAD, Lt. Comdr., U.S.N., B.S., United States Naval Academy, 1941.

Doucras Crark QciLvi, B.S., Umver51ty of Cahforma, 1947; M.S., California Institute
of Technology, 1948.

Wirriam MerriTT RinenEss, Lt. Comdr.; U.S.N., B.S., United States Naval Academy, 1939.

Harris McInTosH ScHUrRMEIER, B.S., California Institute of Technology, 1945; M.S., 1948.

VernoN Eriwoop Teig, Lt. Comdr., U.S.N., B.S,, United States Naval Academy, 1940.

Joun WiLLiam THOMAS BS, Umted States Naval Academy, 1935; M.S., California Insti-

tute of Technology, 1948
Aeronautical Engineer (Jet Propulsion)

Louis Eucenio Benitez, Lt.,, U.S.N., B.S., United States Naval Academy, 1943.
Arsert Harrison Crancy, Jr., Lt. Comdr., U.S.N.,, B.S., United States Naval Academy,
1940.
Ouver Scort Dwirg, Lt. Comdr., US.N., B.S., United States Naval Academy, 1941.
Joun Kennera Horcoms, Lt., USN., B.S., in CE, Marquette University, 1941; B.S.,
in ME, 1942.
Ricuarp Harpy McErLicort, Lt. Comdr. U.S.N,, B.S., United States Naval Academy, 1940.
RoeerT TorLmieE MoorE, Jr., Capt., U.S.M.C., B.M.E., Vanderbilt University, 1942.
*CHARLES C. PINKERTON, JR., Capt., U.S.AF., B.S., United States Military Academy, 1943;
M.S., California Institute of Technology, 1946.
Davio Epwin SHonerp, B.S., California Institute of Technology, 1943; M.S., 1948.
ROBERT ALEXANDER WEATHERUP Lt. Comdr. U.S.N,, B.S,, United States Naval Academy,
1940.
Chemical Engineer

Joun S. BiLHEIMER, B.S., California Institute of Technology, 1947; M.S., 1948,
GorooN Henry Gorr, B.S., University of California, 1943; M.S., California Institute
of Technology, 1948.
Geophysical Engineer
Lroyp Puitp Gerbart, B.A., Mount Allison University, 1937; M.A., Toronto University,
1941; Pu.D., McGill University, 1941.

*Degree conferred posthumously.
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Industrial Designer

Tuomas E. ALLen, B.A., Millsaps College, 1947.

Joe DeE BakEr, B.A., University of Texas, 1939.

James Harvey CraTi, B.S., Stevens Institute of Technology, 1946.
Francis Cecin Foster, B.S., United States Military Academy, 1927,
James ArLExanpEr Mclnrosm, B.S., Yale University, 1944; B.E., 1947.
RoeertT Scuwarz, Jr., B.A., Stanford University, 1946.

Rosert Epwarps Warprow, B.S., University of Michigan, 1942,
Ricuarp ALFrREp WaLrLack, B.S., Purdue University, 1944.

Leo Worr, B.S., Agricultural and Mechanical College of Texas, 1943.

Mechanical Engineer

- Tao-Hune Cuu, Diploma in ME, Henry Lester Institute, Shanghai, China, 1943; M.S.,
California Institute of Technology, 1948.

MASTER OF SCIENCE IN SCIENCE
Chemistry

Pierre JEAN Leroux, University of Liege, Belgium, 1947,

Rar&r Mirza, B.S., University of Madras, India, 1946.

EvmEeETT PAUL MoONROE, B.A., Ohio State University, 1947.

Frep Georck Rosicky, B.S., Creighton University, 1941.

Jou~n Suripon SmoweLr, B.S., California Institute of Technology, 1946.

Chemical Engincering

Davip Coriins Banks, B.S., (E.E.), 1945, B.S. (ACH), California Institute of Technology,
1948

VireiL JENNINGS Berry, JR., B.E., Vanderbilt University, 1948.

Rosert Henieson, B.S., California Institute of Technology, 1948.

ARTURO MaImonI, Chemist, Universidad Nacional de Colombia, 1947.

WirLiam MARkHAM McCARDELL, B.S. in Cu.E., The Rice Institute, 1948.

Wirriam Lawrence Noon, B.S., California Institute of Technology, 1948. .

