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policy. Thus a substantial part of the Ph.D. program will be devoted to attempts at 
solutions of some of these problems. Opportunities for applied research will vary 
according to the work being carried on in various parts of the Institute and at the Jet 
Propulsion Laboratory. Of prime importance to this phase of the program will be the 
research seminar which all graduate students will be expected to attend. 

Master's Degree in Social Science 
Entering graduate students are admitted for the Ph.D. program. The M.S. degree is 

awarded in exceptional cases. Of the 135 units of graduate work required by Institute 
regulations, at least 81 units of advanced work should be in social science. 

Degree of Doctor of Philosophy in Social Science 
Requirements for the Ph.D. include passing a written and oral candidacy examination 

covering basic material in social science (to be taken before the close of the sixth quarter of 
residency), the writing of a thesis which describes the results of independent research, and 
the passing of a final oral examination based on the thesis and research. Students will be 
expected to have completed all requirements for the Ph.D. degree no later than the end of 
their fourth year of residency. 

A minor is also required, the requirements for which are discussed on page 210. 

Subject Minor in Social Science 
Graduate students taking social science as a subject minor shall complete a program of no 

less than 45 units in social science approved by the option committee. 

GRADUATE EXPENSES 

The tuition charge for all students registering for graduate work is currently $3,141 per 
academic year, 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 
special circumstances. Students desiring permission to register for fewer than 36 units 
should therefore petition on a form obtained from the Registrar. If reduced registration is 
permitted, the tuition for each term is at the rate of $30 a unit for fewer than 36 units with a 
minimum of $300 a term. Adjustments of tuition charges may be arranged for changes in 
units if reported during the first three weeks of a term. Additional tuition will be charged to 
students registering for special courses made available to them which are not part of the 
normal educational facilities of the Institute. 

The payment of tuition by graduate students is required (a) without reference to the 
character of the work of the student, which may consist of the performance of research, or 
independent reading, or of 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 residence; 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. 

A summer fee of $27 .50 must be paid by students who register for summer work, and who 
have not paid full tuition at the Institute during the preceding academic year. 

Each graduate student is required to make a general deposit of $25 to cover 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 remain­
ing balance of the deposit will be refunded. 
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. No degrees are awarded until all bills due the Institute have been paid. Transcripts 
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cannot be released until all bills due the Institute have been paid or satisfactory arrange­
ments have been made with the business office for repayment. 

Information regarding fellowships, scholarships, and assistantships is discussed on 
pages 256-259 of the catalog. Students of high scholastic attainment may be awarded 
graduate scholarships covering all or a part of the tuition fee. Loans also may be arranged by 
making an application to the Faculty Committee on Scholarships and Financial Aid. 

Expense Summary 1974-75 

General: 
General Deposit. ............................................................. . 
Tuition .......................................................................... . 
Graduate Student Council Dues ........................................ . 

Other: 

$ 25.00' 
3,141.002 

2.00 

$3,168.00 

Books and Supplies (approx.) ............................ '" ................. $300.00 
Graduate House Living Expenses (see page 255 for details) 
Room-$585.00 to $648.00 per academic year3 

(Room rates are subject to change.) 
Meals-Available at Chandler Dining Hall or 
the Athenaeum (members only) 

lThis charge is made only once during residence at the Institute (see page 158). 
2 A separate Health Fee is no longer charged. 
3Room rent is billed one month in advance and is payable upon receipt of the monthly statement. 

The following is a list of graduate fees at the California Institute of Technology for the 
Academic Year 1974-75, together with the dates on which they are due. Charges are subject 
to change at the discretion of the Institute. 

First Term 
September 30, 1974 General Deposit. .................................................... $ 25.00 

(see page 158) 

January 6, 1975 

March 31, 1975 

Tuition ................................................................. . 
Graduate Student Council Dues .............................. . 

Second Term 

1,047.00 
2.00 

Tuition. ..... ........ .......... ................ ......... ........ ......... 1,047.00 

Third Term 
Tuition. ....... ........ .......... ............. ... ........ ...... ... ....... 1,047.00 

Tuition fees for fewer than normal number of units: 
Over 35 units ..................................................... Full Tuition 
Per unit per term ......................................................... 30.00 
Minimum per term ..................................................... 300.00 
Auditor's Fee (p. 149) $40.00 per term per lecture hour. 

Fees for Late Registration. Registration is not complete until the student has personally 
turned in the necessary registration forms for a program approved by his adviser and has 
paid his tuition and other fees. A penalty fee of $10 is assessed for failure to register within 
five days of the scheduled dates. 

Associated Student Body Dues. Graduate students are eligible for membership in the 
Associated Students of Caltech, pursuant to by-laws thereof. Dues are $22 annually (see 
page 158). 



Living Accommodations 255 

Room Deposit. A $50 deposit must accompany each room application and is subject to 
refund upon termination of the contract. (This deposit should not be confused with the 
General Deposit of $25.) 

Winnett Student Center. A charge of$l a year is made to each student who is provided a key 
to the Winnett Student Center game room, to help defray the expenses. 

Graduate Student Council Dues. Annual dues of $1 are currently charged to each graduate 
student. The council uses the dues to support a program of social and athletic activities, and 
of other activities it deems beneficial to graduate student life. 

Refunds. Students withdrawing from the Institute or reducing their number of units 
during the first three weeks of a term, for reasons deemed satisfactory to the Institute, are 
entitled to a refund of tuition less a pro rata charge. Computation of this charge is based on 
the period elapsed, from the beginning of the term to: 

a. the date the request is made to the Dean of Students for Withdrawals; 
b. the date the petition is presented to the Office of the Registrar for Leave of Absence; 
c. the date that registration for the reduced units is approved by the Dean of Graduate 

Studies or the date that drop cards are filed in the Registrar's Office, whichever is later 
for Reduction in Units (there is a minimum charge for 10 units). 

Living Accommodations for Graduate Students 
Housing Facilities. The Institute has four residence houses providing single rooms for 167 

graduate students. These handsome and comfortable residences, located on campus, were 
donated by William M. KeckJr., Samuel B. Mosher and Earle M. Jorgensen, David X. Marks 
Foundations, and the family of Carl F Braun. The rates per academic year vary depending 
upon the accommodations and services provided. During the summer only, rooms may be 
rented on a month-to-month basis. Complete information may be obtained and reserva­
tions made by writing to the Office of Residence and Dining Halls, California Institute of 
Technology. 

A limited number of rooms are available for women graduate students. Information about 
membership and rates may be obtained from the same office as above. 

The Institute owns three apartment buildings and a limited number of houses for exclu­
sive rental to married students and families. 

The Off-Campus Housing Office also maintains a current file of available rooms, apart­
ments and houses in the Pasadena area. The Institute cannot make negotiations for indi­
vidual housing off campus but will be glad to furnish detailed information. Address: 
California Institute of Technology, Off-Campus Housing Office 111-6. 

Dining Facilities. Graduate students are privileged to join the Athenaeum (faculty club), 
which affords the possibility of contact with fellow graduate students and with others using 
the Athenaeum, including The Associates of the Institute, clistinguished visitors, and 
members of the professional staffs of the Hale Observatories, the Huntington Library, and 
the California Institute. 

The Chandler Dining Hall, located on the campus, is open Monday through Friday and 
most weekends when the Institute is in session. Breakfast, lunch, dinner, and snacks are 
served cafeteria style. 

Health Services. The health services available to graduate students are explained in Section 
III under Student Health (pages 155-156). 

The International Desk. The International Desk is maintained to help foreign students and 
visiting scholars with non-academic problems. They will find the services of the desk very 
helpful, particularly when they first arrive on campus. The International Desk operates with 
the advice of the Faculty Committee on Foreign Students and Scholars. 
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The Institute offers in each of its divisions a number of fellowships, scholarships, and 
graduate assistantships. In general, scholarships carry full or partial tuition awards; assis­
tantships, cash stipends; and fellowships often provide both tuition awards and cash 
grants. Graduate assistants are eligible to be considered for scholarship grants. 

A request for financial assistance is included on the application for admission to graduate 
standing. These applications should reach the Institute by February 15. Appointments to 
fellowships, scholarships, and assistantships are for one year only; and a new application 
must be filed with option representatives each year by all who desire appointments for the 
following year, whether or not they are already holders of such appointments. 

In addition, loans are available to graduate students who need such aid to continue their 
education. They are made upon application, subject to the approval of the Scholarships and 
Financial Aid Committee, and the extent of the available funds. In addition to loans, the 
Deferred Payment Plan is also available to graduate students. 

Graduate Assistantships 
Graduate assistants devote, during the school year, not more than 20 hours a week to 

teaching, laboratory assistance, or research of a character that affords them useful experi­
ence. This time includes that required in preparation and in marking notebooks and papers, 
as well as that spent in classroom and laboratory. The usual assistantship assignment calls 
for 20 hours per week at most and ordinarily permits the holder to carry a full graduate 
residence schedule as well. 

Graduate Scholarships, Fellowships, and Research Funds 
The Institute offers a number of tuition awards to graduate students of exceptional ability 

who wish to pursue advanced study and research. Several of these funds also provide a 
monthly stipend for living expenses. 

Earle C. Anthony Fellowships-established by Mr. Earle C. Anthony for graduate fel­
lowships. 

ARCS Foundation (Achievement Rewards for College Scientists) of Los 
Angeles-established by the Foundation for graduate and undergraduate fellowships. 

Meridan Hunt Bennett Scholarships-granted from the Meridan Hunt Bennett Fund 
established by Mrs. Russell M. Bennett of Minneapolis as a memorial to her son. 

Blacker Scholarships-research scholarships provided through The Robert Roe Blacker 
and Nellie Canfield Blacker Scholarship Endowment Fund, established by R. R. Blacker and 
Mrs. Blacker. The recipients are designated Blacker Scholars. 

Bridge Fellowship-research fellowship in physics provided by Dr. Norman Bridge. The 
recipient is designated the Bridge Fellow. 

Edith Newell Brown Scholarships-maintained by the income from the Edith Newell 
Brown Fund. The recipients are designated Edith Newell Brown Scholars. 

Theodore S. Brown Scholarships-maintained by the Theodore S. Brown Fund. The 
recipients are designated Theodore S. Brown Scholars. 

Lucy Mason Clark Fellowship-fellowship in plant physiology supported by a fund 
established by Miss Lucy Mason Clark. 

Ray G. Coates Scholarship-scholarship in physics proVided by Mrs. Alice Raymond 
Scudder Coates. The recipient is designated the Ray G. Coates Scholar. 

Samuel H. and Dorothy Breed Clinedinst Foundation Scholarship. 
Cole Fellowships-three annual scholarships (one in electrical engineering, one in 

mechanical engineering, and one in physics) supported by the Cole Trust, established by 
the will of Mary V. Cole in memory of her husband, Francis J. Cole. The recipients are 
designated Cole Fellows. 

Caroline W. Dobbins Scholarships-provided by Mrs. Caroline W. Dobbins through the 
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Caroline W. Dobbins Scholarship Fund. The recipients are designated Caroline W. Dobbins 
Scholars. 

Donald Wills Douglas Prize Fellowship-a fellowship at the Graduate Aeronautical 
Laboratories provided by an endowment fund established in honor of Donald Wills Douglas 
by a group of his friends. 

Drake Scholarships-maintained by the Drake Fund, provided by Mr. and Mrs. Alexan­
der M. Drake. The recipients are designated Drake Scholars. 

Richard P. Feynman Fellowships-fellowships in physics, with preference to theoretical 
physics, provided by the H. Dudley Wright Research Foundation. The recipients are 
designated Richard P. Feynman Fellows. 

GALeIT Wind Tunnel Fellowships-fellowships open to students from any country, at 
any level of graduate study, and in any discipline acceptable as a thesis topic in aeronautics. 

Daniel and Florence Guggenheim Fellowships-supported by the Guggenheim Jet 
Propulsion Center Fund. 

Beno Gutenberg Fellowships-fellowships in geophysics supported by a fund provided 
by Mr. and Mrs. Louis E. Noh!. The recipients are designated Beno Gutenberg Fellows. 

Robert H. Halpenny Memorial Scholarship-scholarship in electrical engineering sup­
ported by the income from the Robert H. Halpenny Memorial Scholarship Fund. 

Clarence J. Hicks Memorial Fellowship in Industrial Relations-supported by a fund 
provided by Industrial Relations Counselors, Inc. and other contributors and granted to a 
student who undertakes some studies in industrial relations, as approved by the director of 
the Industrial Relations Center. 

Albert Hall Hughey Scholarship-supported by income from the Albert Hall Hughey 
Scholarship Fund. 

Saul Kaplun Scholarships-established by Mr. Morris J. Kaplun, in memory of his son, 
for fellowships in applied mathematics. The recipients are designated Saul Kaplun Fellows. 

William N. Lacey Fellowship-fellowship in chemical engineering provided by income 
from gifts of the Union Oil Company Foundation. 

Henry Laws Scholarships-scholarships for research in pure science, preferably physics, 
chemistry, and mathematics, provided through a fund given by Mr. Henry Laws. The 
recipients are designated Henry Laws Scholars. 

Robert L. Leonard Scholarships-contributed by Mrs. Robert L. Leonard. 
Howard J. Lucas Fellowships-fellowships in organic chemistry provided by Howard J. 

Lucas through the Howard J. Lucas Fund. 
Joseph F. Manildi Scholarships-contributed as a memorial to Dr. Joseph F. Manildi for 

graduate or undergraduate scholarships. 
Clark B. Millikan Scholarships-provided by gifts made in memory of Clark B. Millikan. 

The recipients are designated Clark B. Millikan Scholars. 
Greta B. Millikan Fellowship-provided through a bequest of Greta B. Millikan for 

fellowships in physics. Recipients are designated Robert A. Millikan Fellows. 
Li Ming Memorial Scholarship-contributed in memory of Mr. Li Ming for graduates or 

undergraduates of Chinese birth or descent. 
Blanche A. Mowrer-a bequest from Blanche A. Mowrer for the benefit of postgraduate 

students in chemistry. 
David Lindley Murray Scholarships-provided through the David Lindley Murray Edu-

cational Fund. The recipients are designated Murray Scholars. 
May McManus Oberholtz Scholarship Endowment Fund. 
Elbert G. Richardson Scholarship and Fellowship Fund. 
Frederick Roeser Scholarship-granted from the Frederick Roeser Loan, Scholarship, 

and Research Fund. The recipient is designated the Roeser Scholar. 
William E. Ross Memorial Scholarships-supported by income from the William E. Ross 

Memorial Fund, provided by William E. Ross. 
Eben G. Rutherford Scholarship Fund. 
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Bruce H. Sage Fellowship--fellowship in chemical engineering provided by income from 
gifts of the Union Oil Company Foundation. 

Evelyn Sharp Scholarship--scholarship in behavioral biology supported by the Evelyn 
Sharp Scholarship in Behavioral Biology Fund, a gift of Mrs. Evelyn Sharp. 

Royal W. Sorenson Fellowship-a fellowship or scholarship in electrical engineering 
provided by a fund created to honor Royal W. Sorenson. 

Keith Spalding Memorial Scholarship Fund---contributed in memory ofMr. Keith Spald­
ing to proVide either graduate or undergraduate scholarships. 

Van Maanen Fellowships---one or more predoctoral or postdoctoral fellowships in as­
tronomy provided by the Van Maanen Fund. The recipients are designated Van Maanen 
Fellows. 

Laszlo Zechmeister Scholarships---scholarships in chemistry provided by gifts from Mrs. 
Laszlo Zechmeister through the Laszlo Zechmeister Fund. 

Special Fellowships and Research Funds 
In addition to the National Science Foundation, the Department of Health, Education, 

and Welfare, the National Aeronautics and Space Administration, the Ford Foundation, 
and the California State Scholarship Fund, the following corporations, foundations, and 
individuals contribute funds for the support of graduate fellowships: 

African American Institute 
Atlantic Richfield Company 
R. C. Baker Foundation 
C F Braun & Co 
Corning Glass Works Foundation 
Exxon Educational Foundation 
General Telephone and Electronics Corporation 
Fannie and John Hertz Foundation 
Hughes Aircraft Company 
International Business Machines 
Latin American Scholarship Program 
The Link Foundation 
William F. Marlar Foundation 
Arthur McCallum Fund 
Northrop Corporation 
Phillips Petroleum Company 
Radio Corporation of America 
Gordon Ross Medical Foundation 
Schlumberger Foundation 
Virginia Steele Scott 
Shell Companies Foundation 
The Spencer Foundation 
Standard Oil Company of California 
Tektronix Foundation 
TRW Systems 
United States Steel Foundation 
Westinghouse Electric Corporation 

A number of governmental units, industrial organizations, educational foundations, and 
private individuals have contributed funds for the support of fundamental research related 
to their interests and activities. These funds offer financial assistance to selected graduate 
students in the form of graduate research assistantships. 
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Work-Study Programs 
Limited opportunities are available for work-study programs in certain areas of interest. 

At the present time the sponsors of such programs are the Hughes Aircraft Company, 
Scientific Education Office, World Way, P.O. Box 90515, Los Angeles, California 90009, and 
the JEt Propulsion Laboratory of the California Institute of Technology. Potential students 
wishing to consider participation in the Hughes program may make inquiry to the address 
above or through the appropriate option at this Institute. Those wishing to be considered for 
the JPL program ShllUld inquire through their option. In general such programs require 
some part-time employment during the academic year, as well as full-time work during the 
summer. 

Postdoctoral Fellowsh ips 
It is frequently advantageous for individuals to continue their training programs for a 

limited period of time after receiving their doctoral degrees and before seeking regular 
employment. To this end, the Institute appoints each year a number of Postdoctoral 
Fellows. The postdoctoral program consists, generally, of fundamental research in one of 
the Institute laboratories in close association with one or more regular faculty members. At 
the end of a period of postdoctoral training, a certificate of completion will be issued to the 
Fellow upon request. 

Loans and Deferred Payments 
There are two sources of loans available to graduate students: Federal loans under the 

NDEA and loans from special funds of the California Institute of Technology. The terms and 
conditions for these loans are the same as those outlined for undergraduate students on 
pages 163-165, except that the maximum amount which may be borrowed in one year under 
the NDEA by a qualified graduate student is $2,500. The total of loans made to such a 
student from this source for all years, including any loan made to him as an undergraduate, 
may not exceed $10,000. Loans from Institute funds for graduate students are limited to 
$1,000 per year and cannot exceed $9,000 during the student's undergraduate and graduate 
study; loans from these funds for graduate students will be subject to interest charges from 
the time the loan is made. 

The Deferred Payment Plan is also available to graduate students and the conditions for 
this plan are outlined on page 165. 

Loans and the deferred payment plan may also be used in combination, but the total 
amount from all sources may not exceed $2,500 in anyone year of graduate study and cannot 
exceed $14,000 during the student's undergraduate and graduate study. 





Section V 

SUBJECTS OF INSTRUCTION 

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 per 
week. In the following schedules, figures in parentheses denote hours in class (first figure), 
hours in laboratory (second figure), and hours of outside preparation (third figure).! 

AERONAUTICS 

Advanced Courses 

Ae/APh 101 abc. Fluid Mechanics. 9 units (3-0-6); first, second, third tenns. Definition, 
classification and properties of fluids. Thermodynamics of fluid flow; compressibility, real 
gas effects. Acoustic waves, shock waves, gravity waves. Euler equations. Vorticity. Sub­
sonic and supersonic flow fields. Nonstationary flows. Stress-strain relations. Viscosity and 
heat conduction effects at low and high Reynolds numbers. Boundary layers. Turbulent 
shear flows. Additional topics will be selected from subjects such as: heat flow and diffusion 
in gases; dynamics of rarefied gases; plasma flow and magnetohydrodynamics; super fluid 
flow; rotating fluids. Instructor: Roshko. 

Ae/AM 102. Mechanics of Structures and Solids. 9 units (3-0-6); first, second, third tenns. 
Prerequisite: AM 97 abc or equivalent. Static and dynamic analysis of structural clements with 
applications in a variety of fields. The three dimensional theory of elastic solids under load 
as well as the technical theory of beams, plates and shells will be treated. Variational 
theorems and approximate solutions, including finite elements, are discussed. Special 
topics such as introduction to plasticity, time dependent materials, large displacement 
problems, elastic stability, waves in solids and special solution techniques may be included 
in the third term. Instructor: Housner. 
Ae 103 abc. Vehicle Performance and Dynamics. 9 units (3-0-6); first, second, third terms. 
Prerequisite: AMa 95. Performance and dynamic behavior (stability and control) of vehicles 
moving in a continuum (air or water) will be discussed in a unified way. Examples to be 
discussed will include the dynamics and performance of vehicles such as submarines, 
surface effect machines, VTOL and STOL aircraft, subsonic and supersonic aircraft and 
rockets. Topics include speed performance, climb and descent, range, take-off and landing 
distances, static longitudinal and lateral stability, equations of unsteady motion, dynamic 
stability, responses to controls and disturbances. Instructor: Kubota. 

Ae 105 abc. Experimental Methods. 9 units (3 -0-6 first teml; 1-3-5 second and third temls). First 
term: Properties of materials and of mechanical, electrical and electronic devices; design and 
use of instruments, with emphasis on digital methods. Examples of instrumentation (hot 
wire, strain gages, etc.) with demonstrations. Large experimental facilities, including GAL­
CIT Hypersonic and 10 ft. Wind Tunnels and Water Tunnels. Second, third terms: Labora­
tory in solid and fluid mechanics. Emphasis on broad coverage of instrumentation and 
subject areas, particularly areas not ordinarily treated in analytical course work. Low-speed 
aerodynamics, turbulence, steady and non-steady gasdynamics, vibrations, t1utter, photo­
elasticity. Instructors: Staff. 

1 The Untts u<;cd.Jt the California Institute may be reduced to sen1t..''itef hours by multiplying the Instltute UJ1its bX the 
fr<Ktiun 219. Thus ,1 h·velv2-lInit course taken throuphout the three terms of an cl(,ldemk ~ etl{ wnuld tot.ll thirty-six Institute 
units or eight sel11ester hours. If the course wc-re tel ken fOt" only (me tem1, It wl)uld be tht> eqU1\'c1h:n t I)f 2.6 sen<.,..;;ter hours. 
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Ae 107. Case Histories in Aerospace Engineering. 9 units (3-0-6); first, secnnl, third "rillS. 

The characteristic features of current large engineering developments in aerona'ltics and 
space will be treated by examining a case history of a project which has recently completed 
the primary engineering cycle. The information will be developed through a s ies of 
interlinked seminars, primarily presented by persons discussing their part of the project. 
The series will start with the economic, political and technological environment in which the 
concept originated, proceed to project initiation, detailed engineering, manufacturing and 
operations. Finally, a summary of project successes and difficulties and suggestions for 
future work will be presented. Instructors: Stewart, Sechler. 

Ae 150 abc. Aeronautical Seminar. 1 unit (1-0-0); first, second, third tmns. Speakers from 
campus and outside research and manufacturing organizations discuss current problems 
and advances in aeronautics. Graded passlfail only. Instructor: Sturtevant. 

AelChE 172 abc. Optimal Control Theory. 9 units (3-0-6); first, second, third tenns. Linear 
feedback control systems; frequency and time domain analysis; stability, controllability, and 
observability; synthesis using Bode plots, Nyquist diagrams, and root loci. Optimization 
problems for dynamic systems with terminal and path constraints (calculus of variat:ons); 
optimal feedback control (dynamic programming); terminal controllers and regulators; 
numerical methods for synthesizing optimal paths and optimal feedback controllers. Opti­
mal control in the presence of noise; recursive filtering, smoothing, and interpolation for 
linear systems with additive Gaussian noise; singular optimization problems and differen­
tial games. 

Ae 200 abc. Research in Aeronautics. Units to be arranged. Theoretical and experimental 
investigations in the following fields: aerodynamics, compressibility, fluid and solid 
mechanics, supersonic and hypersonic flow, aeroelasticity, structures, thermoelasticity, 
fatigue, photoelasticity. Instructors: Staff. 

Ae 201 abc. Advanced Fluid Mechanics. 9 units (3-0-6); first, second, third tenns. Prerequisites: 
Ae 101 or Hy 101; AM 125 or AMa 101 (may be taken concurrently). Foundations of the 
mechanics of real fluids. Basic concepts will be emphasized. Subjects covered (not necessar­
ily in the order listed) include: physical properties of real gases; the equations of motion of 
viscous and inviscid fluids; the dynamical significance of vorticity; exact solutions; motion at 
high Reynolds number emphasizing boundary layer concepts and their mathematical 
treatment; in viscid compressible flow theory; shock waves; similarity for subsonic, trans­
onic, supersonic and hypersonic flows. In addition, topics will be selected from the follow­
ing subjects: low Reynolds number approximate solutions; hypersonic aerodynamics; 
acoustics; flow of mixtures with chemical changes and energy transfer; stability and turbu­
lence; rotating and stratified fluids. Offered in odd-numbered years. 

Ae 202 abc. Advanced Solid Mechanics. 9 units (3-0-6); first, second, third tenns. Prerequisite: 
AelAM 102 or equivalent. Introduction to the largE :eformation of elastic solids and specializa­
tion to linearly elastic solids. Solution methods in linear elasticity. Displacement potentials 
and stress functions. Application of integral transform and complex variable methods. 
Introduction to wave mechanics. Variational methods: potential, complementary energy, 
Reissner's and Hamilton's principles. Application to the derivation of plate and shell 
equations, discrete element methods and structural dynamics and stability. Not offered in 
1974-75. 

Ae 203 abc. Applied Aerodynamics and Fli~h Mechanics. 9 units 13-0-6); first, second, third 
tenns. Prerequisites: Ae!AM 102, Ae 103, AM 113. Atmospheric flight mechanics, controlled 
motion of airplanes and rockets, atmospheric perturbation effects, gyroscopic coupling 
effects. Orbital flight mechanics, launching trajectories, space trajectories, orbital perturba­
tions. Multi-stage rocket performance. Re-entry mechanics and aerodynamic heating. Spe­
cial topics in ,,'ling theory, linearized incompressible and supersonic lifting surface theory 
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and non-stationary wing theories. Reverse flow theorems and minimum drag theorems for 
incompressible and supersonic flow. Instructor: Stewart. 

Ae 204 abc. Technical Fluid Mechanics. 9 units (3-0-6); first, second, third terms. Prerequisites: 
Ae 101, Hy 101 or equivalent. The aim is to acquaint students with a class of problems 
frequently encountered in engineering but for which complete theoretical methods do not 
exist. Typically these include flows with turbulence, separation, instability, etc. Topics will 
include turbulent shear flows, separated flows, effects of laminar to turbulent transition, 
three-dimensional and nonstationary effects, and will be used to discuss such engineering 
problems as mixing devices, diffusers, stall, buffeting, aerodynamics of non-aeronautical 
shapes such as building structures and vehicles. Offered in even-numbered 
years. Instructor: Coles. 

Ae 208 abc. Fluid Mechanics Seminar. 1 unit (1-0-0); first, second, third terms. A seminar 
course in fluid mechanics. Weekly lectures on current developments are presented by staff 
members, graduate students, and visiting scientists and engineers. Instructor: Liepmann. 

Ae 209 abc. Seminar in Solid Mechanics. 1 unit (1-0-0); first, second, third terms. A seminar 
for ,t" t and students of all divisions whose interests lie in the general field of solid 
mecllanics. Reports on current research by staff and students on the campus are intermixed 
wlth seminars given by invited lecturers from companies and other research 
'1' ,;titutions. Instructors: Staff. 

Note: The following courses, with numbers greater than Ae 210, are one-term 
courses offered each year to interested students. Depending on conditions, some of 
the courses may be taught as tutorials or reading courses, while others may be 
conducted more formally. 

Ae 212. Shell Theory. 9 units (3-0-6); second term. Prerequisite: instructor's permission. General 
mathematical formulation of the theory of thin elastic shells. Membrane and bending 
stresses in shells. Elastic stability. Surveys of recent advances in the non-linear theories of 
stressing and buckling of shells. Not offered in 1974-75. 

Ae 213. The Mechanics of Fracture. 9 units (3-0-6); first term. Prerequisite: Ae 202 or equivalent 
and instructor's permission. An advanced course stressing the analysis of fracture in metallic 
and non-metallic solids, designed to give the student an appreciation of the approximations 
made in analytically modelling the physics of the fracture process. Several fracture criteria as 
based on energy balance, cohesion modulus and crack opening displacement are discussed 
in the light of their applicability to brittle, ductile and viscoelastic solids for quasi-static and 
fast running cracks. Instructor: Knauss. 

Ae 214. Special Problems of Space Environment. 9 units (3-0-6); third term. Prerequisite: 
instructor's permission. The effect of space environment on living bodies, materials, and 
structures. Hard vacuum, ionizing and particle radiation. Micrometeoroid impact, damage, 
and protection. Radiation shielding. Differences between short-time and long-time mis­
sions. Solar radiations, flares, and storms. Instructor: Sechler. 

Ae 217 abo Aero- and Hydroelasticity. 9 units (3-0-6); third term. Prerequisite: instructor's 
permission. General formulation of aeroelastic and hydroelastic problems. Aeroelastic oscil­
lations of cylinders, transmission lines and suspension bridges. Steady state problems; 
divergence, loss of control. Flutter of airfoils with nonlinear stiffness and damping charac­
teristics. Instability of hydrofoils. Instructor: Babcock. 

Ae 221. Theory of Viscoelasticity. 9 units (3-0-6); second term. Prerequisites: Ae 202 or equivalent 
and instructor's permission. Material characterization and thermodynamic foundation of the 
stress-strain laws. Correspondence rule for viscoelastic and associated elastic solutions and 
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integral formulation for quasi-static boundary value problems. Treatment of time-varying 
boundary conditions such as moving boundaries and moving loads. Stress waves. Approx­
imate methods of viscoelastic stress analysis. Instructor: Knauss. 

Ae 225 abo Special Topics in Solid Mechanics. 9 units (3-0-6); first, second, third terms. 
Subject matter will change from term to term depending upon staff and student interest but 
may include such topics as structural dynamics; aeroelasticity; thermal stress; mechanics of 
inelastic materials; and non-linear problems. 

Ae 231. Wing Theory. 9 units (3-0-6); third term. Prerequisites: Ae 101, AM 113 and instructor's 
permission. Application of potential flow theories to flows around airfoils and wings. Topics 
are selected from: two-dimensional airfoil theories, thin airfoil theory, numerical methods 
for thick airfoils, ground effects, cascade of airfoils, airfoil with cavitation, non stationary 
flow, compressibility effects; three-dimensional wings, lifting-line theory, slender-wing 
theory, lifting-surface theories, ground effects, wind-tunnel wall effects; supersonic-wing 
theories, conical-flow theory. Evvard's integral solution. Instructor: Kubota. 

Ae 232. Numerical Methods in Fluid Mechanics. 9 units (3-0-6); second term. Prerequisites: Ae 
101, AM 113 or equivalents and instructor's permission. Problem-oriented review of numerical 
methods and solutions in fluid mechanics. Ordinary differential equations, shock-wave 
structure, one-dimensional flow, boundary layers. Classification of partial differential equa­
tions. Numerical methods for elliptic problems, potential flow around finite bodies. Finite 
difference methods for parabolic problems, laminar and turbulent boundary layers. Hyper­
bolic problems, methods of characteristics, finite-difference methods. Supersonic blunt­
body problems. Non-steady flow equations. Free-surface problems. Numerical 
modeling. Instructor: Kubota. 

Ae 233. Gasdynamic Lasers and Molecular Energy Transfer. 9 units (3-0-6); third term. 
Prerequisites: Ae 101, AM 125, APh 50 or equivalent, and instructor's permission. 
High-temperature flow through supersonic nozzles, with emphasis on the conditions 
required to produce population inversion in vibrational/rotational states. Behavior of collec­
tions of harmonic and anharmonic oscillators with variable temperature and pressure. 
Transfer of molecular energy among the vibrational, rotational, and translational degrees of 
freedom. Elementary chemical kinetics and chemically reacting flows through nozzles. 
Some problems of fluid mechanics arising in gasdynamic lasers. Instructor: Culick. 

Ae 234. Hypersonic Aerodynamics. 9 units (3-0-6); first term. Prerequisites: Ae 101, AM 125 and 
instructor's permission. An advanced course dealing with aerodynamic problems of flight at 
hypersonic speeds. Topics are selected from: hypersonic small-disturbance theory, blunt 
body theory, boundary layers and shock waves in real gases, heat and mass transfer, testing 
facilities and experiment. Text: Hypersonic Flow Theory, Hayes and Probstein. Instructor: 
Kubota. 

Ae 235. Acoustical Problems in Fluid Mechanics. 9 units (3-0-6); third term. Prerequisite: 
instructor's permission. Fundamental principles. Geometrical acoustics. Standing waves. 
Cavities. Diffraction. Sound in moving media. Aerodynamic noise. Nonlinear acoustics. 
Focusing. Shock diffraction. Instructor: Sturtevant. 

Ae 237 a. Non-Steady Gasdynamics. 9 units (3-0-6); first term. Prerequisites: Ae 101, AMa 95 or 
AM 113, and instructor's permission. Review of shock waves in moving coordinate systems, in 
real and perfect gases. Simple expansion waves. Basic shock-tube equation. Reflected shock 
waves. Wave interactions and geometrical effects. Shock tube applications; non-ideal be­
havior in shock tubes, diaphragm opening effects, boundary layer effects. Shock-tube 
techniques and measurements. Driver types and characteristics. Illus­
trations of shock-tube applications; shock-wave structure, shock-wave interactions, exper­
iments on chemical and physical properties of gases, reaction rates, aerodynamic experi­
ments, light gas guns, etc. Instructor: Sturtevant. 
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Ae 239. Turbulent Shear Flows. 9 units (3-0-6); second tenn. Prerequisites: Ae 101, AM 113 and 
instructor's permission. Mean and fluctuating values. Equations of mean motion; Reynolds 
stresses; turbulent energy balance. Similarity arguments for turbulent shear flows; free 
shear layers, wakes, jets, boundary layers. Separated flows. Effects of density nonunifor­
mity. Discussion of the experimental literature. Engineering methods. Instructors: 
Roshko, Coles. 

Ae 240 abc. Special Topics in Fluid Mechanics. 9 units ( 3-0-6); first, second, third tenns. 
Subject matter will change from term to term depending upon staff and student interest. 

Ae 250 abc. Special Topics in Flight Mechanics. 9 units (3-0-6); first, second, third tenns. 
Subject matter may change from term to term and from year to year depending upon staff. It 
is planned to invite senior personnel from universities, research laboratories, and industry 
to give courses in such subjects as design, control systems, and systems engineering for 
both aircraft and spacecraft systems. 

AERONAUTICS - JET PROPULSION 

(See Jet Propulsion) 

ANTHROPOLOGY 

An 11. Race, Language and Culture. 9 units (3-0-6); first tenn. Human and cultural evolution. 
Descriptive analysis of hunting and gathering societies in the Old and New Worlds. The 
development of racial, linguistic and cultural diversity. The agricultural revolution and the 
rise of the preindustrial city. Instructor: Scudder. 

An 101 abc. Selected Topics in Anthropology. 9 units (3-0-6). Collective action and collective 
decision-making. 

An 123 abo The Anthropology of Development. 9 units (3-0-6); second, third tenns. Social 
change in contemporary tribal and peasant societies. Emphasis will be placed on the impact 
of modernization, especially through urbanization, industrialization and the intensification 
of agriculture, and of revitalization on the social organization of selected societies in Latin 
America, Europe, Africa and elsewhere over the past half century. Instructor: Scudder. 

APPLIED MATHEMATICS 

Undergraduate Courses 

AMa 90 abc. Topics in Applied Mathematics. 9 units (3-0-6); first, second, third tenns. 
Prerequisites: Ma 2 abc, Ph 2 abc, or equivalent. An introductory course, ranging over a variety 
of applications to show typical problems, concepts and methods of applied mathematics. 
Topics will be chosen from the areas of random processes, combinatorial analysis, numerical 
analysis, computer science, continuum mechanics and transport theory. The aim is to show 
the interplay between mathematics and applications on topics which do not require a large 
detailed background in either mathematical methods or in the particular subject area of the 
application. Not offered in 1974-75. 

AMa 95 abc. Introductory Methods of Applied Mathematics. 12 units (4-0-8); first, second, 
third tenns. Prerequisites: Ma 1 abc, Ma 2 abc or equivalent. A course in the mathematical 
treatment of problems arising in applied mathematics, engineering, and physics. The topics 
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studied include: a basic introduction to analytic functions of complex variables; special 
functions such as the Bessel functions and Legendre functions; series of orthogonal func­
tions; partial differential equations and boundary value problems and an introduction to 
integral transforms. Instructors: Caughey, Saffman. 

Advanced Courses 

AMa 101 abc. Methods of Applied Mathematics I. 9 units (3-0-6); first, second, third terms. 
Prerequisite: AMa 95 or Ma lOS. Review of basic complex variable analysis; asymptotic 
expansions; ordinary linear differential equations; Sturm-Liouville theory; eigenfunction 
expansions; integral transforms; singular integral equations; introduction to partial differen­
tial equations; elementary theory of nonlinear differential equations. Instructor: 
Whitham. 

AMa 104. Matrix Theory. 9 units (3-0-6); first term. Prerequisite: AMa 95 abc or equivalent. 
Matrices as linear transformations, theory of linear vector spaces, matrix operations. 
Eigenvalue-eigenvector theory, canonical forms, variational principles, inverses, pseudo­
inverse. Matrix and vector norms, matrix calculus and applications to systems of ordinary 
differential equations. Introduction to computational linear algebra. Instructor: Keller. 

AMa 105 abo Introduction to Numerical Analysis. 11 units (3-2-6); second, third terms. 
Prerequisites: Ma lOS or AMa 104 or equivalent; ability to use digital computer by middle of first 
quarter. Solution of linear systems by direct and iterative methods; eigenvalue-eigenvector 
computation; iterative solution of nonlinear systems. Approximation theory, least squares, 
interpolation, splines, quadrature. Numerical methods for initial value and boundary value 
problems in ordinary differential equations. Introduction to methods for partial differential 
equations. Instructor: Keller. 

AMa 110 abc. Introduction to the Calculus of Variations. 9 units (3-0-6); first, second, third 
terms. Prerequisite: Ma lOS or equivalent. The first variation and Euler's equation for a variety of 
classes of variational problems from mathematical physics. Natural boundary conditions. 
Subsidiary conditions. The theory of extremal fields for single-variable variational prob­
lems. Conjugacy and the second variation. Hamilton-Jacobi theory. An introduction to the 
direct methods of Rayleigh, Ritz, and Tonelli and their application to equilibrium and 
eigenvalue problems. Some simple aspects of control problems. Not offered in 1974-75. 

AMa 151 abc. Perturbation Methods. 9 units (3-0-6); first, second, third terms. Prerequisite: 
AMa 101 or equivalent. The course discusses uniformly valid approximations in various 
physical problems. Generalized boundary layer technique. Coordinate straining tech­
niques; Poincare's method. Problems with several time scales; averaging techniques; 
method of Krylov-Bogoliubov. Eigenvalue problems. Examples taken from linear and 
nonlinear vibrations, orbital problems, viscous flow, elasticity. Instructor: Cohen. 

AMa 152 abc. Linear and Nonlinear Wave Propagation. 9 units (3-0-6); first, second, third 
terms. Prerequisite: AMa 101 or equivalent. Mathematical formulation, hyperbolic equations, 
characteristics, shocks. Combined effect of nonlinearity and diffusion. Wave propagation 
with relaxation effects. Dispersive waves, group velocity, geometry of waves, nonlinear 
dispersive waves. Diffraction theory. The emphasis is on solving physical problems and the 
mathema~ical theory is developed through a wide variety of problems in gasdynamics, 
water waves, plasma physics, electromagnetism. Not offered in 1974-75. 

AMa 153 abc. Stochastic Processes. 9 units (3-0-6); first, second, third tenns. Prerequisite: Ma 
lOS or AMa 95. An introductory course designed to proceed from an elementary and often 
heuristic discussion of a variety of stochastic processes to a unified mathematical treatment 
of the subject. Topics will include: Basic probability, random walks, concepts of power 
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spectra and correlatiOlI functions and their use in problems like shot effect, Brownian 
motion, wave propagation in media with random inhomogeneities, turbulence, etc. Re­
sponse of systems of oscillators to random inputs. Fokker-Planck equation and its applica­
tion to nonlinear oscillator problems. General theory of Markov processes. Instructor: 
Franklin. 

AMa 181 abc. MathematiCal Programming and Game Theory. 9 ,mits (3-0-6); first, second, 
third terms. Prerequisite: Some knowledge of linear algebra. Theory of linear and nonlinear 
programming. Simplf'x algorithm. Integer programming and network flows. Zero-sWTI, 
two-person games. Linear models of exchange and production. Kakutani fixed-point 
theorem. Theory of n-person games. Applications to engineering and economics. Not 
offered in 1 "74-75. 

