“yiate’ Srarzdr‘ng Present methods for drilling and

! o 5 2
| fiotation of ﬂne parhculates precrprtates, orl drople -
~ Staf! ! ;

, 265. Mode!ing of Particulate Rate Processes (3)~
Three hours of Iecture per week. Prerequisites: ‘Grad-

: involving | \particulate size change
sotxd—sof d separatrons and ﬁurd S d reacnons (SP)
Sasty |

| 268 Mrneral Procas Simulatron (2) Two hours of'
lecture per week. Prerequisites: 265, Pnncrphsofpro- .
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oy

240. Digltal Data. Processing (3). Three hours of lec-
ture and two hours of laboratory. per week. Prerequi-
sites: Consent of.instructor. Considerations for digital
s,gnal processu‘m and data analvsis Fourier Trans-

“ forms, convoluti
' tems, Z tranfon

ﬂechon datg, des
to 3~D seismic ¢

242 Numerical ! '
‘Mineral Engin P
one hour of-disc

- sent of instructt

niques to proble

mineral enginet

ical procedures

lustrated by apj

jems in physical and extractive | metanurgy. €eramics,
rntneral processmg, and engineering geoscrence (F)
Staff :

250 - Petroleum Well Drilling and Completion. (3) .

cture per-week. Prerequisite

uating hydrocartion wells. Examination of the phys S

_and mechanics underlymg the various processes'
invol

The course material will be useful in studies of mas-

. sive, multicomponent organic spills in the shallow sub-

surface; oil recovery; and subsurface’ storage of nu-
clear waste. F SP)

280. Surtace Propertres of Materials (3) Three

hours: of fecture per week. Thermodynamrcs of sur-
faces and phase boundaries, surface tension ofsords’ ‘

and liquids, surface activity, adsorption, phase equi-

| - libria and contact angles, electrochemical double lay-
_ers atinterfaces, theory and apphcanons (F) Staff

261 . Applied Coiloidal Phenomena. (2)- Two hours
of lecture: per week. The characterization.of co!lordal

- materials and the physrcaj chernrstry'of colloid sys-
tems. Primary emphasis on the interaction of colloid

partrcfes. particularly in aqueeus environments; floc-
culauon, coagulation, and drspersion phenomena, se-
lective ﬂuccu)a’nbn (SF’ ) Staff o r

’,262. Surrhce cr:ermstry of Flotation. (2) Twe hours

vate standmg in .engineering. Fundamental pnncipies

3 _ of process modeling; introduction to pamculate sys-

tems in mineral, metallurgrcal ceramic, and chemical
industries; quamltative description of partrculate sys-

fers; tranjsport through reactors, deveiopmem of pop-

so[rd liquid and

racrrcal problems in resérvorr engmeenng ,

 istactory/unsatisfactory basis. I
of advanced mineral engrneenng probiems (F, SP) :

271 Electrochemrcai Techmques m Process Met-

allurgy: (2) Two hours of lecture per week.. Analysis

of electrochemical methods for the extraction, refining

and orocessing of metals in aqueous and molten salt
‘ns. Thermodynamic and kinetic principles gov-
| the development and operanon of such pro-
5. (SP) Doyle

ﬂetalh.rrgrcai Transport and Rate Phenomena.
hree hours of lecture per week. Prerequisites:
Jate standing in engineering. Heat, mass, and
intum transport and reaction kinetics in systems
int to extractive metallurgy, mineral processing,
\aterials processing. (F) Evans

i Advanced Topics in Seismology. (3) Course
ie repeated for credit- Three hours of lecture per
{ Prerequisites: Introductory course in seismol-
ogy; 240. Active areas of research in' applied seis-
mology. Subijects include: anrsotroprc and viscoelas-

_Elwyn R Bedekamp Ph.D. Massachusetts Insmute of ‘
TY

Mathematics
(College of Letters and Sc1ence)

Department Office: 970 Evans Ha“ 642-6550

Professors

Robert M. Anderson Ph.D. Yale Unwersrry Marnematscal
economics, non-standard analysis

Wilﬂam B: Arveson, Ph.D: University of California at Los

Angeles, Functionalanalysis, operator algebras .- .

*William G. Bade, Ph.D. University of Califomia at Los
Angeles. Functional analysis:

George M: Bergman, Ph.D. Harvard Unrversrty angs
universal algebra, counteréxamples.

‘echnology. Algebraic codrng theoi
Richard E. Borcherds, Ph.D. Trinity College Cambndge
* Kac-Moody algebras
Andrew J. Casson, B.A. University of Cambridge. Topolog/
Paul R}yChwnoﬁ _Ph.D. Harvard University, Func!u}nal
analysis
Alexandre.J. ,Chonn Ph.D. New York University. Applled

tic wave propagation, borehole selsmoiogy, for e} ]
sessmorogy. mciudrng crosswell seismic tomography,
vertical seismic. prafrhng, reservoit monitoring includ-

’mg passrve sersmrc methods‘ (SP) Rector.

29013 Advanced Topkn in Electrical and Electro- '
- magnetic Methods. 3) Course may be repeated*f'o .

credit Three ‘hours of lecture per wraek P

, on, and wrthln Iay-
nd drpole source

, new research directions. FO TRAN orC requrred
A (F SP) Morrison -

298. Group Studies, Seminars, or Group Research
{1-8) Course may be repeated for credit. Must be
fakenon a satrsfactory/unsatrsfacfory basis: Prereg-

study in various subjects through special. sermnars on
topics to be selected each year, informal group stud-
ies of special problems, group: pamcrpatlon in com-

lprehensive design problems, or group. research on

complete problems for'analysis ¢ and expenmentatron

299‘ individual Study or R
may be repeated for credit. Must be taken on a sal-
idual investigation:

Staﬁ

601. Individu Study for Master’s Students. (1-8)
Course may be repeated for credit. ‘Course does not
. ‘~satrsfy unit or residence requirements for master's de- *
_ gree. Must be taker on a satisfactory/unsatistactory
basis. Prerequisites: Graduate -standing in engineer-

ing. Individual study for the comprehensrve or lan-

. guage requirements in consu(tatron with the field ad-
’ vrser (F SP) Staff . ~

 602. Indiwd

Sludy for Doctoral Students. (1 —8)
Course may be repeated for credit. Course does not

' sarrsfy unit or residence requirements for doctoral de-
_gre
basis. Prereqwsrres. Graduate standing in engineer-

ust be taken on a. sansfacrory/unsatrsfacrory

ing..individual study in consultation with the maior field

. adviser, intended to provide an opportunity for quali-

 fied students to prepare themseives for the various ex-

__aminations required of candidates for the Ph.D. (and
other doctoral degrees). (F,SP) Staff 3

cess srmula!ron. model validation and parameter gs- =

timationiin mineral and metallurgical systems; process

anaiysrs by computer simulation; detailed description
of size reductron size enlargement size separatlon
and hydrcmetallurgrcal processes (SP) Sasrry

270. Advanoed Hydmmetaﬂurgy (3) Three hoUrs of
lecture per week. Principles of hydromerallurgrcal pro-
cessing of minerals and ores. Emphasis on thermo-

* dynamics, kinetics, and mechanisms of hydrometal-

lurgical reactions. Analysis of methods for the recovery . .

of metals: from leach liquors. (SP). Doyle ‘

»:TOIeH Hald PhD New Yo

‘ r elds in mhomogeneous conductive meda Fund =

ysis
: Léo A. Hamngron Ph. D Massachuse
- merrta! propemes of fi elds abov '

. Jenny C. Hamson. Ph D.

: Wu—Y Hsian
Vaughan F.R. Jones,
. William M. Kahan Ph.D. University of Toromo Error

uisites: Graduate standing in enginsering. Advanced - ;TH"’ha’d M. Kar

,Mlchael J. Klass, Ph D. Unrversny of California gt Los

h. (1-12) Course
* Jerrold E. Marsden, Ph.D. PrlncetonU "ersny

dynamit
+C. Ker'ztaﬁ Miller, Ph.D. Rice UnNersrty Panial drffereniral
CaNIn . Moore, Ph D. Harvard Umvers :

_ oftopological groups. -+
- John C. Neu, Ph.D. Califomia Jnsritute
Applied:mathematics

: ArthurE Ogus, Ph.D. Harvard Unrversﬂy Algebrarc - '
“MurrayH Pratter, Ph.D. Brown Umversrty Partral

] ‘Mannaag‘aﬁer, Ph. D. Moscow State Unrversrty Ergodlc -
'Nioolal%eshetkhm. Ph.D: Steklov Instrtute Mathematrcal :
- Jol nyt?%shod%. Ph.D. M: :
~ Kenneth A.
'Magrmﬁel Ph.D. Calumb\a Umvergrty Operator
"Donald E. Sarason, m Unlversrty of Mrchrgan Fundronal

~ *JohnR. Stallings, Jr.,-Ph.D. Prlnceton Unrversrty

numerical methods
Robert F. Col 3 Ph D. P 1 Uni Algebraic
geometi

James W %ernmel Ph.D. Univershy of Cahfomla, Berkeley
?,a at Los :

Nomerical: analysls applied control theo
L Craig Evans, Ph:D: University of Califol

theory. statistics : :
erxo nbaum Ph.D Rockereller Unlversrty Applmd
ing. ..