Josern WiLrrep Scmwmrr, B.S. in Cu.E., Montana State College, 1944.

Joserr Frawnk Vavrie-Riestra, B.A.S.University of California, 1945; B.S.,  California
Institute of Technology, 1948.

Geological Sciences

CuArLeEs W. ALLeN, AB., Fresno State College, 1947.

Davip Harrison CursrorTH, B.S., Oregon State College, 1943.

SamueL NorMAN DomeNIco, GEoL.E., Coloradoe. School of Mines, 1948.
Samuer R. Horrman, B.S., College of the City of New York, 1943.
FreemMAN Bracu LeicuTON, B.S., University of Virginia, 1946.

WirLiam Ruporr MUEHLBERGER, B.S., California Institute of Technology, 1949.
Lavrence HeEwir Nogsres, B.S., California Institute of Technology, 1949.

Meteorology

Joun L. Bauman, Jr., B.A., The George Washington University, 1948.

Harorp D. Coorgr, B.S., Eau Claire State Teacher’s College, 1940.

Emery Manes CraicuEaD, B.S., Southeastern State Teacher’s College, 1936,
Frank T. Epwaros, Jr., B.S., Oklahoma Agricultural and Mechanical College, 1949.
Puriip HerBERT LEIDERMAN, JR., University of Chicago.

DaLe Jess StepmEens, B.S., University of Kansas, 1948,
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Physics

Witciam Lumpkin Arrorp, B.A., Vanderbilt University, 1948.

Tuomas JosepH Anprews, Major, U.S.AF., B.S. (E), Air Institute of Technology,
Wright Field, 1948.

EpwiNn FRANKLIN BaRkER, Jr., Lt. U.S.N.,, A.B., San Diego State College, 1942.

Georce Epwarp Comsrock, IIT, B.S. (M.E.), 1945, B.S. (E.E.), 1948, Worcester Poly-
technic Institute.

WaLter Pasonp Eareerry, B.S., California Instituie of Technology, 1948.

GarreN Lee Fevr, A.B., Harvard College, 1943,

Ricaarp Arian Ferrerr, B.S., California Institute of Technology, 1948.

Tuomas Lewrs Giigert, B.S., California Institute of Technology, 1944.

CarL WineLM Herstrom, B.S., Lehigh University, 1947.

Arvin Jouw Hirn, B.S., in E.E., 1932, M.S. in E.E., 1938, Montana State College.

Stancey L. Kameny, B.S.,, Queens College, 1948.

Marcorm Cavein McQuarrie, B.S., Lafayette College, 1948.

Crarres CaLvin Perty, B.A., Wabash College, 1948.

Joun WELLs WacHTER, B.S., in E.P., Lafayette College, 1944.

Jamzes Reep Wints, B.S., Jowa State College, 1944,

MASTER OF SCIENCE IN ENGINEERING

Aeronautics

Marvin ABramoviTz, B.S., Wayne University, 1947.

Joun JosHUA Attias, B.S., California Institute of Technology, 1948.

Davip Turopore Barism, Lt., U.S.AF., B.S., Air Force Institute, Wright Field, 1948,

Howarp MarTIN Berckr, B.S. (AE.), B.S. (Math.), University of Michigan, 1948.

Taomas Davip Brazina, Lt. U.S.AF,, B.S., United States Military Academy, 1946.

Aivaro Ricuarp Boera, B.S., Stevens Institute of Technology, 1947.

GeraLp Paur Breaux, B.S., Louisiana ‘State University and Agricultural and Mechanical
College, 1948.

ArtaUR EARL Bryson, Jr., B.S. Aero. Enc., Jowa State College, 1946.

Ben Cacirg, B.S. in M.E., University of Oklahoma, 1943.

¥FreoErIcK Avucustus Currtis, Jr., B.S. in M.E., Worcester Polytechnic Institute, 1948.

Raren Emerson Darvine, B.S. in Arro. Enc., Tri-State College, 1943; (B.S. Matu and
Agro. Enc.), University of Illinois, 1948.

Harorp Wrirriam Davinson, B.AE., New York University, 1948.

Davip Harorp Dennis, B.S., University of California, 1948.

Joun Arvrrep Dobce, Major, U.S.AF., B.S. in A.E., Massachusetts Institute of Tech-
nology, 1939. .