AMa 190. R~."'ing and Independent Study. Units by arrangement. Graded pass/fail cnly. 

AMa 201 abc. Method~ of Applied Mathematics II. 9 units (3-0-6); first, second, third terms. 
1 I'ereql'isitc Alvfa 101 . 'r equivalent. Fi;-<[ ,rder partial differential equations; classification and 
:heory of higher urder partial difff"rential equations; well-posed problems; fundamental 
solutions and Green's functions; eigenfunction expansions and inverse scattering. Not 
offered in 1<;'74-75. 

AMa 204 abc. NumedcaI SoIutioJl of Differential and Integral Equations. 9 units (3-0-6). 
Prerequisites: AMa 101 and AMa 104 or some familiarity with elementary numerical methods, as in 
AMa 105 a, digital computing techniques, partial differential equations. A study of practical 
methods for "solving" various linear and nonlinear, ordinary and partial differential and 
integral equation problems with the aid of modem digital computers. The theory of stability, 
convergence and accuracy of methods will be stresf,:,d. Computations on some nontrivial 
problems from each student's area of specialization will be undertaken. Complementary 
material is given in Ma 205. Instructor: Fornberg. 

AMa 251 abc. Applications of Group Theory. 9 units (3-0-6). Prerequisite: some knowledge of 
linear algebra. Applications of group theory to differential equations and to physics, in 
particular quantum mechanics, will be discussed. Mathematical topics to be covered in­
clude: Basic concepts of group theory. Infinitesimal transformations and Lie algebras. 
General notions of group representations. Detailed discussion of classical groups (symmet­
ric, orthogonal, unitary, Lorentz, etc.) and of their representations. Not offered in 1974-75. 

AMa 253 abo Topics in Applied Probability Theory. 9 units (3-0-6); first, second terms. 
Prerequisite: AMa 153 or equivalent. Stochastic differential and integral calculus, Wiener­
Hermite analysis with applications, prediction and filtering, Markov fields, Boltzmann 
equation. Not offered in 1974-75. 

AMa 260 abc. Special Topics in Continuum Mechanics. 9 units (3-0-6); first, second, third 
terms. Prerequisites: Some knowledge of elasticity or fluid mechanics and instructor's pemzission. A 
course designed to reflect recent and current research interests of the staff and students 
working on mathematica: problems in the areas of elasticity, fluid mechanics and related 
fields. Instructor: Lagerstrom. 

AMa 290. Applied Mathematics Colloquium. Units by arrangement. 

AMa 291. Seminar in Applied Mathematics. Units by arrangement. 

AMa 300. Research in Applied Mathematics. Units by arrangement. 

Other courses particularly suitable in making up a program in Applied Mathematics in­
elude: 

Ma 109 
Ma 141 

Delta Functions and Generalized Functions 
Ordinary Differential Equations 
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Ma 143 
Ma 144 
Ma 205 
AM 135 
AM 136 
AM 175 
ES 131 
Ph 125 
Ph 209 
Ph 227 

Introduction to Functional Analysis 
Probability 
Advanced Numerical Analysis 
Mathematical Elasticity Theory 
Advanced Mathematical Elasticity Theory 
Advanced Dynamics 
Thermodynamics and Statistical Mechanics 
Quantum Mechanics 
Electromagnetism and Electron Theory 
Statistical Physics 

APPLIED MECHANICS 

Undergraduate Course 

AM 97 abc. Analytical Mechanics of Deformable Bodies. 9 units (3-0-6); first, second, third 
terms. Prerequisites: Ph 1 abc and Ma 2 abc. Basic principles of stress and strain, displacements 
and strains in a continuum, stress-strain relations, strain energy methods, and stress 
failures. Equations of the Theory of Elasticity, uniqueness, and St. Venant's principle. 
Applications to beams, elastic instability, axially symmetrical problems, stress concentra­
tions, torsion, plates and shells, wave propagation and plastic and inelastic behavior, 
stresses and strains as tensors, numerical methods and experimental methods in stress 
analysis, variational methods. Instructor: Babcock. 

Advanced Courses 

Ae/AM 102 abc. Mechanics of Structures and Solids. 9 units (3-0-6); first, second, third terms. 
Prerequisite: AM 97 abc or equivalent. Static and dynamic analysis of structural elements with 
applications in a variety of fields. The three dimensional theory of elastic solids under load 
as well as the technical theory of beams, plates, and shells will be treated. Variational 
theorems and approximate solutions, including finite elements, are discussed. Special 
topics such as introduction to plasticity, time dependent materials, large displacement 
problems, elastic stability, waves in solids, and special solution techniques may be included 
in the third term. Instructor: Housner. 

AM 113 abc. Engineering Mathematics. 12 units (4-0-8); first, second, third tenns. For graduate 
students only. Prerequisite: Ma 1 abc, Ma 2 abc, or equivalent. A course for graduate students 
who have not had the equivalent of AMa 95 abc. Emphasis is placed on the setting up of 
problems as well as their mathematical solution. The topics studied include: vector analysis; 
analytic functions of a complex variable and applications; ordinary differential equations, 
emphasizing power series solutions; special functions such as the Bessel and Legendre 
functions; partial differential equations and boundary-value problems, with emphasis on 
applications of series of orthogonal functions; and an introduction to transform 
methods. Instructors: Jennings, Sternberg. 

AM 125 abc. Engineering Mathematical Principles. 9 units (3-0-6); first, second, third tenns. 
Prerequisite: AMa 95 abcar AM 113 abc, or Ma 108, or equivalent. Non-linear first-order ordinary 
differential equations; ordinary linear differential equations of second order, Sturm­
Liouville theorems, Green's functions, asymptotic expansion and method of steepest des­
cent; integral transform theory; partial differential equations of first and second order; 
applications to vibrations, elasticity, acoustic and electromagnetic wave propagation, kinet­
ic theory, and fluid mechanics problems. Instructor: Iwan. 
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AM 135 abc. Mathematical Elasticity Theory. 9 units (3-0-6); first, second, third terms. 
Prerequisite: suitable background in advanced calculus. Foundations and applications of linear 
elasticity theory. Elements of cartesian tensor analysis. Kinematics of deformation, analysis 
of stress, stress-strain relations, strain-energy. Alternative formulations of boundary-value 
problems in elastostatics and elastodynamics. Reciprocal and uniqueness theorems, and 
variational principles. Theory of stress functions. Orthogonal curvilinear coordinates. Basic 
problems in elastostatics: fundamental singular solutions, problems of the half space, 
torsion and bending, plane problems. Instructor: Knowles. 

AM 136 abc. Advanced Mathematical Elasticity Theory. 9 units (3-0-6); first, second, third 
terms. Prerequisite: AM 135 abc or equivalent. Special topics in the advanced linear theory and 
the nonlinear theory of elasticity; specific content may vary from year to year. Representa­
tive topics include: theory of Green's functions, mean value theorems, and St. Venant's 
principle in the linear theory; linear thermoelasticity; integral transform and complex­
variable methods in classical elasticity. Shell theory and problems of boundary-layer type in 
elasticity; elastic instability. Introduction to the nonlinear theory and applications. Not 
offered in 1974-75. 

AM 140 abc. Plasticity. 9 units (3-0-6); first, second, third terms. Prerequisites: AMa 95 abc and 
AM 112 abc or instructor's permission. Yield criteria and stress-strain relations for perfectly 
plastic and strain-hardening materials; stable materials; uniqueness theorems. Plastic tor­
sion and bending. Plane strain theory and problems of incipient flow for metals and soils. 
Axially symmetric problems. Limit analysis theorems and applications. Plasticity theories 
for beams, plates, and shells. Minimum weight design. Not offered in 1974-1975. 

AM 141 abc. Wave Propagation in Solids. 9 units (3-0-6); first, second, third terms. Prerequisite: 
AMa 95 abc or AM 113 abc, or instructor's permission. Theory of wave propagation in solids with 
applicatIons to problems. Waves in the infinite and semi-infinite elastic medium. Problems 
of wave scattering and diffraction. Dispersion of waves m bounded, elastic solids. Exact and 
approximate linear elasticity theories governing waves in rods, beams, plates, and shells. 
Use of integral and multi-integral transforms and related techniques, to derive exact and 
approximate transient elastic wave solutions. Introduction to theory of waves in viscoelastic 
and plastic media. Instructor: Miklowitz. 

AM 151 abc. Dynamics and Vibrations. 9 units (3-0-6); first, second, third terms. Prerequisite: 
AMa 95 abc, or instructor's permission. The mechanics of particles, groups of particles and rigid 
bodies is studied within the framework of Hamilton's principle and Newton's laws of 
motion. Topics considered include: conservation principles, Lagrange's and Euler's equa­
tions, central force field problems, resonant vibration theory, response of systems to 
periodic and transient excitation, random vibration theory, general normal mode theory, 
matrix methods for vibration problems, vibration of continuous systems, and methods of 
nonlinear analysis. Instructor: Hudson. 

AM 155. Dynamic Measurements Laboratory. 9 units (1-6-2); first term. Experimental 
studies of the behavior of dynamic systems. Theory and practice of dynamic instrumenta­
tion. Dynamic tests of mechanical systems including steady state and transient excitation. 
Analog techniques applied to random load problems. Not offered in 1974-75. 

AM 160. Vibrations Laboratory. 6 units (0-3-3); second term. Prerequisite: AM 151 abc or 
instructor's permission. Experimental analysis of typical problems in structural dynamics and 
mechanical vibrations. Measurement of strains, accelerations, frequencies, etc., in vibrating 
systems, and the interpretation 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. Not offered in 1974-75. 
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AM 175 abc. Advanced Dynamics. 9 Ul1lts (3-0-6); first, sec 'nd, third tmns. Prerequisites: AM 
125 abc and AM 151 abc or equivalents. A lecture course dealing with the theory of dynamical 
systems. Topics considered will include linear and non~inear vibrations of discrete and 
continuous systems, stability and control of dynamical systems, and stochastic processes 
with applications to random vibrations. Not offered in 1974-75. 

AM 200. Special Pnblems in Advanced Mechanics. Dynamics of solid and deformabl,· 
bodies, fluids, and gases; mathematical and applied elasticity. By arrangement with mem­
bers of the staff, properly qualified graduate students are directed in independent studic '. 
Hours and units by arrangement. 

AM 250 abc. 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 arrangement. 

APPLIED PHYSICS 

Undergraduate Courses 

APh 3. Introduction to Solid-State Electronics. 6 units (3-0-3); first term. An introduction to 
the significant concept of most modern electronic devices such as diodes. junction and field 
effect transistors, etc. Topics will include: electronic conduction in metals and ser:1iconduc­
tor materials, energy barriers, junctions, carrier recombination and light emission, operat­
ing principles of transistors and transistor-like devices. Graded pass/fail. Instructor: 
Mayer. 

APh/MS 4. Introduction to Materials Science. 6 units (2-0-4); third tenrz. Selected engineer­
ing systems, such as jet engines, superconducting transmission lines and nuclear reactors, 
are discussed in terms of the critical role played by materials in their construction and 
performance. Those material properties of greatest significance are explored to show how 
they are governed by the structure and basic physics and chemistry of the material. Graded 
pass/fail. Instructor: Wood. 

APh 9. Solid-State Electronics Laboratory. 6 units (1-3-2); second term. Prerequisite: APh 3. Six 
units credit allowed toward freshman laboratory requirement. An introductory non-structured 
project laboratory designed to provide an opportunity for projects related to the course APh 
3. All of the facilities used for demonstrations in APh 3 are available as well as general 
semiconductor device fabrications facilities. The student is expected to design and carry out 
his own project either as an extension of one of the APh 3 demonstrations or fabricating and 
characterizing a device. Typical devices possible with facilities available: junction transistor, 
junction FET, MOSFET, light-emitting diode, solar cell, tunnel diode. Graded 
pass/fail. Instructor: Mayer. 

APh/ME 17 abc. Thermodynamics. 9 units (3-0-6); first, second, third terms. Prerequisites: Ma 1 
abc, Ph 1 abc. An introduction to the laws governing the properties of matter in equilibrium 
and some aspects of non-equilibrium behavior. Definition and scales of temperature. The 
laws of classical thermodynamics. Thermodynamic potentials, Maxwell's relations, calcula­
tion of thermal properties, and applications to various homogeneous systems. First-order 
changes of phase and the Clausius-Clapeyron equation. Analyses of energy conversion 
cycles. General conditions for thermodynamic equilibrium, extremum properties of the 
thermodynamic potentials, and the thermodynamic inequalities. Chemical potential, mix­
tures of gases and vapors, solutions, basic chemical thermodynamics. Elementary statistical 
mechanics, ensembles, and statistical thermodynamics. Introduction to non-equilibrium 
thermodynamics, thermoelectric effects, and problems of heat conduction in solids. Ther­
modynamics of fluid flow. Some aspects of the kinetic theory of gases, calculation of 
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transport properties by mean-free path methods and simplified forms of the Boltzmann 
equation. Instructor: Liepmann. 

APh 23. Demonstration Lectures in Optics. 6 units (2 -0-4); first term. Prerequisite: Ma 1 abc and 
Ph 1 abc. Ten demonstration lectures covering the fundamentals of optics. Emphasis is 
placed on showing the breadth of modern optics with comprehensive explanations of many 
relatively new applications. These demonstrations include lasers, lenses and imaging sys­
tems; gratings and multilayers; optical resonators and mode locking; linewidths, coherence 
and interference; holograms; matched filtering, fourier transforms and diffraction pattern 
sampling; modulators and integrated optics; dielectrics, dispersion and harmonic genera­
tion; synthetic aperture radar and optical processors; detection of signals in noise, line scan 
and lidar. Instructor: George. 

APh 24. Introductory Modern Optics Laboratory. 6 units; second term. Prerequisite: APh 23. 
Laboratory experiments to acquaint students with the contemporary, yet basic, aspects of 
modern optical research and technology. Experiments encompass many of the topics and 
concepts covered in APh 23. Text: Notes and selected references. Instructor: George. 

APh 50 abc. Applied Physics. 9 units (3-0-6); first, second, third terms. Prerequisites: Ph 2 abc, 
Ma 2 abc, or equivalents. Application of quantum mechanics to problems of the three states of 
matter: solids, gases, and liquids. Starting point will be the free and bound particle, the 
one-electron atom, and quantum statistics. Additional topics will be selected from electron 
transport in solids, plasma physics, kinetictheory, and other topics in physics depending on 
the instructor and interests of the students. Instructors: Culick, Wilts, Gould. 

APh 91 abc. Experimental Projects in Applied Physics. Units by arrangement. 6 units 
minimum each term. Prerequisite: Ph 7 or EE 90 abc or equivalent; open to seniors upon acceptance by 
the instructor of a suitable proposal. A non-structured project laboratory designed to give the 
student an opportunity to do original experiments in applied physics. Emphasis is placed 
upon the selection of significant projects, the formulation of the experimental approach and 
the interpretation of data as well as upon the use of modern laboratory techniques. Facilities 
are available for experiments in cryogenics, lasers, quantum electronics, ferromagnetism, 
optics, microwaves, plasma physics, and semiconducting solid state. Text: Literature 
references. Instructor: Humphrey. 

Advanced Courses 

APh 100. Advanced Work in Applied Physics. Special problems relating to applied physics 
will be arranged to meet the needs of students wishing to do advanced work. Primarily for 
undergraduates. Students should consult with their advisers before registering for this 
course. Graded pass/fail. 

Ae/APh 101 abc. Fluid Mechanics. 9 units (3-0-6); first, second, third terms. Definition and 
classification of fluids. Kinematics of fluid flow, vorticity. Stress tensor and heat flux vector. 
Equations of motion. Dynamics of ideal and real fluids, the limiting cases of small and large 
Reynolds number flows, boundary layer theory. Laminar stability and turbulence. Gravity 
waves, acoustic waves, shock waves. Additional topics will be selected from subjects such 
as: heat flow and diffusion in gases; dynamics of rarefied gases; plasma flow and mag­
netohydrodynamics, super fluid flow; rotating fluids. Text: Fluid Mechanics. Instructor: 
Roshko. 

APh 105 abc. States of Matter. 9 units (3-0-6); first, second, third terms. A survey of 
current ideas about the states of matter emphasizing unifying concepts, such as order 
parameters, scaling laws, quasi-particle excitations and correlation functions. Topics will 
include long-range ordered states such as crystals, superfluids and ferromagnets, phase 
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transitions of first and higher orders, critical phenomena, band theory of solids, liquids, and 
ideal classical and degenerate gases. 

APh 110. Topics in Applied Physics. 2 units (2-0-0); first, second, third terms. A course 
designed to acquaint first-year graduate students with the various research areas rep­
resented in the option. Lecture each week given by a different faculty member of the option. 
Graded pass/fail. Instructors: Staff. 

APh 114 abc. Solid-State Physics. 9 units (3-0-6); first, second, third terms. Prerequisite: APh 50 
or Ph 102 abcorequivalent. A lecture and problem course dealing on an introductory level with 
experimental and theoretical problems in solid-state physics. The topics to be discussed 
include: crystal structure, lattice vibrations, Fermi electron gas, semiconductors, supercon­
ductivity, magnetic resonance, ferroelectricity, linear and nonlinear optical phenomena in 
insulators. Instructor: McGill. 

APh 140 abc. Cryogenics. 9 units (3-0-6); first, second, third terms. An introductory course on 
the behavior of condensed matter at low temperatures. Topics include superfluidity, super­
conductivity, quantum phase coherence, liquid He3, ultralow temperature experiment, 
cryogenic techniques, and macroscopic quantum devices. Offered in alternate years; not 
offered in 1974-75. 

APh 141. Superconductivity and Its Applications. 9 units (3-0-6); third term. Prerequisite: APh 
114 abc. A course on the basic principles and the engineering applications of superconductiv­
ity. After a review of basic properties of superconductors, phenomenological treahnent and 
microscopic theory of superconductivity, the topics covered include: magnetic properties of 
type II superconductors, proximity effect, superconducting compounds, alloys and compo­
sites, high field superconducting magnets, magnetic suspensions for high-speed transpor­
tation, superconductive power transmission and rotating machines. Not offered 1974-75. 

APh 153 abc. Modern Optics. 9 units (3-0-6); first, second, third terms. Prerequisite: AMa 95 abc. 
The analysis of optical systems based on electromagnetic theory. Mode theory and functions 
for optical resonators and transmission structures, image formation and spatial filtering 
with coherent light, partial coherence and partial polarization, theory of dielectrics, theory 
and applications of holography and selected topics of research importance. Text: Class notes 
and selected references. Instructor: George. 

APh 154. Modern Optics Laboratory. 9 units (1-4-4); second term. Prerequisite: APh 153 or APh 
190 (may be taken concurrently). Primarily for graduate students. Laboratory experiments to 
acquaint students with the contemporary, yet basic, aspects of modern optical research and 
technology. Experiments encompass holography and interferometry, single-mode and 
mode-locked lasers, nonlinear optics, acousto-optic interactions, coherence, diffraction, 
optical data processing, photosensitive materials, liquid crystals, and ferroelectric 
ceramics. Instructor: George. 

APh 156 abc. Plasma Physics. 9 units (3-0-6); first, second, third terms. Prerequisite: Ph 106 abc or 
equivalent. An introduction to the principles of plasma physics. Topics presented will 
include: orbits of charged particles in electric, magnetic, and gravitational fields; elementary 
processes in the production and decay of ionized gases; continuum magnetohyd­
rodynamics and elementary stability theory; transport processes such as conductivity and 
diffusion; waves, oscillations, and radiation in plasmas. Examples from physics, engineer-
ing, and astrophysics will be discussed. Not offered in 1974-75. . 

APh 161 abo Nuclear Energy. 9 units (3-0-6); first, second terms. Prerequisites: AMa 95 abc and Ph 
106 abc or equivalent. Fission and fusion reactors, underlying nuclear physics, particle diffu 
ion, static and dynamic phenomena, effects of radiation on matter, reactor types, economics 
of nuclear energy. Instructors: Corngold, Gould. 
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APh 163. Nuclear Radiation Measurements Laboratory. 9 units 0-4-4); second tenn. Prereq­
uisite: Ph 2 abc. A one-term laboratory course designed to familiarize students with basic 
nuclear detecting and measuring techniques. The instruments are used to determine the 
properties of various types of radiation and to observe the nature of their interaction with 
matter. Not offered in 1973-74. 

APh 181 abc. Physics of Semiconductors and Semiconductor Devices. 9 units (3-0-6); first, 
second, third tenns. Introduction to the concepts of semiconductor devices based on underly­
ing physical properties of semiconductors. Electronic and chemical equilibrium in the bulk 
semiconductor and near interfaces, e.g., p-n junctions, surfaces. Kinetics of carrier 
generation-recombination and transport to first order. Applications will be made to a wide 
variety of devices and attention given to feasible schemes for device 
construction. Instructors: Nicolet, Mayer. 

APh 185 abc. Ferromagnetism. 9 units (3-0-6); first, second, third tenns. Prerequisite: APh 50. 
Review of current theories of ferromagnetism. Phenomenological treatment of magnetiza­
tion using the Landau-Lifshitz equation to treat flux reversal, spin wave resonance and 
micromagnetics. Relaxation mechanisms. Applications of magnetic materials in modern 
technology. Not offered in 1974-75. 
APh 190 abc. Quantum Electronics. 9 units (3-0-6); first, second, third tenns. Prerequisites: Ph 
125, or equivalent. This course is concerned with generation, manipulations, propagation, 
and applications of coherent radiation. Starting with the basic theory of the interaction of 
electromagnetic radiation with resonant atomic transitions, the course takes up the subjects 
of laser oscillation, important laser media, Gaussian beam modes, the electro-optic effect, 
nonlinear-optics theory, second harmonic generation, parametric oscillation, stimulated 
Brillouin and Raman scattering. Other topics include: Light modulation, diffraction of light 
by sound and quantum noise theory. Text: Quantum Electronics by Yariv, class references 
and research literature. Offered in alternate years; offered in 1974-75. Instructor: Yariv. 

APh 195 abo Molecular Gas Lasers. 9 units (3-0-6); first, second tenns. An introduction to gas 
lasers based on transitions involving molecular degrees of freedom. Some acquaintance 
with fluid mechanics, and knowledge of electromagnetic theory and quantum mechanics at 
the advanced undergraduate level will be assumed. Background material on the interaction 
of radiation and matter, and optical resonators will be included, but the emphasis will be on 
processes particular to molecular lasers. Examples of electrical discharge, gas dynamic, and 
chemical lasers will be discussed. Offered in alternate years; not offered in 1974-75. Instruc­
tor: Culick. 

APh 200 Applied Physics Research. Units in accordance to work accomplished. Offered to Ph. D. 
candidates in applied physics for research leading directly towards a Ph.D. degree. Stu­
dents should consult their adviser before registering for the course. 

APh 214 abc. Advanced Solid-State Physics. 9 units (3-0-6); first, second, third tenns. Prereq­
uisites: APh 114 abc and Ch 125 abc or Ph 125 abc. A course in experimental and theoretical 
solid-state physics. Topics include: phonons; electronic excitation in solids; electron­
phonon interactions; optical transport, and magnetic properties; superconductivity; fer­
roelectricity. The emphasis will be mainly theoretical with frequent comparison between 
theoretical predictions and experimental results. Offered in alternate years; offered 
1974-75. Instructor: Darryl Smith. 

APh 250 Advanced Topics in Applied Physics (Sem;nar). Units, offering date, and duration by 
arrangement. Consideration of selected topics in applied physics. Instructors: Members of 
the staff and guest lecturers. 

APh 261 abc. Theory of Particle Transport. 9 units (3-0-6). Prerequisite: instructor's pennission. 
The formulation and solution of the transport equation for neutrons, photons and simple 
gases, transport in dense fluids. Not offered in 1974-75. 
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APh 281 Advanced Theory of Semiconducting Solid State. 9 units (3-0-6); first, second, third 
terms, Selected areas in the theory of the solid state relevant to semiconductors will be 
developed in detail. Emphasis will be placed on areas of current research interest in the field. 
Topics include: electronic and vibrational spectra, optical properties, electron phonon 
interactions, transport phenomena, disordered semiconductors, impurities, defects, and 
interfaces. Offered in alternate years; not offered in 1974-75. 

ART 

Art 101. Topics in Art. 9 units (3-0-6). Instructors: Staff. 

Art 102 abo Introduction to the Visual Arts. 9 units (3-0-6); first, second tenns. First term 
concentrates upon the vocabularies of analysis for the study of painting, sculpture, and 
architecture; approaches to study of art history, and case studies of selected art forms. The 
second term concentrates upon twentieth-century developments. Instructors: Price, 
Wark. 

ASTRONOMY 

Undergraduate Courses 

Ay 1. Introduction to Astronomy. 9 units (3-1-5); third term. This course, primarily for 
freshmen, surveys astronomy, radio astronomy and astrophysics. Reading in an elemen­
tary text is supplemented by lectures on current topics, emphasizing the application of 
physics in astronomy. Instructor: Cohen. 

Ay 20. Basic Astronomy and the Galaxy. 11 units (3-2-6); first term. Prerequisites: Ma 1 abc, Ph 
1 abc. Astronomical terminology. Stellar masses, distances and motions. Star clusters and 
their galactic distribution. Stellar spectra, magnitudes and colors. Structure and dynamics 
of the galaxy. Laboratory exercises including double star orbits and the use of an 
astrograph. Instructor: Schmidt. 

Ay 21. Galaxies and Radio Sources. 9 units (3-0-6); second tenn. Prerequisite: Ay 20. The 
masses, sizes and luminosities of galaxies. Space density of galaxies. Stellar populations, 
integrated spectra and forms of galaxies. The local group. The extragalactic distance scale. 
Clusters of galaxies. Peculiar and interacting galaxies. Introduction to cosmology. Galactic 
and extragalactic radio sources. The physics of radiation mechanisms. Source counts and 
cosmology. Instructor: Sargent. 

Ay 22. Solar System Astronomy. 9 units (3-0-6); third tenn. The surface of the sun. Active 
regions: flares, the chromosphere and corona. Sunspots and the solar magnetic field. The 
solar cycle. Convection: granulation and supergranulation. The solar wind. The dynamics 
of the planetary system. The compositions, surface characteristics, structures, and atmos­
pheres of the planets and their satellites. Comets, asteroids, and interplanetary 
matter. Instructor: Zirin. 

Ay 30. Current Trends in Astronomy. 3 units (2-0-1); second term. Weekly seminar designed 
for sophomore astronomy majors; to be held, where possible, in faculty homes, in the 
evening. Purpose is to introduce the students to the faculty and their research. Graded 
pass/fail. Instructors: Greenstein and staff. 

Ay 42. Research in Astronomy, Radio Astronomy, and Astrophysics. Units in accordance 
with work accomplished. Properly qualified undergraduates may, in their senior year, under­
take independent or guided research with the goal of preparing a senior thesis. Subject 
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matter must be arranged with instructm before registering. Graded pass/fail. Instructors: 
Staff. 

Ay 43. Reading in Astronomy, Radio Astronomy, and Astrophysics. Ullits ill accordallce with 
work accomplished. Student must have a definite reading plan and obtain permission of 
instructor before registering. Graded pass/fail. Instructors: Staff. 

Advanced Courses* 

Ay 100. Astronomical Measurements and Instruments. 12 ullits (3-3-6); first term. 
Photographic plates and techniques. Photomultipliers and pulse counters. Modern televi­
sion systems. The theory of optical instrurr,ents; spectrographs; the schmidt and other 
wide-field telescopes. Laboratory instruments. Interference filters and etalons. Radio tele­
scopes, radiometers and interferometers. Filters and line receivers. Techniques and detec­
tors in infrared and x-ray astronomy. Magnetic field measurements in astronomy. The 
effects of the earth's atmosphere. Laboratory exercises. Instructors: Oke, Cohen. 

A~ 101. The Physics of Stars. 11 ullits (3-2-6); secolld term. Prerequisite: Ay 20. The physics of 
stellar atmospheres and interiors. Stellar spectroscopy and radiative transfer theory. The 
Boltzmann and Saha equations and the spectral sequence. Sources of opacity, formation of 
absorption lines and the analysis of stellar compositions. The equations of stellar structure. 
Nuclear energy generation and nucleosynthesis. Polytropic stellar models. Stellar evolution 
and age determination. The end points of stellar evolution. Laboratory exercises on spectral 
classification and stellar interiors. Instructor: Greenstein. 

Ay 102. Plasma Astrophysics and the Interstellar Medium. 9 ullits (3-0-6); third term. 
Prerequisite: Ay 20. An introduction to fluid mechanics; sound waves and shock waves. The 
physics of ionized gases. Introduction to magnetohydrodynamics; Alfven waves and 
plasma waves with applications to the interstellar medium. Supernova remnants. Magnetic 
fields of stars and their origin. The interstellar magnetic field. The physics of H I and H II 
regions. Stromgren spheres. Planetary nebulae. Interstellar dust. The two-phase theory of 
the interstellar medium. Instructor: Sargent. 

Ay 110. Senior Seminar in Astrophysics. 6 ullits (2-0-4); secolld term. Designed for Ay 
seniors. Seminar on astrophysical topics of current interest. The lectures will be given by the 
students. The emphasis will be on topics which require a synthesis of previous formal 
course work. Instructors: Munch, Zirin. 

Ay 120. Basic Astronomy and Astrophysics from an Advanced Viewpoint. 9 ullits (1-0-8); 
first term. A lecture-reading course open to graduate students with deficient undergraduate 
background in astronomy and astrophysics. Content tailored to needs of 
students. Instructor: Schmidt. 

Ay 131. Stellar Atmospheres. 9 ullits (3-0-6); secolld term. Prerequisites: Ay 20 (ulldergraduates), 
Ay 120 (graduates) alld Ph 92 abc or equivalents. General survey of the methods for studying the 
structure and composition of stellar atmospheres. Radiative transfer. Sources of opacity. 
Convection. The construction of models. The line spectrum of normal stars. Coarse and fine 
analysis of stellar spectra. Composition and nucleosynthesis theory. Instructor: Munch. 

Ay 132. Stellar Interiors. 9 ullits (3-0-6); first term. Prerequisites: Ay 20 (ulldergraduates), Ay 120 
(graduates) alld Ph 92 abc or equivalellts. Poly tropes, opacity and energy generation. Stellar 
models and evolution. White dwarfs. Pulsating stars. Problems of stellar rotation, convec­
tion, and stability. Instructor: Gunn. 

""See also Ge 152. 



276 Sub;ects of Instruction 

Ay 133 abc. Radio Astronomy. 9 units (3-0-6); first, second, third terms. For seniors and graduate 
students only. Prerequisites: Ay 20 (undergraduates), Ay 120 (graduates) or equivalents. Principles 
of radio receivers and telescopes. Noise and fluctuations. Aperture synthesis instruments. 
Observations and theory of galactic and extragalactic radio sources. Radiative transfer. 
Theory of bremsstrahlung and synchrotron emission. Discrete sources and their identifica­
tion. Radio galaxies and quasi-stellar sources. Radiation from the sun, geophysical effects. 
Microwave spectroscopy. The 21-cm hydrogen line and galactic structure. Interstellar 
molecules. Instructor: Moffet. 

Ay 134. The Sun. 9 units (3-1-5); second term. The physical state of the sun as derived from 
observations from the ground and from space. The structure of the quiet sun, the corona and 
chromosphere. Development of solar magnetic fields and the sunspot cycle. Solar flares, 
x-rays and radio bursts; cosmic rays from flares. The solar wind and other solar-terrestrial 
effects. Students will have the opportunity to do a small research topic with materials from 
the Big Bear Solar Observatory. Given in alternate years. Not offered in 1974-75. 

Ay 136. Solar System Astrophysics. 9 units (3-0-6); third term. Prerequisites: Ay 22 or Ge 155. A 
seminar-type course designed to fit the interests of students specializing in planetary 
astronomy. Current research topics on the composition and evolution of solar system bodies 
will be discussed and related to the understanding of the processes which gave origin to the 
solar system as a whole. Given in alternate years. Offered in 1974-75. Instructor: Munch. 

Ay 138. Interstellar Matter. 9 units (3-0-6); first tenn. Prerequisites: Ay 20 (undergraduates), Ay 
120 (graduates) or equivalents. The interstellar gas and dust. Reddening, absorption and 
polarization of light. Interstellar absorption lines. Ionized and neutral regions. Excitation of 
emission lines .. The dynamics of gas clouds. Star formation. Given in alternate years. 
Offered in 1974-75. Instructor: Goldreich. 

Ay 139. Stellar Dynamics and Galactic Structure. 9 units (3-0-6); third tenn. Prerequisites: Ay 
20 (undergraduates), Ay 120 (graduates) or equivalents. Dynamical and kinematical description 
of stellar motions. Galactic rotation and the density distribution. Dynamics of clusters; 
relaxation times. Structure and mass of the galaxy and external systems. Given in alternate 
years. Not offered in 1974-75. 

Ay 141 abc. Research Conference in Astronomy. 2 units (1-0-1); first, second, third terms. 
These conferences consist of reports on investigations in progress at the Hale Observatories 
and the Owens Valley Radio Observatory, and on other researches which are of current 
interest. Graded pass/fail. 

Ay 142. Research in Astronomy, Radio Astronomy, and Astrophysics. Units in accordance 
with work accomplished. The student should consult a member of the department and have a 
defini te program of research ou tlined with him. Approval of the ins tructor and the s tuden t' s 
adviser must be obtained before registering. 36 units of Ay 142 or Ay 143 required for 
candidacy. Graded pass/fail. 

Ay 143. Reading and Independent Study. Units in accordance with work accomplished. The 
student should consult a member of the department and have a definite program of reading 
and independent study outlined with him. Approval of the instructor and the student's 
adviser must be obtained before registering. 36 units of Ay 142 or Ay 143 required for 
candidacy. Graded pass/fail. 

Ay 201 abo Astronomical Instruments and Radiation Measurement. 9 units (3-1-5), (3-2-4); 
second, third tenns. Prerequisites: Ay 20 (undergraduates), Ay 120 (graduates) or equivalents. The 
use of the photographic plate as a scientific instrument; quantitative techniques in labora­
tory photography. Astronomical optics. Theory of reflectors, schmidts and spectrographs. 
Photoelectric detectors, photometric systems and their applications. Given in alternate 
years. Offered in 1974-75. Instructor: Oke. 
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Ay204. Advanced Spectroscopy. 9 units (2-2-5); third term. Prerequisite: Ay 131. Spectroscopy 
of nonnal and peculiar stars; identification problems; the effect of the stellar atmosphere on 
the spectrum observed; effective temperatures and surface gravity; coarse and fine analyses 
and deviations from local thermodynamic equilibrium; the compositions of stars and nuc­
leosyntheses. The class will measure and analyze a stellar spectrum. Instructor: Green­
stein. 

Ay 207 abc. Galaxies and the Universe. 9 units (3-0-6); first, second, third terms. Prerequisites: 
Ay 20 (undergraduates), Ay 120 (graduates) or equivalents. Structure, stellar content, and evolu­
tion of normal galaxies. Galaxies of the Local Group. Mass determinations. The luminosity 
function. Seyfert and compact galaxies, QSO's, and other peculiar objects. Dynamics of 
galaxies, clusters and small groups. The second term, which may be taken independently, 
will cover topics in observational cosmology, including dynamics, the microwave, and x-ray 
background, and the fonnation of galaxies and clusters. Given in alternate years. Offered in 
1974-75. Instructors: Sargent, Gunn, Schmidt. 

Ay 208. Modern Observational Astronomy. 6 units (1-0-5); second term. Prerequisite: 
instructor's permission. An observational course for graduate students in astronomy in which 
modern astronomical techniques are used in conjunction with the various telescopes and 
auxiliary instruments on Mount Wilson and Palomar Mountain. Students will be permitted 
to register for only one term. Given in alternate years. Not offered in 1974-75. 

Ay 215. Seminar in Theoretical Astrophysics. 9 units (3-0-6); third term. Prerequisite: 
instructor's permission. Seminar on recent developments for advanced students. The current 
theoretical literature will be discussed by the students. Given in alternate years. Offered in 
1974-75. Instructors: Goldreich, Gunn. 

Ay 217. Theoretical Astrophysical Spectroscopy. 9 units (3-0-6); second term. Prerequisite: Ph 
125, or equivalent. The analysis of radiation from astronomical sources notin thermodynamic 
equilibrium. Special attention to the formation of lines in atmospheres, and the calculation 
of excitation and ionization equilibria as well as individual atomic processes. Emission of 
radiation in dynamic plasmas; radiation and transition processes. Given in alternate years. 
Offered in 1974-75. Instructor: Zirin. 

Ay 218 abo High-Energy Astrophysics. 9 units (3-0-6); second, third terms. Prerequisites: Ph 106 
and Ph 92 or Ph 112 or equivalent, including a solid understanding of electromagnetic theory, special 
relativity, and quantum mechanics. Equation of state and physical processes at high densities 
(P ~ 105 10"5 g/cm3 ), and at high temperatures (T ~ 109 to 1011K). Hydrodynamics; shock 
waves, magnetohydrodynamics. Radiation processes (thermal, synchrotron, brems­
strahl ung, inverse Compton, and coherent). Relativistic gravity. Applications to final stages 
of stellar evolution (white dwarfs, supernovae, neutron stars, pulsars, black holes); to 
massive objects (super-massive stars, galactic nuclei, quasars); and to sources of high­
energy radiation (x-ray sources, gamma ray sources, cosmic-ray sources, gravitational­
wave sources). Given in alternate years. Not offered in 1974-75. 

Ay 234. Seminar in Radio Astronomy. 6 units (2-0-4); second term. Prerequisite: Ay 133 abc. 
Recent developments in radio astronomy for the advanced student. Current publications 
and research in progress will be discussed by students and staff. Given in alternate years. 
Offered in 1974-75. Instructor: Cohen. 

The following courses will be offered from time to time by members of the Institute and 
Observatories staffs: 

Ay 135. Topics in Modem Astronomy. 

Ay 137. Topics in Space Astronomy and Physics. 

Ay 151. Seminar in Stellar Atmosphere Theory. 
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Av 152. Advanced St~llar Interiors. 

Ay 203. Cosmical Electrodynamics. 

Ay 206. Variable Stars. 

Ay 213. Selected Topics in Observational Cosmology. 

Ay 214. Theoretical Cosmology. 

Ay 216. Pynamics and Formation of Galaxies and Clusters. 

BIOLOGY 

Undergraduate Courses 

Bi 1. Introduction to Biology. 9 units (distribution to be arranged); second term. Po course n: 
lectures, discussion and laboratory opporturuties designed to permit a relatively free explo­
ratinn of biological topics. In~lividual arrangements are rr.ade to determine the number of 
laboratory units counting tClwald fre<,hman laboratory requirements. Graded 
pass/fail. Instructors: McMahon and staff. 

Hi 2. Curre"t Research in Biology. 6 ul'its (2-0-4); jzrst terl'!. An elective course, open only to 
freshmen. Current !"esearch in Jiology will be discussed, on the basis of reading assigned to 
students in advance of the discussions, with members of tne divisional faculty. Graded 
pass/fail. Instructors: Ower. .. ad staff. 

Bi 3. Biology and Social Problems. 6 units (2-0-4); third term. Tl,e relation of biological 
knowledge to major social problems. Topics may include over-population, environmental 
pollution, distribution of limited medical resources, "genetic engineering," biological war­
fare, the ethics of human medical research, etc. Instructor: Sinsheimer. 

Bi 7. Organismic Biology. 12 units (3-5-4); first term. Prerequisite: Bi 1. A survey of the 
principe I kinds of organisms and the problems they have solved in adapting to various 
environments. Instructors: Brokaw, McMahon. 

Bi 9. Cell Biology. 9 units (3-3-3); third term. Studies of life at the cellular level; nature, 
functions, and integration of ultrastructural components; physical and chemical paramet­
ers; influences of external agents and internal regulation. Instructors: Bonner and staff. 

Bi 22. Special Problems. Units to be arranged; first, second, third terms, Special problems 
involving independent research in fields represented in the undergraduate biology cur­
riculum; to be ar:-anged with instructors before registration. Graded pass/fail. Instructors: 
Staff. 

Bi 23. Biology Tutorial. Units (up to 6 maximum) to be arranged; first, second, third terms. Study 
and discussion of special problems in biology involving regular tutorial sessions with 
instructors. To be arranged through the Undergraduate Adviser before registration. Graded 
pass/fail. Instructors: Wood and staff. 