_analy

Technology. Recursion theory, model
Universrty of Wi

Pnnceton Umversrty Transfarmaﬁon
rennal g metry-

h.D. Docteur es Sclences, Schcol o

ics,.Geneva. Von Neumann algebras

groups, di

analysis; numencal computations © -

; Ph.D. Harvard Umvarsdy Algonthms and
~Gomputational 6o lexity. -

Robion C. Kirby, Ph.D. Unrverswy of Chlcaqa Topology of
‘manifolds

Angeles. Probabrirty theory, combinatorics
*Shoshichi Kobayashi, Ph.D. University of Washmgron
Riemannian and complex manifolds . .
Maxim Kontsevich, Ph.D. Umversrty of Bonn Mathemaucal

hysi
ng-Yuen Lam, Ph.D. Columbla Urwersrty‘ Algebra
Hendrik W. Lenstra, Jr., Ph.D. Unwersﬂy of Amsterdam
Number theory - o :

Mathematical physics and engineering: :
Curtis T, McMullen, Ph.D: Harvard Umversrty Complex
. analysis, topology

Represemations

_geol
*Berestord N Parlett. Ph. D. Stanford Umversrty Numencal
analysis, scientific computati

differential equations
Charles C. Pugh, Ph D. Johns Hopkms Unlverslty

low-dimensional topology ’
assachuse‘nslnsﬁhnsof i
Tedwnaloay Algebra, finite semigroups, automata
ibet, Pht?x Harvard Umverslty Algebrarc
ber theory

algebras, group representations

analysis, function ry .

James A. Sethian, Ph.D. Llnlverswi/ ofCa&lfumra Berkaley
Applied mathematics, numerical metht :

Jack H. Silver, Ph.D, University of Callfornla, Berkeley
Malhemanml logic, set theory

*Stephen Smale, Ph.D. Unrvarsrty of Mrchrgan or.Se.
Unlversity of Warwick, Aigorithms, numerical analysls

Topology, grou, !heory
BamdpoStunynfgis. .D. Unrversrtyof Washrngton (Seatﬁs)

Combinatiorics, comp
eometr{_h
William P urston Ph D. Unrversny ot Cahfomra BerkeleY~

Topology and geometry

Dan- \F;rgxl Voiculescu, Ph.D: University. of Bucharest.
Operator algebras

Paul A. Vojta, Ph.D. Harvard Unrversrty Number theory



o John Strain, Ph. D Unlverslty of Cahtomra ,Berkeley

. Stephen P.L. Dillberto (Emeritus), Ph

~Jacob Feldman (Emem‘us)
" Ergodic -

- Alfred L. Foster (Emerr?us) Ph D: ‘Prfnceton Unrversrry
- Da;ad Gdle (Emeritus), Ph D. Prin

- [Gerhard P..F . (Emeritus), Ph.D: Pnnceton
University. ubs algebralcgro‘ s
lrving'Ka'-‘ nsky (En Harvard
Algel ‘

,‘,' lsadoreM Slnge 6

|- Abraham H. Taub (Emeritus

: »P Emery Thomas (Ememus) PhD

‘Asslstant meessors

P WK N

fr /- /
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John:B. Wagoner, Ph.D. Princeton Unwersrty Drtterent\al
. topology, algebraic K-theory

. Alan D. Weinistein, Ph.D. University of Calriomra. Berketey.

‘Symplectic geometry, mathematical physics

*Joseph A. Wolf, Ph.D. Unwersrty oi Chiwgo Lie: groups,
harmonic analysis .

Thoinas H, Wolff, Ph.B. Umversrty of Calrforma. Berkeley
Harmonic analysis

Mariusz Wodzlicki, Ph.D. Steklov Malhemaucal Insmute
Global analysis, geometry, K-theory

W. Hugh Woodin, Ph.D. University. of Cantumra Berkeley.
Setiheory, large cardinals:

Hung-Hsi Wu, Ph.D. Massachusetts | lnsmute of Technology
Riemannian geometry, complex manifolds

John W. Addison, Jr.(Emeritus), Ph.D. University of
Wisconsin. Logic, descriptive set theory

David H. Blackwell (Emeritus), Ph.D. University of llﬁnors,
Urbana, Bayesian inference, game theory-

Hans J. Bremermann (Emeritus), Ph.D. University of
Minster. Mathematical biology

Paul L Chambré (Emeritus), Ph. D Unwersrty of Cahfomra
Berkeley, Applied mathematics

Shiing:Shen Chem (Emeritus), D. Sc LL D Umversxty ‘of
Hamburg, D.Sc. University of Chicago. LL. D. Chinese
. University of Hang Kong. Differenti and integral

gome

geomelry
. Heinz O. Cordes (Emeﬂtus). Ph. D Unxversrty of Gomngen

Classical analysis .
Gerard Debreu (Emeritus), D.Sc. Umvers of Pans
Mathematical .

Univers estial mechanics, aj
‘LesterE.. Dubins | (Emenrus). Ph.D. Univer
~ Probability; gambhngtheory, geometry

theory, operator aﬂgebras

Universal algebra

nivers

athematical economics

Leon A Henkin (Ememus} Ph. D. ncoton Unrvers
Logic, foundations, mathematics education

Toslo Kato (Emerftus) D Sc Umversrtyof Tokyo
‘Mathematical physics -
John L. Kelley: (Emerilus), Ph D. University of Virgm
Functional analys
Lucren M. Le Ccam (Ementus), PA.D. Untversﬂy of Calltomla
. Theoretical fcs, cancer rese

: R Sherman Lehman (Emeritus); Ph. D Stanford Untversuy

‘Number théory, numerical an:
Ralph N: McKenzie (Emeritus), Ph.D: mversrryof
- Colorado. Algebra, logic, lattice theory .
Andrew P. Ogg; (Emeritus) Ph.D. Harvard Umversrty
Number theory, elliptic curves

* ‘Edmund J. Pinney (Emeritus), Ph.D. 'Caxlfomra Institute.of

Technology. Applied mathematics, differential equations

- Raphael M. Robirison (Emeritus), Ph.D. ‘Universityof

alifornia, Berkeley. One complex variable, foundations -

Maxwell A. Rosenlicht (Emerltus). Ph.D. Harvard Unrversrry

Algebralc geometry, differential aigebra ‘
Emerrrus) P D. Syracuse UnNersrty

iop : :
nentus) Ph D. Unrversny of ToK
automorp phic functions =

- Dbr SeTulane University.

Robé ovay: (E
‘Meétamathematics ¢
Edwin H. Spanier (Em ur
 Topalogy, theory. of aees -
Mathematrcal physics; relativi -
ngus E Taylor (Emeritus), Ph.D. California Insﬂtute of
‘echnology. History: of‘mathematics .

Topology, humber theory -
Roben L aught (Emeritus), Ph D Unrvers ty of Ga!‘forma.
- Berkeley. F undatxons of mathematrcs, : :

Alexandre Givental, Ph.D. Mosr:ow Sta-te Unwersrty
Geometry, singularity.theory, mathematical physics ’

Fra doun Rezakhanlou, Ph.D. New York University.

_ Probability’ theory, partial differential equations

Vera Serganova, P Leningrad University. .
Re n theory, lie algebras

3

Nul

alphyses -

Adjunct Professor

Paul Concus, Ph.D. Harvard Umversrty Fiurd dynamtcs, -
numencal a.nalysrs - ~

_ Aftiliated Professor

Alan H. Schoenfeld (Educarron) Ph. D Stanford Uruversxry
“Psychology of problem solvrng , »

Visiting Faculty: .

Galia Dafni, Ph.D. Princeton University. Ctassrcal analysts

Justin Roberts Ph D. Carnbndge Unrversny Geomatry

Untversxty ofChrcago -

The Malor Programs

The department otfers undergraduate students a
choice.of two programs leading fo'the A.B. degree:
the major in mathematics and the ma]or in applied
mathematics. Each major program in mathematics
 gives students the opportunity to obtain a strong,
well-rounded mathematical background suitable for
postgraduate study as well as for professional
careers in science, |ndustry, .or education. The
. courses required for the major emphasrze theoreti-
cal material. Students with an interest in the appli-
catrons of mathematrcs may find the major pro-
gram in applied mathematics particularly
responsrve to their needs. The requirements for

both majors are summarized below. More detailed -

information is given in the Undergraduate An-
_ nouncement, available from the undergraduate as-
’srstant in 965 Evans. Hall.