James HerBert DwinngrL, B.S. in A.E., University of Washington, 1939.

Roeert CuArLEs Evans, B.S., Carnegie Institute of Technology, 1948.

Aran Harte GREEN, B.AE., New York University, 1943.

Frep Carn Guntaer, B.S., California Institute of Technology, 1948.

Ricuarp James Harer, Lt. U.S.AF., B.E., University of Toledo, 1948.

Ricuarp Frank Huehes, Lt. U.S.AF., B.S. in M.E., Carnegie Institute of Technology,
1942.

Aener Karran, B.S., California Institute of Technology, 1948.

SaurL Karrun, B.S,, California Institute of Technology, 1948.

Cuarres Epwarp Kucuar, ML.E., Sievens Institute of Technology, 1948.

Jerome Guy LaBeree, B.S. in M.E., McGill University, 1947.

Lioner L. Levy, Jr., B.S. in A.E., Alabama Polytechnic Institute, 1948.

Ricaarp OweN Lowrkey, B.S. in A.E., Georgia School of Technology, 1943.

Tromas Russerr Marks, Li., U.S.AF., B.S., United States Military Academy, 1945.

Roeerr CriFrorp MaTreson, B.S., Louisiana State University and Agricultural and
Mechanical College, 1948.

Rocer Epwarp Marzporrr, B.S., California Institute of Technology, 1948.

GLENN DarRryL MaxweLri, B.S., University of California, 1943.

RoBerT McCLELLAN, B.S,, California Institute of Technology, 1948.

Ricaarp Linp MerreLL, B.S., 1947, Louisiana State University and Agricultural and
Mechanical College; M.S., 1948.
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Max Orivir Mircueir, Capt. U.S.AF., Enc., Air Institute of Technology, Wright Feld,
1948.

Jack Norman Niewsen, B.S., University of California, 1941.

RoBErRT Norris OLIVER, B.S., Massachuseits Institute of Technology, 1948.

StanLEy CarTER Pack, Major, U.S.AF., B.S, United States Military Academy, 1943.

Dan Morey PARkER, Capt., U.S.AF., B.S., United States Military Academy, 1943.

Davip Ebpwarp ReesE, Jr., B.S., California Institute of Technology, 1948.

Harorp Norman Risg, B.S. in ML.E., Purdue University, 1939.

James Maurice Rounps, Capt., U.S.A.F., B.S., Air Force Institute of Technology, 1948.

Harry Hirovuxi SuiBata, B.A.E., University of Minnesota, 1947.

CouiNy Gourp Sivpson, B.S., University of California, 1948.

GrorGE ToLMIE SKINNER, B.S. in M.E., University of St. Andrews, Scotland, 1948.

Ceci. Ernest Spruitt, B.S. in AE., Virginia Polytechnic Institute, 1947.

THomAs VREBALOVICH, B.S., California Institute of Technology, 1948.

Joser. Worrr WEcHSLER, B.S., California Institute of Technology, 1948.

WiLLiam JerFris WirLiamsonN, B.S., California Inmstitute of Technology, 1948.

Civil Engineering

Joseru Locspon ArserT, B.S., Michigan College of Mining and Technology, 1936.

Doucras CLarg ATkins, Lt., U.S.A., B.S., United States Military Academy, 1945.

Ricaarp TraBer Barson, Major, U.S.A., B.S., United States Military Academy, 1943.

Joun Marvin Bram, B.S,, California Institute of Technology, 1948.

MurraY SimoN BorwnstEIN, B.C.E., The Cooper Union School of Engineering, 1948.

WirLiam JeroME CarroLrL, B.S., California Institute of Technology, 1948.

HerBerT CAMPBELL CLENDENING Major, U.S.A., B.S., United States Military Academy,
1941.

RoserT Dock Davron, Jr., B.S., California Institute of Technology, 1948.

James RoBerr Davis, B.S., California Institute of Technology, 1948.

WiLsoN Burperte Jones, B.S., California Institute of Technology, 1938.

Rarru Epwarp Linp, JRr., B.S., Louisiana State University and Agricultural and Mechan-
ical College, 1939.

Everert EucenE Lovg, Lt., U.S.A., B.S,, United States Military Academy, 1945.