Bi 27. Biology Scholars Program. Units to be arranged. A program providing, byarrange­
ment, a flexible combination of course work and independent study in biology for selected 
students in the junior and senior years. Pass-fail grading may be permitted. Instructors: 
Wood and staff. 

Advanced Courses 

(Al Subjects intended for graduate students but open to qualified undergraduates. 

Bi 101. Invertebrate Biology. 12 units (2-6-4); second term. Recommended prerequisites: Bi 7 and 
Bi 9. A survey of the invertebrates, with emphasis on physiological functioning. Will include 
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laboratory work at the Kerckhoff Marine Laboratory in Corona del Mar. Offered alternate 
years; offered in 1974-75. Instructor: Brokaw. 

Bi 102. Vertebrate Biology. 12 units (2-5-5); second term. Recommended prerequisites: Bi 7 and Bi 
9. A survey of structure, function, and development in vertebrates, with emphasis on 
physiology. Offered alternate years; not offered in 1974-75. Instructors: Brokaw and staff. 

Bi 106. Developmental Biology of Animals. 9 units (2-3-4). Recommended prerequisite, Bi 9. A 
lecture and discussion course dealing with various aspects of embryological development. 
Areas to be covered include cytoplasmic localization and cell interaction in early develop­
ment, gene function and oogenesis, the role of accessory cells, gene regulation, the evolu­
tion of developmental processes and patterns of macro-molecular syntheses in early em­
bryologicallife. Laboratory optional. Instructor: Davidson. 

Bi 110 abo Biochemistry. 12 units (4-0-8); first, second terms. Prerequisite: Ch 41 or instructor's 
permission. A lecture and discussion course on the molecular basis of biological structure and 
function. The first term emphasizes the chemical mechanisms by which living cells store and 
utilize energy and information. The second term includes selected topics in biochemistry of 
higher organisms, including chromosome structure, hormone action, differentiation, 
molecular evolutin, and disease. Instructors: Wood, Hood, and staff. 

Bi 111. Biochemistry Laboratory. 10 units (0-8-2); second term. Open to students enrolled in Bi 
110; others require consent of instructor. An introduction to current methods in biochemical 
research, through laboratory projects suggested by the lecture and seminar material of Bi 
110. Instructors: Mitchell and staff. 

Bi 114. Immunology. 7 units (3-0-4); first term. Prerequisite: Bi 122 or equivalent. A course on 
the principles and methods of immunology and their application to various biological 
problems. Instructor: Hood. 

Bi 115. Virology. 10 units (3-4-3); third tenn. Prerequisite: Bi 110 or instructor's permission. An 
introduction to the chemistry and biology of bacterial, plant, and animal viruses. The subject 
matter will include viral structure, the biochemistry and regulation of virus replication, viral 
genetics, and virus-induced changes in the host cell. Instructor: Strauss. 

Bi 116. Immunology Laboratory. 5 units (0-5-0); first term. Open to students enrolled in Bi 114; 
others require instructor's permission. Laboratory research projects serve primarily as a means 
of acquiring experience with some of the methods and problems of 
immunology. Instructor: Owen. 

Bi 119. Advanced Cell Biology. 9 units (3-0-6); third term. Prerequisite: Bi 9, Bi 110 or 
instructor's permission. This course covers the principles of general microbiology and of the 
growth and differentiation of the cells of higher organisms. Regulatory circuits in nucleic 
acid and protein synthesiS; mechanisms of control of enzyme activity; regulation of cell 
multiplication; surface properties of cells. Instructor: Attardi. 

BillS 121 abc. Biosystems Analysis. 6 units (2-0-4); first, second, third terms. Prerequisite: Bi 151 
or instructor's consent. This course presents a systematic consideration and application of the 
methods of systems analysis, information theory and computer logic to problems in 
neurobiology. The subjects to be considered include the mechanical properties of striated 
muscle, the analysis of neuronal integrative mechanisms and reflex behavior in terms of 
logical net theory. The course will seek to describe some aspects of human cortical activity in 
terms of information theory and conceptual modeling. The course will be conducted as a 
research seminar and the detailed subject matter will change from year to year. Instructor: 
Fender. 

Bi 122. Genetics. 12 units (3-3-6); third term. Prerequisite: Bi lor Bi 9, or instructor's permission. 
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A lecture, discussion, and laboratory course covering the basic principles of 
genetics. Instructors: Lewis and staff. 

Bi 129. Biophysics. 6 units (2-0-4); second tenn. The subject matter to be covered will be 
repeated approximately in a three-year cycle. The subject matter will be organized according 
to various biological functions, such as replication, contractility, sensory processes, en­
dogenous rhythms, etc. Each function will be discussed in its various biophysical aspects. 
This course together with Bi 132 constitutes an integrated program covering the physical 
and physicochemical approaches to biology. Instructor: Delbruck. 

BitCh 132 abc. Biophysical Chemistry of Macromolecules. 9 units (3-0-6); first, second, third 
tenns. Prerequisite: Ch 21 or equivalent. A study of the structure and properties of biological 
macromolecules. Emphasis is placed on both the methods of investigation and the results. 
The first term will cover topics in the physical chemistry of nucleic acids, and the study of 
biological macromolecules by ultracentrifugation methods and electron microscopy. 
The second term will emphasize the properties of proteins, structural chemistry of biological 
molecules in general. the biophysics of membrane and cell surface phenomena, and applica­
tions of magnetic resonance spectroscopy to biological problems. Instructors: Chan, 
Davidson, Stroud, Vinograd. 

BilCh 133. Biophysical Chemistry of Macromolecules Laboratory. 14 units (0-10-4); second, 
third tenns. A laboratory course designed to provide an intensive training in the techniques 
for the characterization of biological macromolecules. Open to selected 
students. Instructor: Vinograd. Offered alternate years; not offered in 1974-75. 

Bi 134. Advanced Research Techniques in Molecular Biology. 14 units (0-10-4); first tenn. A 
laboratory course designed to provide research experience in utilizing important, new 
methods in molecular biology as they become available. Open to selected students. In 
charge: Dreyer and staff. Offered alternate years; not offered in 1974-75. 

Bi 135. Optical Methods in Biology. 6 units (2-0-4); first tenn. Prerequisite: Ph 1 or instructor's 
pennissian. The course will present principles and practice of the operation of various types 
of light and electron microscopes including phase contrast and interference microscopes as 
well as transmission electron microscopes and scanning electron microscopes of various 
types. Specimen preparation will be discussed and the interpretation of electron micro­
graphs analyzed. Offered in alternate years; offered in 1974-75. Instructor: Revel. 

Bi 136. Optical Methods in Biology Laboratory. 8 units (0-6-2); first tenn. Laboratory 
accompanying Bi 135. Enrollment limited. Offered in alternate years; offered in 
1974-75. Instructor: Revel. 

Bi 137. Multicellular Assemblies. 8 units (2-2-4); third tenn. Prerequisite: Bi 1. The course will 
deal with the structural organization of tissues viewed as basic cellular assemblies common 
to all of the organs. Emphasis will be placed on correlation between morphology and 
function. Instructor: Revel. 

Bi 141. Selected Topics in Evolution Theory. 9 units (3-0-6); third tenn. Prerequisite: Bi 110 or 
Bi 122. Lectures and seminars on subjects of current interest, with emphasis on genetic and 
molecular processes in evolution. Topics to be treated include modem experiments on the 
origin of life, biological aspects of planetary exploration, the evolution of protein structure, 
and mathematical models of evolution. Instructors: Horowitz, Dickerson, Hood. 

Bi 151. Neurophysiology. 9 units (3-0-6); first tenn. A lecture course on fundamental aspects 
of nervous system structure and function. Lectures will include mechanisms of nervous 
excitation and conduction, synaptic transmission, inhibition, muscle contraction, sense 
organ physiology, etc. Instructors: Lester, Wiersma. 
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Bi 152. Behavioral Biology. 6 units (2-0-4); second term. The behavior of organisms, including 
lower forms. Emphasis is placed on molecular, genetic, and developmental 
mechanisms. Instructor: Benzer. 

Bi 153. Brain Studies of Motivated Behavior. 9 units (3-0-6); third term. Prerequisite: 
instructor's permission. A lecture course concerned with the anatomical and physiological 
bases of drives, arousal, rewards, and learning. Emphasis is placed on the mammalian 
brain, particularly the midbrain, hypothalamus, and paleocortex with reference to the 
effects of lesions and electric stimulation upon physiological and behavioral 
activity. Instructor: Olds. 

Bi 155. Psychobiology. 6 units (2-0-4); second term. An introduction to the study of neural 
mechanisms of behavior with emphasis on development, circuitry and the problem of 
correlating brain processes with psychological functions. Instructor: Sperry. 

Bi 156. Neurochemistry. 9 units (3-0-6); third term. Prerequisite: Bi 151 or instructor's permis­
sion. A lecture and discussion course covering chemical aspects of synaptic transmission, 
impulse conduction, axonal transport, neuroendocrine control mechanisms, and control of 
nerve cell differentiation, growth, and systemic organization. Instructor: Russell. 

Bi 161. Neurophysiology Laboratory. 6 units (0-4-2); first term. Open to students enrolled in Bi 
151; others require instructor's permission. A laboratory course in neurophysiology to accom­
pany Bi 151. Instructors: Lester, Pettigrew. 

(B.) Subjects primarily for graduate students. 

Bi 201. General Biology Seminar. 1 unit; all terms. Meets weekly for reports on current 
research of general biological interest by members of the Institute staff and visiting 
scientists. In charge: Hood, Russell. 

Bi 202. Biochemistry Seminar. 1 unit; all terms. A seminar on selected topics and on recent 
advances in the field. In charge: Mitchell. 

Bi 204. Genetics Seminar. 2 units; all terms. Reports and discussion on special topics. In 
charge: Lewis, Russell. 

Bi 207. Biophysics Seminar. 1 unit; all terms. A seminar on the application of physical 
concepts to biological problems. Reports and discussions. In charge: Delbruck. 

Bi 208. Selected Topics in Neurobiology. Units to be arranged with the instructor; second, third 
terms. Lectures and seminars on neurophysiology, neurochemistry, and animal 
behavior. In charge: Strumwasser, Lester, Pettigrew, and invited lecturers. 

Bi 209. Psychobiology Seminar. Units to be arranged; all terms. Prerequisite: instructor's permis­
sion. An advanced seminar course in brain mechanisms and behavior. In charge: Sperry. 

Bi 220. Advanced Seminar in the Molecular Biology of Development. 4 units (1-0-3); all 
terms. Discussion of current papers on various pertinent topics including: nucleic acid 
renaturation and hybridization studies; transcription level regulation of gene function; 
evolutionary change in developmental processes; molecular aspects of differentiation in 
certain more intensively studied systems, etc. In charge: Davidson. 

Bi 241. Advanced Topics in Molecular Biology. 6 units (2-0-4); third term. Prerequisite: 
instructor's permission. Reading and discussion of new areas in molecular 
biology. Instructor: Dreyer. 

Bi 260. Advanced Physiology. Units to be arranged; second, third terms. A project laboratory 
using advanced techniques of physiology. Instructor: Lester. 
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Bi 270. Special Topics in Biology. Units to be arranged;first, second, third terms. Students may 
register with permission of the responsible faculty member. 

Bi 280-291. Biological Research. Units to be arranged; first, second, third terms. Students may 
register for research in the following fields after consultation with those in charge: animal 
physiology (280), biochemistry (281), bio-organic chemistry (282), developmental biology 
(283), genetics (284), immunology (285), marine zoology (286), plant physiology (287), 
biophysics (288), psychobiology (289), cell biology (290), physiological psychology (291). 

BUSINESS ECONOMICS AND MANAGEMENT 

Advanced Courses 

BEM 100 abc. Business Economics and Management. 9 units (3-0-6); first, second, third terms. 
Open to graduate students. This course endeavors to bridge the gap between engineering and 
business. It is primarily intended for technically trained students who wish, sooner or later, 
to take advantage of opportunities in industry beyond their strict technical fields. 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 course are: 1) managerial accounting and 
information flows; 2) business finance; 3) quantitative technique and business decisions; 4) 
economic applications to business; and 5) systems analysis. This treatment provides a 
description of the industrial economy about us and of the latest management techniques. 
The points of most frequent difficulty are given special study. Instructor: Morrisroe. 

BEM 106 abc. Business Economics (Seminar). Units by arrangement; first, second, third terms. 
Prerequisite: instructor's permission. 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. Instructor: Gray. Graded pass/fail. 

BEM 110. Personnel Problems of Management. 9 units (3-0-6); first, second, third terms. This 
course stresses the personnel functions and responsibilities of supervisors and managers in 
working with professional and technical employees. The roles of unions and government, 
including collective bargaining and labor legislation, are covered. The relationships of a 
supervisor or manager with his employer, his associates, and his superiors are analyzed, 
and the services which he may receive from the personnel department are discussed. The 
processes of decision-making and communication are applied to specific supervisory re­
sponsibilities such as interviewing and selection, appraisal of performance, salary adminis­
tration, benefit plans and development of individuals. Instructor: Gray. 

BEM 132. The Management of an Enterprise. 9 units (3-0-6); third term. The managerial 
aspects of supervision and the basic decision-making functions of management, excluding 
employee relations, will be covered. Specific topics include selection of plant location, plant 
layout, production and inventory controls, purchasing, and similar problems related to 
equipment and materials. The concepts of operations research and systems management 
are stressed. Instructor: Gray. 
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CHEMICAL ENGINEERING 

Undergraduate Courses 

ChE 10. Introduction to Chemical Engineering Systems. 9 units (3-3-3); third temz. Basic 
concepts in transport phenomena and chemical kinetics are discussed with respect to 
problems of current interest to society. The relationships among engineering princ:ples, 
chemistry, and economics and their application to the needs of society are emphasized. 
Topics are drawn from various areas of ecology, energy, air and water pollution, and 
bioengineering, as well as from more traditional chemical engineering. Modeling, dimen­
sionless groups, along with characteristic times and distances, are used to develop rapid 
insight into complex problems. Students work in pairs on open-ended term projects, 
present their r,'sults during a technical session, and prepare a short formal report of their 
findings and recommendations Instructor: Shair. 

ChE 63 abc. Chemical Engineering Thermodynamics. 9 units (3-0-6); first, second, third 
terms. Basic thermodynamic laws and relations for one-component closed systems and for 
simple steady-flow systems; the treatment includes imperfect substances and frictional 
processes. Introduction to the thermodynamics of chemical equilibria and phase equilibria; 
in the third quarter, applications to the equilibrium of chemical reactions under practical 
conditions, and to separation processes involving equilibrium staged operations. Instruc­
tors: Pings (ab), Gavalas (c). 

ChE 80. Undergraduate Research. Units by arrangement. Research in chemical engineering 
and industrial chemistry offered as an elective in any term. If ChE 80 units are to be used to 
fulfill elective requirements in the chemical engineering option, a thesis approved by the 
research director must be submitted in duplicate before May 10 of the year of graduation. 
The thesis must contain a statement of the problem, appropriate background material, a 
description of the research work, a discussion of the results, conclusions, and an abstract. 
The thesis need describe only the significant portion of the research. Graded pass/fail. 

ChE 81. Special Topics in Chemical Engineering. Units by arrangement. Occasional ad­
vanced work involving reading assignments and a report of special topics. Permission of the 
instructor is required. No more than 12 units in ChE 81 may be used to fulfill elective 
requirements in the chemical engineering option. Graded pass/fail. 

ChE 90. Chemical Engineering Systems. 9 units (3-3-3); third term. (Not open to freshmen.) 
Same as ChE 10 but with projects selected to suit the needs and interests of upperclass 
students. Instructor: Shair. 

Advanced Courses 

ChE 101 abo Applied Chemical Kinetics. 9 units (3-0-6); first, second terms. Prerequisite: Ch 21 
abc or the equivalent. A study of kinetics with application of combined kinetics and transport 
processes to the analysis and synthesis of chemical systems. Elementary reactions, 
mechanisms, and rates. Analysis and design of plug flow and stirred tank reactors. Deter­
mination of kinetic parameters by statistical techniques. Mass transfer and chemical reaction 
in heterogeneous systems including solid-fluid, gas-liquid and liquid-liquid systems. Diffu­
sion and reaction in porous catalysts. Residence time distribution and mixing. Analysis and 
design of fixed bed catalytic reactors, including reactor stability analysis. Fluidized bed 
reactors. Collision and transition theory of reaction rates. Reactions in soi c' tion. ChJ. 
reactions and combustion. Instructor: Gavalas. 

ChE 103 abc. Transport Phenomena. 9 units (3-0-6); first, second, third terms. Prerequisite' 
AMa 95 or Alvf 113 ab, or concurrent registration in either. A study of transfer of momentum. 
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energy, and material in situations of practical interest, particularly those including chemical 
reaction and those involving staged and continuous unit operations. Derivation of applica­
ble differential equations and their solution to determine distributions of velocity, pressure, 
temperature, and composition, and the fluxes of momentum, energy, anel material in fluid 
systems. Brief treatment of the molecular theory of transport phenomena. Turbulent as well 
as laminar flow systems are considered. Instructors: Leal (a), Seinfeld (bc). 

ChE 110 abc. Optimal Design of Chemical Systems. 9 units (3-0-6); first, second, third terms. 
Prerequisites: ChE 63 ab, ChE 103 abc or equivalent, or enrolled in ChE 103 concurrently. 
Applications of the principles of chemical engineering and general engineering to the study 
of systems involving chemical reactions. Topics of current interest will be drawn from the 
chemical and petroleum industries, the environment, and biomedicine. Techniques of 
numerical analysis and the digital computing facility will be used to simulate and optimize. 
Principles of transport phenomena, chemical kinetics, chemical equilibria, and economics 
along with the elements of applied mechanics, machine design, strength and properties of 
materials will be employed. Instructor: Corcoran. 

ChE 126 abc. Chemical Engineering Laboratory. Units to be arranged; first, second, third terms. 
Juniors taking this course are introduced to some of the basic techniques of laboratory 
measurements. Several short projects, illustrative of problems in transport phenomena, 
unit operations, chemical kinetics, and reactor control, are performed. Master's degree 
students are introduced to advanced experimental techniques involving energy transport 
and reactor kinetics and control during the first term; during the second and third terms, 
each student works on an individual research project under the direction of a staff member. 

Experiments in energy transport may be chosen from a rather wide list of possible 
experiments, including also some of the experiments offered under ME 126. These include 
solid-state and solar-energy conversion, conduction, free and forced convection, radiation, 
nucleate and stable film boiling, free surface and supersonic flows. Experiments in chemical 
systems include projects in homogeneous gas-phase kinetics using a microreactor with gas 
chromatography, homogeneous liquid-phase kinetics and control using a stirred-tank 
reactor for the study of the multiplicity of steady states. Instructors: Sabersky, Vaughan. 

Graduate and Advanced Undergraduate Courses 

ChE/Env 157. Fundamentals of Air Pollution Engineering. 9 units (3-0-6); third term. 
Prerequisite: open to graduate students and seniors with instructor's permission. The course 
presents the basic concepts necessary for understanding the origins, atmospheric behavior, 
and control of air pollutants. Sources, quantities, and nature of pollutants; air pollution 
standards; aerosol physics; chemistry of pollutant gases; gas sampling; design of control 
technology; urban basin modeling and control, air environment monitoring 
systems. Instructors: Friedlander, Seinfeld. 

ChE 162. Catalysis and Surface Chemistry. 9units (3-0-6); third term. Prerequisite: Ch 21 abc or 
the equivalent. Thermodynamics of two-dimensional systems. Physical adsorption and the 
BET theory. Chemical adsorption and the Langmuir isotherm. General theories of 
heterogeneous catalysis by metals, semiconductors and insulators. Homogeneous 
catalysis. Instructor: Weinberg. 

ChE 164. Introduction to Statistical Thermodynamics. 9 units (3-0-6); first term. Prerequisite: 
Ch 21 abc or the equivalent. Ensembles and a statistical mechanical formulation of the second 
and third laws of thermodynamics. Classical statistical mechanics and an introduction to 
quantum statistics. The ideal monatomic, diatomic and polyatomic gas-translational, rota­
tional, vibrational and electronic partition functions. Chemical equilibria. Real gases. The 
ideal crystal lattices. Instructor: Weinberg. 
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ChE 165. Applied Chemical Thermodynamics. 9 units (3-0-6); second term. Prerequisite: 
ChE 63 abc or equivalent. The first part consists of a rigorous development of the concepts and 
formalisms of thermodynamics. The rest of the term is spent applying these principles to 
problems involving chemical systems. They include ideal and real behavior of single and 
multicomponent systems and treatment of multiple phase equilibria both with and without 
simultaneous chemical reactions. Instructor: Shair. 

ChE 167 abc. Polymer Science. 9 units (3-0-6); first, second, third terms. Prerequisite: Ch 21 or 
equivalent. The first term covers polymer chemistry: the nature and classification of poly­
mers, methods of synthesis, polymerization kinetics and molecular weight distribution, 
copolymerization, and cross-linking. During the second term attention is focused on the 
physical characterization of polymers by solution methods and by physical methods in bulk. 
A detailed treatment of polymer properties is the subject of the third term which includes a 
discussion of the principles of polymer technology. Throughout the course the emphasis is 
on an understanding of polymer properties in terms of polymer structure. Not offered in 
1974-75. Instructors: Tschoegl, Rembaum. 

ChE 168. Polymer Science Laboratory. 9 units (0-7-2); third term. Prerequisite: ChE 167 ab or 
equivalent. An introduction to some of the basic techniques employed in the polymerization 
and characterization of synthetic polymeric materials. The reaction kinetics of a free-radical 
polymerization are studied, and the reaction product is collected for characterization. The 
characterization experiments include the determination of number average and viscosity 
average molecular weights and the glass transition temperature. Mechanical properties are 
studied in tensile stress relaxation. Not offered in 1974-75. Instructors: Tschoegl and staff. 

Ae/ChE 172 abc. Optimal Control Theory. 9 units (3-0-6); first, second, third terms. Linear 
feedback control systems; frequency and time domain analysis; stability, controllability, and 
observability; synthesis using bode plots, Nyquist diagrams, and root loci; optimization 
problems for dynamic systems with terminal and path constraints (calculus of variations); 
optimal feedback control (dynamic programming); terminal controllers and regulators; 
numerical methods for synthesizing optimal paths and optimal feedback controllers. Opti­
mal control in the presence of noise; recursive filtering, smoothing, and interpolation for 
linear systems with additive Gaussian noise. Singular optimization problems and differen­
tial games. Instructor: Wood. 

ChE 173 abo Advanced Transport Phenomena. 9 units (3-0-6); second, third terms. PrereqUI­
sites: ChE 103 a orequivalent, AM 113 or AMa 95, or concurrent registration in either, or instructor's 
permission. Application of the principles of transport phenomena to the solution of advanced 
problems in heat, mass, and momentum transfer. Topics to be discussed will be chosen 
from: laminar flow of incompressible fluids at high and low Reynolds number, including the 
motion of bubbles, drops and other small particles; forced and free convection heat and 
mass transfer, including the effects of simultaneous chemical reaction; transport processes 
in suspensions, packed beds and porous media; mixing processes such as Taylor diffusion; 
selected topics in hydrodynamic stability theory with emphasis on buoyancy and surface 
tension driven instabilities; and an introduction to the motion of non-Newtonian liquids. 
The relation of the topics covered to practical engineering systems will be emphasized 
throughout the course. Instructor: Leal. 

ChE 191 abc. Chemical Engineering Conference. 2 units (1-0-1); first, second, third terms. Or,11 
presentations on problems of current interest in chemical engineering and industrial 
chemistry with emphasis on the techniques of effective oral communication with groups. 
Graded passlfail for undergraduates. Instructors: Seinfeld and staff. 

ChE 203 abo Interfacial Phenomena. 9 tlnits (3-0-6); second, third terms. Prere'I'<t;ite (hE 10 l 
abc, or instructor's permission. Review of the theory of the Brownian motion and irrt'versibl.: 



286 Subjects of Instruction 

thermodynamics, structure of the interface, absorption and monomolecular layers, mem­
brane transport, facilitated transport, active transport, convective diffusion, concentration 
boundary layers, current flow through electrolytic solutions, interfacial 
turbulence. Instructor: Friedlander. 

ChE 206 abc. Molecular Theory of Fluids. 9 units (3-0-6); first, second, third tenns. Prerequi­
sites: Ch 21 abc, AM 113 ab, ChE 103 abc, or their substantial equivalents. A study of the models 
and mathematical theories of the liquid and gaseous states, including plasmas. Some 
emphasis is placed on the prediction and correlation of macroscopic properties and 
phenomena from molecular parameters. Rigorous kinetic theory of equilibrium and trans­
port properties of dilute gases; statistical mechanics and kinetic theory of equilibrium and 
nonequilibrium behavior in dense gases and liquids; study of intermolecular forces and 
potentials in neutral and ionized systems; treatment of plasma, with special emphasis on 
problems of chemical interest. Not offered in 1974-75. Instructors: Gavalas, Pings, Shair. 

ChE 207 abc. Mechanical Behavior and Ultimate Properties of Polymers. 9 units (3-0-6); 
first, second, third tenns. Prerequisite: ChE 107 or equivalent. The course begins with an 
introduction to the theory of viscoelastic behavior. The discussion centers on material 
functions and their interconversion, model representation, time-temperature equivalence, 
and the molecular theories of polymer behavior. During the second term consideration is 
given to the mechanical behavior of various polymeric systems including amorphous, 
crystalline, and cross-linked polymers, copolymers, elastomers, filled and plasticized sys­
tems, blends and melts. The third term is devoted to a discussion of the phenomenology and 
the molecular and statistical theories of rupture in polymeric materials. Special attention is 
given to the controlling molecular parameters. Instructors: Tschoegl, Landel. 

ChE 280. Chemical Engineering Research. Offered to Ph.D. candidates in Chemical Engineer­
ing. The main lines of research now in progress are: 

Transport in biomedical systems, including arteries and artificial kidney. 
Air-pollution control and simulation, including atmospheric fluid mechanics and chemis­

try. Application of tracer techniques to environmental problems. 
Chemistry and physics of aerosols. 
Applied catalysis including studies of catalyst poisoning, kinetics of coal gasification and 

liquefaction combustion. 
Theoretical and experimental fluid mechanics. Rheology and flow of suspensions and 

emulsions, mechanics of non-Newtonian fluids. 
Liquid-state physics including studies of structure and intermolecular forces. 
Mechanical behavior and ultimate properties of polymers. 
Plasma chemistry and engineering. 
Kinetics and mechanism of homogeneous reaction, including pyrolysis and oxidation of 

hydrocarbons. 
Studies of industrial catalysts by controlled poisoning. 
Adsorption and catalysis on well-characterized solid surfaces. 
Chemistry and physics of solids and solid surfaces. 

CHEMISTRY 

Undergraduate Courses 

Ch 1 abc. General and Quantitative Chemistry. 6 units (3-0-3); first, second, third tenns. 
Lectures and recitation dealing with general principles of chemistry. Fundamental laws and 
theories of chemistry are discussed and illustrated by factual material. Text: Chemical 
Principles, Dickerson, Gray, and Haight. Graded pass/fail. Instructor: Dickerson. 
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Ch 2 abc. Advanced Placement in Chemistry. 9 units (3-0-6); first, second, third terms. 
Prerequisite: instructor's permission. Ch 2 will be taught at a more advanced level than Ch 1 and 
will assume that the student already has a strong background in science and mathematics. 
Attention will be focused on a detailed consideration of properties of atoms important in 
describing chemical bonding and hence molecular structure and properties, and the 
energetic changes associated with chemical reactions. Stress is placed on understanding 
current research involving chemical systems with emphasis on reactions of biological 
significance. Graded pass/fail. Instructors: Evans, Stroud. 

Ch 3 abc. Experimental Chemical Science. First term, 6 units (0-6-0); second, third terms. 3 
units (0-3-0); or 6 units (0-6-0). Either 3 or 6 units may be elected the second or third term or both 
terms. An introductory laboratory course in basic experimental chemistry with experiments 
involving quantitative and qualitative analysis, synthesis, chemical dynamics and the 
correlation of structure with physical properties. Many modern tools and techniques, such 
as digital computers, radioactive tracers, infrared, visible and ultraviolet spectrometry, gas 
chromatography, spectrophotometry and coulometry, are applied to the solution of chemi­
cal problems. Graded pass/fail. Instructors: Bercaw (in charge), Gagne, Gray. 

Ch 14. Chemical Equilibrium and Analysis. 6 units (2-0-4); first term. A systematic treatment 
of association equilibria, including ions and neutral ligands in solution. Illustrative exam­
ples relevant to biochemistry will be emphasized, including acid-base equilibria, solubility, 
complex ions and chelation, binding of ligands by macromolecules, cooperative binding 
equilibria, oxidation-reduction reactions and some aspects of reaction 
mechanisms. Instructor: Richards. 

Ch 15. Chemical Equilibrium and Analysis Laboratory. 10 units (0-6-4); first term. Prerequi­
sites: Ch 1 abc, Ch 14 (may be taken concurrently). A choice of laboratory experiments is offered 
to illustrate some of the modern instrumental techniques that are currently employed in 
industrial and academic research. Emphasis will center on determinations of chemical 
composition, measurement of equilibrium constants, and trace-metal 
analysis. Instructors: Anson, Gordon, Raftery. 

Ch 21 abc. The Physical Description of Chemical Systems. 9 units (3-0-6); first, second, third 
terms. Prerequisites: Ch 1 abc, Ph 2 abc, Ma 2 abc. A lecture and recitation course. The main 
emphasis is on atomic and molecular theory, quantum mechanics, statistical mechanics, 
thermodynamics, and chemical kinetics. Instructors: Chan, Waser. 

Ch 26 abo Physical Chemistry Laboratory. 10 units (0-6-4); second, third terms. Prerequisites: 
Ch 1 abc and Ch 21 a or equivalent. Laboratory exercises which provide illustrations of the 
principles of physical chemistry, an introduction to problems of current interest, and 
techniques of contemporary research. Instructor: Beauchamp. 

Ch 41 abc. Chemistry of Covalent Compounds. 9 units (3-0-6); first, second, third te1Jlls. 
Prerequisite: Ch 1 abc or instructor's permission. This course will cover the synthesis, structure 
and mechanisms of reactions of covalent compounds. Emphasis will be on the study of 
molecules formed from carbon and other first- and second-row elements. Instructors: 
Bergman, Ireland. 

Ch 46 abo Experimental Methods of Covalent Chemistry. 9 units (1-6-2); second, third terms. 
Prerequisite: Ch 1 abc. Laboratory accompaniment to Ch 41 abc. Experiments stressing 
modern techniques for investigating the structures and dynamic behavior as well as synthe­
sis, purification, and characterization of covalent compounds both organic and 
inorganic. Instructor: Roberts. 

Ch 80. Chemical Research. Offered to B.S. candidates in chemistry. Prerequisite: consent of 
research supervisor. This course is intended to provide experimental and theoretical research 
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experience in the Division of Chemistry and Chemical Engineering. No credit will be 
awarded for research work performed as Ch 80 without an appropriate written report 
prepared by the student and approved by the research supervisor. This report must contain 
a statement of the problem, appropriate background material, a description of the research 
work or a portion of the research work, a discussion of the results, conclusions, and an 
abstract. No more than 60 units of Ch 80 credit for undergraduate research may be accumu­
lated as chemistry electives without special permission. Graded pass/fail. 

Ch 81. Independent Reading in Chemistry. Units by arrangement. Prerequisite: instructor's 
permission. Occasional advanced work involving reading assignments and a report on 
special topics. No more than 12 units in Ch 81 may be used as electives in the chemistry 
option. Graded pass/fail. 

Ch 90. Oral Presentation. 2 units O-O-V; third term. Training in the techniques of oral 
presentation of chemical topics. Practice in the effective organization and delivery of reports 
before groups. Instructors: Dickerson, Gagne. 

Advanced Courses 

Ch 112 abc. Advanced Iorganic Chemistry. 9 units (2-0-7); first, second, third terms. Prereq­
uisite: Ch 21 abcor concu rrent registration. The course features a treatment of the structures and 
mechanisms of inorganic compounds with particular emphasis on transition metal com­
plexes. The second term is devoted to structural, spectroscopic, and magnetic properties 
and includes some discussion of minerals, organometallic complexes, and bioinorganic 
problems. The third term takes up the mechanisms of inorganic reactions in 
detail. Instructors: Gordon, Gray. 

Ch 113 abc. Advanced Ligand Field Theory. 12 units (1-0-11); first, second, third terms. 
Prerequisite: Ch 21 abc or concurrent registration. A tutorial course which involves problem 
solving in the more advanced aspects of ligand field theory. This course is recommended 
only for students interested in detailed theoretical work in the inorganic field. Instructors: 
Gray and staff. 

Ch 117. Introduction to Electrochemistry. 6 units (2-0-4); second term. A discussion of the 
structure of the electrode-electrolyte interface, the mechanism by which charge is trans­
ferred across it, and of the experimental techniques used to study electrode reactions. The 
topics covered change from year to year but usually include diffusion currents, polarog­
raphy, coulometry, irreversible electrode reactions, the electrical double layer, and the 
kinetics of electrode processes. Given in alternate years. Not offered in 
1974-75. Instructor: Anson. 

Ch 118 abo Experimental Electrochemistry. Units by arrangement; second, third terms. 
Laboratory practice in the use of selected electrochemical instruments and techniques. The 
student may pursue a set of expository experiments or elect to carry out a research project in 
electrochemistry. Instructor: Anson. 

Ch 120 abo The Nature of the Chemical Bond. 9 units (3-0-6); second, third terms. Prerequisite: 
Ch 21 a or an equivalent brief introduction to quantum mechanics. Modern ideas of chemical 
bonding will be discussed with the emphasis on the qualitative concepts and how they are 
used to predict: (a) Molecular geometries and the energy ordering of the excited states of 
molecules; (b) Electric and magnetic properties of ground and excited states of molecules; 
(c) Selection rules for chemical reactions. Heavy use will be made of the recent advances in 
understanding of the chemical bond resulting from the application of ab initio quantum 
mechanical techniques. However, the main objective of the course is to enable the student to 
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build a conceptual understanding sufficient for him to reliably apply the ideas and make 
predictions on his own. As such, the main emphasis will be non mathematical and will not 
require an extensive understanding of the esoteria of formal quantum mechanics. 

The emphasis will be upon polyatomic molecules of various types (including transition 
metal compounds), but discussions will also include such topics as antiferromagnetism 
(origin of superexchange), impurity states in solids, and the bonding and reactions at 
surfaces of solids. Instructor: Goddard. 

Ch 122 abc. Methods for the Determination of the Structure of Molecules. 9 units (3-0-6); 
first, second, third terms. Prerequisite: Ch 21 abc or instructor's permission. A discussion of 
modern methods used in the determination of the structure of molecules, including x-ray, 
electron, and neutron diffraction; mass spectrometry; optical, infrared, Raman, microwave, 
Mossbauer, nuclear magnetic, and electron spin resonance spectroscopy. Instructors: 
Beauchamp, Chan, Marsh, Robinson. 

Ch 125 abc. The Elements of Quantum Chemistry. 9 units (3-1-5); first, second, third terms. 
Prerequisite: Ch 21 abc or an equivalent brief introduction to quantum mechanics. A first course in 
molecular quantum mechanics consisting of a quantitative treatment of quantum mechanics 
with applications to systems of interest to chemists. The course includes: 

1. Basic foundations of quantum mechanics and group theory, angular momentum, hyd­
rogen atom, perturbation and variational methods, the interaction of matter with elec­
tromagnetic radiation. 

2. Electronic structure and reactions of atoms and molecules, for both ground and excited 
states. 7T-Electron states of conjugated systems. Electronic structure of transition metal 
complexes. 

3. Born-Oppenheimer approximation and nonadiabatic effects, predissociation, 
nonadiabatic transitions, etc. Rotational and vibrational states of diatomic and 
polyatomic molecules. 

4. Interaction of matter with electric and magnetic fields. Nuclear magnetic resonance and 
electron spin resonance. 

5. Basic elements of scattering theory, including potential and nonpotential scattering and 
resonances. 

6. Basic aspects of the electronic structure of solids. 

This course is designed to be a terminal course in molecular quantum mechanics for 
nonchemical physicists and an introductory course in quantum mechanics for chemical 
physicists. Instructor: Kuppermann. 

Ch 127 abo Nuclear Chemistry. 9 units (3-0-6); first, second terms. Prerequisite: instructor's 
permission. An introductory course concerned with the properties ofn uclei and their applica­
tion to chemical problems. Topics to be discussed include: production and decay of radioac­
tive nuclei; the interaction of radiation with matter; nuclear masses and energy; alpha and 
beta decay; emission of gamma-radiation; nuclear fission; nuclear reactions; chemical appli­
cations of radioactivity. Given in alternate years. Not offered in 1974-75. Instructor: 
Burnett. 

Ch 129 abc. The Structure of Crystals. 9 units (3-0-6); first, second, third terms. The nature of 
crystals and x-rays and their interaction. The various diffraction techniques. The theory of 
space groups and the use symmetry in the determination of the structures of crystals. The 
detailed study of representative structure investigations. The quantitative treatment of 
x-ray diffraction. Fourier-series methods of structure investigation. Given in alternate 
years. Not offered in 1974-75. Instructor: Waser. 

Ch 130. Fundamentals of Photochemistry and Photobiology. 6 units (3-0-3); third tmll. 
Prerequisite: Ch 21 ab or equivalent. A discussion of radiative and radiationless processes 
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associated with problems in photochemistry and photobiology. Topics in photochemistry to 
be discussed are: chromophores, energy levels, absorption and emission of radiation. 
Forster transfer and other types of intermolecular excitation transfer, electronic and vibra­
tional relaxation, time scales for competing processes, and excitonic phenomena in aggre­
gate systems. About half the time will be devoted to discussions of the role that these 
photochemical events play in photosynthesis, animal vision, phototropism, and radiation 
biology. Instructor: Robinson. 

BilCh 132 abc. Biophysical Chemistry of Macromolecules. 9 units (3-0-6); first, second, third 
terms. Prequisite: Ch 21 abc or the equivalent. A study of the structure and properties of 
biological macromolecules. Emphasis is placed on both the methods of investigation and the 
results. The first halfof the course will cover topics in the physical chemistry of nucleic acids, 
and the study of biological macromolecules by ultracentrifugation methods and electron 
microscopy. The second half of the course will emphasize the properties of proteins, 
structural chemisry of biological molecules in general, the biophysics of membrane and cell 
surface phenomena, and applications of magnetic resonance spectroscopy to biological 
problems. Instructors: Chan, Davidson, Stroud, Vinograd. 

BilCh 133. Biophysical Chemistry of Macromolecules Laboratory. 14 units (0-10-4); second, 
third terms. A laboratory course designed to provide an intensive training in the techniques 
for the characterization of biological macromolcules. Open to selected students. Given in 
alternate years. Not offered in 1974-75. Instructor: Vinograd. 

Ch 135 abo Chemical Dynamics. 9 units (3-0-6); second, third terms. Prerequisites: Ch 21 abc and 
Ch 41 abc or equivalent. A general introduction to the interrelation of rates, energetics and 
mechanisms of chemical reactions both in solution and the gas phase. Topics covered 
include general kinetic methods, theories of elementary reactions and their extensions to the 
treatment of complex processes, organic and inorganic reaction mechanisms, and enzyme 
kinetics. Not offered in 1974-75. 

Ch 140 abc. Special Topics in Chemistry. Units by arrangement; first, second, third terms. 
Prerequisite: Ch 41 abc or equivalent. Lectures on a series of subjects of current interest at the 
forefront of chemistry. Not offered in 1974-75. 

Ch 144 abo Advanced Organic Chemistry. 9 units (3-0-6); first, second terms. Prerequisite: Ch 41 
abc or equivalent. Lectures and discussions of a number of basic unifying themes in organic 
chemistry. Problems in synthetic, theoretical, organometallic, and bio-organic chemistry 
with emphasis on stereochemistry. Text: Advanced Organic Chemistry: Reactions, Mechanisms, 
and Structure, March. Instructor: Dervan. 

Ch 154. Organometallic Chemistry. 6 units (2-0-4); third term. Prerequisite: Ch 41 abc or 
equivalent. A general discussion of the preparation, structure and bonding, reaction 
mechanisms, and synthetic and catalytic uses of transition metal organometallic 
compounds. Instructors: Bercaw, Bergman. 

Ch 180. Chemical Research. Offered to M.S. candidates in chemistry. Graded pass/fail. 

Ch 223 abc. Statistical Mechanics. 9 units (3-0-6); first, second, third terms. Prerequisite: Ph 127 
ab or an introductory course in statistical mechanics; or the consent of the instructor. Ph 127 ab is a 
course in fundamental aspects of statistical mechanics which is particularly appropriate for 
the chemistry student. The present course assumes knowledge of that material and will 
direct itself to applications of chemical interest such as statistical thermodynamics, transport 
phenomena, gases at high pressure, and liquids, polymers, and crystals. Not offered in 
1974-75. 