General Maior Requiremems. Both major prrr
.grams require a lower division base: of Mathe-
matics 1A-1B and, 53 and 54. Courses 16A-16B

minimym grades of C in each, Transfer students
contact the undergraduat assistant in 965

Il : admission to
ision: major re-

omputing (128A),
and foundations

‘W'th the approvalof the ma;or advrser, students
'~ may count not more than two mathematlcaliy the-
; oretical courses in .computer science, statistics,

sics,-astronomy, mathematical economics, ot

p
| other sciences toward requrrements for the major
: in mathematxcs

Maior in Apphed Mathemaﬂc&( ) 104, 110 113,
128A, and 185; (b) Three additional upper division
'~ courses, approved by a major adviser, which form
_{ a coherent cluster in some applied area such-as
“actuarial science, biophysics, classical mechamcs,
~ computer science, decision theory, economics,
. fiuid mechanics, geophysics, mathematical biology,
- numerical analysis, operations: ‘research, probability
quantum mechanics, systems theory Many
ste

. they will wrrte a senror honors thesi

- Students

¢ also possible

s pli s

‘fogEam must (a) eama grade-po érage ofat
ast 3.5 in upper division and g1 te courses in
_the major and at least 3.3 ini all courses taken at
_the University; (b) complete course 196 in which

- major adviser. “Students mterested the honors
- program should consult with their major adviser at
Ieast :

two semesters before graduatron ,

The Mi or Program‘

istratively distinct from their major. The minor pro-

- gram in the Department of Mathematrcs consrsts of .

the foﬂowrng course work:

taken for a letter grade and must be passed with

average grades of C or better. The department

_strongly recommends that students attempt the mi-

o only if Mathematics 53 and 54 have each been
' passed wrth a minimum grade of C.

, are not an acceptable alternative. Math 1A-1B-
-~} must be completed with average grades of Cor
1 be’cter, Math 53 and 54 must be completed with'~

»Major Mathemaﬂcs (a )Courses 104, 110, 113
and 185 ; (b) Oneoourse from each of two of the -

V pper dtvrsron'

fo honors

or pass two :

: the College of Letters and Scrence -
may complete one or more minors of their choice,
. nomally in a field ‘both academtcaﬂy and admin-

. Prereqursrtes Mathematics 1A-18 and 53 and 54
:f(or their equivalents). These courses must be

Minor: Requirements: Mathematics 104, 110,
113, and 185, plus one additional upper division
mathematics course. These five courses must
each be taken for a letter grade, and a minimium

- grade=point average of 2.0 is required for uppérdi-
vision courses applied to the minor program. At
least three of the five courses must be completed
at Berkeley. .

Upon completion of the requrred courses, students
. shall complete a Confirmation of Minor Program: -
petition (available from 970 Evans Hall).and pre-
sent the petition, together with a transcript (official
or unofficial) to-the undergraduate assistant, 965
Evans Hall, who will approve completion ofhie mi-
nor program. -

Students may petition for the minor program atany
time afterthe requirements have been compieted
until they graduate.

For more information about this program please'
r':'iontact the | undergraduate assrstant in 965 Evans
all

'Preparatien for Graduate St'ud_y_ .

Students preparlng for graduate work in mathe-
_matics are strongly advised to, acquire a réading -
~ knowledge of two foreign !anguages, from among
‘Erench, German, and Russian. Course H117, de-

. signed to challenge students’ ability to do creative
thinking, Is useful for students preparlng for grad-
uate work. Undergraduate studefits also often take
one or more of the following introductory. graduate
courses: - 202A-202B, 214, 225A-2258 228A-
2288 250A 250B.

, Graduate Programs

.The department offers the M.A. degree i m mathe-
matics and Ph.D. degrees both in mathematics
and applied mathematics. Detailed information’

,ooncemmg admission, graduate’ student instruc-
torships and tellowships, and degree requirements

is given in the Graduate Announcement of the De-
partment of Mathematics, which is available upon
request from the graduate assistant, Depar‘tment
of Mathematics.

Courses and Semmars

, Courses and seminars are hsted below More de-
‘tailed and up-to-the-minute. information on semes- -
“ter. oﬁermgs, instructors, textb: }s course and
- seminar content, teaching and g dmg methods,
“and schedules are posted outside 910 Evans Hall
betere the beginning of each semester -

Lower Drvisron Courses

':Math 1A—1B is the calculiis. sequence i mtended for stu-
dents plannmg majors in mathematics, engmeenng, or

‘substitute for Math 16A-16B. It is designed to prepare
students for further courses in mathematrcs .

,nyath 16A—tGB is a terminal calculus. sequence lin-
tended for students pianmng majors lﬂ the fife or S0~
cial sciences. -

Math 32 is rntended for students who wtsh to take

~ ‘Math 1A or. 16A but have not met the prerequusdes

1A, Calculus. (4) Students will receive no credrt for
1A after 2 or 16B; 2 units after 16A. Two hours oflec- .
ture and two hours of. discussion per. week; optional . -
third hour 6f lecture or workshop. Prerequisites: Three
and a half years of high school math, including
rrlgonomehy and analytic geometry, plus & saflsfactory :
grade in onie of the following: CEEB MAT test, an AP
test, the UC/CSU math diagnostic test, or 32. Consult
the Mathematics Department for details. Students with
- AP credit should consider choosmg a course more ad-
 vanced than 1A. This sequence is intended for majors
in engineering and the physical sciences. An intro-
duction to differential and integral calculus of functions,
of one variable, with applications, transcendental func- -
: ;trons and techniques of mtegratxon (F SP)

'Professor in the Graduate School .
’]'Hemplenl of Drsungurshed Teaching Award

the sciences. The sequence is also acceptable@sa | ‘
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1AL Caicurus Computer Laboratory. (1). Two-hours

of mrcr‘ocomputer faboratory per week. ‘Must be taken -

on a. passed/not passed basis. Prerequisites: Con-
 current-enroliment in 1A. Optional microcomputer sup-

plemerrﬂo accompany 1A. Graphing and analysis.of

functions and curves, including algebraic, tngono—
“metric, and exponential functions. Maximum and min-
imum problems, root finding, and rhe graphing of
derivatives. (F)

1B. Calculus. (4) Students will recelve no credit for
1B after iaking 3; 2 uniis after 16B. Three hours of lec-
ture and two hours of discussion per week. Prereg-
uisites: 1A. Continuation of 1A. Techniques of inte-
‘gration; applications of integration: Infinite sequences

" and series. First order ordinary drftererma! equations;
exact equations. Second order: ordmary differéntial
equations; oscillation and.damping; series solutions of
ordmary differentlal equauons (F. SP) ,

1BL. Caieulus Computer Laboraiory 1) Two hours
of microcomputer laboratory per week. Must be taken
on a passéd/not passed basis. Prerequisites: Con-
current enroliment in 18. Optional microcomputer sup-
‘plement to accompany 18. Computer solutions of first-

order differential equations, growth and decay and.

simple: harmenic motion. Numerical integration- (in-
cluding. Sxmpson s and the trapezoldal ru!es) with er-

_ ror analysis; errar analysis of infinite series. G :
Jof surfaces by the method af sectronsﬂ(SP)

* 15." Concepts: of Mathematics for Elementary
Schoel, Teachers (3) Three hours of: lecture per

‘sent af Insrmctar Development and structurav v

real.number system and its subsystems. Elementary‘: .

- concepts of set theory, numeration; factoring and di-
: vrsrbmty, nonmetnc geometry, measurement. (SP)

16A. Analyt}c Geometry and Calculus. 3) Studen:s ;
will receive no credit for 16A after taking 1A. Two
hours of lecture and one hour of discussian per week;
opironal third Hour of lecture or workshop. Prerequi-

sites: Three years of high school math, /ncludlng .
rngonomeﬁy plus a satisfactory grade in one of the

 following; CEEB MAT test, an AP test, the Uc/csu
math diagnostic exam:or 32. Consult the Mathematics
depanmen! for details. This: sequence is intended for-
majors in the life and social sciences. Inequalities, ab-
solute value, graphs of srmp!e functins, the derivative,
maxima and minima, rates of change and differentials,
increasing and decreasing functions, basic properties
of-log and exp, mh'oduchon homtegration (F.SP)

16B. Analylic Geometry and Calculus. (3): Studerts:
will ré no credit for 168 after3 or 1B, 2 units af-

ter 1A Twc hours of lecture and. ‘one hour of discus- . - %
‘third: hour of lectureiorwork- - 7L

sion. pe week optio
shop. | Prerequisites: 1

_Introduction to mtegratron propertles of sin and cos,
-fuhdamenta! theorem ofEalculus, properties of the in-

'legral integration by substitution and by parts, vol-
 lumes of solids of revolution and arc lengths. (F, SP)

- 24, Freshman Seminara. (1), § g
_peat s credrt as teprc varies. One hour of seminar ‘
Se lotte

. fpassed basis. The Berkeley Semin: Program ‘has

been desgned to provide new students with the op- |

portunity to explore an intellectual topic raculty
member in a small-seminar setting. Berkeley Seminars.