Arexanper Morron Maisyg, Capt., U.SA., B.S,, United States Military Academy, 1944.

Joun CrEmENT MATTINA, Major, U.S.A., B.S., United States Military Academy, 1942.

Eric CastrereicH OrME, Major, U.S.A., B.S., United States Military Academy, 1942.

Byrne Prrry B.S., Cahfornla Institute of Technology, 1949,

MARSHALL CLARKE Ponp, B.S., California Institute of Technology, 194«8.

ARNOLD STANLEY ROSNER, B.S.C.E., Illinois Institute of Technology, 1947.

ArBerT EMMANUEL Saari, Major, U.S.A., B.S,, United States Military Academy, 1943.

WiLLiam Warp Swmars, Jr., Lt. Col, Ul SA B. S United States Military Academy, 1938.

ALFRED EARNEST WATERS B. S., ' California Institute of Technology, 1948.

Joe KertH WiLLiams, B. S California Institute of Technology, 1948.

Elecirical Engineering

Pain ALien Apamson, B.A., University of Redlands, 1946.

Donarp Warter CrAPIN, B.E.E., Clarkson College of Technology, 1948.
MarioNn Asaier Conpig, B.S. (E.E.), University of Colorado, 1948.

RoserT Paul Craco, B.S., Carnegle Tnstitute of Technology, 1948.

THEODORE VINCENT CRATER, B.S. in EE., Montana State College, 1947.
CHARLES BurtoN CrUMLY, B.S., Cahforma Institute of Technology, 1947.

‘WALTER ALFRED DANTINE, Dlploma Ingenieur, Technical University of Vienna, 1946.
HERMAN STANLEY DICHTER, B.M.E., College of the City of New York, 1948.
WicLiam Josepa Dixon, B.S., California Institute of Technology, 1948.

Joun Harrison Gorpig, B.S. in E.E., University of Washington, 1947.

JouN NaruanieL Harris, B.S., California Institute of Technology, 1948.
Way~Ne Kasserr Hopoper, B.S., California Institute of Technology, 1943.

Omar JosLin Jacomini, B.S., United States Naval Academy, 1946.

JeroME Sayre Linn, B.E., University of Southern California, 1948.

RoBert Smrte MacmiLian, B.S., California Institute of Technology, 1948.
ARTHUR RICHARD NATHANIGL MARKS B.Sc. TecH., University of Manchester, Faculty of

Technology, England, 1948.
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Aiserr Harry McEuen, B.S., California Institute of Technology, 1948.

OrviLLe Raymonp Mever, B.S. in E.E., University of Washington, 1946.

Eowarp Evcene Mitcueri, B.S., California Institute of Technology, 1948.

DipEnora NaTeH Mritra, B.S., Un1vers1ty of Calcutta, Vidyasagar College, Illdla, 1943;
M.S., University of Ca]cutta, 1945.

Boubpe CLISBY Moore, B.S., California Institute of Technology, 1948.

Max Henry Moorg, B.S., California Institute of Technology, 1945,

Aisert HErBERT JOoserH MuELLER, B.S., California Institute of Technology, 1947.

Rancaswamy Narasimman, B.S., University of Madras, India, 1945.

Irwin Prerrer, B.E.E., The Cooper Union School of Engineering, 1948.

Ricuarp Carr Prarzex, B.S., California Institute of Technology, 1948.

Jacor Frep Rentz, JR. B.S., Carnegie Institute of Technology, 1948.

James Roserr Spurr, B.S. in E.E., University of Arizona, 1948,

Sarim Sion Soromon, B.S., Fouad I University, Egypt, 1948.

Donarp Crine Stinson, B.S.E.E., Towa State College, 1947.

JosepH WARREN TrINDLE, B.S., California Institute of Technology, 1941; M.A., Occidental
College, 1948.

WiLLiam Russerr Turner, B.S:, California Institute of Technology, 1942.

Wiriam W, Warp, B.S.E.E., Agricultural and Mechanical College of Texas, 1948.

MircueLL Werss, B. Erkc., The Cooper Union School of Engineering, 1948.

WirLiaMm Locan Woobson, B.S., California Institute of Technology, 1948.

Wiiriam GaArrisoN Woopwarp, B.S.E.E., Illinois Institute of Technology, 1947.