Ch 224 abc. Magnetic Resonance. 9 units (3-0-6); first, second, third terms. Prerequisite: 
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background in elementary statistical and quantum mechanics, and some familiarity with elementary 
magnetic resonance. The principles of nuclear magnetic resonance and electron paramagnetic 
resonance will be discussed. The theoretical background behind the various types of 
magnetic resonance experiments will be developed. Methods for the analysis of spectra will 
be treated as well as the theory of interaction between nuclear spins, electron spins, 
nuclear-electronic coupling and the dynamic coupling of spins to lattice degrees of freedom. 
Applications of magnetic resonance to current research will be discussed with illustrations 
taken from problems in chemistry, physics, and biology. Not offered in 1974-75. Instructors: 
Chan, Vaughan. 

Ch 226 abo Topics in Scattering Theory and in the Many-Body Problem. 9 units (3-0-6); 
second, third terms. Prerequisite: one-year course in quantum mechanics. Several aspects of the 
theory of nonreactive collisions and the many-body problem will be discussed. These 
include the use of Green's functions in scattering theory and in the physics of many-body 
systems, the S- and T- matrices, the basic properties and behavior of propagators, and 
several applications of the one-particle propagator. Several other basic concepts pertinent to 
these topics will also be discussed. Instructor: McKoy. 

Ch 227 abc. Dynamics of Atomic and Molecular Energy States. 9 units (3-0-6); first, second, 
third terms. Prerequisite: Ch 125 or equivalent. Experimental and theoretical aspects of molecu­
lar collisions will be discussed. These will include chemical reactions in crossed molecular 
beams, ion-molecule reactions, electron impact excitation, and photoionization. Applica­
tions to current research in elementary processes will be emphasized. Not offered in 
1974-75. 

Ch 229 abc. X-Ray Diffraction Methods. 6 units (2-0-4); first, second, third terms. Prerequisite: 
Ch 129 abc or equivalent. An advanced discussion of the techniques of structure analysis by 
X-ray diffraction. Topics covered include protein crystallography, direct phase analysis 
methods, lattice vibrations, and refinement and assessment of accuracy of structure 
determination. Instructors: Marsh, Samson. 

Ch 242 abo Chemical Synthesis. 4 units (2-0-2); first, second terms. Prerequisite: Ch 41 abc. The 
concepts of synthetic planning will be developed through the analysis of recorded syn­
theses. The methodology of the organization of a complex set of reactions so as to accomp­
lish a chosen goal will be examined with the aid of examples of bio-organic, organic, and 
organometallic interest. Not offered in 1974-75. 

Ch 244 abo Molecular Biochemistry. 6 units (3-0-3); first, second terms. The first term will 
concentrate on the general principles of protein chemistry, structure and function, with 
particular emphasis on modern techniques. The molecular and kinetic aspects of enzymatic 
catalysis and allosteric cooperativity will be presented via detailed consideration of rep­
resentative systems. Instructor: Richards. 

In the second term the major topic will be the chemistry of cellular membranes and model 
membranes. This will include discussion of the organic and physical chemistry of naturally 
occurring lipids, the structures adopted by phospholipids under differing conditions and 
the uses of phospholipid vesicles and black lipid membranes as models for natural mem­
branes. The chemistry of membrane proteins and glycoproteins will be discussed with 
emphasis on specific function such as generation of membrane potentia\' specific receptor 
function for a variety of external stimuli and recognition processes. The level of discussion 
will be that of research seminars. Student participation will be included in the third class 
hour of the week. Instructor: Raftery. 

Ch 247 abo Organic Reaction Mechanisms. 6 units (2-0-4); first, second terms. Various tools for 
the study of organic reaction mechanisms will be discussed with major emphasis on kinetic 
methods. Not offered in 1974-75. 
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Ch 254. The Chemistry of Amino Acids, Pep tides, and Proteins. 9 units (3-0-6); third term. 
Prerequisites: Ch 41 abc. A discussion of the chemical reactions, structures, and functions of 
amino acids, peptides, and proteins. Given in alternate years. Not offered in 
1974-75. Instructor: Schroeder. 

Ch 280. Chemical Research. By arrangement with members of the faculty, properly qual­
ified graduate students are directed in research in chemistry. Hours and units by arrange­
ment. 

CIVIL ENGINEERING 

Undergraduate Courses 

CE 10 abc. Structural Analysis and Design. 9 units (3-0-6); first, second, third terms. Prerequi­
site: AM 97 abc. Study and design of selected structures, such as reinforced concrete 
building, arch bridge, gravity dam, water transportation project, etc. Each project in the 
course is given broad consideration that covers the initial conception of the project, cost­
benefit factors, and optimum design. Each project concludes with the actual design of a 
structure or portion of a structure. Instructor: Housner. 

CE 17. Civil Engineering. 9 units (3-0-6); third term. Prerequisite: senior standing. Selected 
comprehensive problems of civil engineering systems involving a wide variety of interre­
lated factors. Instructors: Staff. 

Advanced Courses 

CE 105. Introduction to Soil Mechanics. 9 units (2-3-4); first term. Prerequisite: AM 97. A 
general introduction to the physical and engineering properties of soil, including origin, 
classification and identification methods, permeability, seepage, consolidation, settlement, 
slope stability, lateral pressures and bearing capacity of footings. Standard laboratory soil 
tests will be performed. Text: Principles of Soil Mechanics, Scott. Instructor: Scott. 

CE 115 abo Soil Mechanics. 9 units (3-0-6); first term. 9 units (2-3-4); second term. Prerequisite: 
CE 105, or equivalent, may be taken concurrently. A detailed study of the engineering behavior 
of soil through the examination of its chemical, physical and mechanical properties. Classifi­
cation and identification of soils, surface chemistry of clays, inter-particle reactions, and 
their effect on sediment deposition and soil structure. Permeability and steady-state water 
flow, transient flow and consolidation processes, leading to seepage and settlement 
analyses. In the second term, attention is given to stress-deformation behavior of soils, 
elastic stability, failure theories, and problems of plastic stability. Study is devoted to the 
mechanics of soil masses under load, including stress distributions and failure modes of 
footings, walls, and slopes. Laboratory tests of the shear strength of solids will be per­
formed. Text: Principles of Soil Mechanics, Scott. Instructor: Scott. 

CE 121. Analysis and Design of Structural Systems. 9 units (0-9-0); third term. Prerequisite: 
AM 112 abo The analysis and design of complete structural systems. In general, students will 
work on a single problem for the entire term. The problem may be primarily one of analysis 
or one of design. Instructors: Staff. 

CE 124. Special Problems in Structures. 9 units (3-0-6); any term. Selected topics in structural 
mechanics and advanced strength of materials to meet the needs of first-year graduate 
students. Instructors: Housner, Jennings. 

CE 130 abc. Civil Engineering Seminar. 1 unit (1-0-0); each term. Conferences participated in 
by faculty and graduate students of the civil engineering department. The discussions cover 
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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. Graded pass/fail. 

CE 150. Foundation Engineering. 9 units (3-0-6); third tenn. Prerequisite: CE 115 abo Methods 
of subsoil exploration. Study of types and methods of design and construction of founda­
tions for structures, including spread and combined footings, mats, piles, caissons, retain­
ing walls, cofferdams, and methods of underpinning. Instructor: Scott. 

CE 180. Experimental Methods in Earthquake Engineering. 9 units (1-5-3); third tenn. 
Prerequisite: AM 151 abc or equivalent. Laboratory work involving design, calibration, and 
performance of basic transducer and recorder types suitable for the measurement of strong 
earthquake ground motion, and of structural response to such motion, including a consid­
eration of data-processing techniques. Study of principal methods of dynamic tests of 
structures including genera tion of test forces and measurement of structural 
response. Instructors: Hudson, Trifunac. 

CE 181. Principles of Earthquake Engineering. 9 units (3-0-6); first tenn. Characteristics of 
potentially destructive earthquakes from the engineering point of view. Includes a consid­
eration of: determination of location and size of earthquakes; earthquake magnitude and 
intensity; frequency of occurrence of earthquakes; seismic risk maps, and techniques of 
seismic regionalization; engineering implications of geological earthquake phenomena, 
including earthquake mechanisms, faulting, fault slippage and the effects of local geology 
on earthquake ground motion, characteristics of ground motions; seismic sea waves and 
their damaging effects; socio-economic aspects of earthquakes such as cost factors in 
earthquake-resistant design, disaster planning; and the implications of earthquake 
prediction. Instructors: Hudson, Trifunac. 

CE 182. Structural Dynamics of Earthquake Engineering. 9 units (3-0-6); second tenn. 
Prerequisite: AM 151 abo Response of structures to earthquake ground motion; influence of 
physical parameters on the response; spectrum techniques; influence of plastic deforma­
tions; earthquake excitation as random process; nature of building code requirements and 
their relation to actual behavior of structures; observed effects of earthquakes on structures; 
earthquake behavior of special structures such as nuclear reactor containment structures, 
long-span suspension bridges, and fluids in tanks and reservoirs; earthquake design 
criteria. Instructors: Hausner, Trifunac. 

CE 200. Advanced Work in Civil Engineering. 6 or more units as arranged; any tenn. Members 
of the staff will arrange special courses on advanced topics in civil engineering for properly 
qualified graduate students. The following numbers may be used to indicate a particular 
area of study. 

CE 201. Advanced Work in Structural Engineering. 

CE 202. Advanced Work in Soil Mechanics. 

CE 212 abc. Advanced Structural Mechanics. 9 units (3-0-6); first, second, third tenns. 
Prerequisite: AM 112 abc or equivalent. Advanced methods of structural analysis applied to 
problems involving space frames, plates, shells and finite-element models of continuous 
structures. Instructors: Staff. 

CE 300. Civil Engineering Research. 

For courses in Environmental Engineering Science and Hydraulics see separate sections. 
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COMPUTERS AND MACHINE METHODS OF COMPUTATION 

(See courses listed under InfonnationlComputer Science) 

ECONOMICS 

Undergraduate Courses 

Ee/SS 11. Introduction to Microeconomics. 9 units (3-0-6); first, third tenns. An introduction 
to the the methodology of social science and the applications of that methodology to current 
social problems. This course emphasizes the role of wages, prices, and profits in a free 
enterprise economy and develops a theory of individual and firm decision making that can 
be used to analyze the behavior of business and public institutions. Subjects covered may 
also include financial markets, international trade, development, and alternative economic 
systems. Instructors: Staff. 

Ee/SS 12. Social Principles and Problems. 9 units (3-0-6); second tenn. Prerequisite: Ecl55 11. 
This course concentrates on non-market decisions. It focuses on committee and legislative 
decision-making as well as providing an introduction to recent work in the theory of voting 
and the political process. Instructors: Staff. 

Ec/SS 13. Social Science Principles and Problems. 9 units (3-0-6); third tenn. Prerequisite: 
Ec/SS 12. This course is devoted to current social problems and is designed to show the 
student that the theoretical tools developed in the first two terms can be used as the basis for 
rational solutions to pressing social problems. Although the particular problems studied 
may vary from term to term, they might include housing, health delivery systems, the 
environment, public expenditures, and poverty. Instructors: Staff. 

Ec 15. Introduction to Macroeconomics: Principles and Problems. 9 units (3-0-6); second 
tenn. Prerequisite: EciSS 11. Problems of inflation and depression and the tools of monetary 
and fiscal policy. The course stresses the analysis of money and expenditure in the income 
determination process as well as covering national income, economic growth and business 
fluctuations and international economic relations. Instructors: Staff. 

Ee 98 abc. Senior Research and Thesis. Prerequisite: instructor's penn iss ion . Senior economics 
majors wishing to undertake a research project and to prepare a paper for presentation to 
interested faculty and fellow students may elect a variable number of units, not to exceed 12 
in anyone term, for such work under the direction of some member of the economics 
faculty. 

HSS 99. See page 317 for description. 

Advanced Courses 

Ee 101. Selected Topics in Economics. 9 units (3-0-6). Instructors: Staff, visiting lecturers. 

Ec 112. History of Economic Analysis. 9 units (3-0-6); first tenn. Prerequisite: Ec 11 ISS 11 n. An 
examination of the traditions, schools of thought, and controversies which have helped 
shape modern economic analysis. Substantial redding in Adam Smith, Ricardo, Mill, 
Jevons, Marshall, Keynes and other major fi£ures will be assigned. The manner in which 
precise theoretical reasoning has developel' W U be analyzed, as will the manner in which 
economic analysis has been influenced by events and policy concerns. Special attention will 
be paid to the manner in which one method of analysis supplants another. Instructor: 
Montgomery. 
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Ec 115. Population and Environment. 9 units (3-0-6); third term. This course will be con­
cerned with (1) the causes of rapid population growth, both in the West in the 18th and 19th 
centuries and in the less developed countries today; (2) the relation between population 
growth and economic development; (3) environmental consequences of population growth 
and distribution; (4) the problem of reducing the rate of growth through control of 
fertility. Instructor: Sweezy. 

Ec 116. Contemporary Socioeconomic Problems. 9 units (3-0-6); first term. Prerequisite: Ee/55 
11 and Ee/55 12. An analytical investigation of the economic aspects of certain current social 
issues. Topics to be discussed include the economics of education, medical care systems, 
urban affairs and the welfare system. Part of the instructional content of the course will be 
provided by field investigations and outside visitors. Instructors: Staff. 

Ec 118. Environmental Economics. 9 units (3-0-6); third term. Prerequisite: Ee/55 11. The 
methods of price and welfare theory are used to analyze the causes of air, water and other 
environmental pollution, to examine their impact on economic welfare, and to evaluate 
selected policy alternatives for managing our environment. Topics include (1) theory of 
externalities; (2) economic analysis of current and proposed regulatory policies to restrict 
pollution; (3) the application of economic planning tools such as capital budgeting, linear 
programming, cost-benefit analysis to specific environmental management problems (such 
as water supply, solid-waste disposal, smog control devices, health effects of air pollution, 
etc.); and (4) comprehensive environmental planning for coordinated use of environmental 
resources and for rational allocation of funds for environment improvement. Instructor: 
Montgomery. 

Ec 120. International Economic Theory. 9 units (3-0-6); third term. Prerequisite: Ee/55 11 and 
Ee/55 12. An investigation of the factors affecting the exchange of goods and services and the 
flow of capital between markets. Major issues include the determination of international 
values, the gains from trade and their division among major trading areas, the theory of 
economic LTltegration, and the problems of foreign-exchange-rate and balance-of-payments 
adjustments. Theory is stressed in this course. Instructor: Oliver. 

Ec 121 abo Price Theory and Industrial Organization. 9 units (3-0-6); first, second terms. 
Prerequisite: Ee/55 11 and Ee/55 12 or equivalent. A theoretical analysis of the price system, with 
special reference to the nature and problems of the U.S. economy. The course includes a 
study of consumer preference, the structure and conduct of markets, factor pricing, meas­
ures of economic efficiency, and the interdependence of markets in reaching a general 
equilibrium. The second term deals with questions of industrial organization such as 
economics of scale, elasticity of demand, and conditions of entry in a highly quantitative 
way. Instructors: Noll, Montgomery. 

Ec 122 abo Econometrics. 9 units (3-0-6); second, third terms. Prerequisite: Ma 112 a. The 
application of statistical techniques to the analysis of economic data. The first part of this 
course deals with the statistical theory and methods most useful to economists and to other 
social scientists. The second part is a survey of important empirical studies in the estimation 
of functional relationships derived from economic theory, such as supply and demand 
functions, the behavioral relationships determining investment and personal consumption 
expenditures, and relationships useful for forecasting future levels of economic 
activity. Instructor: Grether. 

Ec 125 abo The Economics of International Relations. 9 units (3-0-6); first, second terms. No 
prerequisite. An examination of the economic factors which influence relations among 
nations. Among the topics discussed are international banking and business, the pattern of 
international trade, payments and investments, economic warfare, the international gold 
standard, the International Monetary Fund, the World Bank, the European Common 
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Market, the General Agreement on Tariffs and Trade, the Organization for Economic 
Cooperation and Development, the dollar crisis and the American Foreign Aid program. 
The foreign economic policy of the United States is analyzed in some detail. This course 
emphasizes economic theory less than does Ec 120. Instructor: Oliver. 

Ec 126 abo Money, Income, and Growth. 9 units (3-0-6); first, second tenns. Prerequisite: Ee/55 
11 and Ee/55 12 or instructor's pennission. This course starts with an intensive study of Keynes' 
General Theory of Employment and then goes on to post-Keynesian developments in the 
theory of income, consumption, investment and growth. The course also covers the theory 
of wages and prod uctivity and the relation of technical progress to increases in prod uctivity 
and real income. It deals with economic policy as well as economic theory, especially the 
application of monetary, fiscal, and other policies to problems of inflation, depression, 
unemployment, automation, and growth. Instructor: Sweezy. 

Ec 127 abc. Problems in Economic Theory (Seminar). Units by arrangement; first, second, third 
tenns. Prerequisite: Ec 126 or its equivalent. Consideration of selected topics in economic 
theory. Instructors: Staff and guest lecturers. 

Ec 128 abc. New Technology and Economic Change. 9 units (3-0-6); first, second, third tenns. 
Prerequisite: Ee/55 11. At the macroeconomiclevel this course will be concerned with changes 
in productivity, changes in foreign trade, and the impact of environmental issues upon 
energy questions. At the microeconomic level it will be concerned with entrepreneurial 
behavior. A theory will be developed to relate macro and micro behavior. Instructor: 
Klein. 

Ec 129 abo Economic History of the United States. 9 units (3-0-6); second, third tenns. 
Prerequisite: Ee/55 11. An examination of certain analytical and quantitative tools available to 
the economic historian and their application to a study of the process of American economic 
development. Instructor: Davis. 

Ec 130 abo Political Foundations of Economic Policy. 9 units (3-0-6); first, second tenns. 
Mathematical theories of individual and social choice are introduced as an approach to the 
classic problems of welfare economics and economic policy. The design and construction at 
an abstract level of political-economic processes consistent with stipulated ethical postulates 
will be studied together with the related impossiblity theorems. Instructor: Plott. 

Ec 135. Marxist Economics. 9 units (3-0-6); second tenn. Prerequisite: Ee/55 11. A critical survey 
of the economic theory of capitalism as developed in the writings of Marx, Engels and Lenin, 
with emphasis upon Marx's theory of labor value, the theory of crises, and the theory of 
imperialism. Extensive reading of Marx, his modern supporters, e.g., Sweezy, Dobb, and 
Lange, and his critics is required. The Marxist theory is analyzed in terms of its place in the 
history of economic thought, and is contrasted with the more recent analytical approach to 
the study of a capitalistic price system. Instructors: Montgomery, Quirk. 

Ec 150. Independent Study on Population Problems. Units to be arranged. Prerequisite: Ec 115 
or its equivalent. This course is designed to encourage study on a broad range of problems 
covering the technolOgical, economic, demographic, sociological, political, and biological 
aspects of population growth, movement, and density. Instructors: Sweezy, H. Brown, 
Bonner, Scudder, Munger. Graded pass/fail. 
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ELECTRICAL ENGINEERING 

Undergraduate Courses 

EE 4. Introduction to Digital Electronics. 6 units (2-0-4); second term. An introduction to the 
significant concepts and techniques of modern digital integrated electronic circuitry. The 
formulation of logical equations and their realization in hardware. Binary arithmetic and its 
implementation with logical functions. The course concludes with the design and construc­
tion of a simple digital computer. Graded pass/fail. Instructor: Mead. 

EE 5. Introduction to Linear Electronics. 6 units (2-0-4); third term. An introduction to the 
significant concepts of modern linear electronic circuitry. A.C. circuit analysis; networks 
and their characterization in frequency and time domain. Amplifier gain, frequency re­
sponse. Power,dynamic range and the design of power amplifiers. The course concludes 
with the design and construction of a typical Hi-Fi amplifier. Graded pass/fail. Instructor: 
Wilts. 

EE 10. Digital Electronics Laboratory. 6 units (0-3-3); third term. Prerequisite: EE 4 and approval 
of project proposal. 6 units credit aI/awed toward freshman laboratory requirement. An introductory 
non structured project laboratory designed to provide an opportunity for projects related to 
the course EE 4. The student is expected to design, build, and test his own digital system. 
Graded pass/fail. Instructor: Mead. 

EE 13 abc. Linear System Theory. 9 units (3-0-6); three terms. Prerequisites: Ma 1 abc and Ph 1 
abc. Introduction to the analysis of linear systems in both the time and frequency domain. 
Topics presented include loop and node equations, two terminal pair networks, Fourier and 
Laplace transforms, convolution, autocorrelation, feedback systems, flow graphs, noise, 
and distributed linear systems. An introductory treatment of synthesis and filter theory is 
presented. The last term treats AM, FM, sampling theory and information theory. Compu­
ter solution of problems is presented as needed. Instructor: Langmuir. 

EE 14 abc. Electronic Circuits. 9 units (3-0-6); first, second, third terms. Prerequisites: Ma 1 abc, 
Ph 1 abc. A course covering the general area of active devices and their circuit applications. 
Transistor and vacuum tube amplifiers, biasing, gain, frequency response, class A, Band C 
power output circuits and their limitations. Nonlinear electronics, diodes, rectifiers, mixers, 
switching circuits, saturation, power converters, etc. Text: Electronics: BJTs, FETs, and 
Microcircuits, Angelo. Instructor: Martel. 

EE 90 abc. Laboratory in Electronics. Units by arrangement in multiples of4 units (0-3-1); first, 
second, third terms. An introductory laboratory normally taken in the sophomore and/or 
junior year. Experiments are available that are designed to acquaint the student with the 
characteristics of linear and passive electronic circuits and devices as well as the behavior of 
simple linear and nonlinear active elements. Individual projects may be performed, depend­
ing upon the student's interests and abilities, involving the investigation of particular 
circuits and circuit elements or involving electronic measurement techniques. No more than 6 
units may be used in satisfying the laboratory requirement of the Division of Engineering and Applied 
Science. Text: Electronics: BfT's, FET's, and Microcircuits, Angelo; or Basic Electronics for Scien­
tists, Brophy. Graded pass-fail. Instructor: Ingle. 

EE 91 abc. Experimental Projects in Electronic Circuits. Units by arrangement; 6 units 
minimum each term. Prerequisites: EE 14 abc and EE 90 or equivalent. Recommended: EE 114 abc or 
IS 110 (may be taken concurrently). Open to seniors; others only with consent of instructor. A 
general laboratory program designed to give the student an opportunity to do original 
projects in electronics and electronic circuits. Emphasis is placed upon the selection of 
significant projects, the formulations of the engineering approach, and the demonstration 
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of a finished product as well as the use of modern electronic techniques. The use of 
integrated circuit elements, digital and analogue, is encouraged. Printed circuit board 
facilities are available. Text: Literature references. Instructors: Ingle, Humphrey. 

Advanced Courses 

EE 112 abc. Network Synthesis. 9 units (2-0-7); first, second, third terms. Prerequisite: AM 95 
abc. Passive network analysis and synthesis, feedback amplifiers, closed loop transfer 
functions, active filters. Sample data systems, digitallIinear delay functions, digital filters, 
and digital signal processing. Second and third terms seminar format, requires extensive 
student participation. Instructors: Martel, Mead, Wilts. 

EE 114 abc. Electronic Circuit Design. 9 units (3-0-6); first, second, third terms. Prerequisite: EE 
14 abc or equivalent. Applications of solid-state electronic devices in circuits and systems. 
Emphasis on methods of engineering analysis and design. Instructor: Middlebrook. 

EE 116. Topics in Modern Electronics. 6 units (2-0-4). Prerequisites: Ma 2 abc and Ph 2 abc. 
Selected topics in various fields of electronics will be covered utilizing guest lecturers from 
industry. The specific topics and scope will be announced prior to registration. A seminar 
format will be utilized for this course. Graded pass/fail. Offered as 
announced. Instructors: Staff. 

EE 151 abc. Electromagnetism. 9 units (3-0-6); first, second, third terms. Prerequisites: Ph 2 abc; 
AMa 95 abc. A course in theoretical electricity and magnetism, primarily for electrical 
engineering students. Topics covered include electrostatics, magnetostatics, Maxwell's 
equations, waveguides, cavity resonators, and antennas. EE 151 c will include topics on 
propagation in the ionosphere, propagation over the earth's surface, and modern mi­
crowave tubes. Instructor: Langmuir. 

EE 155 abc. Electromagnetic Fields. 9 units (3-0-6); first, second, third terms. Prerequisite: EE 
151 abc or Ph 106 bc. An advanced course in classical electromagnetic theory and its applica­
tion to guided waves, cavity resonators, antennas, artificial dielectrics, propagation in 
ionized media, propagation in anisotropic media, magnetohydrodynarnics, and to other 
selected topics of research importance. Text: Course notes. Instructor: Papas. 

EE 160 abc. Topics in Communications. 6 units (2-0-4); first, second, third terms. Prerequisite: 
Ma 2 abc. Selected topics relevant to all forms of terrestrial, satellite and space communica­
tion, including data, voice, and video. The approach is the presentation and discussion of 
important concepts such as signal spectra, noise, sampling, information rate, modulation, 
antennas, etc., with examples drawn from various communication systems and 
problems. Instructor: Pierce. 

EE 161 abc. Mathematical Theory of Information, Communication, and Coding. 9 units 
(3-0-6); three terms. Prerequisites: some knowledge of probability and linear algebra. Shannon's 
noisy channel coding theorem and its converse for a variety of channel models: binary 
symmetric, finite memory less, discrete-time Gaussian, wide band Gaussian. Minimum 
redundancy source coding. Theory and implementation of practical error-control systems, 
e.g. BCH codes (with underlying theory of finite fields) and Viterbi decoding of convolu­
tional codes. Application to actual communication systems. Instructor: McEliece. 

EE 163 abc. Introduction to Communication Theory. 9 units (3-0-6); first, second, third terms. 
Prerequisite: AMa 95 abc. The principles of communication theory are developed by analyzing 
optimum operation of the components of a communication system. Topics in probability 
theory such as conditional probability, random variables, density functions, and expecta­
tion values are presented. Random and noise waveforms are analyzed in terms of random 
processes, correlation functions, and power spectra. Optimum receiver principles are 
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developed with emphasis on channels disturbed by Gaussian noise. The concept of channel 
capacity is introduced and applied to determining efficiency in signaling. Implementation of 
certain coded systems and important channel modes are discussed. Methods of waveform 
communication through modulation are treated. Instructor: Lipes. 

EE 191. Advanced Work in Electrical Engineering. Units to be arranged. Special problems 
relating to electrical engineering will be arranged to meet the needs of students wishing to 
do advanced work. Primarily for undergraduates. Students should consult with their 
advisers before registering for this course. Graded pass/fail. 

EE 194. Microwave Laboratory. 9 units (1-4-4); third term. Prerequisite: EE 151 abc or Ph 106 abc, 
may be taken concurrently. Selected laboratory experiments and related theory on microwave 
generation and amplification; measurements of impedance, frequency and power; proper­
ties of microwave cavities, waveguides, junctions, and irises. Open to 
undergraduates. Instructors: staff. 

EE 243 abc. Quantum Electronics Seminar. 6 units (3-0-3); first, second, third terms. Advanced 
treatment of topics in the field of quantum electronics. Each weekly seminar consists of one 
lecture of a series on the elements of radiation theory, partial coherence, dispersion, 
nonlinear optics, laser media, and spectroscopy, followed by a discussion of a current 
research paper. Text: Class notes and selected references. Instructor: Yariv. 

EE 255 abc. Boundary-Value Problems of Electromagnetic Theory. 9 units (3-0-6); first, 
second, third terms. Prerequisite: EE 155 abcorequivalent. This course presents the mathematical 
techniques (Fourier-Lame method, integral equation methods, variational principles) that 
are available for the solution of boundary-value problems arising from the study of anten­
nas, waveguides, and wave propagation. Text: Randwertprobleme Der Mikrowellenphysik, 
Borginis and Papas; also class notes. Instructor: Papas. 

EE 281 abc. Semiconductor Devices. 9 units (3-0-6); first, second, third terms. Prerequisite: APh 
181ab, its equivalent, or instructor's permission. An advanced graduate course in the physics, 
design, production, and use of large-scale integrated circuits. Emphasis is placed on the 
engineering approach. Instructor: Mead. 

EE 291. Advanced Work in Electrical Engineering. Units to be arranged. Special problems 
relating to electrical engineering will be arranged to meet the needs of students wishing to 
do advanced work. Primarily for graduate students. Students should consult with their 
advisers before registering for this course. 

ENGINEERING 

E 5. Laboratory Research Methods in Engineering and Applied Science. 6 units (1-3-2); 
second term. 6 units credit allowed toward freshman laboratory requirement. An introduction to 
experimental methods and problems typical of a variety of engineering fields. Staff mem­
bers representing various areas of interest within engineering and applied science will 
supervise experiments related to their specialty. The experiments will be selected from such 
fields as fluid mechanics, elasticity and plasticity, dynamics and vibration, heat transfer, 
gasdynamics, combustion, materials science, environmental health, solid-state electronics, 
biomedical engineering, information science, chemical engineering, etc. The student is 
given some choice in selecting experiments of particular interest to him. Instructors: 
Sturtevant and staff. 

E 10 abo Technical Presentations. 2 units (1-0-1); first, second terms. A course concerned with 
oral presentations of technical material. Instructors: Clark and staff. 
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E 99. Laboratory on Automotive Emissions. 6 units 0-3-2); second term. The problems of 
automotive exhaust emissions will be examined from both a theoretical and practical 
viewpoint. Students will measure emissions, fuel consumption, and power of an experi­
mental vehicle to prepare a performance map for the vehicle. Using this map, the students 
will develop a tuning specification for the vehicle to meet an emission standard while trying 
to minimize fuel consumption. Instructors: Culick and staff. 

E 105 abc. Transportation Technology Seminar. 4 units (2-0-2) minimum, additional units by 
arrangement; first, second, third terms. This seminar is intended to point out problem areas in 
transportation technology by bringing members abreast of current technology. Transporta­
tion devices, subsystems, and systems will be studied and evaluated for their impact on how 
transportation tradeoffs can be made. A typical "device" topic would involve reducing 
automobile energy consumption by aerodynamic design. A typical "subsystem" topic 
would involve reducing algorithms for scheduling dial-a-ride buses. A typical "system" 
topic would involve dynamic modeling for predicting the growth of public transportation. 
Members of the seminar deliver most of the lectures and conduct most of the discussions, 
but occasional participation by outside speakers or "advisers" is envisioned. For additional 
units, students will be expected to produce a comprehensive study report on the subject of 
their lectures to the seminar. Graded pass/fail. Instructors: Pierce, Posner. 

E 150 abc. Engineering Seminar. 1 unit 0-0-0); each term. All candidates for the M.S. degree 
in Applied Mechanics, Electrical Engineering, Materials Science, and Mechanical Engineer­
ing are required to attend any graduate seminar in any division each week of each term. 
Graded pass/fail. Instructor: Clark. 

ENGINEERING GRAPHICS 

Gr 1. Basic Graphics. 3 units 0-2-0); first term. This course deals with the fundamental 
aspects of projective geometry and graphical techniques used by the scientist and engineer 
as an aid in spatial visualization, communication and in creative design. Emphasis is placed 
on the effective use of freehand sketching in perspective, orthographic projection and other 
useful forms of representation. The student's ability to visualize three-dimensional forms 
and spatial relationships is logically developed through a series of freehand problems 
followed by basic descriptive geometry solutions analyzing some of the general relation­
ships which exist among points, lines, and planes. Accuracy, neatness, and clarity of 
presentation are encouraged throughout the course. Instructor: Welch. 

Gr 7. Advanced Graphics. Maximum of 6 units: second and third terms. Prerequisite: Gr 1. 
Further study in the field of graphics as applied to engineering problem analysis and in 
design. Instructor: Welch. 

ENGINEERING SCIENCE 

Advanced Courses 

ES 131 abc. Thermodynamics and Statistical Mechanics. 9 units (3-0-6); first, second, third 
terms. Prerequisite: AMa 95 abc or equivalent. Thermodynamics; kinetic theory; classical statis­
tical mechanics; quantum statistical mechanics; diffusion theory and transport theory. Not 
offered in 1974-75. Instructors: Pies set, Wu. 

ES 200. Special Problems in Engineering Science. By arrangement with members of the staff, 
properly qualified graduate students are directed in independent studies in Engineering Science. For 
those interested in bioengineering see also Env 206. Hours and units by 
arrangement. Instructors: Plesset, Wu. 
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ES 200 abc. Special Problems in Engineering Science. 9 units (3-0-6); first, second, third terms. 
In 1974-75 this course will spend the first two terms on the foundation of low-Reynolds­
number fluid physics, including the motion of a rigid or flexible body with or without electric 
charges, flows of suspensions, and transfer processes. The third term will be devoted to 
various applications to rheology, blood flow in living systems, chemical flow problems, 
motility of micro-organisms, and bioconvection. Instructors: Leal, Plesset, Wayland, WU. 

ES 250 abc. Research in Engineering Science. By arrangement with members of the staff, 
properly qualified graduate students are directed in research in Engineering Science. Hours and units 
by arrangement. 

ENVIRONMENT AL ENGINEERING SCIENCE 

Undergraduate Courses 
Env 1. Engineering Problems of Man's Environment. 9 units (3-0-6); third term. Prerequisites: 
Ph 1 ab, Ch 1 ab, and Ma 1 abo This course explores ways in which man is adversely changing 
his environment, ways in which these alterations are affecting him and other forms of life, 
and methods of engineering control. Typical problem areas are: air pollution, water pollu­
tion, solid and industrial wastes, harmful substances, impact of energy utilization, and land 
erosion. Instructors: List, Friedlander, Scudder, McKee, Brooks, Morgan. 

Env 20. Energy and the Environment. 9 units (3-0-6); first term. This course explores the flow 
of energy and examines the limitations of non-renewable resources such as fossil-fuels. 
Present and possible future sources of energy are considered, with emphasis on the 
environmental aspects of extraction, transportation, and utilization. The effects of various 
energy alternatives on water resources are also examined. Instructor: Lees. 

Env 90. Undergraduate Research in Environmental Engineering Science. Units by arrange­
ment; any term. Approval of research supervisor required prior to registration. Independent 
research on current environmental problems; laboratory or field work is encouraged. A 
written report is required for each term of registration. Seniors may elect to prepare a thesis 
with approval of the Environmental Engineering Science faculty at the beginning of the 
senior year; in this case, registration should be for at least three consecutive terms. Graded 
pass/fail. Instructors: Staff. 

Advanced Courses 
Env 100. Special Topics in Environmental Engineering Science. 6 or more units as arranged. 
Prerequisite: instructor's permission. Special courses of reading, problems, or research for 
graduate students working for the M.S. degree or qualified undergraduates. Graded 
pass/fail. Instructors: Staff. 

Env/Ge 103 abo Introduction to Processes of the Atmosphere and Hydrosphere. 9 units 
(3-0-6); first, second terms. Natural physical and chemical processes of the earth's atmosphere 
and hydrosphere. Emphasis will be on developing an order of magnitude understanding of 
the atmosphere and oceans through analysis'of observations and physical reasoning. The 
emphasis in the first term will be on the hydrosphere, including such topics as: chemical 
composition of the oceans, tides, waves and currents, precipitation, runoff, floods, sedi­
ment transport, geochemical cycles. The emphasis in the second term will be on the 
atmosphere, including such topics as: the global balance of energy, momentum and mass, 
vertical atmospheric structure, radiative and convective heat exchange, circulation systems, 
weather prediction, climatic change. More advanced, theoretical material is covered in Env 
214 abc. Instructors: List (first term), Ingersoll (second term). 

Env 112 abc. Hydrologic Transport Processes. 9 units (3-1-5); first term; 9 units (3-0-6), second, 
third terms. Prerequisites: AMa 95 abc or AM 113 abc (may be taken concurrently); ME 19 abc; and 
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some knowledge of elements of hydrology (may be satisfied by special reading assignments). A basic 
study of the physical processes in freshwater bodies and the coastal waters. The hydrologic 
cycle and its relation to man; statistical analysis and simulation of hydrologic data; dynamic 
similitude in fluid mechanics; turbulent shear flow in rivers and estuaries; introduction to 
stratified flow, turbulent plumes and buoyant jets; experimental techniques; hydraulic 
models. Transport and dispersion of solutes, sediments and heat in rivers, lakes, estuaries 
and coastal waters; heat transfer, evaporation and density stratification in natural waters. 
Engineering of outfalls for safe disposal of wastewater and thermal discharges. Flow 
through porous media, wells, ground-water recharge, and seawater intrusion in aquifers. 
Introduction to river morphology and sediment transport. Instructor: Brooks. 

Env 116. Experimental Methods in Air Pollution. 9 units (1-4-4); third term. Open to graduate 
students and seniors with instructor's permission. This course covers the methods of sampling 
and measurement of particulate and gaseous pollutants with applications to gas cleaning 
equipment and smog formation. Experiments will include the use of on-line systems for 
measuring complete aerosol size spectra, and simultaneous gas-phase chemical composi­
tion and aerosol measurements in photochemical smog. The application of data acquisition 
and processing systems in air pollution will be treated in detail. Emphasis will be placed on 
understanding the physical and chemical principles on which the measurements are 
based. Instructors: Friedlander and staff. 

Env142 abo Chemistry of Natural Water Systems. 9 units (3-0-6); first, second terms. Prerequi­
sites: Ch 1 abc, Ch 14, or equivalents. Equilibrium chemistry of electrolyte solutions, 
heterogeneous processes, and redox reactions applied to a quantitative description of the 
chemical characteristics of natural waters, both fresh and marine, and water treatment 
processes. Topics include: acid-base systems of natural waters; homogeneous carbonate 
systems; heterogeneous carbonate systems; metal-ion SOlubility controls by oxides, sul­
fides, and other anions; metal-ion complexes in natural waters; roles of pH and pE (redox 
potential) as master variables in natural water systems; chemical characteristics of lakes, 
streams, and seawater: comparison of real systems with stoichiometric, equilibrium, 
steady-state, and dynamic models; properties of colloids in natural water systems; chemical 
aspects of coagulation-flocculation processes; adsorption and ion-exchange phenomena; 
computer simulation of complex natural water systems. Instructor: Morgan. 

Env 143. Water Chemistry Laboratory. 9 units (1-4-4); third term. Prerequisite: Env 142 ab, 
instructor's permission. A series of laboratory experiments and measurements of environ­
mental samples dealing with the major and minor constituents of natural and polluted 
waters. Experiments cover such topics as heterogeneous equilibrium model systems, rates 
of precipitation and redox processes, adsorption, ion exchange, and particle coagulation. 
Measurement techniques to be treated include electrometric methods (potentiometry, 
polarography), visible and UV spectrometry, chromatography, light scattering, and atomic 
absorption spectrophotometry. Instructor: Morgan. 

Env 144. Ecology. 6 units (2-1-3); second term. Basic principles of ecology and ways in which 
human activities can influence natural populations, including the marine environment as 
affected by ocean waste disposal. Topics discussed include community structure, dynamics 
of populations, geochemical cycles, limiting factors, and microbial ecology. (May be taught 
in conjunction with parts of Env 145 a.) Instructor: North. 

Env 145 abo Environmental Biology. 10 units (2-4-4), second term; 9 units (3-0-6), third term. 
An exposition of basic biological principles concerning interrelations between organisms, 
particularly those directly affecting man and his environment. Emphasis is placed on the 
influences of micro-organisms as illustrative of the ways populations react on each other 
and condition the physical and chemical environment. Unique features of the terrestrial, 
freshwater, and marine environments are discussed and extensive reading is required, 
covering a broad scope of biological literature. Instructor: North. 
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Env 146 abc. Analysis and Design of Water and Wastewater Systems. 9 units (3-0-6); each 
term. Prerequisites: ME 17 abc, ME 19 abc, or equivalents. A series of selected problems in the 
application of basic science and engineering science to water supply and treatment for 
municipal, industrial, and irrigation use; removal, treatment, and disposal of liquid wastes; 
the theory of unit operations as applied to environmental systems; the designs of works; 
water rights; and economic aspects of projects. Instructor: McKee. 

Env 150 abc. Seminar in Environmental Engineering Science. 1 unit (1-0-0); each term. 
Weekly seminar on current developments and research within the field of environmental 
engineering science, with special consideration to work at the Institute. Graded pass/fail. 