. are offered in all campus departments, and topics vary. -
from depanment to department and semes(er to,f

semester (F.SP)

32. Precalculus (4) Students wrll receive no credrt for :

32 atter taking 1A-1B or 16A- 16B, and 2 units after
- taking P. Prereqursrtes Three years of h:gh school
mathematics, plus satisfactary score on one of the fol-

lowing: CEEB MAT test, math SAT, or Ue/cSU di-

~agnostic examination. Exponerma! and logarithmic
functions; trigonometry. Complex numbers, binomial

theorem, conics, analytic geometry. Designed for stuj v
- 74 Transmon to Upper Dwision Mathematlcs (3) ,

39 FreshmanlSophomore Seminar (2-4) Course'
_ may be repeated for credit as toprc varies. Seminar

dents who wrsh to prepare for calculus (F SP)

format; Prerequisites: Priority given to freshmen and
sophomores. Freshman and sophomore semmars of-

L mlcrocomputersu

rade  math, class. Log

fer lower division students the opportumly o explare .

an inteliectual topic with a faculty member anda group
of peers in a small-seminar setting. These seminars
are offered in all campus departments; fopics vary

from department to department and from semester fo -

semester. (F,SP) Staff

49. Suppiementary Work in Lcwer Divrsrcn Math-
ematics. (1-3) Course may be repeated for credit.
Meetings to be arranged. Prerequisites: Seme units in
a lowsr division Mathematics class. Students with par-
tial credit in lower division mathematics courses may,
with ¢onsent of instructor, complete the credit under
this headmg (FSPy = -

53, Mulﬁvanable Calculus, (4) Studems will receive
1 unitfor 53 after taking 508 and 3 units after taking
‘Math 50A. Three hours.of lecture.and wo hours of dis-
cussion per week. Parametric equations and polar co-
- ordinates. Vectors R2 and 'R3. Partial derivatives. Mul-
tiple integrals. Vector calcuh.r& (F, SP) L

H53. Honors Multivariable: Caleulus. (4) Studen’ts

will receive: 1 unit ‘for H53 after taking 508 and 3 units
after taking 50A: Three: hours of lecture and two hours
of discussion per week. Honors version of 53. Para-
 metric equations and polar coordinates. Vectors in R2

" and R3. Partial derivatives. MultipIe rntegrals Vector‘

;calculus FSP) S!aff .

(1) Two hours of microcomputer laboratory pet week.
Prerequrs) : Concurrent enroliment in 53. Opuonai
F; SP)

; igebra nd Dlﬁerenti Equations. (4)
Students ‘wﬂl recerve 1 unit for 54 aﬁer taking 50A and

» n per\
18 Basic Imear algebra matrix arrthmetrc and deter-
‘minants. Vectors R2 and R3; ‘vector spaces; inner

 product as spaces. Elgenvalues and eigenvectors; lin-

. ear transformations. Homogeneous ordinary differ-
ential equations, first order differential equations with

‘ferenbal equa:rona (F.SP)

H54. Honors Linear Algebra and Diﬁarential Equa- ,
tions. (4) Students will receive 1 unit for H54 after -
‘taking 50A and 3 units after taking 508. Three hours

 of lécture and two hours of discussion-per: week. Hon-

ors version of 54. Basic linear algebra: matrix arith-
_ metic and determinants. Vectors in R2 and R8; vector

 spaces; inner product spaces. Eigenvalues and eigen-

 vectors; linear transformations. Homogeneous ordinary
_differential equations; first order differential- equations

with oonstam coefficients. Fourier series and par‘na! dif-
ati s,(F‘,SP)«Stafff -

requisites: Concurrent enroliment in 54. Optional mi-
. crooomputer supplament to 54 (F SP) Staff

55, Discrete Mathemaﬂcs, (4) Two hours of lecture
_ and two hours of discussion per week. Prerequisites:

, , mathematical induction, finite series;
sets, relations, and funcfions, introduction to trees,
combinatorics, algebraic structures, discreté probability

_ and statistics. Emphasis on topics of interest to stu-

dents of computer science. (F SP)

67. Techmques in Mathamatlcal Problem Solvlng
(3) Three hours of lecture/workshop per week. Pre-

requisites: One semester of calculus or consent ofin-

structor. An Infroduction to problem -solving techniques

 loss of ‘generality” arguments, warking ‘backwards,
~ specra!rzatlon and generalization, contradiction;, de-
composing and recombining. A large percentage of in-
class time will be devoted to solving problems from a
_ broad range of mathematical domains, including ge-

~ ometry, number theory, probabmty loglc, and set the-v

ory. (F)

Three hours of lecture per week. Prerequisites: 53 and
. 54, The course will focus on reading and under-
standing mathematical proofs. It will emphasize pre-
dise thmkmg and the presentahon oi mathematical re-

~ : . Upper Dmsron Courses '
53L. Multtvarlable Catculus Computer Laboratory. .

constant coefficients. Fourier seﬂes and partial dn‘- -

3 Algebra COmputer Laborafory (1) Two .

 Mathematical maturity -appropriate to a sophomore .

sults, bcth orally and in wmten form. Tha course is in-
tended for students who are consrdenng majoring in
mathematics, but wish additional training. (F)

Hoo. Honors Undergraduate Seminar In Mathe-
matical Probiem Solving. (1) Course may. be. re-

__peated for credit. Two hours of seminar per week. Pre-

requisites: Consent of instructor; undergraduate
standmg This seminar is designed especially, but not
exclusively, to prepare students for the annual national
Putnam Mathematical Competition in December. Stu-
dents will develop problem solving skills and experi-
ence by attempting-the solution of challenging math-

- ematical. problems that requrre msrght more than

knawledge (F).

- 96, College Algebra 2 Students will receive no

 credit for.96 after taking P, PS, or 32. Four hours of
workshop per week. Must be taken on a passed/not
passed basis. Review of algebra; designed for stu- .
dents who do not meet the prerequisites for 32. Of- .
fered through the Student Leammg Center (F SP)
Staff

s Supennsed Group Study (1-8) Must be taken
. on a passed/not passed| basis: Directed Group Study,

tGprcs vary wrth instructor. (F SP)

103 lntroducllon to Mathematical Economics (3)
Three hours of lecture per woek. PrerequtszteS'Sa and
54, Formerty Economics 104. Selected toplcs illus-
trating the app{icanon of mathematics to economic the-

oy, This course is Intended for upper division students
-in Mathemaﬁcs, Statistics, the Physrcal Sciences, and

Engineering, and for'economics majors wﬁh adequate

" mathematical preparation. No economics background

is required. Also listed as Economics 103 and Inter-
depanmema( Studles 103.

104. Introdu::ﬂon to Anaiysis (4) Three huurs of

. lecture per.week: Prersquls:tes 53.and 54, The real

number system. Sequences; “limits, and continuous
'funcﬁons inRand R". Theoonceptofametncspace
Uniform convergencs, interchange of limit operations.
 Infinite series. Mean value theorem. and applrcanons
' The Rlemann mtegral (FSP) ,

- H104. Introduction to Analysls (4) Three hcurs of

lecture per week. Prerequisites: 53 and 54; Honors
section ccrrespondrng to 104. Recommended for stu-
dents who-enjoy mathemafics and:are good at it.

‘,:Breater emphasrs on theory and challeng:ng prob»
ems. -

_105. Second 00urse In Ana!ysts (4) Three hours of
lecture per week. Prereqursites 104. Drh‘e ential cal-.
culus in R": the derivative as a linear map; the chain
rule; inverse and imphcr  function thearems. Lebesgle
integration on the line;. oompanson of Lebesgue and

" Riemann mtegrals Convergence theorems. Fourier
 series, L? theory. Fubmi‘s lheOrem, changa of vanable

Py

110. LinaarAlgebra. (4) No cred it al!owed aftaraom- :
pletion of Math 112 or 113B. Three hours of lecture
per week Prerequlsrtes'5aand54 Matrices, vector
~spaces linear transformations, inner products _de-

 tefminants. Eigenvectors. QF factorization. Quadratic
- forms and Rayleigh’s principle. Jordan canonical form,
apphcatrons Linear functionals. (F, SP} .