Mechanical Engineering

ALLAN JamEs Acosta, B.S., California Institute of Technology, 1945.

‘CHARLES CALHOUN ALrswortH, B.S. in M.E, The Rice Institute, 1947.

EarL Beper, B.S., California Institute of Technology, 1948.

Joun Hersert Beverince, B.S. in MLE., University of Texas, 1946.

RoBert EuceEnE Brown, B.S. in M.E., University of Arizona, 1948.

Cue-Min Cuenc, B or Enc., National Tsing Hua University, China, 1947.

Jesse CameroN DenTON, B.S., Swarthmore College, 1948.

Sesa ELDRIDGE, JR., B.S., California Institute of Technology, 1948.

RoeertT Hucr GaLrsTan, B.S. in M.E., Northwestern University, 1948.

James Ervyson Howprrcu, B.S., California Institute of Technology, 1948.

Toru Iura, B.S., University of Wisconsin, 1948.

Warter Brake King, Jr, B.M.E., University of Florida, 1948.

Vicror N. Lawrorp, B.M.E., Ohio State University, 1948.

GeorRGE A. MArRTINEK, B.S., California Institute of Technology, 1948.

CarrtoN LEwrs McWinriams, B.S.C.E., Rose Polytechnic Institute, 1941; M.E., 1947.

Hereert L. Poperr, B.S., California Institute of Technology, 1948.

Rosert Leowarp Pons, B.E. in M.E., Tulane University, 1948.

ArLeNn Turasaer Puper, B.S., California Institute of Technology, 1948.

Joun Rumsey Reeve, Jr., B.S., Oklahoma Agricultural and Mechanical College, 1948.

Harvey Lee Roserson, B.S., California Institute of Technology, 1948.

Rarpa McGee Rotry, B.S., State University of Towa, 1947.

Joun Gairus Scraub, Jr., B.S.,, New Mexico College of Agriculture and Mechanic
Arts, 1948.

EmvEersoN WarrIELD SmitH, B.M.E., University of Virginia, 1943.

CHARLES WiLpiam SumaN, B.S. in M.E., University of Texas, 1945.

ArBErT MERRICK TAYLOR, B.S., University of California, 1943.

MEHMET AYHAN TURKKAN BS Istanbul American Colleges, Robert College, Turkey,
1948.

Rosertr N. WirLarp, B.S., Stanford University, 1947.

Donawp Err Witkin, B.M.E., New York University, 1948.

RoBerRT ZAcHAarIAS, B.S., California Institute of Technology, 1948.
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BACHELOR OF SCIENCE IN SCIENCE

Craupe Harris Apawms, JRr.
FORREST STURDEVANT
ALLINDER, JR.*
Joun MiLToN ANDRES*
WiLriam Howarp BaiLey
Joun Grorck BaArr
Wirriam L. BasHAM
ManuerL NaTuAN Bass
GeorcE Hamizton Bowen, JrR.®
Lro BREIMAN
Doucras Ray BrownN
WHARTON WHITWORTH BRYAN
Howarp Jay Conan
Ricuarp CALvin CORNELIUS
Josepa Ross CURRAY
WaRrREN Evarp DANIELsON*
Patrick Davip DoHErTY
Epwarp Cuarres DuFogrt
CravyroN ENcLAR
KenpalL Ferris FAMULARO™
RoeerT LLoyp FISHER
Epwarp PENN Fisx
AArON NATHANIEL FLETCHER
RoserT DONALD FORESTER™
Rosert B. FUNK
KexNeTH WAYNE GARDINER
SipnEY GORE GIBBINS
Josgpn MATTHEW GREEN™
Ronarp CRuNpON GREENE
PaurL BERNARD HARRIS
Rosert CArRroOLL HAUFET
Raypoy Wrrt HEccLAND
Jarvin R. HEIMAN
RosertT GEORGE HEYNEMAN
Donarp ErNesT HieBARD
Davip SweEnsoN HoGNESs™
ALBERT SCHILLER HOOK
WiLriam J. Houerron
James ALExanper Hummer*f
NEeaL LisurNy HUrRLEY
Rocer CHRISTIE JOHNSON
Hucu F. JounsTON
Byron ConsTANTINE KARZAS
WirLiaMm James Karzas* T
Roperr EucENE KoFaHL*
Wirriam T, Lanz
Davip ARTHUR LIBERMAN ¥

Myron Lirow

FrEDERICK ALLEN MACHETANZ

JamEes D. MALONE

Ricuarp Aran McKay

EucEne CaAMERON MOORING

Doxarp Roert MORRISON

Rarru MorrisoN

Wirriam MarsHALL MYERs

WiLLiam RupoLr
MUEHLBERGERT

Frep H. Nicorat

Lavrence HEwir NoBLES

DonaALp WiLLiaM PETERSONT

TaOMAS GEORGE PETRULAS

Do~ H. PickRrRELL, JR.