Env 155. Special Problems in Waste Management. 9 units (2-3-4); first term. Prerequisite: 
instructor's permission. Investigation of environmental pollution related to nuclear energy; 
the siting of steam-electric power plants; solid wastes from municipalities, industries, and 
agriculture; transportation and storage of hazardous materials, and similar special situa­
tions, including detailed case studies of specific problems. Field trips to illustrative examples 
in southern California. Instructor: McKee. 

Env 156. Industrial Wastes. 9 units (3-0-6); third term. Prerequisite: Env 146 abo A study of the 
industrial processes resulting in the production of liquid wastes; the characteristics of such 
wastes and their effects upon municipal sewage treatment plants, receiving streams, and 
ground waters; and the theory and methods of treating, eliminating, or reducing the wastes. 
Offered only in even-numbered years. Instructor: McKee. 

ChE/Env 157. Fundamentals of Air Pollution Engineering. 9 units (3-0-6); third term. Open to 
graduate students and seniors with instructor's permission. Basic concepts necessary to under­
standing the origins, atmospheric behavior, and control of air pollutants. Sources, quan­
tities, and nature of pollutants; aerosol physics, chemistry of pollutant gases; gas sampling; 
design of control technology; absorbers, filters, inertial separators, electrical precipitators; 
urban basin modeling and control, air environment monitoring systems. Instructors: 
Friedlander, Seinfeld. 

Env 160. Biological Fluid Flows: Hemorheology. 6 units (2-0-4). Prerequisites: AMa 95 abc, Hy 
101 abc or equivalent. The problems of measurement of bulk rheological properties of blood; 
the influence of the composition of the suspending medium on blood flow properties; the 
influence of the particulate nature of blood on its flow in narrow tubes and small blood 
vessels; the influence of cell deformation on flow through capillaries. See Env 
206. Instructor: Wayland. 

Env 170 abo Principles of Particulate Pollution. 9 units (3-0-6); first, second terms. Prerequi­
sites: ME 19 ab or Ch 21 abc, or equivalents. Studies of the behavior of particles in fluids with 
applications to gas cleaning, air chemistry, cloud physics, and water treatment. The first 
term is concerned primarily with the characterization and formation of particulate systems, 
Brownian diffusion, coagulation, and the dynamics of particulates in stack plumes. The 
second term deals with convective diffusion, turbulent deposition, impaction, filtration, 
methods of measurement and light scattering. Emphasis is on the application of fundamen­
tal principles to the understanding and control of pollution. Instructor: Friedlander. 

Env 200. Advanced Topics in Environmental Engineering Science. Units by arrangement, 
any term. Courses to explore new approaches to environmental problems. The topics 
covered vary from year to year, depending on the interests of the students and staff. Visiting 
professors may present portions of the course from time to time. 

Env 206 abo Special Problems in Biological Engineering Science. Units by arrangement, any 
term. Prerequisite: AMa 95 abc. Special topics in the application of engineering principles to 
biological and medical problems can be explored on mutual agreement between advanced 
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students and one or more of the participating faculty. Instructors: Friedlander, Leal, 
Wayland, Wu. 

Env 214 abc. Advanced Environmental Fluid Mechanics. 9 units (3-0-6); first, second, third 
terms. Prerequisites: Hy 101 or Ae 101, AMa 101 or AM 125. The first term will emphasize 
large-scale processes in the oceans and atmosphere for which the Coriolis force plays a 
dominant role. Theoretical concepts will be utilized throughout; more descriptive material is 
covered in EnvlGe 103 abo The second and third terms will emphasize small and 
intermediate-scale processes such as: the air-water interface, wind generation of waves, 
blocking, stratified withdrawal, jets and plumes, stratified flows in porous media, turbulent 
diffusion, mixing in the oceans and atmosphere, dispersion in rivers and estuaries, with 
applications to engineering problems of pollution control in air and water environments. 
Offered in 1974-75 and alternate years. Instructors: Ingersoll (first term); List (second, third 
terms). 

Env 250. Advanced Environmental Seminar. 4 units (2-0-2); every term. Prerequisite: 
instructor's permission. A seminar course for advanced graduate students and staff to discuss 
current research and technical literature on environmental problems. As the subject matter 
changes from term to term, it may be taken any number of times. Instructors: Staff. 

Env 300. Thesis Research. 

Other closely related courses (listed elsewhere) are: 

ChE 103 abc 
ChE 172 abc 
ChE 173 ab 
ChE 203 ab 
Hy 101 abc 
Hy 111 
Hy 113 ab 
Hy 121 
Hy 210 ab 
Hy 211 
Hy 213 

Transport Phenomena 
Optimal Control Theory 
Advanced Problems in Transport 
Interfacial Phenomena 
Fluid Mechanics 
Fluid Mechanics Laboratory 
Coastal Engineering 
Advanced Hydraulics Laboratory 
Hydrodynamics of Sediment Transportation 
Advanced Hydraulics Seminar 
Advanced Coastal Engineering 

Graduate students may also enroll in graduate courses offered by Scripps Institution of 
Oceanography under an exchange program (see page 228). Graduate students majoring in 
environmental engineering science should consult Professor Brooks, academic officer, for 
more information. 

FRENCH 

(See Languages) 

GEOLOGICAL AND PLANETARY SCIENCES 

Geology, Geobiology, Geochemistry, Geophysics, Planetary Science 

Undergraduate Courses 

Ge 1. Introductory Geology. 9 units (3-3-3); first, second, third terms. This course aims to 
present a broad and up-do-date view of the earth by focusing upon major geological items 
currently of high interest, such as paleomagnetism, mid-oceanic rises, sea-floor spreading, 
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plate tectonics, continental drift, evolution of continental plates, the earth's interior, and 
environmental geology. A reasonable degree of flexibility is purposely maintained, and the 
emphasis and topics of consideration will vary, within limits, with the individual instructor 
and with class interests. An acquaintance with classical geological topics such as rocks and 
minerals, fossils, crustal deformation, earthquakes, volcanism, geochronology, 
metamorphism, and processes and features of the earth's surface is obtained in association 
with treatment of the above listed topics, and through field trips. Classes are rigorously 
limited in size and individually handled by full-time faculty members. All registrants must 
be prepared to devote 6 weekend days to field trips. The course is planned specifically for 
freshmen. Instructors: Shoemaker, in charge, and staff. 

Ge 2. Geophysics. 9 units (2-1-6); second term. Prerequisites: Ge 1, Ma 2 a, Ph 2 a. An 
introduction to the physics of the earth. Topics discussed include the figure of the earth, the 
gravity and magnetic fields of the earth and their variation in space and time, the propaga­
tion of seismic waves and the transport of heat within the earth. Recent developments in 
geodynamics, including the relation of the heat flux from the interior, major gravity 
anomalies, paleomagnetism, and earthquake mechanisms to convection in the mantle and 
the new global tectonics are emphasized. Three one-day field trips to sites of geophysical 
interest are an integral part of the course. Text: Physics of the Earth, Stacey. Instructor: 
Ahrens. 

Ge 4. Introduction to Cosmochemistry and Nuclear Geophysics. 6 units (3-0-3); third term. 
Prerequisite: instructor's permission. An introductory course focusing on the information 
obtained by the laboratory study of natural samples, both terrestrial and extraterrestrial, 
using the techniques of modern chemistry and physics. Topics discussed include: the 
synthesis and abundances of elements; ages of the earth, the moon and the solar system; 
formation and chemical differentiation of objects in the early solar system; the chemical 
composition of lunar, terrestrial, and meteoritic material, the recent history of the moon and 
the meteorites as inferred by the study of the products of cosmic ray induced nuclear 
reactions. Instructor: Burnett. 

Ge 5. Geobiology. 9 units (3-0-6); second term. Prerequisites: Ge 1, Ch 1, Bi 1, or consult 
instructor. An examination, chiefly in biological terms, of processes and environments 
governing the origin and differentiation of secondary materials in the crust throughout the 
span of earth history. Consideration is given to the environmental influence of the change 
from a reducing to an oxidizing atmosphere upon the evolution of life processes and to the 
subsequent progression of organisms and organic activity throughout the oxidizing era as 
recorded in the sedimentary rocks of the earth's crust. Special attention is devoted to organic 
progression and differentiation in time and space in terms of environment. Instructor: 
Lowenstam. 

Ge 40. Special Problems for Undergraduates. Units to be arranged, any term. This course 
provides a mechanism for undergraduates, other than freshmen, to undertake honors-type 
work in geologic sciences. By arrangement with individual members of the staff. Graded 
pass/fail. 

Ge 41 abc. Undergraduate Research and Bachelor's Thesis. Units to be arranged. 
Undergraduates may undertake research in the geological and planetary sciences under the 
supervision of some member of the division faculty, with the aim of preparing a professional 
report on the accomplishments. Number of units to be arranged with the research super­
visor, and is not to exceed 12 per term. Writing of a Bar:helor' s Thesis based on the research is 
encouraged, and to obtain elective credit for more than 24 units of undergraduate research, a 
Bachelor's Thesis accepted by the research supervisor is required. Guidance in seeking 
research opportunities and in formulating a research plan leading to preparation of a 
Bachelor's Thesis is available from the Division Undergraduate Research Counselor, Profes­
sor Epstein. Graded pass/fail. 
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Advanced Courses 

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. 

Ge 100. Geology Club. 1 unit (1-0-0); first, second, third terms. Presentation of papers on 
research in geological and planetary sciences by the students and staff of the division and by 
guest speakers. Generally required of all senior and graduate students in the division; 
optional for sophomores and juniors. Graded pass/fail. Instructor: Albee. 

Ge 102. Oral Presentation. 2 units (1-0-1); first 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 degrees in the 
division. Instructors: Burhans, Murray. 

Env/Ge 103 abo Introduction to Processes of the Atmosphere and Hydrosphere. 9 units 
(3-0-6); first, second terms. Natural physical and chemical processes of the earth's atmosphere 
and hydrosphere. Emphasis will be on developing an order of magnitude understanding of 
the atmosphere and oceans through analysis of observations and physical reasoning. The 
emphasis in the first term will be on the hydrosphere, including such topics as: chemical 
composition of the oceans, tides, waves and currents, precipitation, runoff, floods, sedi­
ment transport, geochemical cycles. The emphasis in the second term will be on the 
atmosphere, including such topics as: the global balance of energy, momentum and mass, 
vertical atmospheric structure, radiative and convective heat exchange, circulation systems, 
weather prediction, climatic change. Instructors: List (first term), Ingersoll (second term). 

Ge 104 abc. Advanced General Geology. 9 units (3-4-2). Prerequisites: Ch 1 or 2, Ma 2, Ph 2. 

104 a. Minerals as Physical, Chemical, and Geological Systems. First term. Atomic 
architecture and physical properties of the solid state, with emphasis on the important 
naturally occurring minerals. Relations between bonding forces, structure, composition, 
properties, and conditions of formation of minerals. Phase stability, melting relations, and 
solid-state transformations in mineral systems as a function of temperature and pressure. 
The chemistry of mineral synthesis and breakdown in relation to chemical evolution and 
differentiation in the earth. Occurrence, significance, and properties of the major mineral 
groups that are important at the earth's surface and in the interior. Laboratory study of 
selected examples. Instructor: Kamb. 

104 b. Igneous, Sedimentary, and Metamorphic Rocks. Second term. A study of 
rocks and the chemical and physical processes affecting their origin. Igneous phenomena, 
rock classification, and processes. Phase equilibria of silicate crystal-melt-fluid equilibria 
and the genesis of igneous rocks. Principles of physical stratigraphy. Sedimentary minerals 
and rocks, processes, and depositional environments. Metamorphic processes, rocks and 
minor structural features. Instructor: Albee. 

104 c. Tectonics and Earth History. Third term. Major structural features and tectonic 
processes of the earth's crust. Principles of paleontology and animal stratigraphy. Elements 
of the Phanerozoic history of the earth with emphasis on both faunal and physical history. 
Outlines and problems of the Precambrian history of the earth. Instructors: Silver, Lowen­
stam. 

Ge 105 abc. Geological Field Training and Problems. 6 units (0-6-0); first, second, and third 
terms. Prerequisite: Ge 104 abc should be taken concurrently. Elementary field mapping techni­
ques in stratigraphy and structural geology. Selected field problems designed to develop 
techniques and to establish an understanding of basic geologic relationships. Problems in 
structural geology are emphasized in third term. Instructors: Shoemaker, Allen. 

Ge 111 abo Invertebrate Paleontology. 9 units (2-5-2); second, third terms. Morphology and 
geologic history of the common groups of the lower invertebrates, with emphasis on their 
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evolution and adaptive modifications; consideration of the higher invertebrate groups; 
preparation of fossils and problems of invertebrate paleontology. Instructor: Lowenstam. 

Ge 114. Optical and X-Ray Mineralogy. 12 units (3-6-3); first tenn. Prerequisite: Ge 104. 
Methods of optical crystallography. Measurement of optical constants with the polarizing 
microscope. X-ray determination of lattice parameters. Characterization and identification 
of minerals by optical and X-ray methods. Systematic application of these methods to the 
study of important mineral groups, including feldspars, and chain silicates. Instructor: 
Rossman. 

Ge 115. Petrology and Petrography. Systematic study of rocks and rock-forming minerals 
with emphasis both upon the use of the petrographic microscope and megascopic identifica­
tion; interpretation of mineral assemblages, textures, and structures; problems of genesis. 

115 a. Igneous Petrology and Petrography. 12 units (3-6-3); second tenn. Prerequisites: 
Ge 104 ab, Ge 114, Ch 21a. The mineralogical and chemical composition, origin, occurrence, 
and classification of igneous rocks considered mainly in the light of chemical equilibrium 
and of experimental studies. Detailed consideration of the structures, phase relations, and 
identification of the feldspar, pyroxene, amphibole, olivine, and feldspathoid mineral 
groups. Instructor: Albee. 

115 b. Sedimentary Petrology and Petrography. 12 units (3-6-3); third tenn. Prereq­
uisite: Ge 115 a. The mineralogic and chemical composition, occurrence, and classification of 
sedimentary rocks; consideration of the chemical, physical, and biological processes in­
volved in the origin, transport, and deposition of sediments and their subsequent 
diagenesis. Detailed consideration of structure, phase relations, composition and identifica­
tion of clay minerals, carbonates, and Fe-Mn oxides. Laboratory study will include indent­
ification of clay minerals by X-ray diffraction. Not offered in 1974-75. 

115 c. Metamorphic Petrology and Petrography. 12 units (3-6-3); third tenn. Prerequi­
site: Ge 115 a. The mineralogic and chemical composition, occurrence, and classification of 
metamorphic rocks; interpretation of mineral assemblages in light of chemical equilibrium 
and experimental studies. Detailed consideration of structure, phase relations, composi­
tion, and determination of the major metamorphic minerals. Instructor: Taylor. 

Ge 121 abc. Advanced Field Geology. 12 units (0-9-3). Prerequisites: Ge 104 abc, Ge 105 abc. 
Interpretation of geologic features in the field, with emphasis on problems of the type 
encountered in professional geologic work. Advanced techniques of investigation are 
discussed. The student investigates limited but complex field problems in igneous, 
sedimentary, and metamorphic terranes. Individual initiative is developed, principles of 
research are acquired, and practice gained in field techniques, including the use of the plane 
table in geologic mapping. The student prepares reports interpreting the results of his 
investigations. Instructors: Allen, in charge, and staff. 

Ge 122. Geophysical Field Studies. 10 units (3-5-2); first term. Prerequisites: Ma 2 abc, Ge 105, 
and instructor's pennission. This course is a field program in an area of particular geological 
interest, using seismic refraction, gravity, and magnetic field measurements. Students 
participate in all phases of the program, e.g., station surveying, geophysical equipment 
operation, and interpretation of data. A final report, embodying calculations and interpreta­
tions, is required. Instructor:'Allen, in charge, and staff. 

Ge 123. Summer Field Geology. 30 units (6 weeks). Prerequisites: Ge 104 abc, Ge 105 abc. 
Intensive study of three field areas in the Rocky Mountains, Colorado Plateau, Basin and 
Range Province, Sierra Nevada or Coast Ranges. The work in each area is supervised by a 
separate staff member, and the selection of areas studied varies from year to year. Emphasis 
is on stratigraphic and structural interpretation, involving a wide range of sedimentary, 
plutonic, volcanic, and metamorphic rocks. For each area the student prepares a geologic 
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map, stratigraphic and structural sections, and geologic report. The course is designed to 
complement the field training in southern California afforded by Ge 105 and Ge 121. It is 
required at the end of the junior year for the bachelor's degree in the geology and 
geochemistry options. The course begins immediately after commencement and runs for six 
weeks. Instructors: Allen, in charge, and staff. 

Ge 124 abo Magnetostratigraphy. Application of paleomagnetism to the solution of prob­
lems in stratigraphic correlation and to the construction of a high precision geological time 
scale. Offered in 1974-75. Instructor: Shoemaker. 

124 a. 9 units (3-3-3); second term. Prerequisites: Ge 104 abc, Ge 105 abo The principles of 
rock magnetism and physical stratigraphy are reviewed; emphasis is on the detailed applica­
tion of paleomagnetic techniques to determination of the history of the geomagnetic field. 
Present knowledge of this history is critically examined. Field and laboratory training are a 
central feature of the course; students registered must be prepared to spend two weekends 
in the field during the term. 

124 b. 6 units (0-0-6); spring recess. Prerequisite: Ge 124 a. An eight-day field trip to the 
Colorado Plateau to study the physical stratigraphy and magnetic zonation of the rocks in 
this well-known region. 

Ge 126. Geomorphology. 9 units (3-0-6); second term. Primarily a consideration of dynamic 
processes acting on the surface of the earth, and the genesis of land-forms. Instructor: 
Sharp. Offered in alternate years (1975-76). 

Ge 130. Introduction to Geochemistry. 6 units (2-0-4); first term. Prerequisites: Ch 1, Ma 2 abc, 
Ph 2 abc, Ge 1. A lecture and problem course on the application of chemical principles to earth 
problems, involving topics in stable isotopic geochemistry. Instructor: Epstein. 

Ge 132. Chemistry of the Earth and Planets. 9 units (3-0-6); second term. Prerequisite: 
instructor's permission. A critical evaluation of what is known about the chemical composition 
of the planetary bodies in the solar system and the processes and time scales required for 
evolution into their present states. Topics include: survey of mechanisms of nucleosyn­
thesis; solar system elemental abundances; formation times of planetary bodies; the chemi­
cal composition and evolution of the earth and moon; speCUlations on the compositions of 
other planets; composition and origin of planetary atmospheres. Instructor: Burnett. 
Offered in alternate years (1974-75). 

Ge 135. Regional Geology of Southern California (Seminar). 6 units (3-0-3); second term. 
Prerequisites: Ge 104 abc, Ge 105 abc or equivalent. Reading and discussion of selected topics in 
the geology of southern California and adjacent areas, with emphasis on outlining the 
important regional research problems. Instructor: Silver. 

Ge 136. Regional Field Geology of Southwestern United States. 9 units (1-0-8); second or 
third term. Prerequisites: Ge 104 and Ge 105, or instructor's permission. At least nine days of 
weekend field trips into areas of southwestern United States displaying highly varied 
geology are involved. Each student is assigned the major responsibility of being the resident 
expert on a part of each area or for a category of geological phenomena therein on each 
trip. Instructor: Sharp. 

Ge 137 abo Laboratory Techniques in the Geological Sciences. 9 units (1-4-4); second and 
third terms. Prerequisite: instructor's permission. A series of laboratory experiments covering 
the important types of laboratory measurements made in modem geological and geochemi­
cal research. The emphasis will be placed on understanding the physical and chemical 
principles on which the measurements are based. X-ray, mass spectrometric, and counting 
techniques will be treated in detail. Instructors: Patterson, Burnett, Epstein. Offered in 
alternate years (1974-75). 
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Ge 150. The Nature and Evolution of the Earth. 6 units (3-0-3). Offered by announcement only. 
Discussions at an advanced level of problems of current interest in the earth sciences. The 
course is designed to give graduate students in the geological sciences and scientists from 
other fields a broad sampling of data and thought concerning current problems. Students 
may enroll for any or all terms of this course without regard to sequence. Instructors: The 
staff and visitors. 

Ge 152. Radar Astronomy. 9 units (3-0-6); second tenn. Prerequisite: instructor's pennission. 
This course covers techniques of radar astronomy and interpretations of observational 
results in terms of the physics of the target planet. Radar studies of Mercury, Venus, and 
Mars will also be described. Additionally it will provide an introduction to the design of 
radar experiments. Instructor: Goldstein. 

Ge 153. Planetary Radio Astronomy. 9 units (3-0-6); second tenn. Prerequisite: instructor's 
pennission. The interpretation of radio astronomy observations of the Moon, Mercury, 
Venus, Mars, and Jupiter in terms of the planets' surface properties and atmospheric 
characteristics. Thermal and non-thermal emission mechanisms in planetary atmospheres 
and surfaces will be discussed with particular emphasis toward the construction of 
mathematical planetary models which can be tested by all possible observational techniques 
including radio interferometry, planetary occultation, and radar astronomy. Offered alter­
nate years (1974-75). Instructor: Muhleman. 

Ge 154. Planetary Atmospheres. 9 units (3-0-6); third tenn. Prerequisites: junior-level courses in 
math and physics, with an introduction to stellar or planetary atmospheres highly desirable. Current 
problems suggested by recent ground-based and spacecraft-related data on the planets and 
their satellites. Possible topics may include: the high surface temperatures and rapid 
rotation of the Venus atmosphere, the polar heat balance and atmospheric pressure on 
Mars, the maintenance of Jupiter's belts and zones and of the Great Red Spot, satellite 
atmospheres and their history. Offered in alternate years (1974-75). Instructors: Goldreich 
and Ingersoll. 

Ge 155. Introduction to Planetary Science. 9 units (4-0-5); first term. A broad survey course 
for un,dergraduates and graduates. The planets: their probable composition, physical state, 
and dynamical behavior. Ground-based observations: spectroscopy, photometry, radio 
interferometry, radar mapping, observations from spacecraft. Theories of atmospheric 
structure, surface processes, internal history. Speculations on the origin and evolution of 
bodies in the solar system. Instructors: Westphal and staff. 

Ge 160. Introduction to Modern Geophysics. 4 units (2-0-2); first tenn. Seminar on current 
topics in geophysics with emphasis on active research programs within the department. The 
course is designed to acquaint new graduate students with outstanding problems in 
geophysics and with current methods of investigation. Instructors: Anderson and staff. 

Ge 166 a. Physics of the Earth's Interior. 9 units (3-0-6); second tenn. Prerequisite: AMa 95 abcor 
AM 113 abc, or instructor's pennission. A study of current knowledge concerning the interior 
of the Earth using information from various earth-science disciplines. Interpretation of the 
fundamental data of seismology, gravity and heat flow using available high-pressure 
laboratory data and equations of state with the aim of understanding the structure, composi­
tion and phase of the Earth's deep interior. Thermal history of the Earth. Internal constitu­
tion of the terrestrial planets. Suitable for students in geology and as an elective in physics, 
astronomy and engineering. Instructor: Anderson. 

Ge 166 b. Planetary Physics. 9 units (3-0-6); first tenn. Prerequisites: Ph 106 abc, AMa 95 abcor 
AM 113 abc. Solar system dynamics, with emphasis on slow changes in the orbit and rotation 
rates of planets and satellites. Topics to be discussed include tidal friction, resonant orbits 
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and rotation rates, gravitational fields of planets and satellites, dynamics of polar wandering 
and continental drift. Instructor: Goldreich. Offered in alternate years (19.75-76). 

Ge 176. Physics of Earthquakes. 9 units (3-0-6); first term. Prerequisites: AMa 95 abc or 
instructor's permission. Study of earth structure and earthquake phenomena by application of 
physical principles. The emphasis will be placed on understanding complex earthquake 
phenomena in the light of fundamental physical and mathematical concepts. Topics to be 
discussed include structure of the earth in relation to propagation of earthquake waves, 
static and dynamic models of earthquakes, interpretation of far- and near-field phenomena, 
significance of earthquakes in plate tectonics and problems pertaining to earthquake 
prediction. Instructor: Kanamori. 

Ge 177. Seismotectonics. 9 units (3-3-3); third term. Relationship of seismicity to geologic 
structures and to tectonic processes: global seismicity patterns; active faults; problems of 
seismic zoning. Case studies of selected earthquakes with field trips to local areas of special 
interest. Instructor: Allen. Offered in alternate years (1975-76). 

Ge 212 abo Thennodynamics of Geological Systems. 9 units each term (3-0-6); first, second 
terms. 

212 a. Prerequisite: Ch 124 ab or Ch 21 abc, Ge 115 abc or equivalent. An advanced 
treatment of chemical thermodynamics, with emphasis on applications to geologic prob­
lems. Topics to be covered include heat flow and heat sources, high pressure phase 
transformations, silicate phase equilibria, solid solutions, the effect of H 20 in silicate melts, 
and equilibrium in a gravitational field. Text: Chemical Thermodynamics, Prigogine and 
Defay. Offered in alternate years (1974-75). Instructor: Taylor. 

212 b. Prerequisite: 212 a. Lectures and problems on the chemical and physical 
properties of aqueous solutions, with emphasis on the thermodynamic behavior of those 
electrolyte solutions important in nature. Topics to be covered include the effects of solution 
composition on mineral equilibria, Eh-pH diagrams, extension of thennodynamic data to 
high temperatures and pressures, non-ideality in mixed-gas systems, and reaction kinetics 
in systems involving water. Results will be applied to problems of low-temperature 
s~dimentary processes, metamorphism, and diagenesis. Text: Solutions, Minerals, and 
Equilibria, Garrels and Christ. Offered in alternate years. (1974-75). Instructor: Epstein. 

Ge 213. Seminar on special topics and problems of current interest in the fields listed below. 
5 units. Prerequisites dependent upon topics. Offered by announcement only. 

Ge 213 a-Mineralogy Seminar. 
Ge 213 b-Petrology Seminar. 
Ge 213 c-Geochemistry Seminar. 
Ge 213 d-Geochronology Seminar. 
Ge 213 e-Planetary Science Seminar. 

Ge 214. Advanced Mineralogy. 9 units (3-3-3); third term. Prerequisite: Ge 104 a, Ge 114, Ch 21 
or instructor's permission. The origin of color, pleochroism, and luminescence in minerals, 
infrared absorption spectroscopy of mineral substances, the relationship of the various 
types of x-ray and optical spectra, and the effects of site population upon optical properties. 
The laboratory will deal with the measurement of the optical and infrared spectra of selected 
minerals. Offered in alternate years (1974-75). Instructor: Rossman. 

Ge 215 abc. Topics in Advanced Petrology. 12 units each term (3-6-3); first, second, third terms. 
Prerequisites: Ge 115, Ch 124. 

215 a. Chemical Petrology. First term. Lectures, seminars, and laboratory studies of 
the chemical reactions that occur in rocks. Emphasis will be placed on rock-water interac­
tions, mineral deposition, hydrothermal alteration, and the formation of ore deposits. The 
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nature and origin of the H 20, CO2, and other gases that take part in these reactions will be 
discussed, mainly utilizing studies of mineral equilibria and the techniques of stable isotope 
geochemistry. Offered in alternate years (1975-76). Instructor: Taylor. 

215 b. Advanced Igneous Petrology. Second term. Lectures, seminars, and laboratory 
studies on igneous petrogenesis and rocks. Emphasis is placed on a particular group of 
rocks, such as basalts, andesites, meteorites, layered complexes, etc. Offered in alternate 
years (1975-76). Instructor: Silver. 

215 c. Advanced Metamorphic Petrology. Third term. Lectures, seminars, and 
laboratory studies on metamorphic petrogenesis and rocks. Emphasis is placed on the 
construction, based on natural assemblages, of two-variable diagrams for multicomponent 
systems after the method of Schreinemakers and on an understanding of the partition of 
elements between coexisting phases. Offered in alternate years (1975-76). Instructor: 
Albee. 

Ge 216. Nuclear Problems in Geology. 9 units (3-0-6); third term. Prerequisite: instructor's 
permission. This course will cover a variety of topical material relating to nuclear processes 
which are of geologic importance. Topics to be covered include introductory discussion of 
theories of nucleosynthesis, naturally occurring and extinct radio-activities and their daugh­
ter products, isotopic anomalies, heat generation in the earth, cosmic ray induced nuclides, 
methods of absolute age dating, age determinations on meteorites and rocks, the geologic 
time scale, element redistribution in radioactive parent-daughter systems, and residence 
times and mixing processes for some model systems. Offered in alternate years 
(1974-75). Instructor: Wasserburg. 

Ge 221 abo The Terrestrial Planets. 9 units (4-0-5); second, third terms. Intended for graduate and 
advanced undergraduate students in the earth and planetary sciences, but open to interested students 
in other disciplines with instructor's permission. A comparative study of the present state and 
past history of Earth, Moon, Mars, Venus, and Mercury. Topics include: (1) large-scale 
physical features, principal geological provirLces, coordinate systerlls and Hlaps; (2) en­
vironmental characteristics, surface processes; (3) vulcanism, tectonics, nature of interior; 
(4) atmospheric composition and surface interactions, planetary volatile cycles and budgets; 
(5) erosion and deposition, principal stratigraphic sequences on Earth and Mars; (6) polar 
caps, climatic changes, and ice ages of Earth and Mars; (7) impact sequence and probable 
flux history application to relative age determination; absolute age calibration from the 
Moon: (8) comparative surface history record and end of accretion and loss of primitive 
atmosphere, planetary geneology; (9) biological evolution and geological context, probabil­
ity of similar planetary systems elsewhere; communication with extraterrestrial intelligence. 
Offered alternate years (1974-75). Instructor: Murray. 

Ge 225 abc. Current Research in Planetary Science. Required attendance for all Planetary 
Science graduate students. Others welcome. 

225 a. Student/Faculty Research Conference. 1 unit (1-0-0); first term. One hour 
per week informal review of current research by staff and students. Instructor: 
Ingersoll. 

225. b. Selected Topics in Planetary Science. 1 unit (1-0-0); second term. Review of 
current research in selected areas of chemistry, physics, or geology of Moon, 
planets, or meteorites. Instructor: Muhleman. 

225 c. Planetary Research with Spacecraft. 1 unit (1-0-0); third term. Review of 
potential or recently completed scientific exploration of the moon or planets by 
means of spacecraft. Instructor: Murray. 

Ge 226. Observational Planetary Astronomy. 9 units (3-0-6); first term. Observational papers 
in the planetary astronomy literature will be critically analysed to introduce the use of 
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telescopes and other optical instruments for measurement of the physical and chemical 
properties of the solar system. The nature of optical and infrared radiation detectors, 
spectrometers, polarimeters, and photometers will be discussed in the context of the 
observational study of the planets. Other topics will include the design of observational 
programs and the assessment of the reliability of data. Offered in alternate years 
(1974-75). Instructor: Westphal. 

Ge 229. Glaciology. 9 units (3-0-6); second tenn. Origin and behavior of the North American 
ice sheet, physical conditions and structures of existing glaciers, glacier flow, erosional and 
depositional processes and products. Offered in alternate years (1974-75). Instructors: 
Kamb, Sharp. 

Ge 230. Geomorphology (Seminar). 5 units; third tenn. Review and critical analysis of 
current research and literature in geomorphology. On occasion, activities are devoted 
wholly to field excursions within the southwestern U.S. Instructor: Sharp. 

Ge 244 abo Paleoecology (Seminar). 5 units; second, third tenns. Critical review of classic 
investigations and current research in paleoecology and biogeochemistry. Instructor: 
Lowenstam. 

Ge 247 a. Tectonics. 9 units (3-0-6); third tenn. Prerequisites: Ge 104 abc, Ge 105 abc. Structure 
and geophysical features of continents, ocean basins, geosynclines, mountain ranges, and 
island arcs. Structural histories of selected mountain systems in relation to theories of 
orogenesis. Offered in alternate years (1974-75). Instructors: Allen, Kamb. 

Ge 247 b. Tectonophysics. 9 units (3-0-6); third tenn. Prerequisites: Ge 104 abc, AMa 95 abc or 
equivalent. Analysis of stress and deformation in tectonic processes. Brittle failure of rocks in 
relation to faulting. Elastic stress distributions and fault patterns. Dislocation theory of 
faulting, and analysis of stress distribution around strike-slip faults. Brittle-ductile transi­
tion. Plasticity of mineral crystals and rocks in relation to structure. Non-hydrostatic 
thermodynamics, recrystallization, origin, and significance of structural anisotropy in 
rocks. Theories of plasticity and non-linear creep, with application to stress analysis in 
tectonic problems. Viscous buckling of layered media: theory of folding. Rheological prop­
erties of rocks at high temperatures and pressures. Viscosity of earth materials from 
post-glacial rebound and other evidence. Convective instability and mantle convection. 
Tectonic models. Offered in alternate years (1975-76). Instructors: Kamb, Allen. 

Ge 260. Solid-State Geophysics. 9 units (3-2-4); third tenn. Prerequisite: familiarity with basic 
concepts of thennodynamics and mineralogy. See instructor. This course deals with the applica­
tion of high-pressure physics to geologic problems. Topics to be covered include: concepts 
of elastic and shock propagation in single and polycrystalline solids and in fluids, and their 
relation to various thermodynamic processes; phase changes, dynamic yielding, shock 
metamorphism, and high-pressure electrical properties of minerals and application of shock 
and ultrasonic equation-of-state data to earth and planetary interiors. The student is 
introduced to current laboratory methods used in measuring the properties of earth materi­
als under static and dynamic high pressure. Offered in alternate years 
(1975-76). Instructor: Ahrens. 

Ge 261 abc. Advanced Seismology. 9 units (3-0-6). Prerequisite: AMa 95 or 113. Essential 
material in modern seismology; elastic wave propagation, ray theory, normal mode theory, 
free oscillations, applications to determination of earth structure and earthquake source 
mechanism, interpretation of seismograms, geophysical time series analysis and 
synthesis. Instructors: Harkrider, HeImberger. 

Ge 264 abc. Theoretical Geophysics. 9 units (3-0-6). Prerequisite: Ph 129 abc or equivalent. Ge 
264 c may be taken independently of Ge 264 abo 
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First term. A systematic presentation of basic continuum theory relevant to planetary 
geophysics. Topics from: hydrodynamics, electromagnetics, hydromagnetics, shock-wave 
theory, elasticity, thermodynamics and the basic solid state theory related to mechanical 
properties of solids. 

Second term. Applications to planetary dynamics and thermal properties. Topics in­
clude: convection and diffusion processes, heat transport processes, phase changes, discus­
sion of the hydromagnetic dynamo problem, geophysical evidence and dynamical model 
calculations related to mass transport and planetary evolution. The final part of the term will 
be devoted to an introduction to stress wave propagation. Topics include: reflection, 
refraction and scattering of waves in fluid media, waves in random media, waves in 
multiphase media, statistical continuum methods. 

Third term. Theory of wave propagation in elastic and anelastic media, structure of the 
earth. Topics include: representation theorems in elastic wave propagation, dislocation and 
relaxation sources, free and forced oscillations of a radially inhomogeneous planet, wave 
propagation in layered media, inversion theory, perturbations of the free oscillation spectra 
due to rotation and lateral variations in earth properties, physics of anelastic processes and 
absorption, asymptotic wave theory, elastic-anelastic structure of the earth. Offered in 
alternate years (1974-75). Instructor: Archambeau. 

Ge 265 abo Advanced General Geophysics. 9 units (3-0-6); first, second terms. Prerequisite: Ph 
129 abc. A discussion of a range of problems of current geophysical importance selected from 
among the general categories of: planetary magnetic and gravity fields, thermal history and 
evolution, mass transport processes in the earth and tectonics, high temperature-pressure 
geophysics, anelastic processes, wave propagation theory and solid state geophysics. 
Offered in alternate years (1975-76). Instructors: Archambeau, in charge, and staff. 

Ge 282 abc. Geological Sciences Seminar. 1 unit; first, second, third terms. Presentation of 
papers by invited investigators. In charge: Harkrider. 

Ge 297. Advanced Study. Students may register for up to 15 units of advanced study in 
fields listed under Ge 299. Occasional conferences. 

Ge 299. Research. Original investigation, designed to give training in methods of research, 
to serve as theses for higher degrees, and to yield contributions to scientific knowledge. 
These may be carried on in the following fields: 

Geology: 
(A) 
(B) 
(C) 
(0) 
(E) 
(F) 
(G) 
(H) 
(1) 
(J) 
(K) 

Economic Geology 
Field Geology 
Geomorphology 
Glaciology 
Invertebrate Paleontology 
Mineralogy 
Paleoecology 
Petrology 
Sedimentation 
Stratigraphy 
Structural Geology 

Geochemistry: 
(L) General Geochemistry 
(M) Geochronology 
(N) Isotopic Geochemistry 
(0) Meteorites 
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Geophysics: 
(P) 
(Q) 
(R) 
(S) 
(T) 

Planetary 
(U) 
(V) 
(W) 
(X) 
(Y) 

Applied Geophysics 
General Geophysics 
Geophysical Instruments 
Seismology 
Theoretical Geophysics 

Science: 
Planetary Surfaces 
Planetary Dynamics 
Planetary Atmospheres 
Radar Observations 
Radio Emissions 

GERMAN 

(See Languages) 

HISTORY 

Undergraduate Courses 

HI abc. Introduction to Europe. 9 units (3-0-6). Europe, its background, development, and 
relations with other parts of the world. Topics will vary from instructor to instructor, but will 
usually include feudalism, the Renaissance and Reformation, 17th century England, the 
Enlightenment, the French Revolution and Napoleon, the Industrial Revolution, 19th 
century liberalism and nationalism, Marx, overseas expansion and contraction, the Russian 
Revolution and Stalin, fascism, the two World Wars, and the Cold War Instructors: Staff. 

H 2 abc. Revolution to Roosevelt. 9 units (3-0-6). An examination of A~erican history from 
1765 through the New Deal. The first term will cover the period 1765 t~1800; the second, 
from 1830 to 1877; and the third from the end of the nineteenth century to World War II. The 
first two terms will focus on such questions as: Why do men revolt? How and why do they 
set up stable political structures? What motivates Radicals? Under what conditions do 
moderate reforms fail to prevent Civil War? The third term will ask: Why was Victorian 
America swept by tumultuous protests in the closing years of the nineteenth century? What 
motivated the reforms of the early twentieth century and of the New Deal? And who led the 
nation and why? Instructors: Staff. 

H 6 abc. American Life and Thought. 9 units (3-0-6). Topics in the development of American 
culture, explored through an examination of selected social, political and artistic materials, 
including essays, novels and films. Instructors: Staff. 

H 8 bc. Introduction to Asia. 9 units (3-0-6); second, third tenns. Not a textbook survey. 
Rather, an examination of selected topics in the history of Asia from Mohammed to the 
Arab-Israeli conflict, Akbar to Gandhi, the Sung dynasty to Mao Tse-tung, using books 
marked by their narrative quality. Each term will end with a short reading period during 
which students will read one book of their own choosing. 

H 23. Cultural History of Early Medieval Europe. 9 units (3-0-6); first tem. From the end of 
the Roman Empire to the First Crusade. Shows how classical, Christian and barbarian 
cultures combined to form a new civilization. Instructor: Benton. 

H 24. Cultural History of the High Middle Ages and Renaissance. 9 units (3-0-6); second 
tenn. H 23 precedes but is not a prerequisite for H 24. Europe from the 12th through 15th 
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centuries. Shows relationship of art, literature, music and social relations to political, 
economic and religious institutions. Instructor: Benton. 

H 25. Europe in the 17th and 18th Centuries. 9 units (3-0-6). Not intended for students who took 
European history as freshmen. A survey of Europe in this period, with special attention to the 
English revolutions, Louis XIV, the Enlightenment, and the French Revolution. 

H 26. Europe in the 19th and 20th Centuries. 9 units (3-0-6). Not intended for students who 
took European history as freshmen. A survey of Europe in this period, with special attention 
to the Industrial Revolution, liberal revolutions and reforms, the formation of Germany, the 
two World Wars, the Russian Revolution, and Hitler. 

H 40. Reading in History. Units to be determined for the individual by the department. Elective, in 
any term. 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 be required. Graded pass/fail. Not available for credit 
toward humanities-social science requirement. 

H 97 bc. Junior Tutorial. 9 units (2-0-7); second, third terms. Prerequisite: instructor's permission. 
Designed primarily for students majoring in history. The course will be taught on a tutorial 
basis with frequent meetings between the instructor and student. The course subject matter 
will vary according to individual needs. The course will be normally be taken in the junior 
year. Instructors: Staff. 

H 98 abo Senior Tutorial. 9 units (2-0-7); first, second terms. Prerequisite: instructor's permission. 
Designed primarily for students majoring in history. The course will be taught on a tutorial 
basis with frequent meetings between the instructor and student. The course will normally 
be taken in the senior year. Instructors: Staff. 