_ H110, Linear Algebra. (4) No credit e e
_ completion of Math 112 or 113B. Three hours of lec-

in mathematics, including analogy, induction, “without - ture per week. Prerequisites: 53 and 54, Horors sec-

 tion corresponding to course 110 for excepﬁonal stu-

 dents with strong mathematical inglination and

~ motivation. Emphasls is‘on rrgor, depth and hard
roblems (SP) :

13, Introducﬂon to Abstract Aigehra (4) Three
_hours of lecture per week. Prerequisites: 53 and 54.
Sets and relations. The integers, congruences and the
[Fundamental Theorem of Arithmetic. Groups and their
factor groups. Commutative rings, ideals and quotient
 fields. The theory of polynomials: Euclidean algorithm
~ and unique factorizations. The Fundamental Theorem
of Algebra Flelds and ﬂeld extenslons (F SP)
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H113. Introduction to Abstract Algebra. (4) Three

hours of lecture per week. Prerequisites: ‘Same as:

Math 113. Honors section corresponding to 113. Rec-

ommended for-students who enjoy mathematics and
are good at it. Greater emphasrs on theory and chal~
Jenging; problems. (F)

~114. Second Course in Abstract Algebra. (4) Three
~ hours of lecture per week. Prerequisites: 113. Further

topics onigroups, rings and fields not covered in Math
113, Possible topics inclide: the Sylow Theorems and

their -applications:to group theory; classical groups;
abelian groups and modules over a principal ideal do-
main; ‘algebraic field extensions; splitting fields and
Galais theory; conslructron and classrﬁcahon of fi nlte
fields. (SP) e

115 lntroductlon to Number Theory (4) Three .

"hours of lscture per week. Prérequisites: 53 and 54.
DWlsiblﬁty; congruences, numerical functions, theory
of primes. Topics ‘selected: Diophantine analysis, con-

 tinued fractions, partitions, quadratic fields, asymptetlc, -

dxsmbutrons additive problems (SP)

H117. Honors Mathematical Problem Solvmg (4)
Course may.be repeated for credit. Three hours of lec-
ture per week. Prerequisites: Consent of instructor.
Recommended for exceptional students with strong
mathematical background and.interest. Problems call-
ing for original thought and variou: mathematical ap-

_proaches. May include advanced topics developed? ,

through problems and open rese h problems

continuous jtial value problerrw., oonservaﬁon laws,
uses of (fast) Fourler transforr caloulus of vanaﬁons,
use of complex analysrs. chaos " .

121A-121B. Mathematical Tools for the Physical

Sclenoes. (&4} Thrree hours of lecture per week. Pre-
. requisi >s: 53.and 54. Functions of a complex variable,

nite-dimensional linear systems, orthogonal expan-
sions, speclal functions, partial differential equat

of algebra, geometry, analyﬂcg
_ from anciént times through the. sewenbeenﬁ‘r century.

and selected 'roplcs from more recent malhematrcal;
‘ hlsfory (SP) .

~170. Lmear Programming, Games, Models of Ex"
E,change (4) Three hours of lectiire: per: week. Pre-

requisites: 53 and 54. Topxcs include finear program-
finite-dimensional linear systems. Infi-  ming, matrix games,. models of. production and -

~ ods for

130. The Classical Geometries. (4) Three.hours of

lecture per week. Prerequisites: 113 and 170. Topics ®

chosen from the following list: axioms for affine and
projective planes, planes over a division ring, duality,
the coordinatization theorem, n-dimensional projective
geometry over a field, collineations and correlations,

" classification of hyperquadrics, the projective group

and its sub-groups, non-Euclidean geometry, inversive
geometry:

135: lmmducﬁon to the Theory of Sets. (4) Three
hours of lecture per week. Prefequ:s:res 113and 104.
Set-theoretical paradoxes and means of avoiding

 them. Sets, relations, functions, order and well-order.

duction and definitions by trans-
finite recursion, Cardinal and’ dinal numbers and their

* arithmetic. Construction of the. real| numbers. Axtom of"
. chorce and ltsoonsequences {F, SP) ;

140. ﬂetm: Diﬂerentlal Geometry.( Three hours

of lecture per week. Prerequisites: 104 or 121B.

Frenet formulas, lsopenmetnc inequality, local theory
of surfaces inEuclide - space, firstand second fun-
damental’ forms. Gaussian -and . mean curvature,
isometries, geodesics; p: arallelism, the Gauss-Bonnet-
Von DyckTheorem S :

142, Eleme ary. Algebralc Topology (4) Three
h

ensronal spaces
cation of surfaces,

exchange. Treats propertles of the: models and meth-

; ,ansmg in. mathemaﬁcal physi ‘Intended for studentsk

in the physlcal sciences who are,‘ ;planmng to teke \

more advanoed maihemaucs cour: as {(F,SP)
123. Ordinary Differential Equatrons (4) Three

hours of lgcture per week. Prerequls;tes 104. Exis-
niqueness of Solutrons. lrnear systems,‘

 ematical theories. Selected toproe trom model meory
or proof’rheory (E SP)

126. Introduction fo Partial Dxfferential Equatrons(
(4) Three | ours. oT lecture per week, Prerequisites:

ary value problems for ellrpﬁc and parabol:c equaxrcns
initial value problems for hyperbolrc equatlons, exis-

tence and| umqueness theorems in simple cases, max- .

imum pnncrples, a pnon bounds, the Founer transform
(SP)

128A. Numeﬂcal Analysrs (5) Three hours leoture.
one hour discussion and three hours of computer lab-
_ oratory per _week. Prerequisites: 53 and 54. Pro-

_gramming for numerical calculations, round-off error,

approximation and mterpolalron. nurn, ical quaclrature '

~and solution of ordinary differential equallons Practlce
on. the compuler (F.SP) ,

1 288 Numerioal Analys:s. (5) Three hours ol lec-
ture, one hour of discussion and three r
puter labora:ory per week. Prerequisites: 110 and
128A. Tterative solution of systems of nonlinear equa-
‘tions, evaluation of ergenvalues and elgenveclors of

maitrices, applications to simple partial differential

equa’uons Practrce on the computer. (SP)

.of second order equatxons bound- "'representan =

. ‘{specxal iunollons

189, Mathemahcal Methode in Classrml and Quan-
_ tum Mechanics. (4) Course may be repeated for
credit. Three hours of lecture per week, Prerequisites:

104, 110, 2 semesters lower division Physics. Topics
in mechanics presented from a mathematical view-
_ point: e.g., hamiltonian mechanics and symplecnc ge-

in quantum mechamcs probabll
- tical mechanics. See department bulletins for specific

I rlatmg their behavuor ,
185.. Introductlon to Complex

: smgulantres of an-

Course gwes a oomp‘rehe ,vrew of ana ysls Em—

: phasls is on’the lnterrelatlons among toprcs taken trom

elementa‘ functlonal analysrs and

i

.ometry, differential equations for fluids, spéctral theory
theory and statis-

topics each semester course is offered (SP)

191, Experrmental Courses in Mathemaucs (1-4)
~ Course may be repeated for credit. Hours to be ar-
_ranged. Prerequiisites: Consent of instructor. The top-

Ics to be covered and the method of instruction to be

" used will be announced at the beginning of each
semester that such courses are offered See depart-

menlal bulletins.

! ls (4) Three

_ hours of lecture per week. Prerequisites: 104. Analytic

_'funoﬁens ofa oomplex variable. Cauchy’s integral the-
‘orem, power series, Laurent

195. Special Topics in Mathematics. (4) - Course -
may be repeated for crecit. Hours o be arranged. Pre- .
requisites: Consent of instructor. Lectures on special

 topics, which will be announced at the beginning of

each-seméster that the course: is offered.

196, Honors Thesis. (4) Course may be repeated for

credit. Hours to be arranged. Prerequisites: Admission
to the Honors Program; an overall GPA of 3.0 and a
GPA of 3.30 in the major. Independent study of an ad-
vanced topic ledding to an honors thesis. (F SP)

199. Supervised Independent Study and Research.
(1-4) . Hours to be arranged. -Must be taken on a
passed/not passed basis: Prerequisites: The standard
college regulatrons forall 199 courses. (F,.SP)

Graduate Courses

2024, Introduction to Topolegy and. Analyers. @)
Three hours of lecture:per week. Prerequisites: 104
and 110, General topological spaces. Metric spaces.
Compactness and connectedness. Theorems of Ty=
chonoff, Urysohn, Tietze.. Baire category theorem.
Function spaces. Arzela-Ascoli and Stone-Weierstrass
theorems. Introduetion to linear topological spaces.
Banach and Hilbert spaces. Banach-Steinhaus, closed
graph theorems. Convexity. Hahn-Banach: theorem.
Waak ‘and weak-" topologies: Banach-Alaoglu theo-

 rem: Krein-Milman theorem. -Additional toprcs-seleoted

bythe instructor. (F, SP)

“202B. lntrodueﬁon to Iopology andAnalysis. (4) '

Three hours of lecture per week. Prerequisites: 202A.
Measure theory and Lebesgue integration. Cor

or-
- gence theorems. e spaces. Product spaces; Fubini

type thédrems. Signéd measures. Hahn and Jordan

. decomposition: Radon-leodym theorem. Integration

on the line and in R". Differentiation of the lmegfal
Fourier fransform. Duamy,me dual.of [Px Measures in

, locally compact spaces, the'dual of C(X). Additional

topics.chosen may include compact operators, spec-
tral theory 6f compact operators. Applneatron to rmegral
‘equations. (F, SP) o

