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Mathematlcs
‘ (College of Letters and Sc1ence)

| Department Office: 970 Evans Hall, (510) 642»6550

University Professor

_ Alexandre J. Chorin, Ph.D. New York University. Apphed
mﬁE;emaﬁcs, turbulence, numerical methods, nonlinear

Professors

David Aldous, Ph. D. Unrversrty of Cambrridge. Theoretical
and applied probability

Robért M Anderson, Ph.D. Yale University. Mathematical

| economics, nonstandard analysis. probability theory

| William B. Arveson, Ph.D. University of Califomia at Los
Angeles. Functional analysis, operator-aigebras.

George M. Bergman, Ph.D. Harvard University. ksoorahve

rings, universal algebra and category: theory °

counterexamples
Richard E. Borcherds,-Ph. D Trinity Coilege. bndge Lre
algebras, vertex al%ebras. automorphic form: ,
Paul R, Chernoff, Ph.D. Harvard' University. Functronal o
analysis, operatortheory
F. Michael Christ, Ph.D. University of Chicago. Harmonic
analysis, pama! differential equanons. oomplex analysis in
| several variables
- Robert F. Coleman, Ph.D. Princeton Unlversrty P-adlc
- analysis and algebraic geometry.
- James W. Demmet, Ph.D. University ofCalrfomra, Berkeley
Numerical analysrs. high performance computing
Lester E. Dubins, Ph.D. University of Chmgo Probabrhty,
gambling theory; geometry: :
David Eisenbud, Ph.D. University of Chicego Mgebrajc
geometry, commutative algebra, computation %
L. Craig Evans, Ph.D. University of California at Los
Angeles. Partial differential equations .~
.. Steve Evans; Ph.L n:versrty of cambndg P
| stochastic processes %
David A. Free Ph.D. Prir
i ofstatisties - |- .o 0
Edward?Frenkrl. Ph.D. Harvard University.

i S o
* Symplectic and contact: geometny singulanty eory,
| _.mathematical physics i
F. Alberto.Grinbaum, P!

. Mark Haiman, Ph.D. Ma:
Algebra,. cpmbrnatorfcs, algebra: geom

Mariusz Wodzrckr P

- Maciej Zworskr, Ph D.

" William G. Ba

. 'Gebrl{ard Debreu: (Emeritus)
- Stephen P. L. Diliberto (Emerfius), Ph

| dacod Feldman (Emeritus); Ph.D. Univers
. rg odic theory, stochastic processes
~ David Gale: (Emem‘us), Ph.D. Princeton Unrversity

John Strain, Ph.D. University of California, Berkeley. Applled
-mathematics, numerical analysis, fast algorithms,
materials science

Bemd Sturmfels, Ph.D. University of Washmgten Seattle.
Combi , CompL al algebraic geometry -

Daniel Tartaru, Ph.D. Unrversity of Vrrgima, Charlottesvrlle
Partiai differential ecg:u

Dan-Virgil Voiculescu, Ph.D. Umverstty of Bucharest.
Operator a!%ebras

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

John B. Wagoner, Ph.D. Princeton University. Dlﬁerential
topology, algebraic K-theory, dynamical

2 systems
Alan D. Weinstein, Ph.D. University of Califonia, Berkeley.

mathematical physics
Steklov: Mathematical Institute.
Noncommutative and algebraic geometry, analysis, K-

theory
W. Hugh Woodin, Ph.D. University ot Calrfornra Berkeley
Set theory, Iarge cardinals
Hung-Hsi u, Ph.D. Massachusetts Institute of Technology.

Riemannian g: % ﬁlex manifolds
ssachusetts institute of

. Linear partial differential equaﬁons
_ microlo analys &

John W. Addison, Jr. {Emerdus) Ph.D: Unrversxty of
Wisconsin, Theory.of definabillity, descriptive set theory,
-model theol 3'8 recursive function theory

(Ementus) Ph D. Unrversrty of Calrfomra at

Los Angeles Ft Banach

Symplectic geome
h

. Technol

0 ) Ph.D. M
lnstltute of Technology. Combinatorial gametheory, Lo
al?ebrarc coanQ theory, electrlcal engineerrng. computer

David H. B¥ackwell (Ei ), Ph.D. Uni
Urbana. Set theory, recursive functions, measure theory,
_ stochastic processes, game theory, | informatmn theory,
_ linear programming

rsity of llhnoxs.

_ PaulL. Chambré (Emenrus) Ph.D. Umversrty of Canforma,

_ Berkeley. Applied mathematics.

* Shiing-Shen Chem (Emeritus), D.Sc., L D. University of

‘Hamburg. D.Sc. University of Chica (,? LL.D. Chlnese
: Unlversrty of Hong Kong. Differentia and mtegral ’
eomeﬂy topology
2 O, Cordes (Emen?us) Ph D.