H 99 abc. Research Tutorial. 9 uni ts 0-0-8). Prerequisite: instructor's permission. Students will 
work with the instructor in the preparation of a research paper which will form the basis of 
an oral examination. Instruction will be conducted on a tutorial basis. Instructors: Staff. 

Advanced Courses 

H 106 abo Topics in Medieval and Renaissance History. 9 units (3-0-6); first, second terms. 
Prerequisite: H 23 or H 24 or instructor's permission. Seminar treatment of special topics, 
varying from term to term. Topics in the past have included history of autobiography, 
economic development, love and marriage, political theory, and childhood. For schedule of 
anticipated topics, see instructor or Registrar. Instructor: Benton. 

H/Psy 107. Psychohistory. See Psychology. 

H 108. Europe and Asia. 9 units (3-0-6). Topics in the interrelation of Europe and Asia since 
the fall of Rome. May include the Arab conquest of the Mediterranean, the Crusades, 
Turkey in Europe, Russia in Asia, the spice trade, Christ and opium in China, Lawrence and 
the Hashemites, and the birth of Israel. 

H 109. Protestant, Catholic, and Jew. 9 units (3-0-6). Topics in the political and social history 
of religion and religious communities in Europe since the fall of Rome. May include Becket 
and Henry II, the medieval ghetto, the Renaissance Papacy, Luther, the Revolt of the 
Netherlands, church and chapel in Victorian England, and the "final solution." 

H 112. Contemporary Europe. 9 units (3-0-6); first term. This course will deal with some of the 
public issues, social trends, and cultural developments which are of special interest in 
Europe today. While the setting will be historical, particular emphasis will be placed on 
what has been going on in the last twenty-five years. Instructor: Elliot. 
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H 116. Germany. 9 units (3-0-6). Principal historical developments in Germany from the 
Reformation to the present day. Emphasis on the evolution of social and political institu­
tions and attitudes. Instructor: Ellersieck. 

H 117. Russia. 9 units (3-0-6). An attempt to discover and interpret the major recurring 
characteristics of Russian history and society, with attention particularly to developments in 
the Soviet period. Instructor: Ellersieck. 

H 118. Britain. 9 units (3-0-6). Main elements in the political life of modem Britain. Attention 
will be concentrated primarily on events since 1832, and emphasis will be placed on 
economic and social trends, on political and constitutional development, and on the lives of 
important statesmen. Instructor: Elliot. 

H 120. The British Empire and Commonwealth. 9 units (3-0-6). The growth of the imperial 
idea and the institutional development of the Empire and the Commonwealth with particu­
lar reference to Africa and Asia. Instructor: Huttenback. 

H 121. India and Pakistan. 9 units (3-0-6). The growth of Indian nationalism in the years 
before independence, and developments in India and ~akistan since partition. Special 
emphasis will be placed on the philosophical conflict between British and indigenous Indian 
attitudes and the consequent effect on contemporary India and Pakistan. Instructor: 
Huttenback. 

H 130. History of War. 9 units (3-0-6). An examination of instructive episodes in the 
evolution of warfare. Emphasis upon the role of political, economic and social factors in 
influencing the choice of organization, armament, tactics and the timing of 
conflict. Instructor: Ellersieck. 

H 147. The Far West and the Great Plains. 9 units (3-0-6). The exploration and development 
of the great regions of western America. Special attention will be paid to the influence of the 
natural environment, and the exploitation of it by such industries as the fur trade; mining; 
cattle ranching, farming, and oil. Instructor: Paul. 

H 148. The Supreme Court in U.S. History. 9 units (3-0-6); first term. An examination of the 
development of the Supreme Court, its doctrines, and its role in U.s. history through 
analyses of selected cases. Instructor: Kousser. 

H 151. The Shaping of Modem America, 1890-1917. 9 units (3-0-6). An examination of the 
consolidation and expansion of economic, political, and social control by regional and 
national power elites. Instructor: Kousser. 

H 152. America in the Era of Roosevelt and Truman. 9 units (3-0-6); second term. Topics in the 
history of the depression, World War II, and the origins of the Cold War. Instructors: 
Kevles, Rosenstone. 

H 153. America Since World War II. 9 units (3-0-6); third term. Topics in the recent social, 
cultural and political history of the United States. Instructors: Kevles, Rosenstone. 

H 154. American Foreign Policy in the Twentieth Century. 9 units (3-0-6). How American 
foreign policy has been formed and administered in recent times: the respective roles of the 
State Department, Congress, and the President, of public opinion and pressure groups, of 
national needs and local politics. Instructor: Paul. 

H 157 a. Science in America, 1865-present. 9 units (3-0-6). A study of the social and political 
history'of American science, emphasizing the relationship of the research community to 
universities, industry, and government. Instructor: Kevles. 

H 157 b. Science in America, 1865-present. 9 units (3-0-6). Prerequisite: H 157 a. A seminar on 
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selected topics, concentrating on the writing of an original research paper. Instructor: 
Kevles. 

H 158. American Intellectual History. 9 units (3-0-6); first term. A study of selected topics in 
the history of American thought and attitudes. Instructor: Rosenstone. 

H 159 a. American Radicalism. 9 units (3-0-6); second term. An examination of the nature of 
dissident American social and political movements in the nineteenth and twentieth cen­
turies, with emphasis on their critiques of American life, their role in society, and their 
contributions. Instructor: Rosenstone. 

H 159 b. American Radicalism. 9 units (3-0-6); third term. Prerequisite: H 159 a, or instructor's 
permission. A seminar on selected topics, concentrating on a deep examination of some 
aspect of radicalism and the writing of an original research paper. Instructor: Rosenstone. 

H 160. The History of Black People in America. 9 units (3-0-6). This course will focus 
primarily on actions taken and ideas expressed by Negroes themselves rather than by 
whites. Themes will include accommodation and resistance before and after the Civil War; 
the development of racism and segregation; the migration from black belt to ghetto; and the 
roles of certain black leaders and ideologies. Instructor: Kousser. 

H 161. Selected Topics in History. 9 units (3-0-6). Instructors: Staff and visiting lecturers. 

H 201. Reading and Research for Graduate Students. Units to be determined for the 
individual by the staff. 

HUMANmES AND SOCIAL SCIENCES 

HSS 99. Humanities-Social Science Tutorial Program. Upon application and screening by 
the Tutorial Committee, which is composed of HSS faculty, a limited number of sopho­
mores, juniors, and seniors will be admitted to a tutorial program. Once admitted, a student 
will work on a one-to-one basis with tutors drawn from the division's faculty, at the rate of9 
units per term, on subjects agreed upon between student, tutor, and the Tutorial Commit­
tee. Written work will be required, letter grades given, and a term's work and grade 
reported (through the Tutorial Committee) in the form shown by the following example: 

HSS 99 Tutorial (World War I in fiction) 9 units. 
Instructor: Tutorial Committee (D. C. Elliot). 

The Tutorial Committee will review each student's work periodically, may require that a 
student take regular HSS courses along with or prior to a tutorial, and may ask a student 
to leave the program altogether. 

The program is not designed for students in the four HSS options, and units earned in it 
do not take the place of course or tutorial instruction in those options, unless the options say 
they may. The program is nevertheless open to applicants from those options. 

HYDRAULICS 

Advanced Courses 

Hy 100. Hydraulics Problems. Units to be based upon work done, any term. Special problems or 
courses arranged to meet the needs of first-year graduate students or qualified under­
graduate students. Graded pass/fail. 

Hy 101 abc. Fluid Mechanics. 9 units; first, second, third terms. Prerequisites: ME 19 abc and Hy 
111 or equivalent. General equations of fluid motion: two- and three-dimensional steady and 
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non-steady potential motion; cavity and wake flow; surface waves, linear and nonlinear 
shallow-water waves, flow in stratified fluids, stability; acoustic fields, sound radiation and 
scattering, acoustic energy transport; one-dimensional steady gas dynamics, expansion 
fans, shock waves; two- and three-dimensional flow fields; laminar flow, Stokes and Oseen 
problems, laminar boundary layer; laminar instability, turbulence shear flow; introduction 
to problems in heterogeneous flow, chemically reacting flow, sediment transport, flow 
through porous media. Instructor: Rannie or Marble. 

Hy 103 abo Advanced Hydraulics and Hydraulic Structures. 9 units (3-0-6); first, second 
terms. Prerequisites: ME 19 abc and Hy 111 or equivalent. Steady and unsteady flow in open 
channels; high-velocity flow in open channels; theory and design of some hydraulic struc­
tures such as chutes, energy dissipators, manifolds and canals; unsteady flow in closed 
systems, e.g., surge and waterhammer. Not offered every year. Instructor: Raichlen. 

Hy 105. Analysis and Design of Hydraulic Projects. 6 or more units as arranged; any term. The 
detailed analysis or design of a complex hydraulic structure or water resources project 
emphasizing interrelationships of various components, with applications of fluid 
mechanics andJor hydrology. Students generally work on a single problem for the entire 
term, with frequent consultations with the instructor. Instructors: Staff. 

Hy 111. Fluid Mechanics Laboratory. 6-9 units as arranged with instructor; second or third term. 
Prerequisite: ME 19 abo A laboratory course illustrating the basic mechanics of incompressible 
fluid flow, and complementing the lecture course ME 19 abc. Students will usually select 
approximately three regular experiments, but with the permission of the instructor they 
may propose special investigations of brief research projects of their own in place of some of 
the regular experiments. Objectives also include giving students experience in making 
engineering reports. Although the course is primarily for seniors, it is also open to first-year 
graduate students who have not had an equivalent course. Instructor: Raichlen. 

Hy 113 abo Coastal Engineering. 9 units (3-0-6); first, second terms. Prerequisites: ME 19 abc and 
Hy 111 or equivalent; AMa 95 abc. Engineering applications of the theory of small and finite 
amplitude water waves; diffraction, reflection, refraction; wind-generated waves and wave 
prediction procedures; tides and their interaction with the coastline; effect of waves on 
coastal structures such as breakwaters and pile-supported structures; coastal 
processes. Instructor: Raichlen. 

Hy 121. Advanced Hydraulics Laboratory. 6 or more units as arranged; any term. Prerequisite: 
instructor's permission. A laboratory course primarily for first-year graduate students dealing 
with flow in open channels, sedimentation, waves, hydraulic structures, hydraulic machin­
ery, or other phases of hydraulics of special interest. Students may perform one com­
prehensive experiment or several shorter ones, depending on their needs and 
interests. Instructor: Raichlen. 

Hy 200. Advanced Work in Hydrodynamics or Hydraulic Engineering. Units to be based upon 
work done; any term. Special courses to meet the needs of advanced graduate students. 

Hy 201 abc. Turbomachines. 6 units (2-0-4); first, second, third terms. Prerequisite: Hy 101 or 
instructor's permission. A study of the theory and operation of hydraulic fluid machines, 
principally pumps, and turbines. Recent two- and three-dimensional inviscid flow design 
theories will be studied. Special consideration will be given to the effects of cavitation in 
methods of design and behavior oflarge systems. Not offered every year. Instructor: Acosta 
or Rannie. 

Hy 203. Cavitation Phenomena. 6 units (2-0-4); third term. Prerequisite: Graduate standing. A 
study of the occurrence and effects of cavitation on the flow past bodies, lifting surfaces, and 
through machines; material damage and acoustic noise caused by cavitation will also be 
covered. Not offered every year. Instructor: Acosta. 
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Hy 204 abc. Hydrodynamics of Free Surface Flows. 9 units (3-0-6); first, second, third terms. 
Prerequisites: Hy 101 abc, AM 113 abc and AM 125 abc, or equivalent. Theory of surface waves in a 
dispersive medium. Infinitesimal waves and wave resistance of floating or submerged 
bodies. Ship hydrodynamics. Theory of planing surface and hydrofoil. Scattering and 
diffraction of surface waves. Geometrical wave approximation. Hydrodynamic stability. 
Nonlinear waves and existence theorems. Shallow-water waves. Open-channel flows and 
river waves. Flows with shear and stratification of density and entropy. Free streamline 
theory for jets, wakes, and cavities. General theory for curved obstacles; existence and 
uniqueness. Unsteady flows with jets and cavities. The course material in the third term 
may vary depending upon the needs and interests of the class. Instructor: Wu. 

Hy 210 abo Hydrodynamics of Sediment Transportation. 9 units (3-0-6); second, third terms. 
Prerequisites: AMa 95 abc, Env 112 abc, and Hy 101 abc. A study of the mechanics of the 
entrainment, transportation, and deposition of solid particles by turbulent fluids. This will 
include discussion and interpretation of results of laboratory and field studies of alluvial 
streams, and wind erosion. Not offered in 1974-75. Instructor: Brooks. 

Hy 211. Advanced Hydraulics Seminar. 4 units (2-0-2); every term. A seminar course for 
advanced graduate students to discuss and review the recent technical literature in hy­
draulics and fluid mechanics. Emphasis will be on topics related to civil and environmental 
engineering which are not already available in courses offered by the Division of Engineer­
ing and Applied Science. The subject matter will be variable depending upon the needs and 
interests of the students. It may be taken any number of times with permission of the 
instructor. Instructors: Staff. 

Hy 213. Advanced Coastal Engineering. 9 units (3-0-6); third term. Prerequisites: Hy 101 abc 
and Hy 113 abo Selected topics in coastal engineering such as: harbor resonance, mooring and 
berthing of ships, structural forces due to waves, tsunamis and other impulsive wave 
systems. Instructor: Raichlen. 

Hy 300. Thesis Research. 

INDEPENDENT STUDIES PROGRAM 

The course for ISP students is intended to accommodate individual programs of study or 
special research that fall outside ordinary course offerings. Students signing up for the ISP 
course will prepare, with the help of the advisory committee, a description of the course of 
study, a syllabus delineating the work to be accomplished, and a time schedule for reports 
both on progress and for work completed. The units of credit and form of grading of this 
course are decided by mutual agreement between the ISP committee, the student, and his 
three-member advisory committee. See page 194 for complete details. 

INFORMA TIONICOMPUTER SCIENCE* 

Undergraduate Courses 

IS 10 a. Introduction to the Use of Computers. 6 units (1-2-3); one-term course offered second 
and third terms. Freshmen only or instructor's permission. The purpose of this course is to 
introduce to the students the use of computers for solving mathematical problems arising in 
engineering and science. By solving a variety of sample problems, the student will learn 
basic techniques of computational mathematics. Algebraic computer languages will be 
employed in batch processing and in conversational time-sharing. Instructor: McCann. 
Graded pass/fail. 

*For linguistics see page 325. 
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IS 80 abc. Undergraduate Research in Information Science. Units in accordance with work 
accomplished. Consent of both research adviser and course supervisor required before registering. This 
course is intended to provide supervised research in information science by under­
graduates. The topic of research must be approved by the supervisor and a formal final 
report must be presented at the completion of the research. Graded pass/fail. Instructors: 
Information science staff; Course Supervisor: Ingargiola. 

Advanced Courses 

IS 110 abc. Principles of Digital Information Processing. 9 units (3-3-3); first, second, third 
terms. This course presents the principles and concepts of information processing systems 
with emphasis on the design of stored program, synchronous computers. This includes 
Boolean Algebra, switching theory, arithmetic algorithms and their application to logical 
design. The organization of digital processors at the hardware level is covered together with 
a comprehensive review of modem digital technology. The laboratory includes exposure to 
modem computers at the hardware level, the development of a complete system design, 
and the opportunity to design and build digital devices. Instructor: Ray. 

BillS 121 abc. Biosystems Analysis. 6 units (2-0-4); three terms. Prerequisite: Bi 151 or 
instructor's permission. This course presents a systematic consideration and application of the 
methods of systems analysis, information theory and computer logic to problems in 
neurobiology. The subjects to be considered include the mechanical properties of striated 
muscle, the analysis of neuronal integrative mechanisms and reflex behavior in terms of 
logical net theory. The course will seek to describe some aspects of human cortical activity in 
terms of information theory and conceptual modeling. The course will be conducted as a 
research seminar and the detailed subject matter will change from year to year. Instructor: 
Fender. 

IS 130 abc. Language Systems. 9 units (3-0-6). Prerequisite: IS 129 or equivalent. Issues 
involved in designing and using programming languages are considered in detail. Current 
languages (FORTRAN, ALGOL, LISP, PLlI, SIMUIA, etc.) together with languages now 
being developed (ALGOU6 8, PPL, Ell, PLANNER, etc.) are used to illustrate such issues. 
Selected topics in the theory of programming languages, such as formal models of syntax 
and semantics, program verification and automatic program synthesis will be 
examined. Instructor: Ingargiola. Not offered in 1974-75. 

IS 137. Systematic Computer Programming. 12 units (3-3-6); first term. An informal intro­
duction to computer programming in a well-structured, efficient programming language. 
The main goal is to enable the student to write small programs with a clearly defined 
purpose and structure and to test and document them systematically. The influence of 
computer properties on program efficiency is discussed and an overview of a simple 
compiler is given. Instructor: Brinch-Hansen. 

IS 138. Data Structures and Algorithms. 12 units (3-3-6); second term. Prerequisite: IS 137 or 
equivalent. An introduction to the abstract properties and implementation techniques of 
computer programming languages. The main topic is the axioms and representation of data 
structures and algorithms. Exercises in language implementation are solved by small stu­
dent teams. Instructor: Brinch-Hansen. 

IS 139. Multiprogramming and Resource Sharing. 12 units (3-3-6); third term. Prerequisites: 
IS 137, IS 138 or equivalent. An introduction to the common principles of computer operating 
systems. The main topics are the abstract properties of concurrent processes and their 
implementation in terms of processor and store management, scheduling algorithms and 
resource protection techniques. The students will solve exercises in multiprogramming and 
study selected advanced topics. Instructor: Brinch-Hansen. 
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IS 140 abo Programming Laboratory. 12 units (3-9-0); second, third tenns. Prerequisites: IS 137, 
IS 138 or equivalent. The aim of this course is to allow students to gain experience in the 
design, documentation, implementation and testing of medium size programming projects. 
Projects will be carried out by teams of two to four students. They will be realistic problems 
in the sense that they are loosely defined by the instructor. The students are expected to 
refine the problem definition, to define the internal structure of the program, to select an 
appropriate implementation language and to build the system. Each team is expected to 
distribute a written description of its work weekly. Classes will be dedicated to the critical 
evaluation of such reports by the instructor and the students. Instructor: Ingargiola. 

IS 141. Fonnal Models of Computation. 9 units (3-0-6); first tenn. The aimof this course is to 
make students familiar with the main theoretical results of computer science, to point out to 
which extent these results are relevant to computer applications, and to facilitate further 
study of the literature. Models of effective computations: Turing machines, combinatorial 
systems, lambda calculi, recursive functions, decidable and undecidable problems. Fonnal 
languages: their specification by phrase structure grammars, their generation and recogni­
tion by automata. Instructor: Ingargiola. 

IS/5S 142 abc. Computer Modeling and Data Analysis. 9 units (3-3-3). The building of 
conceptual models as an expression of the patterns perceived in the analysis of data. 
Analysis of data through model fitting and the study of residuals. Mathematical, statistical, 
and simulation models will be studied. Real life data bases from a variety of subject areas will 
be analyzed. The computer will be used extensively. Instructor: Thompson. 

IS 150. Selected Topics in Artificial Intelligence. 9 units (3-0-6); first tenn. An introductory 
course focusing on major research areas of artificial intelligence showing its typical prob­
lems, concepts, methods, and programming languages. Topics will be chosen from the 
areas of problem solving, scene analysis, natural language processing, and robotics. The 
aim is to show the interplay between the experimental programming approach to the study 
of intelligent processes, and its theoretical implications and practical applications. Instruc­
tor: Weinstein. 

IS 151. Symbolic and Algebraic Manipulation. 9 units (2-1-6); second tenn. Prerequisites: AMa 
95 abc or AM 113 abc, and IS 137, or equivalents. Programming methods of symbolic manipula­
tion and problem solving will be presented with an emphasis on their use in the solution of 
nonnumeric algebraic problems. Subjects to be treated will include: symbolic integration 
and differentiation, expression simplications and function expansions. Current develop­
ments in programming languages and systems for manipulation of algebraic expression will 
be reviewed and their value as research tools will be examined. The MACSYMA system will 
be used in lab sessions and the REDUCE language will be used for student projects. 
Instructor: Weinstein. 

IS 203 abo Analysis and Modeling of Nervous Systems. 9 units (3-3-3); second, third tenns. 
Prerequisite: IS 121 or concurrently. The development of adequate theories for complex living 
systems requires the extensive integration of computer-aided strategies for data acquisition, 
analysis and modeling. Since the proper development of such theories requires a rich data 
base, supplementary material is presented on the physiology of systems used as examples. 
A laboratory is provided to test and extend the integrated use of computer concepts in such 
research. Instructor: McCann. 

IS 220. Theories of Visual Nervous Systems. 9 units (3-0-6); third tenn. Prerequisites: IS 121 
abc and IS 203 abo Strategies for the correlation of experimental techniques for studying 
nervous systems with computer instrumented methods of examining experimental results 
by data analysis and modeling. Comparisons will be made between models based upon 
formal mathematics and new computer instrumented strategies that provide more complete 
and detailed correlations with experimental results. Instructor: McCann. 
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IS 240 abo Digital Processing. 9 units (2-2-5); first, second terms. The course presents an 
introduction to the techniques and uses of digital image processing, and the hardware 
required for sampling, digitizing, processing, and reconstructing images. Techniques for 
contrast manipulation, geometric manipulation and algebraic manipulation are covered 
along with 2-dimensional transformations and filtering. Algorithm development is in­
cluded for the location, measurement and classification of "objects" in images and for 
binary image analysis. Processing techniques are presented for 3-dimensional images, mul­
tispectral analysis and texture analysis. The course describes the mathematical development 
of processing techniques, the implementation of these techniques as computer algorithms, 
and the application of these algorithms to imaging problems. Instructor: Castleman. 

IS 250 abc. Mathematical Linguistics. 9 units (3-0-6); three terms. Prerequisite: Ma 116 abc. This 
course presents a systematic development of the syntactic and semantic properties of 
languages. This includes the natural languages as well as the formal languages of symbolic 
logic and information processing. The philosophical aspects of languages will be stressed 
together with the formalization of language structures suitable for computer simulation. 
Taught in alternate years. Not offered in 1974-75. Instructor: Thompson. 

IS 260. Robotics. 9 units (2-1-6) third term. Prerequisites: IS 137, IS 138, IS 139, and IS 150, or 
equivalents. The course will concentrate on the software aspects of the design of intelligent 
robots. Models will be examined with respect to task/environment requirements, and the 
efficient integration of operative, cognitive, and conative functions. These include the 
definition and design of motor functions, sensors and perception, planning and problem 
solving, plan monitoring and goal generation, world model and resource sharing, and the 
adequate control structures for concurrent processes and processes interaction. A model of a 
virtual robot will be used to demonstrate the concepts of experimental and structural 
programming, developmental processes, and system extensibility. The course will include a 
review of current research in the field and student projects. Instructor: Weinstein. 

IS 280. Research in Information Science. Units in accordance with work accomplished. Approval 
of student's research adviser and his department adviser must be obtained before registering. 

IS 282. Reading in Computer Science. 6 units or more by arrangement; first, second, third terms. 
Prerequisites: IS 137, IS 138 orequivalent. A seminar in which a small group of students and the 
instructor discuss and summarize the literature of a potential research area of computer 
science. Only qualified students will be admitted after consultation with the instructor. A 
written report will usually be required. Instructor: Brinch-Hansen. 

The following courses cover related basic mathematics and applied mathematics: 

AMa 104. Matrix Theory. See Applied Mathematics Section. 

AMa 105 ab, Introduction to Numerical Analysis. See Applied Mathematics Section. 

Ma 116 abc. Mathematical Logic and Axiomatic Set Theory. See Mathematics Section. 

Ma 121 abc. Combinatorial Analysis. See Mathematics Section. 

Ma 125 abc. Analysis of Algorithms. See Mathematics Section. 

Ma 205 abc. Advanced Numerical Analysis. See Mathematics Section. 

Ma 216 abc. Advanced Mathematical Logic. See Mathematics Section. 
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JET PROPULSION 

Advanced Courses 

JP 121 abc. Jet Propulsion Systems and Trajectories. 9 units (3-0-6); each term. Open to all 
graduate students and to seniors with pennission of the instructor. Modern aspects of rocket, 
turbine, electrical, and nuclear propulsion systems and the principles of their application to 
lifting, ballistic, and space flight trajectories. Combustion thermodynamics, equilibrium 
and nonequilibrium nozzle flow, propellant evaluation. Combustion and burning charac­
teristics of solid and liquid propellants, liquid propellant fuel systems, combustion instabil­
ity. Subsonic and supersonic compressor and turbines, basic gas turbine propulsion cycle 
and its variations, inlets and diffusers. Ion and colloidal engines, plasma thrustors, crossed 
field and wave MHO propulsion systems. Nuclear rockets, nuclear air breathing cycles, 
radio-isotope propulsion. Instructors: Marble, Zukoski. 

JP 170. Jet Propulsion Laboratory. 9 units (0-9-0); third term. Laboratory experiments related 
to propUlsion problems. Instructor: Zukoski. 

JP 201. Physical Mechanics. 9 units (3-0-6); any term. Prerequisite: ME 17 abc or equivalent. 
Introduction to quantum mechanical and statistical mechanical methods for calculating 
thermodynamic properties, in particular properties of materials at high temperatures; 
transport theory. 

JP 213 abc. Gas Dynamics and Combustion in Propulsion Systems. 6 units (2-0-4); each term. 
Prerequisites: JP 120 abc, JP 121 abc, Ae 101 abc or Hy 101 abc, orequivalent. Topics from theory of 
real gases; gas dynamics of reacting mixtures; theory of combustion of solid, liquid, and 
gaseous fuels. Inlet diffusers for supersonic and hypersonic air-breathing engines; effects of 
real gases, rarefied gas and low Reynolds number flow; diffuser stability. Review of laminar 
and turbulent flame theory; combustion of solid and liquid propellants; combustion in 
boundary layers, wakes, and mixing regions; flame stability. Nozzle for rockets and air­
breathing engines; one-dimensional and axially symmetric nozzle flow with chemical reac­
tions, characteristic theory, integral methods, two-phase flow. Instructor: Marble. 

JP 250 abc. Turbomachines. 6 units (2-0-4); first, second, third terms. A study of aerodynamic 
turbomachines including fans, compressors, turbines, propellers, windmills. Radial and 
axial cascade theory, axisymmetric flow and linearized perturbations of strong vorticity 
fields, transonic and supersonic blading; effect of distorted inlet flow and propagating stall; 
secondary flows and blade tip clearance flows. Not offered every year. Instructors: Ran­
nie, Acosta. 

JP 270. Special Topics in Propulsion. 6 units (2-0-4); each term. The topics covered will vary 
from year to year. Instructors: Staff. 

JP 280. Research in Jet Propulsion. Units to be arranged. Theoretical and experimental 
investigations of problems associated with propulsion and related fields. Instructors: 
Staff. 

JP 290 abc. Advanced Seminar in Jet Propulsion. 1 unit (1-0-0); each tenn. Seminar on 
current research problems in propulsion and related fields. Instructors: Staff. 

LANGUAGES 

Undergraduate Courses 

L 39. Reading in French, German or Russian. Units to be determined for the individual by the 
department. Reading in scientific or literary French, German or Russian under the direction 
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of the department. Graded pass/fail. Not available for credit toward humanities-social science 
requirement. 

HSS 99 See page 317 for description. 

Advanced Courses 

L 101. Selected Topics in Language. Units to be determined by arrangement with the instructor. 
Graded pass/fail. Instructors: Staff and visiting lecturers. 

L 102 abc. Elementary French. 10 units (3-1-6); first, second, third terms. A course taught by 
the conversational method, aimed at giving a student a superior reading knowledge of 
French and the ability to understand the contents of a lecture in his general field and to 
discuss the subject matter in French, as well as competence in general conversation. This is 
the first course of a two-year sequence, but enrollment is not restricted to students intending 
to complete the two-year program. Credit not given for high school courses repeated at 
Caltech; any student who has had two years of high school French should not register for 
first-year French without consulting the instructor. Instructor: A. Smith. 

L 103 abc. Intermediate French. 9 units (3-0-6); first, second, third terms. Prerequisite: L 102 abc 
or equivalent. Continuation of L 102 abc, includes a review of grammar, conversational 
practice, and introduction to French history, literature, and politics. Instructor: A. Smith. 

L 105 abc. French Literature. 9 units (3-0-6); first, second, third terms. Prerequisite: L 103 abc or 
equivalent. Courses need not be taken in sequence. Open to undergraduates and graduates. 
Credit in this course may be applied towards a subject minor in French. Each term treats a 
body of French literature from the standpoint of a dominant theme: Alienation and Litera­
ture; The Search for Values in an Absurd Universe (after World War II); The Classical Age of 
the Sun King. Conducted in French. Instructor: A. Smith. 

L 130 abc. Elementary German. 10 units (3-1-6); first, second, third terms. The course provides 
the basis for developing a broad knowledge of the German language, covering aural 
comprehension, speaking, reading, and writing. Classroom work is supplemented by 
language laboratory drill. Open to graduate and undergraduate students. This course also 
constitutes the first year of the two-year intensive program in German for graduate stu­
dents. Students who have had German in the secondary school or junior college should not 
register for this course without consulting the staff in languages. Instructor: Wayne. 

L 132 abc. Intermediate German: Readings in German Literature. 9 units (3-0-6); first, 
second, third terms. Prerequisite: L 130 abc, orequivalent. The reading of selected short contem­
porary stories and plays of intermediate difficulty with emphasis on the development of 
communication skills. Open to undergraduate students, and to graduate students who are 
not taking the two-year intensive program in German. Students who wish to offer German 
study elsewhere as basis for admittance to the course should consult with the instructor. 
Instructors: Staff. 

L 139. Independent Reading in French, German, or Russian Literature. For graduate 
students who have completed at least one year ofiiterature in the foreign language. Credit in 
this course may be applied towards a subject minor in language. Units to be determined for 
the individual by the department. Graded pass/fail. Instructors: Staff. 

L 140 abc. German Literature. 9 units (3-0-6); first, second, third terms. Courses need not be taken 
in sequence. Prerequisite: L 132 or equivalent. The reading and discussion of work by selected 
twentieth-century authors. Conducted in German. Open to undergraduates and graduates. 
Credit in this course may be applied towards a subject minor in German. Instructor: Wayne. 
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LiLit 150 abc. Literature in Translation. 9 units (3-0-6); first, second, third tenns. A coherent 
body of French, German, Russian, or other literature will be covered each term. The content 
of each course may vary from year to year, and will be announced by the Registrar and 
posted by the Humanities and Social Sciences Division before preregistration. The readings, 
lectures, discussions, papers, and examinations will be in English, although language 
students may request to do some or all their work in the original. The three terms may be 
taken independently of each other. Course may be taken more than once, if content 
varies. Instructors: Language and literature staff. 

L 152 abc. Elementary Russian. 10 units (3-1-6); first, second, third tenns. The course aims to 
give the student the vocabulary and knowledge of morphology and syntax to read, write 
about, discuss and comprehend basic materials (stories and articles) from the literary 
language. The first course of a two-year sequence; enrollment not restricted to students 
intending to complete the two-year program. Credit not given for high school or junior 
college courses repeated at Caltech; any student who has had two years of high school 
Russian or one year of junior college Russian should not register for this course without 
consulting the instructor. Instructor: Moller. 

L 153 abc. Intermediate Russian. 9 units (3-0-6). Continuation of L 152. Grammar review; 
readings, discussion and written and oral reports on material from Russian science, culture, 
and history. Instructor: Moller. 

L 154 abc. Russian Literature. 9 units (3-0-6); first, second, third tenns. Prerequisite: L 153 or 
equivalent. Students are advised to take these courses in sequence. Reading and discussion 
of representative works of selected nineteenth- and twentieth-century Russian authors. 
Conducted in Russian. Open to undergraduates and graduates. Credit in this course may be 
applied towards a subject minor in Russian. 

LINGUISTICS 

Advanced Courses 

Lin 101. Linguistics. 9 units (3-0-6); first tenn. An introduction to the fundamental concepts 
and methods of modern study of natural language (exemplified largely through English). 
Primary focus on three levels of linguistic analysis: (1) phonology, (2) morphology, (3) 
syntax as descriptive and theoretical levels for the study, respectively, of (a) sound systems, 
(b) internal structure of words, (c) inter- and intra-phrase and sentence structure and 
relations (including transformational grammar). Prerequisite for all linguistics courses. 
Instructor: Henisz-Dostert. 

Lin 102. Linguistic Theory. 9 units (2-1-6); second tenn. Prerequisite: Lin 101 or equivalent. 
Current models of language structure, especially in syntax and semantics. Transformational 
generative grammar, case grammar, theory of semantic markers, generative semantics. 
Implications of language study for understanding human mental behavior. A research 
project is expected. Instructor: Henisz-Dostert. 

Lin 103. Psycholinguistics. 9 units (2-1-6); third tenn. Prerequisite: Lin 101 or equivalent. A 
seminar-type course concentrating on language behavior as a reflection of mental processes. 
Major areas covered: child language acquisition, language disorders, language in the brain, 
grammatical organization in linguistic performance, language memory, bilingualism. Some 
psycholinguistic experiments are performed in class. A research project, preferably involv­
ing experiments with subjects, is expected. Instructor: Henisz-Dostert. 
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LITERATURE 

Undergraduate Courses 

Lit 1 abc. Literature Past and Present. 9 units (3-0-6); first, second, third terms. An exploration 
of major literary texts - poetry, narrative fiction, essays and plays - from the Middle Ages 
or the Renaissance to our own day. Readings will be chosen from English, American and 
Continental literatures, with the English tradition at the center. Literature will be considered 
both as the art of giving pleasure to man and the art of interpreting man. Using the historical 
approach the course will trace the development of new idioms and forms in response to 
changing concepts of life. The student will be defining the characteristics of Renaissance, 
baroque, neo-classicial, romantic, Victorian, and twentieth-century literary expression, 
while searching for the permanent aesthetic qualities that keep a portion of the literary 
-output of every age alive. Frequent analytical and critical papers will be 
assigned. Instructors: Staff. 

Lit 3 abc. The Modes of Literature. 9 units (3-0-6); first, second, third terms. A sequence of 
courses dealing with Western man's attitudes towards his experience as expressed in 
drama, narrative, and poetry. The ways in which literature explores man's relationship to 
himself and his world are studied through the forms of comedy and tragedy, epic and novel, 
lyric, narrative, and dramatic poetry. The material is drawn from acknowledged literary 
classics of the Graeco-Roman world, the Middle Ages, the Renaissance, the Age of Enlight­
enment, the Romantic Age, and the contemporary world. Frequent critical papers are 
assigned. Instructors: Staff. Cannot be taken for credit by students who have received credit for En 
7 abc. 

Lit 8. The Bible as Literature: the Old Testament Tradition. 9 units (3-0-6); first term. A study 
of ancient Hebrew epic, legend, fiction, drama and poetry as represented in the King James 
Version of the Old Testament and Apocrypha. Instructor: Cozart. 

Lit 9. The Classical Tradition: Homer and Virgil. 9 units (3-0-6); second term. An introduc­
tion to the literature of the civilizations of ancient Greece and Rome. Concentrating upon the 
major figures of Homer and Virgil (in English translations), this course will explore the ways 
in which classical mythology, literature, and art have shaped the foundations of Western 
culture. Instructor:Cozart. 

Lit 10. The Christian Tradition: Dante and Milton. 9 units (3-0-6); third term. An introduc­
tion to the literature of the Middle Ages and the Renaissance and Reformation. Concentra­
ting upon the major figures of Dante and Milton, this course will explore the ways in which 
poets attempted to integrate Western man's heritage of the Bible, ancient mythology, and 
classical literature and art. Instructor: Cozart. 

Lit 13. Reading in English. Units to be determined for the individual by the deparbnent. Collateral 
reading in literature and related subjects, done in connection with regular courses in 
literature or history, or independently of any course, but under the direction of members of 
the department. Graded pass/fail. Instructors: Staff. Not available for credit toward 
humanities-social science requirement. 

Lit 15 abc. Journalism. 3 units (1-0-2); first, second, third terms. A study of the elementary 
principles of newspaper writing and editing, with special attention to student publications 
at the Institute. Instructor: Hutchings. 

Lit 20. Summer Reading. Units to be determined for the individual by the department. Maximum 9 
units. Elective. Reading in literature, history, and other fields during summer vacation, 
books to be selected from a recommended reading list, or in consultation with a member of 
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the staff. Critical essays on reading will be required. Graded pass/fail. Not available for credit 
toward humanities-social science requirement. 

HSS 99. See page 317 for description. 

Advanced Courses 

Lit 100 abc. The Nineteenth and Twentieth Century Novel. 9 units (2-0-7); first, second, third 
terms. A three-term exploration of the novels and novelists, European and English, of the 
late 19th and 20th centuries. No term is prerequisite to the other terms. A background to 
the modern novel will be provided, and such topics as symbolism and decadence, realism 
and experiment will be investigated. While surveying the development of the modern novel 
to the present time, the course will tend to concentrate on such major figures as Joyce, 
Conrad, Flaubert, Grass, Solzhenitsyn, Kafka, Mann, and Lawrence. Instructors: D. 
Smith and staff. 

Lit 101. Selected Topics in Literature. Units to be determined by arrangement with the 
instructor. Instructors: Staff and guest lecturers. 

Lit 105. The Colonial Background and the Beginnings of American Nationalism. 9 units 
(3-0-6); first term. A study of the ideas, traditions and literary figures that led to the creation 
of a distinctively American literature. Among the authors studied will be Mather, Edwards, 
Franklin, Jefferson, Paine, Brown, Irving and Cooper. Instructor: Penn. 

Lit 106. The American Renaissance. 9 units (3-0-6); second term. A study of the principal 
authors and intellectual movements in the emerging American tradition. Authors studied 
will include Emerson, Poe, Thoreau, Melville, Hawthorne and Whitman. Instructor: D. 
Smith. 

Litl07. The Gilded Age. 9 units (3-0-6); third term. A survey of American literature from the 
post-Civil War period to World War I. It will explore the conflict between the "genteel 
tradition" and the new social and intellectual forces. Emphasis will be placed on the writings 
of Mark Twain, Henry James, W. H. Howells, Henry Adams, Stephen Crane, and Theodore 
Dreiser. Instructor: D. Smith. 

Lit 108 abc. Twentieth Century American Literature. 9 units (3-0-6); first, second, third terms. 
An exploration of the literary forms, influences and works that have shaped American 
writing from the World War I period until the present. The first term will deal with writers 
whose principal works were written before World War II. The second term will cover the 
postwar period. The third term will be devoted to the works of writers from outside the 
mainstream of the American tradition, including black authors, distinctively Jewish writers, 
and foreign-born authors. The first two terms cannot be taken for credit by students who 
have taken En 5 bc. Instructors: Langston, Penn, D. Smith. 

Lit 110 abc. From Mysteries to Absurdism: A Survey of Drama. 9 units (3-0-6); first, second, 
third terms. A three-term course which will trace the development of English and Continen­
tal drama from its medieval and Renaissance origin through French Classical Drama. Lit 110 
b will include the 18th century" Age of Elegance," the Romantic Age and the 19th century to 
Ibsen. Lit 110 c will deal with leading British, American and Continental dramatists from 
Ibsen to the present. Special attention will be given to dramatic technique and to philosophi­
cal content. The three terms may be taken as a sequence or independently of each 
other. Instructor: Mandel. 

Lit 118 abo Twentieth Century Poetry. 9 units (3-0-6); first, second, third terms. A two-term 
seminar on major poets, and poetic theories, of the twentieth century. The first term will 
concentrate on Frost, Eliot, Yeats, Auden, Thomas and other poets whose principal work 
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was done before 1950. The second term will concentrate upon Lowell, Ginsberg, Wilbur, 
and other poets of the post-war and contemporary scene. Instructor: Clark. 

Lit 119. Classical Literature in Translation: The Greek Tradition. 9 units (3-0-6); first tenn. 
Readings in English of outstanding Greek authors. The course will include a study of the 
major classical genres, emphasizing the development of comedy, tragedy, lyric poetry, and 
history, philosophy, and religion. 

Lit 120. Classical Literature in Translation: The Latin Tradition. 9 units (3-0-6); second tenn. 
Outstanding works by Virgil, Ovid, Lucretius, Petroni us, Terence, and Plautus in English 
translation will be considered in the light of the humane and religious traditions of Europe. 

Lit 121. The Medieval Imagination in English. 9 units (3-0-6); third tenn. A course designed 
to examine the major literary and cultural developments in England before and after the 
Norman Conquest, with special attention to Chaucer and the fourteenth century. The major 
forms - epic, romance, lyric, and drama - will be studied against their backgrounds in 
history, philosophy, painting and architecture. Instructor: Cozart. 