204A-204B. Ordlnary and Part!al Dfﬁerentxal Equa- :
tions. (4;4) Three hours of lecture per week: Pre-

requisites: 105 and 185 or consent of instructor, Fun-
- damental existence theorem for ordinary ditferential

equations. Properties of linear systems with constant.
and periodic coefficients. Sturm-Liouville lheory, Poin-
care-Bendixson Theorem. Cauchy-Kowalewski theory

 for systems of partial differential. equations. Initial and
_ boundary value problems lor ellrptlc, parabollc, and
_ hyperbolic second order eq

ns. Nonlrnear equa-
tions.and syste S, Sequence grns Fall,

Complex Vanable l

‘k (4) Three hours of lecture | ‘per week. Prerequisites:

185. Normal families. ‘Riemann Mapping Theorem. Pi-

card’s theorem and. related theorems. Mulhplevalued

analylro functlons ‘and Riemann surfaces. Further top-

.. ies selected by the instructor. may include: harmonic
: ‘funot:ons, eliiptic and algebraic functions, boundary be-

havior of | analytxc functions and:HP spaces, the: Fhe-

‘mann eta fu nchons, prim number theorem

~ 206. Banach Algebras and Spectral Theory (4)'
- Three hours of lecture per week. Prerequisites: 202A-
 202B. Banach algebras. Spectrum of a Banach al-

gebra element. Gelfand theory. of commutative Ba-

“nach algebras. Analytic functional calculus. Hilbert

space operators. C*-algebras of operators. Commu-

tative C*-algebras. Spectral theorem for bounded self- -
_ adjoint and normal operators (both forms: the spectral.

integral and the “multiplication operator” formuiation).

. Riesz theory of compact operators. Hilbert-Schmidit
_ operators. Fredholm operators. The Fredholm lndex

Selected addrtlonal IOplcs (F)

207 Unbounded Operators (4) Three hours of lec-
 ture per week. Prerequisites: 206. Unbounded self-ad-

joint operatars. Stone's Theorem, Friedrichs exten-
sions. Examples and applications, including differential
operators. Perturbation theory. Further topics may in-
clude: unbounded operators in‘quantum mechanics,
Stone-Von Neumann Theorem. Operator sernigroups
and evolution equations, some non-linear opérators.
Weyl theory of defect indices for ordmary drfferentlal
operators.

*meessor in the Graduate School
$Recipient of Distinguished Teaching Award
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209 Operator Algebras. (4) Three hours of lecture‘ .

per week: Prerequisites: 206. Elementary C*-algebra
theory Connections with' group representations. Ba-
sic von Neumann algebra theory. Density theorems,
normal states; traces. Further topics may include: ba-

Sic K- theory of G*-algebras, applications to physics
such asthe S‘lonewon Neumann theorem. automor-'

_phism groups, "-dynamical systems.

211. Mathematical Theory of Fluid Mechanics. @)

Three hours of lecture per week. Development.of the

_ fundamental equations describing the behavior of fluid
contiriuum folfowed by the treatment of special loplos
selected to exhibit different physicat situations, ana-
Iytical techniques and approxrmare methods of ‘'solt-
tiors.

mz.v&wmr Complex variehrés‘

mains: ofholomorphy. Hartogs’ phenomenon, pseudo
* convexity and plurisubharmonicity. The remainder of

the course may treat either sheaf cohomology and *
Stein’ rmanifolds; or the theory of analytrc subvanetles )

and: spaces.

214, Diﬁerentlable Manifolds. (4) Three hours oflec-
ture per week Prerequisites: 202A. Smooth manifolds

and maps, tangent and normal bundles: Sard's the
rem and transversality, Whitney embedding theorem.
Morse: funohons differential forms, Stokes' theorem,

Frobenlue theorern Basic degree theory. Flows Lxe,, ,
o terizatlon of dasees cloeed under algebraic operan NS,
: oth-~ le

‘ ) g .
ing spaces, srmchral«and srngular homology eory

‘with applications, cohomology theory, duality theorem.

Homotopy theory, fi ibrations, relations betwsen ho-
motopy and homology, obstruction theory,and lopics
from spectral sequences;’ cohomology operanons, and.
charactenstlc classes. Sequence begms fall

219, Ordlnary leferentlal Equatlons and Flews. (4)
Three hours of lecture per week. Prerequlsnes' 214,
Ordinary differential equations, Diffeomorphisms and
flows on manifolds. Stable manifolds, generic prop:
emes, structural stabrlrty Speclal topics: selected by the !

trices, nonl‘near equatlons and
tlons F)

-Three hours of lecture per week Prerequlsr.ﬂes.
2028;
value problems for hyperbolic, parabollc, and elliptic

partial differential equations, with empHasis on non-
linear equauons, More general lypes of equalxons and

. cal Scienm (4; 4)Three hours of
: Prereqwsrtes 110 TO4&nd185 or

-~ lecture per week. Prereqwsrtes'fZSBand 135. Mera -
- mathematics of predicate logic. Completeness and -

compactness theorems. Interpolation theorem, de-

- finability, theory of models. Metamathematics ofnum-

_ber theory, recursive functions, apphcahons to tnith

and provablhty Undecudable theones Sequence be-k:

gins fall.

226A. Abstract Machlnes and Languages. (4)
- Three hours of lecture per week. Prerequisites: 135;

114 or 113 and 110. Finite state automata, regular
sets, Turing machines, recursive functions, decision .

 Three hours.of lecture per week: Prerequisites: 2258,

)" Three hours of' o
lecture perweek, Prereqursﬁes 185 and 202A-2028
or their equrva/enrs Power series developments. do-

5. The theory of initial value and boundary -

problems. :Context- free languages, . pushdown' au- _

tomata, - amblgurty, special families. of Ianguages
Ppower series in non«:ommutmg variables. i
2288 Semlgroups and Machmes. o Three hobrs
of lecture per week. Prereqursiles - 2264 or consent of
instnuctor. Semigroups, wreath prodtcts, prime de-

_ composition theorem, application to finite state ma-

chmes algebralc theory of complexrty
227A-227B. Theory of Recursive Functlons. (45 4)'

‘Recursive and recursively enumerable sets of natural

_ numbers; characterizations, significance, and classl-
fication. Relativization, degrees of
) curslon;theorem Constiuctive ordinals, the hyper-
~ arithmetical; and analytical hierarchies, Recursive
'DbjEGtSrOf |gher1ype Sequence begms fall

olvability. The re-

228A-2288

Prerequisites: 128A. Ordrnary differential equations:
Runge-Kistta and predictor-corrector methods; stability

theory, Richardson extrapolation, stiff ‘équations,
_ boundary value problems. Partial differential equa-

tions: stability, accuracy:and convergence, Von Neu-

- mann and CFL conditions, finite difference solutions of
. hyperbolic and parabolic equatrons Finite dlﬁerenoes .

and finite element solution of elllptrc equatlons

228, Theory Modelé: (41} Txoe havrs of lechirs
per.wesk. Prerequisites: 2258. Synlacllml charac-

 235A-235B. Theory ‘of Sets (4,4) Three hours of
 lecture per week, Prerequisites: 125A end 135, Ax-
lomatic foundanons ‘Operations on-sets and relations.
: lmages and set functions. Ordenng, well-ordéring; and
 welH founded relations; general principles of induction
_and recursion. Ranks of sets, ordinals and their arith-
_metic. Set-theoretical equrvalence, similarity of refa-
tions; definitions by abstraction. Arithmetic of cardinals.
_ Axiom of choice, equrvalent forms and. oonsequenoes

Sequence beglns fall.

236, Metamathematles of Set Theory (4) Three
; fleprure per week Prerequ/s/res 225B and;
: it

i g )

; '~pleteness. curvature, ﬁrst and seoond vanauorrs ofarc
_ length. Additional topics such as the theorems of My-
ers, Synge, and Cartan-Hadamard, the second fun- -

~ damentalform, convexity and rigidity of hypersurfaces

in Euclidean space, homogeneous manifolds, the,

- Gauss-Bonnet theorem and charactensnc classes.
| SP) -

;‘241 c:ymplex Manﬂolds (4) Three hours of lecture

K. perweek. Prereqursiras 214 and 215A. Riemann sur-
faces, divisors and line bundles on Riemann surfaces,

 sheaves and the Dolbeault theorem on Riemann sur-

 faces, the. olasslcal Fhemann-Floch theorem, theorem

\ .G ) r 259 Transformatlon Groups (4) Three hours of lec-

i " _ ture per ‘week. Prerequisites: 215A and. 214. Topo-

jtional topics such as Kodalra S vanrshmg theorem

Lefschetz hyperp 2 erheorern, (SP) , .

245A-2458. General Theory of Algebraic Struc-
tures. (4;4) Three hours of lecture per week. Pro-

requisites: 113 and 135. Structures defined by.oper-

ations and/or relallons, and their homomarphisms. -
Classes of structures determined by identities. Con-
 structions such as free objects, objectspresented by

generators and relations, uliraproducts, direct limits. -
~ Applications- of general results to groups, rings, lat-

tices, etc. Gourse may emphasize study of congru-

~ ence- and subalgebra-lattices, or category- theory and
. ad]om( functors or other aspects

Numerlcal Solution of. leferemlal -
- Equations. {4;4) Three hours of lecture per week.