RoserT REa PrnLine

CarL ARTHUR PrICE™T

WiLLiaM JamEs RAMSEY

MarioN CoLBURN RINEHART

Beanarp Davip Rupiv

Pautr Davip SALTMANT

Ricuarp Isaac ScHOEN

Ricuarp P. ScHUSTER, JR.

FrEDERIC THOMPSON SELLECK

Frank HARVEY SHELTON

LEIGH SHERIFFS

BERNARD SHORE

Rorr MALcOLM SINCLAIR

Don Ewpon Six

ArTaUur OcILVY SPAULDING

RoBert MALCOLM STEWART, JR.

RoBErT THEODORE TERRIERE

KenT MELVILLE TERWILLIGER *

Joun HuntEr THOMAS

ARUNDALE VRABECT

CHARLES GEORGE WALANCE

WARREN PALMER WATERS

STEVEN WEISBROD

EstaL Dare West

DonNarp RaAMSEY WESTERVELT

Jack Lee WaITE*T

Henry HueH WooDBURY*

WiLLiam CHARLES ALva Woobps

GEORGE WALTER WOODWARD

James Dran Youne

Bachelor of Science in Engineering

Eowarp LAWRENCE ALEXANDER
Oscar J. ANDERSON, JR.
WiLLiam EARL ARCHER
STANLEY M. BArNEST

WALLACE ALEXANDER BARNES, JR.

Davip Baron

LawrencE IRvING BAUMANN
Frank HowARD BEARDSLEY
Carros Lurs Berck NAVARRO
ArTHUR ROBERT BENTON, JR.

GEORGE WILLARD BERGSTROM
ErNEST WILLIAM BLAIR, JR.
FrankLyN HaroLD Brapy*
ErLE J. Browng, Jr.T
GEORGE JAMES BrowN, JR.
DavEnPORT BROWNE, JR.
ArTHUR ELwIN BruincTON
Epwarp OLcortT BULKLEY
JosEPH BURKHOLDER
JosEru RoBERT CANTWELL*



HucH CLENDENIN CARTERT
Mirton Brouke CArusT
Avrvin Leonarp CoHEN*
JoserH M. CoNOVER

Joun Henry Dannan IIT
Frep Joun Darwms, Jr.
RoBERT ALLEN DARROW
Raymonp EvceneE Davis*
JosepH A. DOBROWOLSKI
Epwin Joun Doran
WiLLiAM AntHONY DooLIN
ALEX GEORGE DrAPES
Henry Fasora, Jr.
FREDERICK Fram

SamueL Fone

CuaRrLEs FraNCIS FORESTERT
MyrveN FrRaNk GrFT, JR.
NATHANIEL GOULD

Roy Warter GouLp, Jr.*
Joun Puirip Hann
ANDREW VAN Virer Harris
WirLiam Nerson Harris
Davio KirkrLAnND HAYWARD
Joun Hrath, Jr.

Wayne M., Herzict
WALTER JosepH HIRSCHBERG™
GEORGE MARrTIN HREBEC
Paur WiLLiam Husray
Frank G. Hyrron

JamEes Epcar Jornson
Raymonp A. JoHRDE

Joun C, Karrorist

Naomi KASHIWABARA

Eri Karz

Frank Warter KEiNONEN
James T. KENNEY JR. .
RoBERT WENDELL KERMEEN
PauL Howarp Kipper
Daniern. W. Kine

Ricuarp Garein King?
Cuarces HeEnry KnicuT, Jr.
Kerra Doucras KounNen
Joun Francrs KosteELAC
Frep Ervin Krasin