Lit 123 abc. Shakespeare. 9 units (3-0-6); first, second, third tenns. Prerequisite: 27 units of 
literature. A three-term study of a selection of comedies, histories and tragedies. The 
selection will differ each term, so all three terms may be taken for credit. No term of this 
course is prerequisite to other terms. Instructor: H. Smith. Not available for credit to students 
who have credit for En 50 abc. 

Lit 125 abo Sixteenth and Seventeenth Centuries. 9 units (3-0-6); first, second tenns. Prerequi­
site: 27 units ofliterature. A course designed to acquaint the student with the principal figures 
and genres of the period from the Reformation to the Restoration. It includes the 
Humanists, Elizabethan poetry, non-Shakespearian drama, seventeenth century prose 
writers, metaphysical and cavalier poets, Dryden, and Milton. Instructor: La Belle. 

Lit 126. Eighteenth Century. 9 units (3-0-6). Prerequisite: 27 units ofliterature. A study of the 
most important authors, genres, and critical theories of the Augustan and later eighteenth­
century period. Authors include Dryden, Swift, Pope, Johnson and the Restoration and 
eighteenth-century dramatists. (Strongly recommended for literature majors.) Instructor: 
Clark. 

Lit 127. Earlier English Novel. 9 units (3-0-6); third tenn. The novel from Richardson and 
Fielding to Scott and Jane Austen. Instructors: Staff. 

Lit 128. The Nineteenth Century British Novel. 9 units (3-0-6); second tenn. A study of the 
emergence of modem prose and perspectives, with particular attention to the latter part of 
the century, the great age of the novel. Among various foci: the evolving sensibility of the 
hero; the relations of hero to landscape and to society; the difficult exclusiveness of morality 
and esthetics. Novelists include Scott, Austen, the Brontes, Dickens, Thackeray, George 
Eliot, Hardy. Instructor: Ende. 

Lit 129 abo British and European Romantic Literature. 9 units (3-0-6); second, third tenns. 
Prerequisite: 27 units of literature. An approach to the literary expression of the profound shift 
in sensibility and values that we call romanticism. Topics include revolutionary desires and 
individual creativity; vision, imagination, and the natural world; apocalypse or salvation 
without transcendence; and the ambiguous relation of writers to their predecessors. Read­
ings in Milton, Blake, Wordsworth, Goethe, Holderlin, Byron, Shelley, Keats, Stendhal, 
Baudelaire, Dostoevsky, Wallace Stevens. (Strongly recommended for literature 
majors.) Instructor: Ende. 

Lit 132. The Fiction of William Faulkner. 9 units (3-0-6); third tenn. Prerequisite: 27 units of 
literature or instructor's pennission. An investigation of the ideas, forms and development of 
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the novels and short stories of William Faulkner. Emphasis will be divided between reading 
and research. Instructor: Langston. 

Lit 135. Modem Literary Criticism. 9 units (2-0-7); third tenn. Modern literary critics and 
critical theories. Selected work of the traditional, aesthetic, historical, psychoanalytic and 
archetypal or genre schools of critical theory, as represented by such recent critics as T. S. 
Eliot, F. R. Leavis, George Lukacs, Northrop Frye, Wayne C. Booth, and others. (Strongly 
recommended for literature majors.) Instructors: Staff. 

LlLit 150 abc. Literature in Translation.9 units (3-0-6); first, second, third tenns. Open to 
sophomores, juniors, and seniors. A coherent body of French, German, Russian, or other 
literature will be covered each term. The content of each course may vary from year to year, 
and will be announced by the Registrar and posted by the Humanities and Social Sciences 
Division before preregistration. The readings, lectures, discussions, papers, and examina­
tions will be in English, although language students may request to do some or all their work 
in the original. The three terms may be taken independently of each other. Instructors: 
Language and literature staff. Course may be taken more than once, if content varies. 

Lit 151. Science Writing and Language. 9 units (3-0-6); second tenn. This course deals with 
the development of brevity and clarity in the communication of scientific and engineering 
subjects to people with little orno technical background. Students are required to write a 
700-word essay each week. Subjects for the weekly essays are articles selected by the 
instructor from current journals or magazines. Various reading assignments include the 
historical, geographical, and cultural development of the English language. Instructor: 
Bengelsdorf. 

MATERIALS SCIENCE 

Undergraduate Courses 

APhlMS 4. Introduction to Materials Science. 6 units (2-0-4); third tenn. Selected engineer­
ing systems, such as jet engines, superconducting transmission lines and nuclear reactors, 
are discussed in terms of the critical role played by materials in their construction and 
performance. Those material properties of greatest significance are explored to show how 
they are governed by the structure and basic physics and chemistry of the material. Graded 
pass/fail. Instructor: Wood. 

MS 5 abc. Structure and Properties of Solids. 9 units (3-0-6); first, second, third tenns. 
Prerequisites: Ch 1 abc, Ph 2 abc, AM 97 a. The purpose of this course is to acquaint the student 
with the principles underlying the properties of solid materials. The electronic structure of 
atoms, the types of bonds between atoms in molecules and crystals, crystal structure and its 
determination by X-ray diffraction, and the band theory of crystalline solids are discussed. 
Topics in the physical properties of solids include: electrical and thermal conductivity; the 
dielectric properties of insulators; diamagnetism, paramagnetism, ferromagnetism, and 
antiferromagnetism; specific heat; thermoelectric effects. An introduction to statistical 
thermodynamics is given. Rate processes such as diffusion and phase transformations in 
solids are discussed briefly. Elastic and plastic deformation of crystals, the concept of 
dislocations, properties, and interactions of dislocations are studied and applied to discus­
sions of mechanical properties of polycrystalline aggregates, influence of grain size, alloying 
and phase dispersion, and high-temperature creep and fracture. Texts: The Physics of 
Engineering Solids, Hutchison and Baird (first and third terms); Solid State Physics, Dekker 
(second term). Instructors: Buffington (MS 5 b), Wood (MS 5 a, c). 
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MS 10. Engineering Physical Metallurgy. 9 units (3-0-6); first term. The principles of physical 
metallurgy basic to the selection, treatment, and use of engineering metals and alloys. Text: 
Physical Metallurgy for Engineers, Clark and Varney. Instructors: Buffington, Clark. 

MS 11. Metallography Laboratory. 9 units (0-6-3); second term. Prerequisite: MS 10. The 
technique of metallographic laboratory practice including microscopy, preparation of 
specimens, etching reagents and their use, photomicrography. The study of the microstruc­
ture of ferrous and non-ferrous metals and alloys for different conditions of treatment. Text: 
Principles of Metallographic Laboratory Practice, Kehl. Instructor: Clark. 

MS 90. Materials Science Laboratory. 9 units (1-6-2); first term. An introductory laboratory 
designed to acquaint the student with relationships between structure and properties of 
crystalline solids. Experiments involve structure determination by X-ray diffraction, 
mechanical property measurements, and crystal defect observation by chemical etching, 
X-ray topography, and transmission electron microscopy. Individual projects may be per­
formed, depending upon the student's interests and abilities. Instructor: Vreeland. 

Advanced Courses 

MS 100. Advanced Work in Materials Science. The staff in materials science will arrange 
special courses or problems to meet the needs of students working toward the M.S. degree 
or of qualified undergraduate students. Graded pass/fail for research and reading. 

MS 105. Mechanical Behavior of Metals. 9 units (3cO-6); second term. Prerequisites: AM 97 abc, 
MS 5 abc. A study of the mechanical behavior of metals for engineering applications. Elastic 
behavior of anisotropic materials and polycrystalline aggregates. Yielding, plastic flow, and 
strengthening mechanisms, the influence of temperature and rate of loading on plastic 
deformation. Fracture of metals by ductile flow, brittle cracking, fatigue, and creep. Be­
havior under impact loading. Instructor: Wood. 

MS 110. Special Topics in Physical Metallurgy. 9 units (3-0-6); third term. Prerequisite: MS 10, 
MS 120, MS 121, MS 122. The emphasis is on recent developments, so topics will vary from 
year to year. Both metals and nonmetals are considered. Areas of interest include: the 
influence of special environments such as nuclear reactors and high temperatures; the 
development of specific physical properties, such as magnetic and electrical properties; the 
study of special systems and procedures, such as transformations in titanium-base alloys, 
ultra-high strength steels, and fiber reinforcement of metals. Instructor: Buffington. 

MS 120. Kinetics of Crystal Imperfections. 9 units (3-0-6); first term. Treatment of crystal 
imperfections, their interactions, and their influence on some phYSical and mechanical 
properties; taught at the level of Friedel, Dislocations. Instructors: Lau, Vreeland. 

MS 121. Solid State Diffusion. 9 units (3-0-6); second term. Fundamentals of diffusion in the 
solid state; taught at the level of Manning, Diffusion Kinetics for Atoms in Crystals, and 
Shewmon, Diffusion in Solids. Instructors: Buffington, Lau. 

MS 122. Phase Transformations in Solids. 9 units (3-0-6); third term. Prerequisite: MS 121. 
Discussion of nucleation and growth and phase transformation in one and two component 
systems; taught at the level of Christian, The Theory of Transformations in Metals and 
Alloys. Instructors: Buffington, Lau. 

MS 125. Crystal Structure and Properties of Metals and Alloys. 9 units (3-0-6); first term. 
Structure of crystals, symmetry operations, symmetry classes and space groups; reciprocal 
lattice and its use in interpreting the X-ray diffraction patterns obtained by the Laue, the 
rotating crystal, and the powder methods of crystal structure analysis; structure of the 
elements in relation to their electronic configuration; various types of alloys and phase 
diagrams; factors governing the formation of solid solutions and intermediate phases 
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(Hume-Rothery rules); nature of amorphous alloys and their unusual propertiess. Text: 
Barrett and Massalski, Structure of Metals. Instructor: Duwez. 

MS 126 abo Theory and Application of Image-Fonning Systems in Materials Science. 9 
units (3-0-6); second, third terms. Theory and application of image-forming systems used to 
study defects and phases in crystalline solids; transmission electron microscopy, X-ray 
topography, scanning electron microscopy, and field ion microscopy; wave mechanical 
descriptions of these systems will be developed as an aid to fully understanding the 
associated image contrast; various diffraction techniques used to study defects and phases 
in crystalline solids; Kirchhoff theory of diffraction, transmission electron diffraction, low­
energy electron diffraction, X-ray and electron small angle scattering; taught at the level of 
Amelinckx, et al. Ed., Modern Diffraction and Imaging Techniques in Material Science, and Born 
and Wolf, Principles of Optics. Instructor: Villagrana. 

MS 130. Metallography and Pyrometry. 9 units (0-6-3); first term. Prerequisite: MS 10 or 
equivalent. Metallurgical studies of materials of current technological interest utilizing optical 
metallography and photomicrography, temperature measurements, and cooling curves to 
study phase transformations. Instructors: Clark, Wood. 

MS 131. Crystal Defects. 9 units (1-6-2); second term. Prerequisite: MS 120. Techniques used in 
the study of crystal defects and their influence on physical and mechanical properties; 
relationship between crystal structure and properties studied in experiments which utilize 
optical microscopy, electron microscopy, and X-ray topography. Instructors: Villagrana, 
Vreeland. 

MS 132. X-ray Metallography Laboratory. 9 units (0-6-3); third term. Prerequisite: MS 125. 
Experiments on X-ray emission spectra and absorption edges. Determination of crystal 
structures by the Von Laue and Debye-Scherrer methods. Use of the X-ray spectrometer. 
Study of preferred orientation in cold worked metals. Application of X-ray diffraction 
methods to the study of phase diagrams. Instructor: Duwez. 

MS 200. Advanced Work in Materials Science. The staff in materials science will arrange 
special courses or problems to meet the needs of advanced graduate students. 

MS 202. Advanced Electron Diffraction Theory. 9 units (3-0-6); first term. Prerequisites: MS 
126 ab, APh 50 abc, or equivalent. Advanced topics in transmission electron microscopy and 
diffraction: noncolumn approximation dynamical theory, inelastic scattering, computer 
enhancement of electron micrographs, and advanced image and diffraction analysis 
techniques. Instructor: Villagrana. 

MS 205 abo Dislocation Mechanics. 9 units (3-0-6); second, third terms. Prerequisites: MS 120, 
MS 121, MS 122, MS 125, MS 126 abo The theory of crystal dislocations in isotropic and 
anisotropic crystals. Applications of dislocation theory to physical and mechanical proper­
ties of crystals taught at the level of Hirth and Lothe, Theory of Dislocations. Instructors: 
Vreeland, Wood. 

MS 250 abc. Advanced Topics in Materials Science. 6 units (2-0-4); first, second, third terms. 
The content of this course will vary from year to year. Topics of current interest will be 
chosen according to the interests of students and staff. Vi sting professors may present 
portions of this course from time to time. Instructors: Staff. 

MS 300. Thesis Research. 

Other courses related to Materials Science include: 

Ae 210 abc 
Ae 213 

Advanced Solid Mechanics (See Aeronautics Section) 
Fracture Mechanics (See Aeronautics Section) 
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Ae 221 
AM 135 abc 
AM 140 abc 
AM 141 abc 
APh 102 abc 
APh 105 abc 
APh 114 abc 
APh 181 abc 

APh 185 abc 
APh 214 abc 
ChE 107 abc 
ChE 207 abc 

Ch 21 abc 

Ch 24 abc 
Ch 122 ab 
Ch 124 abc 
Ch 129 abc 
Ch 223 ab 
Ph 125 abc 
Ph 221 

Theory of Viscoelasticity (See Aeronatics Section) 
Mathematical Elasticity Theory (See Applied Mechanics Section) 
Plasticity (See Applied Mechanics Section) 
Wave Propagation in Solids (See Applied Mechanics Section) 
Applied Modern Physics (See Applied Physics Section) 
States of Matter (See Applied Physics Section) 
Solid-State Physics (See Applied Physics Section) 
Physics of Semiconductors and Semiconductor Devices 

(See Applied Physics Section) 
Ferromagnetism (See Applied Physics Section) 
Advanced Solid-State Physics (See Applied Physics Section) 
Polymer Science (See Chemical Engineering Section) 
Mechanical Behavior and Ultimate Properties of Polymers 

(See Chemical Engineering Section) 
The Physical Description of Chemical Systems 

(See Chemistry Section) 
Elements of Physical Chemistry (See Chemistry Section) 
The Structure of Molecules (See Chemistry Section) 
Elements of Physical Chemistry (See Chemistry Section) 
The Structure of Crystals (See Chemistry Section) 
Statistical Mechanics (See Chemistry Section) 
Quantum Mechanics (See Physics Section) 
Topics in Solid-State Physics (See Physics Section) 

MATHEMATICS 

Undergraduate Courses 

Ma 1 abc. Freshman Mathematics. 9 units (4-0-5); first, second, third terms. Prerequisites: high 
school algebra and trigonometry. Topics covered: the calculus of functions of one variable and 
an introduction to differential equations; vector algebra; analytic geometry in two and three 
dimensions; infinite series. The course work consists of two general lectures each week in 
which the mathematical notions of the calculus and the other topics listed above are 
presented and two class recitations which provide active practice in applications of the 
corresponding mathematical techniques. Instructors in charge: Dean, Fuller. 

Ma 1.5 abc. Advanced Placement Freshman Mathematics. 9 units (4-0-5); first term. 12 units 
(5-0-7); second, third terms. This course is intended for entering freshmen who are given 
advanced placement in mathematics but who do not qualify for Ma 2. The course covers the 
material for Ma 2 together with certain topics from Ma 1. Students who complete this course 
will have satisfied the Institute requirement for Ma 1 abc and Ma 2 abc. Instructors: Staff. 

Ma 2 abc. Sophomore Mathematics. 9 units (4-0-5); first, second, third terms. A continuation 
of the freshman mathematics course extending the calculus to functions of several variables. 
Topics are selected from linear algebra, multiple integrals, vector analysis, ordinary and 
partial differential equations, probability, and numerical analysis. Instructors: DePrima, 
Luxemburg. 

Ma 5 abc. Introduction to Abstract Algebra. 9 units (3-0-6); first, second, third terms. Groups, 
rings, fields, and vector spaces are presented as axiomatic systems. The structure of these 
systems is studied, making use of the techniques of automorphisms, homomorphisms, 
linear transformations, subsystems, direct products, and representation theory. Many 
examples are treated in detail. Instructors: Kisilevsky, Carroll, Smith. 
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Ma 31. Introduction to the Constructive Theory of Functions. 9 units (3-0-6). Prerequisite: Ma 
1 abc. Polynomial approximation. The Weierstrass theorem and the Bernstein polynomials. 
Extremal properties of the Chebyshev polynomials. Markov's theorems. Classical or­
thogonal polynomials. Applications to interpolation and approximation integration. Not 
offered in 1974-75. 

Ma 91 a. Differential Forms. 9 units (3-0-6); first tenn. Prerequisite: Ma 1 abc or equivalent. 
Cartan calculus of alternating covariant tensors. Instructor: Fuller. 

Ma 91 b. Functional Equations. 9 units (3-0-6); second tenn. The functional equations for the 
logarithmic, exponential, trigonometric, and hyperbolic functions, for the determinant and 
for the gamma function are discussed at an appropriate level. Instructor: J. Todd. 

Ma 91 c. Sturm-Liouville Problems. 9 units (3-0-6); third tenn. Instructor: DePrima. 

Ma 92 abc. Senior Thesis. 9 units (0-0-9); first, second, third tenns. Prerequisite: approval of 
adviser. Open only to seniors who are qualified to pursue independent reading and research. 
The work must begin in the first term and will be supervised by a member of the staff. 
Students will consult periodically with their supervisor, and will submit a thesis at the end 
of the year. Graded pass/fail. 

Ma 9S. Reading. 3 units or more by arrangement. Occasionally a reading course under the 
supervision of an instructor will be offered. Topics, hours, and units by arrangement. Only 
qualified students will be admitted after consultation with the instructor in charge of the 
course. Graded pass/fail. 

Advanced Courses 

(A) The following courses are open to undergraduate and graduate students. 

Ma 102 abo Differential Geometry. 9 units (3-0-6). Selected topics in metrical differential 
geometry. Not offered in 1974-75. 

Ma 103. Algebraic Geometry. 9 units (3-0-6); third tenn. Prerequisite: Ma 5 abc. A study of the 
relations between geometric objects (varieties) and the algebraic structures attached to 
them. Not offered in 1974-75. 

Ma 104 abo Projective Geometry. 9 units (3-0-6); first, second tenns. Prerequisite: Ma 5 abc. 
Foundations of projective geometry. Theorems of Desargues and Pappus. Introduction of 
coordinates. Finite projective planes. Not offered in 1974-75. 

Ma lOS abc. Advanced Calculus. 12 units (4-0-8); first, second, third tenns. In this course, 
advanced techniques and applications of the theory of real and complex analysis are treated. 
An introduction to metric spaces is the point of departure for the theory of convergence, and 
applications are made to infinite series and infinite products of real and complex numbers. 
The theory of the Lebesgue integral of functions of one or more variables is considered. 
Other topics include: functions defined by integrals; Fourier series and integrals; Poisson 
summation formula. Instructors: Bennett, Lautzenheiser, Vaaler. 

Ma 109. Delta Functions and Generalized Functions. 9 units (3-0-6); first tenn. Prerequisite: 
Ma 108 or equivalent. Introduction to operational calculus and to delta functions. Applica­
tions to ordinary and partial differential equations. Instructor: Luxemburg. 

Ma 112 abc. Statistics. 9 units (3-0-6); first, second, third tenns. The first term is an introduc­
tory course covering the standard techniques most frequently applied in science and 
engineering, including elementary probability theory, hypothesis testing, least squares, 
and analysis of variance. The second and third terms include estimation theory, non-
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parametric inference, sequential analysis and statistical decision theory. Instructors: Dean 
(112 a), Lorden (112 bc) 

Ma 116 abc. Mathematical Logic and Axiomatic Set Theory. 9 units (3-0-6); first, second, third 
tenns. Prerequisite: Ma 5 abc orequivalent. First order logic and Codel's completeness theorem. 
Introduction to model theory, compactness and categoricity, ultra-products. Recursive 
functions, Turing machines and effective computability. Codel's incompleteness theorems 
and undecidability. Axiomatic set theory, ordinals and cardinals, ranks of sets. The Axiom 
of Choice and the Continuum Hypothesis. Inaccessible cardinals and models of set 
theory. Instructor: Kechris. 

Ma 118 abc. Functions of a Complex Variable. 9 units (3-0-6); first, second, third tenns. 
Prerequisite: Ma 108 or equivalent. Review of the basic concepts of the theory of analytic 
functions (Cauchy's theorem, singularities, residues, contour integration, analytic continu­
ation). Further topics selected from: entire functions, conformal mapping, differential 
equations, special functions, applications of complex variable analysis. Instructor: Shea. 

Ma 120 abc. Abstract Algebra. 9 units (3-0-6); first, second, third tenns. Prerequisite: Ma 5. 
Abstract development of the basic structure theorems of groups, commutative and non­
commutative rings, lattices, and fields. Instructor: Wales. 

Ma 121 abc. Combinatorial Analysis. 9 units (3-0-6); first, second, third tenns. Prerequisite: Ma 
5. Elementary and advanced theory of permutations and combinations. Theory of parti­
tions. Theorems on choice including Ramsey's theorem and the Hall-Konig theorem. 
Existence and construction of block designs with reference to statistical design of experi­
ments, linear programming, and finite geometries. Instructor: Ryser. 

Ma 122 abc. Introduction to Group Theory. 9 units (3-0-6); first, second, third tenns. Prerequi­
site: Ma 5 abc. A study of the basic properties of finite and infinite groups. Theorems on 
homorphisms, the theory of abelian groups, permutation groups, free groups, automorph­
isms. The Syiow theorems and their generalizations. An introduction to the theory of group 
representation and its applications. The Burnside Problem. Instructor: Hall. 

Ma 125 abc. Analysis of Algorithms. 11 units (3-2-6); first, second, third tenns. Mathematical 
theory associated with algorithms for information processing; expected time and space 
requirements of algorithms, comparison of algorithms, construction of optimal algorithms, 
theory underlying particular algorithms. Not offered in 1974-75. 

Ma 128 abo Lie Algebras. 9 units (3-0-6); first, second tenns. Topics in the first term will include 
solvable and nilpotent Lie Algebras and the classification theorem for simple Lie Algebras in 
terms of the Dynkin Diagram. In the second term applications will be given including a 
discussion of Chevalley Croups. Not offered in 1974-75. 

Ma 137 a. Real Variable Theory. 9 units (3-0-6); first tenn. Prerequisite: Ma 108 or equivalent. 
Point set topology, measure theory and integration theory. The theory of the Lebesgue 
Lp-spaces of measurable functions. Functions of bounded variation and the theory of 
differentiation of functions of a real variable. Introduction to Fourier analysis, ergodic 
theory and the theory of integral equations. Instructor: Anderson. 

Ma 141 abc. Ordinary Differential Equations. 9 units (3-0-6); first, second, third tenns. 
Prerequisite: Ma 108 or equivalent. Existence, uniqueness, continuous dependence on 
parameters of solutions of differential equations. Singular points, periodic solutions, stabil­
ity, boundary value problems, eigenvalm;. lot offered in 1974-75. 

Ma 142 abc. Introduction to Partial Differential Equations. 9 units (3-0-6); first, second, third 
tenns. Prerequisite: Ma 108 or equivalent. Topics will include the following: Equations of the 
first order. Linear equations of the second order. Boundary value and eigenvalue problems 
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for elliptic equations. Initial value and initial boundary value problems for parabolic and 
hyperbolic equations. Applications to problems of mathematical physics. Not offered in 
1974-75. 

Ma 143 abo Introduction to Functional Analysis. 9 units (3-0-6); second, third terms. Prerequi­
site: Ma 108 or equivalent. General theory of Hilbert and Banach spaces. Hahn-Banach 
extension principle, Banach-Steinhaus uniform boundedness principle, closed graph 
theorem, Krein-Milman theorem. Weak topologies. Separable and reflexive Banach spaces. 
Spectral analysis in Hilbert space. Operational calculus of operators on Banach spaces. 
Riesz-Schauder theory of compact operators. Instructor: Anderson. 

Ma 144 abo Probability. 9 units (3-0-6); second, third terms. The course covers the basic 
concepts and techniques of modern probability theory, including conditional expectation, 
characteristic functions, laws of large numbers, and the central limit theorem. Also included 
is an introduction to stochastic processes such as Brownian motion, Poisson processes, and 
Markov chains, with applications. Instructor: Lorden. 

Ma 150 abc. Combinatorial Topology. 9 units (3-0-6); first, second, third terms. Introduction to 
combinatorial topology. The course covers homology and cohomology theory with applica­
tions to fixed point theorems and homotopy theory. Selected topics from the theory of fiber 
bundles. Not offered in 1974-75. 

Ma 151 abc. Fixed Point Theory and Its Applications to Analysis. 9 units (2 -0-7); first, second, 
third terms. Derivation of the finite dimensional index via differential forms. The Schauder 
fixed point theorem. The contraction principle. Leray-Schauder fixed point theory for 
compact maps. Existence theorems for differential and integral equations. Current research 
on monotone and non-expansive maps and minimization problems for non-linear func­
tions. Not offered in 1974-75. 

Ma 160 abc. Number Theory. 9 units (3-0-6); first, second, third terms. Prerequisite: Ma 108 abc 
or equivalent. The first term, Ma 160 a, is a review of the elementary theory of numbers 
including congruences, numerical functions, elementary theory of primes, quadratic res­
idues. The second and third terms, Ma 160 bc, include topics selected from: zeta functions, 
distribution of primes, elliptic modular functions, asymptotic theory of partitions, geometry 
of numbers, foundation of ideal theory in algebraic number fields, theory of units, valua­
tions and local theory, discriminants, differents. Instructor: Apostol. 

Ma 165. Diophantine Analysis. 9 units (3-0-6); third term. Prerequisite: Ma 5. The study of 
rational or integral solutions of equations. Theory of rational approximations to irrational 
numbers, and theory of continued fractions. The theorems of Thue-Siegel and Roth will be 
included. Not offered in 1974-75. 

Ma 190 abc. Elementary Seminar. 9 units; first, second, third terms. This seminar is restricted 
to first year graduate students and is combined with independent reading. The topics will 
vary from year to year. Graded pass/fail. Instructors: Staff. 

Ma 191. Special Course. 9 units (3-0-6). In 1974-75 three special courses will be given: 

Ma 191 a. Representation Theory. First term. Special topics in the representation 
theory of finite groups and associative algebras. Instructor: S. Smith. 

Ma 191 b. Theory of von Neumann Algebras. Second term. Prerequisite: Ma 143 or 
equivalent. Basic properties of von Neumann algebras; classification of von Neumann alge­
bras. Type I structure theory. General structure theory. The coupling theorem. Instructor: 
Anderson. 

Ma 191 c. K-Theory. Third term. Prerequisite: Ma 120 or instructor's permission. An 
introduction to the functions Ko. K1, and K2. Instructor: Carroll. 
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(B) The following courses are open primarily to graduate students. 

Ma 205 a. Advanced Numerical Analysis. 9 units (3-0-6); first, second, third terms. Prerequisite: 
AMa 105 or equivalent. Discussion of areas of current interest in numerical analysis and 
related mathematics, such as: matrix inversion and decomposition, ordinary differential 
equations, partial differential equations, integral equations, conformal mapping, discrete 
problems, linear programming and game theory, approximation theory, applications of 
functional analysis, theory of machines, theory of programming, theory of context-free 
languages, estimates for characteristic values of matrices. Each quarter will be treated as a 
separate unit. Where appropriate, accompanying laboratory periods will be arranged as a 
separate reading course. Instructor: J. Todd. 

Ma 216 abc. Advanced Mathematical Logic. 9 units (3-0-6); first, second, third terms. The 
propositional and predicate calculus. Coders completeness theorem. Recursive function 
theory and applications: Coders incompleteness theorem, undecidability. A treatment of 
the von Neumann-Bernays-Codel set theory. Discussion of the axiom of choice, continuum 
hypothesis and inaccessible sets. Not offered in 1974-75. 

Ma 222 abo Advanced Group Theory. 9 units (3-0-6); second, third terms. Prerequisite: Ma 120 or 
Ma 122 or instructor's permission. Discussion of topics related to current areas of interest in 
group theory. Advanced theory of permutation groups and group representation. Problems 
related to the theorems of Hall-Higman, Feit-Thompson, Corenstein-Walter and other 
recent advances. The classical and sporadic finite simple groups. Linear 
groups. Instructor: Aschbacher. 

Ma 223 abo Matrix Theory. 9 units (3-0-6); second, third terms. Prerequisite: Ma 120 or equivalent. 
Algebraic, arithmetic and analytic aspects of matrix theory. Instructor: O. Todd. 

Ma 224 abc. Lattice Theory. 9 units (3-0-6); first, second, third terms. Prerequisite: Ma 120 or 
instructor's permission. Systematic development of the theory of Boolean algebras, distribu­
tive, modular, and semi-modular lattices. Includes the study of lattice congruences, decom­
position theory, and the structure of free lattices. Instructor: Dilworth. 

Ma 226 abo Ring Theory. 9 units (3-0-6) Prerequisite: Ma 120 or equivalent. Selected topics in 
the structure of rings leading from classical theorems to areas of current research. Topics 
covered will include the role of the radical, decomposition theory, representation theory, 
group rings, polynomial identity rings, algebras, and communicative ideal theory. Not 
offered in 1974-75. 

Ma 238 a. Advanced Complex Variable Theory. 9 units (3-0-6); third term. Prerequisite: Ma 
118 or equivalent. In this course the knowledge of basic parts of the classical theory of analytic 
functions is assumed, and special topics are presented introducing topolOgical and group­
theoretical considerations, and relations to functional analysis. The topics will be selected 
from: linear spaces of analytic functions, conformal mapping, algebraic functions, Riemann 
surfaces, functions of several complex variables, singular integral equations. Instructor: 
Bennett. 

Ma 243 abo Functional Analysis. 9 units (3-0-6); second, third terms. Prerequisite: Ma 143 or 
equivalent. Discussion of the theory of normed linear spaces; the closed graph theorem; the 
Riesz-Schauder theory; topics in Hilbert space; Banach algebras. Not offered in 1974-75. 

Ma 244 abo Advanced Probability. 9 units (3-0-6); first, second terms. Prerequisite: Ma 144 or 
equivalent. An exposition of probability theory in general sample spaces. Topics will include 
the following: modes of convergence of random variables, sequences of independent 
random variables, the central limit theorem, infinitely divisible distributions, conditional 
expectation, ergodic theory and the role of entropy in ergodic theory (and information 
theory). Not offered in 1974-75. 
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Ma 290. Reading. Occasionally advanced work is given by a reading course under the 
direction of an instructor. Hours and units by arrangement. 

(C) The following courses and seminars are intended for advanced graduate students. They 
are research courses and seminars, offered according to demand, and covering selected 
topics of current interest. The courses offered, and the topics covered will be announced at 
the beginning of each term. 

Ma 305 abc. Seminar in Numerical Analysis. 6 units. Three tenns. 

Ma 320 abc. Special topics in Algebra. 9 units. Three tenns. Instructor: Zassenhaus. 

Ma 324 abc. Seminar in Matrix Theory. Units to be arranged. Three tenns. 

Ma 325 abc. Seminar in Algebra. 6 units. Three tenns. 

Ma 340 abc. Special topics in Analysis. 9 units. Three tenns. Instructor: Stampfli. 

Ma 345 abc. Seminar in Analysis. 6 units. Three tenns. 

Ma 350 abc. Special topics in Geometry. 9 units. Three tenns. 

Ma 355 abc. Seminar in Geometry. 6 units. Three tenns. 

Ma 360 abo Special topics in Number Theory. 9 units. First, second tenns. Class field theory. 
Instructor: Kisilevsky. 

Ma 365 abc. Seminar in Number Theory. 6 units. Three tenns. 

Ma 390. Research. Units by arrangement. 

Ma 392. Research Conference. 2 units. Three tenns. 

See also the iist of courses in Applied Mathematics. 

MECHANICAL ENGINEERING 

Undergraduate Courses 

ME 1 abo Introduction to Design. 9 units (1-6-2); second, third tenns. Prerequisites: Gr 1, ME 3, 
or instructor's pennission. The student is introduced to the field of design in its broadest sense 
through a coordinated series of short design projects, seminars by practicing designers, and 
related field trips. Useful graphical and analytical techniques are developed as effective tools 
for rapid engineering approximations in preliminary layout and design. Elements of 
mechanisms and computer-aided design are treated along with other basic aspects of design 
such as selection of materials and standard components, manufacturing methods, func­
tional, economic, and aesthetic considerations. At least one of the projects will involve some 
actual machine shop experience on the part of the student in connection with construction of 
a simple prototype or working model of his design. Instructor: Welch. 

ME 3. Materials and Processes. 9 units (3-0-6); second tenn. Prerequisites: Ph 1 ab, Ch 1 abc. A 
study of the materials of engineering and of the processes by which these materials are made 
and fabricated. The fields of usefulness and the limitations of alloys and other engineering 
materials are studied, and also the fields of usefulness and limitations of the various 
methods of fabrication and of processing machines. The student is not only made ac­
quainted with the technique of processes but with their relative importance industrially and 
with the competition for survival which these materials and processes continually undergo. 
Text: Engineering Materials and Processes, Clark. Instructors: Buffington, Clark. 
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ME 5 abc. Design. 9 units (1-6-2); first, second, third tenns. Prerequisites: ME 1 ab, ME 3, AMa 95 
abc, or instructor's pennission. The aim of this course is to develop creative ability and 
engineering judgment through actual project development work involving preliminary 
design, prototype modeling, engineering analysis, and utilizing in a professional manner 
the student's theoretical background along with relevant quantitative data and techniques 
obtained in other courses. This work will be done in conjunction with professional en­
gineers from industry on appropriate nonproprietary or unclassified projects of current 
interest whenever feasible. Additional emphasis will be placed on broadening the student's 
individual background experience through the use of engineering case studies and personal 
working relationships with professional engineers and designers from 
industry. Instructor: Welch. 

APh/ME 17 abc. Thermodynamics. 9 units (3-0-6); first, second, third tenns. Prerequisites: Ma 1 
abc, Ph 1 abc. An introduction to the laws governing the properties of matter in equilibrium 
and some aspects of non-equilibrium behavior. Definition and scales of temperature. The 
laws of classical thermodynamics. Thermodynamic potentials, Maxwell's relations, calcula­
tion of thermal properties, and applications to various homogeneous systems. First-order 
changes of phase and the Clausius-Clapeyron equation. Analyses of energy conversion 
cycles. General conditions for thermodynamic equilibrium, extremum properties of the 
thermodynamic potentials, and the thermodynamic inequalities. Chemical potential, mix­
tures of gases and vapors, solutions, basic chemical thermodynamics. Elementary statistical 
mechanics, ensembles, and statistical thermodynamics. Introduction to non-equilibrium 
thermodynamics, thermoelectric effects, and problems of heat conduction in solids. Ther­
modynamics of fluid flow. Some aspects of the kinetic theory of gases, calculation of 
transport properties by mean-free path methods and simplified forms of the Boltzmann 
equation. Instructor: Liepmann. 

ME 19 abo Fluid Mechanics and Gasdynamics. 9 units (3-0-6); first, second tenns. Prerequisites: 
lv1a 2 abc, Ph 1 abc. Basic equations of fluid mechanics, theorerns of energy, linear and angular 
momentum, potential flow, elements of airfoil theory. Flow of real fluids, similarity 
parameters, flow in closed ducts. Boundary layer theory in laminar and turbulent flow. 
Introduction to compressible flow. Flow and wave phenomena in open 
channels. Instructors: Acosta, Sabersky. 

ME 19 C. Heat and Energy Transfer. 9 units (3-0-6); third term. Prerequisites: ME 19 ab desirable 
or with instructor's pennission. An introductory course in energy and heat transfer. Energy 
conservation laws; introduction to flow machines. Basic differential equations of energy and 
mass transfer. Conduction of heat in solids, convection in moving fluids with application to 
heat exchange in thermal systems. Discussion of mechanical, chemical, nuclear and solar 
sources of energy and uses as time permits. Instructors: Sabersky, Acosta. 

Advanced Courses 

ME 100. Advanced Work in Mechanical Engineering. The staff in mechanical engineering 
will arrange special courses or problems to meet the needs of students working toward the 
M.s. degree or of qualified undergraduate students. Graded pass/fail for research and 
reading. 

ME 101 abc. Advanced Design. 9 units 0-6-2); first, second, third tenns. Prerequisite: ME 5 abc 
or eqUivalent. Rational yet imaginative design approaches to machines and systems are 
developed at a more advanced level with the objective of a completed working model or 
prototype to be constructed for final testing. Suitable projects may be selected on a basis of 
individual student's interests or needs from a variety of fields, and may often be based on a 
specific future need for an apparatus or system in a current research project either within the 
division or elsewhere on campus. Numerical control, electrohydraulic systems, tele-
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operators, control systems and related hardware, computer graphics, etc., are all areas of 
current interest. Students will be encouraged to keep abreast with the state of the art in 
special areas of interest through personal contacts with research workers and professional 
engineers in these fields, and utilization of appropriate computer techniques where applic­
able in optimizing their designs. Instructor: Welch. 

ME 118 abc. Advanced Thermodynamics and Energy Transfer. 9 units (3-0-6); first, second, 
third tenns. Prerequisites: ME 17 abc, ME 19 abc, orequivalent. Review of basic equations of fluid 
motion, energy, and mass transfer. Heat conduction in stationary and moving solids, with 
change of phase; numerical and approximate methods. Analysis of laminar flows with heat 
and mass transfer in free and forced convection. Turbulent flows and application of 
Reynolds analogy to heat and mass transfer. Introduction to thermal radiation, characteris­
tics of solids and gases. Radiative transfer in enclosures. Topics in two-phase flow, boiling 
heat transfer, condensation and application to technological and environmental problems 
will be taken up as time permits. Instructors: Acosta, Sabersky. 

ME 126. Fluid Mechanics and Heat Transfer Laboratory. 9 units (0-6-3); third tenn. Prerequis­
ites: ME 17 abc, ME 19 ab, or equivalent. Students with other background shall obtain instructor's 
pennission prior to registration. Introduction to some of the basic measurement techniques and 
phenomena in the fields of heat transfer and fluid mechanics. The student may select several 
short projects from a rather wide list of possible experiments, including also some of the 
experiments offered under ChE 126. The selection will be based on the individual needs and 
interests of the student. The course is generally taken by first-year graduate students and 
seniors. Specific areas from which experiments may be selected include free and forced 
convection, boiling heat transfer, combustion, solid-state energy conversion, free surface 
flows, supersonic flows, and fluidic controls. Instructors: Acosta, Sabersky, Welch, 
Zukoski. 

ME 200. Advanced Work in Mechanical Engineering. The staff in mechanical engineering 
will arrange special courses on problems to meet the needs of advanced graduate students. 

ME 300. Thesis Research. 

Many advanced courses in the field of Mechanical Engineering may be found listed in other 
engineering options such as: 

Applied Mechanics 
Applied Physics 
Hydraulics 
Jet Propulsion 
Materials Science 

MUSIC 

Mu 11. Fundamentals of Music. 5 units (2-0-3); first tenn. Course content: notation, music 
reading, chord structures, keys, elementary ear training, basic keyboard harmony. For 
students with little or no previous music study. Offered the first term of each 
year. Instructor: Ochse. 

Mu 12. Music History and Music Theory. 9 units (3-0-6); second tenn. Prerequisite: Mu 11, or 
successful completion of the Music Fundamentals Test. Course content, alternate years: history of 
music during the Renaissance and Baroque periods; analysis of forms and styles. Course 
content, alternate years: music theory, including diatonic chord progressions, common 
chord modulations, non-harmonic tones, composition in 2, 3, and 4 parts, harmonic 
analysis. Instructor: Ochse. 
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Mu 13. Music History and Music Theory. 9 units (3-0-6); third term. Prerequisite: Mu 12. 
Course content, alternate years: history of music from 1750 to the present; analysis of forms 
and styles. Course content, third term of alternate years: music theory, including chromatic 
progressions and modulations, altered chords, composition in more advanced forms, 
introduction to counterpoint. Instructor: Ochse. 

Mu 101. Selected Topics in Music. Units to be determined by arrangement with the 
instructor. Instructors: Staff and visiting lecturers. 