. theory, zeta-fnctions and L-series, d‘s!rlbution of -

2504, Groups, Rings, and Fields. (4) Three hours

of lecture per.week. Prerequisites: 114 or consent of

instructor. Group theory, including the Jordan-Holder
_theorem and-the Sylow theorems. Basic theory of

rings and their ideals. Unique factorization domains
and principal ideal domains. Modules..Ghain condi-

_ tions. Fields, including fundamental theorem of Galois

theary, theory of finite ﬁelds and transcenderice de-
gree. (F)
2508B. Multilinear Algebra and Further Toprcs 4)

- Thiree hours of lecture; per week. Prerequisites; 250A.

Tensor algebras and-exterior-algebras; with applica-
tion to linear transformations. Commutative'ideal the-
ory, localization. Elementary specialization and valu-

ation theory. Related topics in algebra. SP)'
251, Ring Theory. (&) Three hours of lecture per

week: Prerequisitos: 250A. Topics such as: Nosthe-

‘rian rings, rings with descending chain condxtlon, the-
-ory of the radical, homologlcal rnethods. o

252, Representation Theory (4) Three hours of lec-
* ture per week. Prerequisites: 250A. Structure of finite

dimensional algebras, applications to representations
of finite groups, the. classl(:al‘llnear'groups F) .

253, Homological Algebra, (4). Three hours of fbe..
ture per week. Prerequisites: 250A.. Modules over a

1ing; Homomorphisms and tensor produets of modules,
 functors and derived funr:ors, homologml dimension

of 7 rxngs and modules

quadratsc and cyclotomlc elds

primes, modular forms. quadrahc forms, dropha.rmna

_ equations, P-adic analysrs, ‘and tra.nsoendental num-
- bers Sequence begms fall.

2558-2550. Foundations of: Geometry'_(nt 4) Three
haurs of Jecture per week. Prerequisites: 1258 and
130. Historical' introduction: Primitive: terms and axioms
of Euclidean geometry. Principal consequenoes of ax-

loms; introduction to Cartesian coordinates. Com-
‘ pleteness, categoncb:y, decrdabmty,méependenoe or

axioms. Alternative systems of primitive terms and ax-
ioms. Non-Euclidean geometrles parallel development

fo Euclldean geomefry.

258A-2568. Algebraic Geometry (4.4) Th'ee hours

 of lecture per week. Prerequisites: 250A. Affine and

‘projective. algebrarc varieties. Theory of sehemee and

| nwrphlsrns of schemes. Smoothness and.differentials

in algebraic geometry. Coherent sheaves.and their co-

= ‘homology. Riemanh-Roch theorem and selecked ap-
_pllcahons Sequence begms fall .

- 257, Group Theory (4) Three hours of lecfure per
- week. Prerequisites: 250A. Topics such as: generators v
_and relations, infinits discrete groups, groups of Lie
type, permutation groups, character theory, solvable

groups, srmple groups, transfer and cohomologlcal
meth

258, Classlcal Harmonlc Analysls (4) Three hours -

_ of lecture per week. Prerequisites 206 or a basic
_knowledge of real, complex, and. Iinear ana!ysis Ba-
_ sic properties of Fourier serfes, ‘convergence and
- summability, oonjugate functions, Hardy spaces,
boundary behavior of analytic and harmonic functions.

Additional topacs at the dlscretxon of the instructor.

logical groups, Haar measure, generaf theory of topo-

logical transformation groups, the existence of slices

and applications, the Smrth theory of penod c trans-

~formations.
 260. Abstracl Harmonic Analysls. (4) Three hours

of lecture per week. Prerequfsnes 206.. Topologxcal .
groups, Haar measure, Pontryagin duality, and stric-
ture theory of locally compact abelian groups, Peter-
Wey! theorem for compact groups. Further topics may

- include finer study of harmonic analysie» on commu-
 tative groups, or else head in the direction of group

representations lor noncommutative locally cornpacl
groups.
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261A-261B. Lie Groups. (4;4) Three hours of lecture
per week. Prerequisites: 214. Lie-groups and Lie al-
gebras, fundamental theorems of Lie, general struc-
ture theory; compact, nilpotent, solvable; semi-simple
-Lie"groups; classffication theory and representation
. theory of semi-simple Lie algebras and Lie groups; fur-
ther topics such as: symmetnc spaces, Lie transfor-
" mation groups, ete., if ime permits..In view. of its sim-
plicity and its wide range of applications, it is preferable
to:cover.compact Lie groups and their representatlons
in 267A. Sequence begins Fall,

265, Differential Topology: (4) Three.hours of lec:

turé per week. Prereqursrtes 214 plus 2154 or some’

famiiliarity with algebraic topology. . Approx:mallons, de-
grees of maps, vector bundiles, tubular neighborhoods.

Introduction to Morse theory, handlebodies, cobor- -

dism, surgery. Additional topics.selected by instructor
from: characteristic classes, classification of manifolds,
immersions, e'mbeddings, singularitigs of maps.

271. Topics in Foundatlons (4) Course may.be re-
pealed for credit. . Three hours of lecture per week.
Prerequisitos: Consant of instructor.. Advanced topics
chosen by the instructor. The content of this course
changes as in the case of semmars

273. Toplcs in Numerlcal Analysis Three hours: of
*lecture per week: Prerequisités::Consent of instruetor.
- Advanesd topics choseri by the instriictor. The conterit
of this: course changes, as in the case of semlnars
(F, SP) |

274. Toplce ln Algebra @ Course may be repeated
hours of lecture per week: Prerequi-
of instruetor. Advanced topics.chiosen

by the lnstruclor Thie content of thls course changes !

as in the case of semmars

275.- Toplos n Applled Mathematics. (4) Course :

- may be repeated forcredit. Three hours of locture per
- week; Prerequisites: Consent of instructor. Advanced

" topics chosen by the instructor, The content of this

course changes, as in the'case of semmars

276. Toplcs in Topology (4)- Course may be re-
peated for credit. Three hours of lecture. per week.
. Prerequisites::Consent of Instructor. ‘Advanced: topics
- chosen by the: instructor. The: content of this.course
.- changes, as in the case of seminars.

- 277. Topics in Drfferentlal Geometry. (4) .Course

- may be repeated for credit, Three hours.of lecture per
‘week. Prerequisites: Consent of instructor. Advanced
topics:-chosen by the instructor, The content. of this
course changes, as. in the case.of seminars. -

278. Topics in Analysis. (4) Course may be re-
peated for credit. Three hours of lecture per week.
Prerequisites: Consent of instructor, Advanced toplcs
chosen by the instructor. The content of this course
changes;as in the case of seminars..

279. Toplcs in Partial leferentlal Equatlons. Re4)

Course may be repeated for credit. Three hours 6f lec-
ture-per:week. Prerequisites: Consent of instructor.
Advanced topics chosen by the instructor. The content :

of thls course changes, asin the case of semnnars
280A-2803 Matmmaeeal Theory of Relatxvﬂy‘ :8)

“formulation of classical physical theories. in relativistic
form, principle of -equivalence, Einstein's ‘theory of
gravitation, astrophysical and cosmologxcal problems.
Additional t‘aplcs chosen: by the instructor:

290. Seminars. (1 6) Course may be repeated for
credit. Hours to be arranged. Topics in founidations of

mathematics, theory of numbers, numerical caleula-

tions, analysis, geometry, topology, algebra, and their
applications, by means of lectures and mformal con-
ferences; work based largely on onglnal memoirs.

(F,SP)

295, Individual Research. (1-12) Course may be re-

peated for credit. Hours to be arranged. Sections 1-30

to be graded on a letter-grade basis. Sections 31-60
to be graded on a satisfactory/unsatisfactory basis. In=
tended for candidates for the Ph.D. degree. (F,SP) -

consent of instructor, Speclal 'theory of relativity. re-

' George C. Johnson,

*299. Reading Course for Graduate Students (1-6)
‘ Course may be repeated for credit. Hours to be.ar-

ranged. Sections 1-30 to be graded on a letter-grade
basis. Sections 31-60 to be graded on a satisfac-
tory/unsatrsfadarybasns Investigation of spec:al prob-
lems under the direction of members of the deparl-

_ment. (F,SP)

600. Individual Study for: Master‘s Students. (1-6)
Course may be repeated for credit. Course does not
satisfy unit-or residence’ requirements for master's de-

; gree: Hours to be arranged. Must be taken on a sat

rsfactary/unsat/sfactary basis: Prerequisites; For.can-
didates for master's degres. individual study for the
cothprehensive or languags requirsments in consul-

tation with'the field adwser (F;SP)

Professional Courses

300, Teaching Workshop. (3) Two hours of lécture

per week, plus class visits. Must be taken on a satis-
factaly/unsatlsfacrory basis. Mandatory for all gradu-
ate student instructors teaching for the first time in the

'clepanment The course consists of practice téaching,

alternatives to standard classroom. methiods, guided
greup and- Self- -analysis of wdeotepes reciprocal class-
llaﬂOns, and an lndlvldual Pproject. (F SP)* !