Irvine L. Kromuowrz
CLAUDE ALLEN LANE
EpwARD LEVONIAN

Harordp JAY LINDERMAN
Dennis Vernon Lone?
HeNrRY Arnran Lone

Joun RicuArp Love

DEGREES CONFERRED

DaveE W. MADDEN

Joun CorToN MARSHALLT
Harpy Cross MARTEL*
WiLLiam DELMERE MATHIS
Joun ArcuIE McPHATE
Orson LoreEnzo MiTcHELL
Jack A. MonEs

GEorGE Ricarp MorGAN
MerLE LorEN MoORGAN*
RipLey MyERS

CHESTER Bruce Orr
WiLLiam Earon PaLmert
RicuArD LA BARRE PATTERSON
Byr~NE PErrY#

GEORGE MIcHAEL PETZAR
Ricuarp Jack Porrax
Davip Owen PowELL
WALTER GLEN PREVOST
WiLLiaM DaLLiBa PYLE

CHARLES FREDERICK QUIRMBACH, JR.

Joun DALTON RICHARTZ
TaropoRE W. ROSE
MagrviN B. RupIn

Wirriam Isaac Rumer
Burron BENJAMIN RUTKIN
Dare D. Ryper

LeLanp HARLEY SATRE

ALLAN MAcCPHERSON SAUNDERS

CLEMENT JOSEPH SAVANT, JR.*
FreEp CARL SCHNEIDER

CrypE Ricaarpson SgITz
CuarLes H. SHALLERT
RoBerT ALLEN SINKER*
GenE Davip Six

VernoN Lomax SMiTH
Roserr F. StAPPLER*
RoserT LACEY STUBBINS
ALBERT SUNDSMO

WILLIAM AINSWORTH SYLVIES
Wirriam CHARLES TAYLOR -
Donarp Evcene TrYK
Trowmas A. TurNER
TromAs EpwArD VaIL
WiLLiam T. VICKREY
Mirron C. VocEL

TuADp VREELAND, JR.
Tuomas H., WAKEMAN, Jr.
RoserT Louts WaLQuisT*
RosertT Ruip WatERs*
Wirron WeLLs WEBSTER, JR.
JeAN FoLkE WIREN

*Graduated with honor in accordance with a vote of the Faculty.

+ Awarded the Honor Key by the Associated Students CIT, for participation in

student activities.
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HONORS AND AWARDS
HONOR STANDING

The undergraduate students listed below have been awarded honor standing
for the current year, on the basis of the excellence of their academic records

for the year 1948-1949:

Class of 1950

D. H. CoorEer R. R. JENNINGS W. B. RIESENFELD
F. J. CorBaTO WALTER Joun, Jr. D. C. SCHROEDER
W. P. Cox J. L. KonL V. A. J. Van Lint
T. R. Fany M. V. Matuews M. WaLt
B. M. Gace J. 0. McCaLDIN R. 8. WeLTE
J. B. GERHART R. S. PiErce R. B. WricHT
J. B. HENDRICKSON

Class of 1951
M. A. Basiy J. B. JoansTON J. J. W. Rocers
J. BropY R. KUrLAND K. Sato
E. F. Davis T. W. Layron E. A. STERN
H. A. ForRESTER P. V. Mason G. TriLLiNG
F. R. GoopmaN J. H. McQuisToN A. E. WENNsSTROM
P. F. HELFREY D. L. Peck W. M. WaITNEY
J. A. Ipsrs H. P. RaPPAPORT W. V. WricHt

) Class of 1952

J. A. BoPPaRT B. H. Herscovict J. C. NoLL
W. E. DiBeLE M. H. HymanN H. G. Preston
T. H. EINWOHNER A. R. JoansToN H. L. RicaTER
Ernest GEHRELS W. B. Kams R. L. SHREVE
N. E. Gray R. A. Larr P. H. VErpIEr
M. W. GreENE J. M. McCooL J. L. WenL
T. W. HamirronN C. R. Mrrier

AWARDS

First Prize:

ConNGER PEACE Prize OraTiON

Urrica MERTEN
Bernarp Rupin

Second Prize: RarpH STONE

Mary A. Eart McKinnNeEy Prize 1IN ENcLISH

First Prize: BERNARD SHORE
Second Prize: Irvine KruMHOLZ

Freperic W. Hinricus, Jr., MEMORIAL AwaRD

PAuL SALTMAN
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