PHILOSOPHY 

Undergraduate Courses 

Pill. Classical and Modem Approaches to Self. 9 units (3-0-6); third term. An examination 
of philosophical views, both occidental and oriental, classical and contemporary, on the 
problem of self-identity. Included will be representative views from idealism, rationalism, 
pragmatism, existentialism, mysticism, esotericism, and modem psychology. Instructors: 
Staff. 

PI 12. Induction. 9 units (3-0-6). Inductive logic and the foundations of probability. Investi­
gation of the inductive basis of scientific theories. The course will be built around readings in 
the contemporary literature. Instructor: Thompson. 

PI 13. Reading in Philosophy. Elective in any term or for summer reading with consent of 
specific instructor. Units to be determined by consultation with the instructor. Reading in 
philosophy, supplementary to, but not substituted for, courses listed; supervised by mem­
bers of the department. Graded pass/fail. Not available for credit toward humanities-social science 
requirement. 

PI 16. Life Cycles. 9 units (3-0-6); second term. A study of life patterns, world cultures, and 
conceptions of human life. Instructors: Staff. 

PI 17. Introduction to Philosophy. 9 units (3-0-6); first term. A study of the history of 
philosophy through readings in the sources. The course will emphasize close reading of 
such works as Plato's Meno, Descartes' Meditations, Hume's Inquiry Concerning Human 
Understanding, Kant's Foundations of a Metaphysics of Morals, Nietzsche's Beyond Good and 
Evil. Instructors: Abrams, Ryan. 

PI 19. Human Nature and Ethics. 9 units (3-0-6); first term. A study of ethical values in 
relation to human nature and culture. Conceptions of human nature provide bases for study 
of human value systems. All phases of human inquiry which bear on human nature are 
considered. Instructors: Staff. 

HSS 99. See page 317 for deSCription. 

Advanced Courses 

PI 100 abc. Philosophy of Science. 9 units (2-0-7); first, second, third terms. A full-year sequence. 
A study of the relationships between science and philosophy. The three terms respectively 
concentrate on: language and logic, logical analysis of some basic problems in the 
philosophy of science such as measurement, causality, probability, induction, space, time, 
reality, human nature, science and society. Not open to new registrants second and third 
terms. Instructors: Staff. 

PI 102. Selected Topics in Philosophy. 9 units (3-0-6). Instructors: Staff and visiting 
lecturers. 
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PIl03. World Views. 9 units (2-0-7); first tenn. A study of world views and of the ways in 
which they are reflected in the literature, art, philosophy and science of different cultures. 
Several contrasting views will be selected for detailed study. Instructor: Jones. 

PIl04. Educational Issues and Problems. 9 units (3-0-6); first tenn. A course in educational 
theories, issues, and problems. Special emphasis on basic changes necessary to facilitate 
growth and restructuring of the public schools. Topics to include: innovative curricula, 
integration and the minority group student, new directions in teacher certification, 
student-teacher relations, political and financial control of the public schools, school ad­
ministration and student rights, and the learning process. Selected requirements for credit 
include: required reading, a documented paper, a journal, and several visitations to local 
educational institutions. Selected guest speakers prominent in the fields of education and 
psychology. Instructor: Browne. 

PI lOS. Seminar in the Philosophy of Science. 9 units (3-0-6); first tenn. Survey of orthodox 
views in the philosophy of science which set the context for Kuhn's Structure of Scientific 
Revolutions, to be followed by discussion of such issues raised by Kuhn and his critics as the 
notion of a paradigm, normal science, conceptual revolution, theory ladenness of observa­
tion, and criteria of adequacy for theories. Case studies drawn from various disciplines, 
including biological and behavioral sciences, will be developed to illustrate, expand on, and 
test aspects of the controversies. Instructor: Ryan. 

PI 106. Philosophy of Language. 9 units (3-0-6); first tenn. An investigation of some contem­
porary issues in the philosophy of language: the analytic-synthetic distinction, the theories 
of sense and reference, the status of speech acts. Readings from Quine, Putnam, Russell, 
Strawson, Kripke, and others. An effort will be made to show how these issues relate to 
more traditional philosophical problems. Instructor: Abrams. 

PI 113. Reading in Philosophy. Same as PI 13 but for graduate credit. 

PHYSICS 

Undergraduate Courses 

Ph 1 abc. Kinematics, Particle Mechanics, and Electric Forces. 9 units (4-0-5); first, second, 
third tenns. Prerequisites: High school physics, algebra, and trigonometry. The first year of a 
two-year course in introductory classical and modem physics. Topics to be covered include 
the kinematics and dynamics of particles, planetary and harmonic motion, geometrical and 
physical optics, kinetic theory, and thermodynamics. The course is offered in two tracks; 
track A emphasizes fundamentals, while track B is at a somewhat higher mathematical level 
and covers more topics. In both tracks, emphasis is placed upon the application of the 
fundamental principles through the solution of problems. Graded pass/fail. Instructors: 
Farrar, Gomez, Hibbs, Werner, Zachariasen and assistants. 

Ph 2 abc. Electromagnetism and Quantum Mechics. 9 units (4-0-5); first, second, third tenns. 
Prerequisites: Ph 1 abc, Ma 1 abc, or their equivalent. The second year of a two-year course in 
introductory classical and modem physicS. Topics to be covered include electricity and 
magnetism, Maxwell's equations, electromagnetic waves and elementary quantum 
mechanics. The course is offered in two tracks, similarly to Ph 1. In track B there is greater 
use of mathematics, and more emphasis upon quantum mechanics. Instructors: Barish, 
Barnes, Goodstein, Sciulli and assistants. 

Ph 3. Physics Laboratory. 6 units; first, second, third tenns. Normally not offered to freshmen 
the first term. The six units cover one three-hour laboratory session per week, an individual 
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conference with the instructor, pre lab preparation, and analysis of experimental results 
outside the laboratory period. This introductory course emphasizes quantitative measure­
ments, the treatment of measurement errors, and graphical analysis. A variety of experi­
mental techniques will be employed. The experiments include studies of d.c. meters, the 
oscilloscope, the Maxwell top, electrical and mechanical resonant systems, and 
radioactivity. Instructors: Kavanagh, Pine, and assistants. Graded pass/fail. 

Ph 4. Physics Laboratory. 6 units; third term only. Prerequisite: Ph 3 or equivalent. As in Ph 3, the 
six units cover one laboratory period per week, plus other activities outside the lab. The 
student will choose from a variety of experiments encompassing both classical and atomic 
physics. Some examples are the transient response of a resonant circuit, the Millikan oil 
drop experiment, electron diffraction, viscosity of gases, interference and diffraction of 
electromagnetic waves, and sound waves in a cavity. Instructors: Kavanagh, Pine, and 
assistants. Graded pass/fail. 

Ph 5. Physics Laboratory. 6 units; first term. Prerequisites: Ph 1 abc, Ph 2 a (or taken concurrently) 
and Ph 3 or equivalent. This is a continuation of Ph 3 laboratory. Measurements of physical 
quantities, their analYSis and assignment of errors are stressed. Most of the experiments are 
concerned with topics in the theoretical course, Ph 2 a. These include experiments in 
electrostatics and direct currents. Instructors: Kavanagh, Pine, and assistants. 

Ph 6. Physics Laboratory. 6 units; second term. Prerequisites: Ph 1 abc, Ph 2 b (or taken 
concurrently) and Ph 3 or equivalent. This laboratory course involves experiments in elec­
tromagnetic phenomena such as electromagnetic induction, properties of magnetic materi­
als and high-frequency circuits. The mobility of ions in gases is studied and a precise 
measurement of the value of elm of the electron may be found. Instructors: Kavanagh, 
Pine, and assistants. 

Ph 7. Physics Laboratory. 6 units; third term. Prerequisite: Ph 5 or Ph 6. In this laboratory 
course, experirnents are performed hI. atomic and nuclear physics. These include studies of 
the Balmer series of hydrogen and deuterium, the decay of radioactive nuclei, absorption of 
X-rays and gamma rays, ratios of abundances of isotopes and the Stern-Gerlach 
experiment. Instructors: Kavanagh, Pine, and assistants. 

Ph 10 abo Special Topics in Introductory Physics. 6 units (2-0-4); second, third tenns. An 
elective course for first-year students, based upon material covered in Ph 1 abc. The purpose 
of the course is to proVide interested students an opportunity to penetrate more deeply into 
some of the topics covered earlier in Ph 1. Emphasis will be given to the analysis of problems 
of broad scientific and technical interest. Topics to be covered will be selected partly on the 
basis of class preference. Not offered in 1974-75. 

Ph 77 abo Advanced Physics Laboratory. 6 units; first, second, or third tenns. A two-term 
laboratory course open to junior and senior physics majors. The purpose of the course is to 
familiarize the student with laboratory equipment and procedures that are used in the 
research laboratory. The experiments are designed to illustrate fundamental physical 
phenomena, such as Compton scattering, nuclear and paramagnetic resonance, the photo­
electric effect, the interaction of charged particles with matter, etc. Instructor: Whaling. 

Ph 78 abc. Senior Thesis Experimental. 9 units; first, second, third terms. Prerequisite: 
instructor's pennission. This course is intended to provide supervised experimental research 
experience, and is open only to senior physics majors. Requirements will be set by indi­
vidual faculty members, but will include a term paper based upon actual laboratory experi­
ence. The selection of topics and the final report must be approved by the Physics Under­
graduate Committee. Not offered on pass/fail basis. Instructors: Physics Staff. 

Ph 79 abc. Senior Thesis Theoretical. 9 units; first, second, third terms. Prerequisite: instructor's 
pennission. This course is intended to provide supervised theoretical research experience 
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and is open only to senior physics majors. Requirements will be set by individual faculty 
members, but will include a term paper based on the work performed. The selection of 
topics and the final report must be approved by the Physics Undergraduate Committee. Not 
offered on pass/fail basis. Instructors: Physics Staff. 

Students wishing assistance in finding an adviser and/or a topic for a senior thesis are 
invited to consult with Professor Gomez, chairman of the Physics Undergraduate Commit­
tee, or any other member of the committee. It should be noted that a grade will not be 
assigned in Ph 78 or Ph 79 until the completion of the thesis, which is normally expected to 
take three terms. P grades will be given the first two terms, and then changed at the end of 
the course to the appropriate letter grade. 

Ph 92 abc. Modem Physics. 9 units (3-0-6); first, second, third tenns. Prerequisites: Ph 2 abc, Ma 
2 abc, or equivalents; Ph 106 abc concurrently. Applications of quantum mechanics to atomic 
and nuclear phenomena. The one-electron atom, the periodic table, atomic spectra, and 
quantum statistics will be studied. In addition there will be an introduction to the interac­
tions of radiation with matter. Additional selected topics will be studied, depending upon 
the instructor and the interests of the students. These might, for example, be chosen from 
the fields of solid-state physics, low-temperature physics, cosmic rays, elementary parti­
cles, nuclear physics, quantum optics, or astrophysics. Instructors: Cowan, Garmire. 

Ph 93 abo Topics in Contemporary Physics. 9 units (3-0-6); second, third tenns. Prerequisites: 
Ph 92 abc or Ph 125 abc. A series of introductory one-term courses on topics of contemporary 
physics. In general, students may register for any particular term or terms. In 1974-75, the 
topics will be (a) variational principles, and (b) elementary particle physics. Third term 
graded pass/fail. Instructors: Mathews, Pine. 

Advanced Courses 

Ph 106 abc. Topics in Classical Physics. 9 units (3-0-6); first, second, third ienns. Prerequisites: 
Ph 2 abc, Ma 2 abc. An intermediate course in the application of the basic principles of classical 
physics to a wide variety of subjects. It is intended that roughly half of the year will be 
devoted to mechanics, and half to electromagnetism. Topics to be covered include the 
Lagrangian and Hamiltonian formulations of mechanics, small oscillations and normal 
modes, boundary value problems, multipole expansions and various applications of elec­
tromagnetic theory. Graduate students majoring in physics or astronomy will be given only 
6 units credit for this course. Instructors: Davis, Tollestrup. 

Ph 112 abc. Modern Physics. 9 units (3-0-6); first, second, third terms. Prerequisites: Ph 106 abc, 
Ph 125 abc, or equivalents. Not open to students who have taken Ph 92. A lecture and problem 
course on the physics of atoms, nuclei, and elementary particles. Among the topics discus­
sed are: quantum mechanics, atomic and molecular structure, electromagnetic interactions, 
quantum statistical mechanics, superfluidity and superconductivity, selected topics from 
solid-state physics, nuclear structure physics, and elementary particle physics. Instructor: 
Tombrello. 

Ph 118 abc. Electronic Circuits and Their Application to Physical Research. 9 units (3-3-3); 
first, second, third tenns. A course on the fundamentals of analog and digital electronics with 
emphasis on proven techniques of instrumentation for scientific research. The first two 
terms will deal with the physical principles and properties of electronic components and 
circuits and the last will discuss the logical design of c1igital systems. Topics considered in 
the first two terms will inel ude the theory of transient signal response in linear networks, the 
properties of solid state devices, basic passive and active circuit combinations, linear 
amplifiers, feedback theory, and the properties of currently available integrated circuits. 
The third term topics will include techniques of systematic logic design, Boolean algebra 
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reductions using Karnaugh maps, the design of both synchronous and asynchronous 
sequential circuits, and existing computer aids for digital design. Common electronic 
instruments, computer interfaces, and typical digital control logic in scientific research will 
be used as illustrative examples. The homework will consist mostly of laboratory problems. 
Not offered in 1974-75. 

Ph 125 abc. Quantum Mechanics. 9 units (3-0-6); first, second, third terms. Prerequisite: Ph 2 
abc. Recommended: Ph 92 abc, and either AMa 95 abc or Ma 108 abc. Available to juniors only by 
permission of instructor. A fundamental course in quantum mechanics aimed at understand­
ing the mathematical structure of the theory and its application to physical phenomena at 
the atomic and nuclear levels. The subject matter will include the various formulations of 
quantum mechanics, properties of operators, one-dimensional and central potentials, angu­
lar momentum and spin, scattering theory, perturbation theory, identical particles, and 
introductory relativistic quantum theory. Instructors: Boehm, Feynman, Mathews. 

Ph 127 abc. Statistical Physics. 9 units (3-0-6); first, second, third terms. Prerequisites: Ph 92 abc, 
Ph 106 abc. This course will present a thorough introduction to problems in physics which 
are fundamentally statistical. Topics to be covered will include; fundamental laws and 
concepts of thermodynamics, kinetic theory and transport phenomena, statistical 
mechanics and the connection between macroscopic and atomic laws. Instructors: 
Mathews, Merceeau. 

Ph 129 abc. Methods of Mathematical Physics. 9 units (3-0-6); first, second, third terms. 
Prerequisite: Ph 106 abc or the equivalent. Recommended: either AMa 95 abc or Ma 108 abc. Aimed at 
developing familiarity with the mathematical tools useful in physics, the course discusses 
practical methods of summing series, integrating, and solving differential equations, includ­
ing numerical methods. The special functions (Bessel, Elliptic, Gamma, etc.) arising in 
physics are described, as well as Fourier series and transforms, partial differential equa­
tions, orthogonal functions, eigenvalues. calculus of variations, integral equations, matrices 
and tensors, and group theory. The emphasis is toward applications, with special attention 
to approximate methods of solution. Instructors: Peck, Zweig. 

Ph 171. Reading and Independent Study. Occasionally, advanced work involving reading, 
special problems, or independent study is carried out under the supervision of an instruc­
tor. Units in accordance with work accomplished. Approval of the instructor and of the 
student's departmental adviser or registration representative must be obtained before 
registering. Graded pass/fail. 

Ph 172. Experimental Research in Physics. Units in accordance with the work accomplished. 
Approval of the student's research supervisor and of his department adviser or registration 
representative must be obtained before registering. Graded pass/fail. 

Ph 173. Theoretical Research in Physics. Units in accordance with the work accomplished. 
Approval of the student's research supervisor and of his departmental adviser or registra­
tion representative must be obtained before registering. Graded pass/fail. 

Ph 203 abo Nuclear Physics. 9 units (3-0-6); second, third terms. Prerequisites: Ph 92 abc and Ph 
125 abc or equivalents. A problem and lecture course in nuclear physics concerning experi­
mental and theoretical methods for the study of nuclear structure. Topics include: review of 
angular momentum coupling, nuclear sizes and moments, two-body interactions and the 
deuteron, nuclear models including liquid drop, shell and collective models, electromagne­
tic transitions, and relativistic systems involving beta decay and muonic atoms. Not offered 
in 1974-75. 

Ph 205 abc. Advanced Quantum Mechanics. 9 units (3-0-6); first, second, third terms. Prereq­
uisites: Ph 125 abc, Ph 92 abc. The course will cover advanced nonrelativistic quantum 
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mechanics and relativistic quantum mechanics with an introduction to field theory. Topics 
covered include angular momentum, transition probabilities, scattering theory, Dirac equa­
tion, Feynman diagrams, quantum electrodynamics, and other applications of field 
theory. Instructor: Firestone. 

Ph 209 abc. Electromagnetism and Electron Theory. 9 units (3-0-6); first, second, third terms. 
Prerequisite: Ph 106 abc. Electromagnetic fields in vacuum and in matter; classical electron 
theory, retarded potentials, radiation, dispersion, and absorption; theories of the electric 
and magnetic properties of materials; selected topics in wave propagation; special 
relativity. Instructor: Sierk. 

Ph 213 abo Nuclear Physics and Nuclear Astrophysics. 9 units (3-0-6); first, second tenns. A 
lecture or reading course in the applications of nuclear physics to astronomy, geochronol­
ogy, cosmochronology and other fields. The first term reviews the fundamental properties, 
interactions and structure of nuclei. The experimental evidence on nuclear cross sections is 
analyzed in terms of current theories of nuclear reactions and is applied to the rates of 
nuclear processes under astrophysical circumstances. The second term covers energy gen­
eration (nuclear, gravitational and rotational) and element synthesis in stars, supernovae, 
and massive condensations with applications to pulsars, quasars, and extended radio 
sources. Nuclear evidence on the origin of the solar system and on the chronology of the 
Galaxy is discussed. Graded pass/fail. Instructor: Fowler. 

Ph 221. Topics in Solid-State Physics. 9 units (3-0-6); third tenn. Prerequisite: APh 114 abc or 
equivalent. A course on selected topics in solid-state physics, with different subjects being 
presented each year. Not offered in 1974-75. 

Ph 224 abc. Space Physics. 9 units (3-0-6); first, second, third tenns. Prerequisites: Ph 92, Ph 106 
or equivalent. A thorough exposition of theoretical and observational space physics. The first 
two terms will be devoted to theoretical foundations and will consists of an introduction to 
plasma physics, with application to various astrophysical situations. There will be detailed 
discussion of the solar wind, radiation belts, cosmic rays, interstellar medium and related 
phenomena. The third term will concentrate on observations and experimental techniques, 
with emphasis on cosmic rays, plasmas, magnetic fields, and high-energy photons. Not 
offered in 1974-75. 

Ph 230 abc. Elementary Particle Theory. 9 units (3-0-6); first, second, third terms. Prerequisite: 
Ph 205 abc (may be taken concurrently). A course in advanced techniques of elementary particle 
theory, including field theory, renormalization, dispersion theory, groups and symmetries, 
and other approaches of current interest. Instructor: Frautschi. 

Ph 231 abc. High Energy Physics. 9 units (3-0-6); first, second, third tenns. Prerequisites: Ph 125 
abc or equivalent. An introductory course covering the properties of elementary particles and 
their interactions, especially at high energies. Emphasis will be on discussion of problems of 
current experimental interest. Topics discussed include the classification of particles and 
their symmetries, experimental detection of particle properties, strong interactions at low 
and high energies, weak decays of strange and non-strange particles, problems associated 
with very high energy interactions. Instructor: Walker. 

Ph 234 abc. Topics in Theoretical Physics. 9 units (3-0-6); first, second, third terms. Prerequi­
sites: Ph 205 abc and Ph 231 abc, or instructor's pennissi:m. Current topics of research in high 
energy physics will be presented. Independent study and research will be encouraged. The 
detailed content of this course may vary from quarter to quarter. Not offered in 1974-75. 

Ph 236 abc. Relativity. 9 units (3-0-6); first, second, third terms. Prerequisite: a mastery of special 
relativity at the level of Goldstein, Classical Mechanics, or of Leighton, Principles of Modern 
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Physics. A systematic exposition of Einstein's general theory of relativity, with particular 
emphasis on applications to astrophysical and cosmological problems. Topics covered 
include a review of special relativity; accelerated observers in special relativity; modern 
differential geometry; the foundations of general relativity and of other geometric theories 
of gravity; past and future experimental tests of general relativity; relativistic stars; gravita­
tional collapse; black holes; gravitational radiation; cosmology; singularities and singularity 
theorems. Instructor: Thorne. Second and third terms graded pass/fail. 

Ph 237. Theoretical Nuclear Physics. 9 units (3-0-6); first tenn. Prerequisite: Ph 205 or equiva­
lent. A lecture course on non-relativistic scattering and reaction theory. The emphasis will be 
on various approximation methods for inelastic scattering and rearrangement collisions, 
with applications in several areas of physics. Not offered in 1974-75. 

Ph 240 abc. Current Theoretical Problems in Particle Physics. 6 units (2-0-4); first, second, 
third tenns. Prerequisite: Ph 230 abc or equivalent. Emphasis on symmetries and broken 
symmetries. Discussion and argument are encouraged. Instructor: Gell-Mann. Graded 
pass/fail. 

Ph 241. Research Conference in Physics. No credit; first, second, third tenns. Meets once 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. 

Ph 300. Research in Physics. Units in accordance with work accomplished. Ph 300 is elected in 
placed of Ph 172 when the student has progressed to the point where his research leads 
directly toward the thesis of the degree of Doctor of Philosophy. Approval of the student's 
research supervisor and of his department adviser or registration representative must be 
obtained before registering. Graded pass/fail. 

POLITICAL SCIENCE 

Undergraduate Courses 

PS 1. Political Psychology. 9 units (3-0-6); first tenn. This course will survey the application 
in political studies of theories of individual psychology, and especially of theories of 
psychoanalytic persuasion. Through an analysis of the most successful works in this 
tradition, students will acquire a critical appreciation of the power, the limits, and the 
method of this approach. Materials will include psychological biographies, noted essays in 
psychoanalysis, and studies of leadership behavior. Instructors: Staff. 

PS 2. Group Processes and Political Behavior. 9 units (3-0-6); second tenn. The course will 
focus on selected works in the literature on group dynamics; isolate the principal ideas and 
assertions contained therein; and apply these to materials on politics. We will be primarily 
concerned with the studies of attitude formation, decision-making, innovation and leader­
ship; and with applications in the areas of presidential decision making, electoral choice, 
and the operation of Congressional committees. A critical secondary concern will be with 
evaluating the relative merit of this group dynamics literature and the theories of groups and 
committees deriving from the social choice literature in economics. Instructors: Staff. 

PS 3. Stratification and Community Power. 9 units (3-0-6); third tenn. The course will study 
theories of social inequality deriving from the classical works of Marx and Weber. It will then 
assess the validity of extensions of these theories in politics through the analysis of commu­
nity power structures. Applications to the area of political change will be made through the 
studies of community responses to disasters. Instructors: Staff. 
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PS 8. Introduction to American Politics. 9 units (3-0-6); first tenn. The major emphasis of the 
course will be placed on substantive topics. Sections of the course will be devoted to the 
electoral process, the legislative process, the judicial process, the bureaucracy, and the 
presidency. The course will focus on the American system, but aspects of Western European 
and British Commonwealth democracies will receive some attention where reliable studies 
exist. The theoretical framework of contemporary political science will be introduced via 
several nontechnical works, but emphasis will be placed on real-world happenings rather 
than theoretical esoterics. Instructor: Fiorina. 

HSS 99. See page 317 for description. 

Advanced Courses 

PS 101. Selected Topics in Political Science. Units to be detennined by arrangement with the 
instructor. Instructors: Staff and visiting lecturers. 

PS 102. Black Africa 800 A.D. to the Present. 9 units (2-0-7). Topics relating to the origins of 
Americans of African descent, including African empires such as Ghana apd Songhai, the 
Slave Trade, and the emergence of independent nations. Emphasis will be given to Western 
Africa and there will be African lecturers. Instructors: Munger, in collaboration with 
Scudder and Bates. 

PS 110 abo Political Modernization and Development. 9 units (3-0-6); second, third tenns. The 
first term is devoted to the general literature in the field; the second, to case studies of 
African nations; e.g., Nigeria and Zaire. Topics will include: the nature and origins of 
political change, the formation of new elites and pressure groups, the erosion of traditional 
sources of power, the integrative role of political symbols, and the role of parties and 
bureaucracies in managing the process of change. Instructor: Bates. 

PS 115. Seminar on National Security. 9 units (2-0-7). The object of this course is to afford an 
opportunity to study some of the problems faced by the U.S. Government in the world 
today. Consideration will be given to such matters as the process of policy formation within 
the government, the relationship of disarmament and arms control to defense policy, and 
the role of international organizations in the development of an orderly world 
society. Instructor: Elliot. 

PS 118. Democratic Theoty .. 9 units (3-0-6); third tenn. This course will raise several types of 
questions and answer none. Is it possible to have a democracy; how ought citizens to act in a 
democracy; how do democratic governments and citizens of democratic politics actually 
behave; and is a democratic government necessarily just? Instructor: Ferejohn. 

PS 120 abo American Electoral Behavior and Party Strategy. 9 units (3-0-6); first, second tenns. 
A consideration of existing literature on the voting behavior of the citizen, moving to an 
examination of theoretical and empirical views of the strategies followed by the 
parties. Instructors: Fiorina, Ferejohn. 

PS 121. Congressional Policy Formation and Legislative Process. 9 units (3-0-6); second tenn. 
An analysis of decision-making in legislative bodies with major emphasis on the American 
Congress. Where appropriate, comparative materials from state legislatures and non­
American systems will be introduced. The course also includes an investigation into the 
impact of Congressional structure and practices on the kinds of policies which are produced 
by the Federal Government. Instructors: Fiorina, Ferejohn. 

PS/SS 122. Formal Theories in Political Science. 9 units (3-0-6). Prerequisite: EC/SS 12. An 
examination of the axiomatic structure and the behavioral interpretations of game theoretic 
and social choice models, and selected political models based on them. Instructors: Fere­
john, Fiorina, Plott. 
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PS 125. Peasant Politics. 9 units (3-0-6); third tmn. The course will study the political role of 
the peasantry. Topics will include: the behavior of peasants in the French, Russian and 
Chinese revolutions; the origins of peasant movements and insurgencies in the developing 
world; the rise of ethnic associations in Africa; urban migration as an alternative to political 
action; and the determinants of peasant political apathy. Particular attention will be paid to 
rural political organization - feudal relationships, local administration, the incidence and 
methods of taxation and conscription, etc. - and the effect of market relationships, e.g., 
shifts in the prices for agricultural commodities, consumer goods, agricultural inputs, on the 
level of wellbeing of peasant societies. Instructor: Bates. 

PS 132. Strategy in Politics. 9 units (3-0-6); first tmn. Prerequisite: Ee/SS 11. Game theory 
examined on a non-technical level, considering experimental work and political applica­
tions, with a focus on applications. Instructors: Fiorina, Ferejohn. 

PS 135. Political Geography of Developing Countries. 9 units (3-0-7); first term. The swift 
transition from colonialism or an undeveloped state to the present includes the growth of 
one-party states; the role of the military; tribal, religious, and class pressures; the internal 
and external role of boundaries; and new foreign policies including such regional groupings 
as the OAU and OAS. Emphasis on Africa with outside lecturers, including AUFS as­
sociates, on Latin America and Southeast Asia. Instructor: Munger. 

PS 140. Seminarin Foreign Area Problems. 9 units (3-0-6). The object of this course is to give 
students an opportunity to study in some detail problems current in certain selected foreign 
areas. Three or four areas will be considered each time the course is given, and the selection 
will normally vary from year to year. Instruction will be given mainly by area specialists of 
the American Universities Field Staff. Instructors: Staff and members of AUFS. 

PS 141. African Studies. 9 units (2-0-7); second tmn. Problems of transition from colonial 
status to independence in countries south of the Sahara. Racial and cultural tensions in the 
Republic of Sout.h A-Irica. Instructor: Munger. 

PS 150. Political Stability. 9 units (3-0-6); third tmn. The course delves into the theory and 
practice of extremism and extremist movements, domestic violence, and 
revolution. Instructors: Fiorina, Ferejohn. 

PS 151. Justice and Obligation. 9 units (3-0-6); third tmn. An analysis of the concepts of 
justice and obligation primarily within a social contract framework but with some compara­
tive study of utilitarian, Kantian and other ethical schemes. Other normative concepts such 
as that of "the public interest," "rights," and "duty," will be examined as 
well. Instructors: Fiorina, Ferejohn. 

PSYCHOLOGY 

Undergraduate Courses 

Psy 11. Introduction to Psychology. 9 units (3-0-6); first tmn. Class discussion, readings, 
papers and occasional lectures designed to permit a relatively free exploration of the variety 
of topics that comprise psychology. Topics can include, but are not limited to: historical 
background, development of personality and intellect, biological-evolutionary factors, is­
sues in motivation, learning, social and abnormal psychology. Suggested, but not required, 
as background for later courses in psychology. Instructor: Breger. 

Psy 12. Introduction to Abnormal Psychology. 9 units (3-0-6); second term. An introduction 
to the development of mental and emotional disturbances. Basic theory will be reviewed in 
relation to selected case material and relevant research. Instructor: Hunter. 
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Psy 13. Introduction to Social Psychology. 9 units (3-0-6); third term. A survey of background 
and current areas in social psychology including, but not limited to: structure and function­
ing of small groups, leadership and communication, the use and abuse of social power, 
attitude structure and change, and interpersonal attraction and affiliation. Instructor: 
Beakel. 

Psy 25. Reading and Research in Psychology. Units to be determined by the instructor. Reading 
and research in psychology and related subjects, either in connection with a regular course 
or independently of any course, but under the direction of members of the department. A 
written report or field research will usually be required. Graded pass/fail. Not available for 
credit toward humanities-social science requirement. 

Advanced Courses 

Psy 100 abo Psychological Development. 9 units (3-0-6); second, third terms. A study of the 
psychological development of the individual within a context of biological, cultural, and 
social evolution. First term covers: models of development, primate background, early 
human culture, infancy, childhood, and the psychology of dreams. Second term covers: 
anxiety and disturbance in development, conscience and the development of moral reason­
ing, adolescence, and problems in the development of self and identity. Instructor: Bre­
ger. 

H/Psy 107. Psychohistory. 9 units (3-0-6); third term. An examination of the interaction of 
psychological factors on the course of history; and of historical forces in the shaping of 
individual psychology. The course will focus on the intensive psychological study of 
important historical figures. Instructors: Breger, Rosenstone. 

Psy 125. Reading and Research in Psychology. Same as Psy 25, but for graduate credit. Not 
available for credit toward humanities-social science requirement. 

RUSSIAN 

(See Languages) 

SOCIAL SCIENCE 

Undergraduate Courses 

EciSS 11. Social Science Principles and Problems. 9 units (3-0-6); first term. An introduction 
to the methodology of social science and the applications of that methodology to current 
social problems. This course emphasizes the role of wages, prices, and profits in a free 
enterprise economy and develops a theory of individual and firm decision-making that can 
be used to analyze the behavior of business and public institutions. Subjects covered may 
also include financial markets, international trade, development, and alternative economic 
systems. Instructors: Staff. 

Ec/SS 12. Social Science Principles and Problems. 9 units (3-0-6); second term. Prerequisite: 
Ec!SS 11. This course concentrates on non-market decisions. It focuses on committee and 
legislative decision-making as well as providing an introduction to recent work in the theory 
of voting and the political process. Instructors: Staff. 

EclSS 13. Social Science Principles and Problems. 9 units (3-0-6); third term. Prerequisite: 
EclSS 12. This course is devoted to current social problems and is designed to show the 
student that the theoretical tools developed in the first two terms can be used as the basis for 
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rational solutions to pressing social problems. Although the particular problems studied 
may vary from term to term, they might include housing, health delivery systems, the 
environment, public expenditures, and poverty. Instructors: Staff. 

Advanced Courses 

55117. Problems of Urban Society. 9 units (3-0-6); third term. A description of some of the 
significant urban problems of contemporary America and an investigation of alternative 
policies. The problems considered include race relations, poverty, public education, crime, 
housing, urban planning, the public administration of cities and local politics and finance. 
Stress is placed on field trips and individual student research on specific problems in the 
Pasadena area. This course emphasizes economic theory less than does Ec 116. Instructor: 
Oliver. 

PS/SS 122. Formal Theories in Political Science. 9 units (3-0-6);. Prerequisite: Ee/S5 12. An 
examination of the axiomatic structure and the behavioral interpretations of game theoretic 
and social choice models, and selected political models based on them. Instructors: Fere­
john, Fiorina, Plott. 

55130 abc. Law, Legal Processes, and the Control of Technological and Economic Risk. 9 
units (3-0-6). This course will attempt to provide familiarity with and insight into the 
distinctive ways that lawyers think about and deal with problems. A legal subarea will be 
examined in detail to investigate: (1) how lawyers define a problem; (2) the kinds of legal 
institutions available to deal with problems once they are defined; and (3) criteria by which 
alternative "solutions" to legal problems may be evaluated. In the process, students will 
acquire considerable familiarity with the law of the subarea selected for examination, as well 
as with the use of legal materials such as court cases and statutes. To the extent possible, the 
course will be conducted in the manner oflegaleducation, using a defined ~t of materials (a 
"casebook") and relying on classroom dialogue in response to direct inquiry by the instruc­
tor to stimulate student formulation of questions and generalizations. Instructor: Levine. 

55 132. Government Regulation of Business. 9 units (3-0-6). Prerequisite: Ee/55 11, or 
introductory economics. Many economic enterprises (e.g., transportation, communications, 
liquor) are' subject to direct government regulation. This course examines the economic, 
institutional, and legal implications of such regulation. Comparisons with alternative 
mechanisms for organizing markets will be undertaken. Instructors: Levine, Noll. 

55133. Topics in AnglO-American Law. 9 units (3-0-6); second, third tenns.An introduction to 
the American legal system through the study of a particular subarea of law, which may vary 
from term to term or year to year. Examples might include tort (accident) law, contract law, 
natural resource law or antitrust law. For information on topics for any particular term, 
contact the instructor or the Registrar. Instructor: Levine. May be taken more than once if 
the topic is different. 

55140. Laboratory Experiments in the Social Sciences. 9 units (3-0-6). An examination of 
recent work in laboratory testing in the social sciences with particular reference to work 
done in social psychology, economics, and political science. Included will be a discussion of 
simulation, gaming, and the use of the computer as a source of the laboratory environment. 
In addition, the student will be introduced to problems of experimental design and will be 
expected to use the laboratory techniques in problems of his own design. Instructors: 
Breger, Ferejohn, Thompson. 

55141. Field Research in the Social Sciences. 9 units (3-0-6). An examination of the uses for 
census and social statistics, an introduction to survey techniques and an evaluation of recent 
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work in the area, and a careful look at field studies with particular reference to the work of 
social and cultural anthropology; the application of these techniques to present problems in 
the social sciences. Instructors: Bates, Scudder. 

IS/SS 142 abc. Computer Modeling and Data Analysis. 9 units (3-3-3). The building of 
conceptual models as an expression of the patterns perceived in the analysis of data. 
Analysis of data through model fitting and the study of residuals. Mathematical, statistical, 
and simulation models will be analyzed. The computer will be used 
extensively. Instructor: thompson. 

SS 150 abc. Social Science Aspects of Technology. 9 units (3-0-6). This course is especially 
oriented towards engineering seniors and graduate students. The first term will present the 
theory of the operation of a competitive price system, taking up the elements of the theory of 
consumer behavior, the theory of the competitive industry, factor markets, capital theory, 
and the theory of price determination and resource allocation in a competitive environment. 
The second term will deal with problems related to distortions of the competitive market 
mechanism, centering upon externalities, common property resources, public goods and 
monopoly power, and with the political and social institutions that have been developed to 
deal with these problems. The third term will focus on a limited number of specific problems 
involving substantial overlap between engineering and social science. Instructors: Staff. 

SS 151. Research Seminar in Social Science Aspects of Technology. 9 units (3-0-6). This 
course is especially oriented towards engineering seniors and graduate students. The 
seminar will make use of faculty in engineering and social science, visitors, postdoctoral 
fellows and graduate students to deal with current engineering research with strong social 
science implications. Instructors: Social Science and Engineering Staff. 

SS 200. Selected Topics in Social Science. Units to be detennined by arrangement with 
instructors. Instructors: Staff and visiting lecturers. 

SS 201 abo Microeconomics. 9 units (3-0-6); second and third terms. Prerequisite: Ec 121 a or 
equivalent. The first quarter covers classical consumption, including the psychological foun­
dation of value theory, the theory of production and markets, externalities and the question 
of public goods. The second quarter deals with modern economic theory, including decision 
theory, game theory, the role of uncertainty, and investment theory. Instructors: Quirk, 
Plott. 

SS 202. Behavioral Perspectives in Political Science. 9 units (3-0-6); first tenn. This course 
will focus on the influence of psychological and sociological theories upon the analysis of 
political behavior. Among the topics to be examined will be: theories concerning the 
acquisition of ideologies and political beliefs; the influence of groups upon political attitudes 
and political decisions; and the selection and role of leaders. Material will be drawn from the 
literature in psychology, communications research, and group dynamics; and will be 
applied to voter decisions and electoral campaigns, the operations of congressional commit­
tees, and the behavior of leaders in the executive branch of government. Instructor: Bates. 

SS 203. Game and Decision Theoretic Applications in Political Science. 9 units (3-0-6); 
second tenn. The course examines recent attempts to apply game and decision theoretic 
models to politics, particularly legislative and electoral processes. A level of knowledge 
equivalent to PS/SS 122 is presumed. Instructors: Ferejohn, Fiorina. 

55204. Social Choice Theories in Political Science. 9 units (3-0-6); third term. Mathematical 
theories of individual and social choice are introd uced as an approach to the classic problems 
of welfare economics and economic policy. The design and construction at an abstract level 
of political-economic processes consistent with stipulated ethical postulates will be studied 
together with the related impossibility theorems. Instructors: Ferejohn, Plott. 



352 Subjects of Instruction 

SS 210 abo Foundations of Political Economy. 9 units (3-0-6). Mathematical theories of 
individual and social choice applied to problems of welfare economics and political 
decision-making will be the focus of the first quarter, which will also include the design and 
construction of political economic processes consistent with stipulated ethical postulates. 
The second quarter will cover political platform formulation, the theory of political coalitions 
and decision-making in large political (bureaucratic) organizations. Instructors: Plott, 
Ferejohn. 

SS 222 abo Econometrics. 9 units (3-0-6). Prerequisites: Mathematical Statistics, Ec 122. 
Advanced topics in econometrics with special emphasis on the formulation, estimation, and 
evaluation of multi-equation systems. Students will be required to complete a major project 
in measurement. Instructor: Grether. 

SS 230. Psychology and Organizational Behavior. 9 units (3-0-6). Psychological theories of 
deciSion-making, small-group and organizational behavior, uncertainty and the tolerance 
for ambiguity and stress and change. Instructors: Staff. 

SS 231 abc. American Politics. 9 units (3-0-6). A three term course in American politics and 
political behavior. Topics will include Congress and the legislative process; the presidency 
and the role of the federal executive; the Supreme Court and judicial behavior; political 
parties, pressure groups, and electoral behavior. The course will be run on a seminar basis. 
While drawing from contemporary materials, the course will emphasize the historical 
background of American political institutions. Instructors: Staff. 

SS 240. Techniques of Policy Research. 9 units (3-0-6); first tenn. Prerequisites: SS 201 ab, SS 
202, SS 203, SS 204, SS 222 abo The application of social science theory and methods to the 
formulation and evaluation of public policy. Case studies are used to illustrate various 
techniques employed by social scientists for estimating the effects of government institu­
tions and programs. Among the topics covered are benefit-cost analysis and other methods 
of program evaluation, social experiments for testing new policies and policy instruments, 
and social choice theory as a guide to designing government agencies. Instructor: Noll. 

SS 241 abo Workshop in Policy Research. 9 units (3-0-6); second, third terms. Prerequisite: SS 
240. (Note: SS 241 b is offered only if the participants in 55 241 a agree that continuation of 
the workshop for an additional term is worthwhile.) A working seminar in which the 
students and participating faculty apply the techniques examined in 55 240 to a policy 
problem of mutual interest. After exploring the relevant research done by others, the 
participants assist each other in designing and executing individual research ·projects that 
are relevant to formulating policy in the selected problem area. Students intending to enroll 
in the course should contact the instructor by November 15 so that they may participate in 
choosing the policy issue to be studied. Instructor: Noll. 
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