: 301 Undergraduate Mathematies lnstructlon. (1-2)
: o . Thiree h

standing and atleasta B average ‘in two' semesters of

- caleulus. Apply-at Student Learning Center. May-be

ssion: ofiinstructor.

taken for-one unit by special per

Tutoring at the Student Leamiing Center or for the Pro-

fessional Developmem Pregram (F,SP)

- Other Departments and Groups wrth Re/ared
: Programs i

Biostatistics .

Electrical Engineering and: Computer Sclences o

Industrlal Engmeermg and Operatlons Flesearch
Logic and the Methodology of Science - -

: Science and Mathematlcs Educatlon

Statlstics

Mechanical
‘Engineering

(College of Engmeermg)

Department Office: 6169 Etcheverry Hall 642 1338
Chair: David B. Bogy, | Ph ; :

 Professors;

Alice'M. Agoglno. Ph D. Stanford Umverslty Decision and
expeit.systems

-David M. Auslander, Sc.D. Massachusens Institute of

Technolo%y Dynamic systems, automatic.controls -
aStanley A. Ber er. Ph.D: Brown'University: Fluid mechanlcs
avid B.-Bogy, h D. (William'S. Floyd; Jr., Protessor of
- Engineering) Brown University: Elasﬂclty, plasticity, -
computer mechanics S 2o
VanP. Carey {Vics Chatr) Eh D. State-Uriiversity of New -
- York-Buffalo. T phase systems, - - .
thermophysics of phase-change processes
James Casey, Ph.D. University of California, Berkeley
Continuum mechanics

g Phllllp Colella, Ph.D. University of Callforma, Berkeley Cem-

gutahonal fluid dynamics, scientific oomputmg, fluid

HanyShamn, Ph.D. Unlverslty of Callfemla. Berkeley
Composite materials

Robert'W: Dibble, Ph.D: Umversrty of Wlsconsm
‘Combustion, gaed riam|

Davrd A, Dernfe , PhiD. (Drrecror Englneenn%Sysrsms

Cer‘rler) Uni ity of Wiseansin:

processes robotics

Carlos Femnandez-Pello, Ph D. Unlversz!y of Callfomla at
San Dle,?o Combustion, heavy and condensed fuels

Ralph Greif, Ph. D Harvard Umversnty Thermal radiation,

e chang
Ka‘r)l J. Hedrlck (Vice Chair) Ph D. Stariford University.
Control'systems, transportation systems
Roberto Horowitz, Ph.D. niversity of California, Berkeley.
Automatic contral ;ystems design, robotics
h.D. Stanford University. Ultrasonic

stress evaluation
Phillp Marcus; Ph.D. Pnnceton University. Computatlonal
fluid dynamics.

" Masayoshi-

- Frank E. Hauser, Ph. D, (1

.TRoben F. Steidel, Jr D.Eng.

- Stephen Morris, P

~ Lsa A. Pruitt, Ph,

anufadunné

tClayton D. Mote, Jr., Ph.D., (Vice Chancellor and FANUG

" Professor of Mechariical Systems) University of .
California, Berkeley. Dynamics, biomechanics

Patrick-J. Pagnl Ph.D. Massachusetts Institute ol
Technology. Combustion phenomena

Albert P. Pisano, Ph.D..Columbia University. Computer—
aided design, design optimization -

Boris'Rubinsky, Ph.D. Massachusstts Institite of
Technology. Heat, mass transfer, c?ropreservatmn

*Robert F, Sawyer Ph:D. (Class of '35 Professor of Energy)
Pnnceton University. Combustion, fossil-and symhetlc

Chang -Lin Tien, Ph.D: (Chancelforand A Martln Berlln
Professor of Mechanical Engineering) Princeton -
University. Heat and mass transfer -

omrzuka. Ph.D. Massachusetts lnsmute of

Technology. Automauc oontml syslems. robotlcs and

menufactunn%
Kent:S. Udell, Ph.D. Unlversny of Utah. Heat transfer, .

geothe rmal ene rg
Paul K. Wright, Ph.D. University of Birmingham.
Manufacturing processes, automation

Cyril P, Atkinson, M.S. M.E. (Emeritus) '

Gilles M. Corcos, Ph.D. E(Emenrus)
Israel |. Comet, Ph.D. (Emeritus):
Don M. Cuniningham, M.S.. (Emeritus)
E. Paul DeGarmo, M.S. (Emeritus)
lain Finnie, D.Sc., Sc (T'he Flfe Professor Emerrtus)
Joseph Frlsch M:S. :
Werner Goldsmlth P E{ mentus)
meritus)
Maurice Holt, Ph.D. (Emeritus) .
Chieh S: Hsu Ph:D. ’4 mer/tus)
Franklin-C. Hurlbut h.D. (Em:

Shire Kobaygshl PhiD. FANUC Professor of Mechanical
. AlanyD K. Laird, Ph . (Emeritus). -
Edmund V. Laitone, Ph.D., ‘Emeritus)

George Leitmann, Ph.D. (Hescoe and E/:zabeth Hughes
‘Professor of Mechanical Englneerlng Emeritus)

s GeorgeJ Maslach, BS. (Emerlrus)
- -Antonl K. Oppenheim, Ph:D,
ctor, as well as sophomore <

, D.Sc. (Ememus)
marius) -

M.E. (Emeril
S, .D; (hon) (Emarltus)

melen‘us)

- Ph.D. (Eni
Fredenick S Shennan Ph:D..

_Wilbur H. Somerton, Pet.E. (Emeritus)

Walter W. Soroka, Sc.D. (Emeritus)’
(Emeritus)

Yasundo Takahash Ph D. (Emeritus)

- Lawrenoe Talbot, Ph.D. (Emantus

Herman Thal-Larsen, M. S mentus)
Erich G. Thomsen, Ph.D. E_mentus)
George J. Trezek, Ph.D. (Emeritus)
D. Roger- Willls, Ph D, (Emeritus)

Associate’ Prefessors

_ Juh-Yuan Chen, Ph. D. Comell Unrversny Turbme :

combustion; chiemical kinetics,-numerical simulation
CostasGrlgoropoulos Ph.D. Columbla Unlversrly Heal
transfer; laser materials processi
Homayoon Kazerooni,.D.Sc. Massac!
Technolog Mechatronm robotics *
Kyriakos Komvo_lpoulos. Ph.D. Massachusstts Institute of
Technolt rlbolﬂgy, contact mechanics, mechanlcal
behavior of materials -
TDenms K..Lieu, D. Eng. Unlyersny of Calllornla Berkeley
Hi h speed electromechanlc devices -
Fal h:D. Cdlifornia Institute’of Technology. Mechanlcal
vrbratlons anal%sls and skmulation of random:! systems
D. Johns Hopkins: Unlverslty ¢
ecphy’slcal fuid dynamics
‘tAndrew Packard, Ph.D. University.of Califoria, Berkeley
‘Automatic coritrol systems, mechanical sy stems
Kameshwar Poolla, Ph.D. University of Flo da at-
. Gainesville. Dynamic systems, dutomatic controls

usetts lnstltute of

; Omar Savas, Ph.D. California Institute of Technology.

jnamics, boundary layers, combustlon rotatlng
“flows, turbulence ~ °

Asslstent Professors:
Tony Keavery, Ph.D. Cornell Umversny Bromechanlcs,
mechanical behavior of borie fissue’ - i
Dorfan Liepmiann, Ph.D.. University of California, San Dlego
Classical fluid dynarnics, bio-fiuid mechanics - -
Oliver M. O'Reilly; PH.D..Cornell, University. Nonlinear. .
dynamics with applications to continuum mechanlcs :
Panayiatis Pdpadopoules; Ph.D. Univerity-of California at
‘Berkeley. ComB utational meehanics, solid'mechanics -
Brown University. - arial scierice: and
engmeenn , polymeric matrix composites®
Paul Sheng, Ph.D. Massachusatts lnsh'cute ol Technology
Manufactunng, laser machlnmg ;

Professors:
Harry B. Skinner, Ph.D., M

" Kurt’S. Spiegler, Ph.D. (&n Hesldence) (Ementus)

Lawrence Stark, M.D.

-Ad[unct Professor:
Gary T. Chapman,-Ph.D.

meritus)

‘Mechanical Engineering includes the seience and
art of the formulation, design, development, and

" control of systems and components involving ther-

modynamics, mechanics, fluid: mechanics, mech-
anisms, and the conversion of energy into useful
work. The mechanical engineer needs a thorough
preparation in mathematics, physies, chemistry,

“Professor In the Graduate School
{Recipient of Distinguished Teaching Award