Unrversrty of Goﬂingen ]
Classiml analysi:

c. Uniy ersrty, of‘Pans.k
athematical economics e

Universi (Drcfmryd?ﬁerenhai equation celeshal

Mathematbal ‘economics:
{Emenitus), Ph.D. Harvard Unlvershy

TOIegI: Hald, Ph:D. New York University. | i
i assachusetts Institute of

“Harmonic analysis, function the

jucation

Leo A, Hamngton Ph.D. A :
Technology: Recursion theory. el theory,. set meory
Jenny C. H t i?htt,h ,’u, )
systems int tegration. eory. . ; :
Robe Ph.D. P inc f Uni 'erty Algebrarc
Vaughan ‘Fr:yR Jones. Ph.D. Docteur es Scaences School ot
.. Math Geneva. Von Nel inalgebras
| eram M Kahan, Ph D. University of Toronto. Efror
| cor computers, ",. .
Iarge matnces trajectol problems ; -

i vTchhaxd M.. Karp, Ph.D. Harvard Umversrty Computer
| science and bioengineering
| Robion C. Krrby, Ph D. Unrversrty of Chrcago Topok)gy of

~_manifolds
. Michael J. Ktass Ph D: Ui versrtyofCaHfornia at Los
Angeles.. Probabﬂn'y theory, combinatorics
Tsit-Yuen Lam, PH.D. Colum Sia University. Algebra
. Hendrik W. Lenstra, Jr., Ph.D. University ofAmsterdem
' Algebraic number thaery, algorm';ms ,
€. Keith Miller, Ph.D. Rice U
~_ equations, numencal methu
Calvin C. Moore, Ph. D. Harvard U
' and actions of t era tor

. an
Morris W. Hirsch: (Emerlrus) Ph.D. Unrversny of Chlcago

- Dynamiical systems, nevral networks, stochastic
" approximation
Gerhard P. Hochschild (Ementus), Ph.D. Pnncelon
g!nivgrsﬁy Lie groups, algebraic. groups homological
gebra
Wu-Yi Hsiang (Emeritus),:Ph.D. Pri
_ Transformation goups drﬁper:entral geom
D. H

lrvlng Kar

L lnrversrty

d Unrve rsity.

Washington, ggfamm&d geomeﬂ’y, Hiemannran and

~ complex manifoids, several comKlex variables

R. Sherman Lehman (Emenxus} D. &am’ord Unrversfty
Number theory, numerical ana

1S
- Jerbr;?ld E. Marsden (Emeritus), | Prl\y?) Pnnceton Unrversrty

control the

applied.dynami eory
cKpp Emenitus),

. L‘ i : : :
. Andrew P, .Ogg (Emeritus), Ph.D. Harvard Unrversfty

Numbertheory, ellr tic curves, modular forms !
N. Parlett (Emeritus), Ph.D. Stanford Umversﬁy

_John C. Neu, Ph.D. Calrfomra lnsﬁmte of Technology
Applied. malher tics :
Arthur E. Ogus,
: geometry .
Andrea Okounkov, Ph. D Mosoow Staie

Representation theory, combinatorics
".Yuval Peres, Ph.D, Hebrew Umvenety Probabi
-and Hausdorff dimension .
James Prtman. Ph D Shefﬁeld Umvemty

| CharlesC P h PhD Johns Hopkins Unrvarsrty Global
theory of d erential equations =~
Marina Ratner, P| Moscow State Unrversrty Ergodic

- Nrcola%&sheﬂkh n, Ph D S’(eldov ‘nsmute. Mathemaﬁca!

d

physics, low-di nenslonal topology, repgsemailon theory
i o

‘Kenneth A. Ribet,: Ph.D. Harvard Univi Algebraic
_number theory,
Marc A: Rieffel, Ph.|
harmonic analysis,
~ Donald E. Saraso
~ function theory, operator theory i
Vera Serganova, Ph D Lenmgrad Umversrty Supe
~ representation th . .
James A. Sethian, Ph D Umversﬂyo of California, Berkelay.
Applied mathematics, computatl nal physlcs pamal
| differential equations | :
. Christina Shannon, Ph.D. StanfordUnrve:s Econ
theory, mathematical economics z
Jack H. Sliver, Ph.D. University of Cahforma. Berkeley
~ Mathematical logic, theory of sets.
' Thaodcre Siaman Ph.D. Harvard University. Hecursron

, John Steel Ph.D. .Unrversrty of Califoria, Berkeley Set
!heory, descnp tive set \heory, ﬂne structure

B prefix=language course for busin%s ma]ors -

C pretix=cross-listed course
H prefix=honors course :

Isadore M, Singer (Emeritus),

y _P.Eme

“Numerical analysas scientific com,

Murray H. Protter (E’menfus) Ph.D.
differential equations

John L. Rhodes (Ementus) Ph D Massachuseﬂs Insﬁtute of
: logy. Algebra, semigroups, autol

ierftus), Ph.D. Syraeuse Unrversrty

. Belativi rra!hemaﬁcal biology
Ichiro Satak

(Emeritus), Ph.D. Umversrty of Tokyo
hic functions .
h.D: University of Chicago,
~ Dr. Sc. Tulane University. Geomatry. partial diﬂerenual
uations, physies.
phen Smale (Emen?us) Ph D. Umversrty of Michigan. Dr
,s¢ University. ¢ fWamn: gonthms numerical analysis
obal analysis
Ro rt M. Solova (Emenrus) Ph.D: Umversrty ot Chlcago
‘Mathematics of set theory, large cardinals
John R. Stallings (Emeritus) Jr Ph.D. Prlnceton University.
cpolo%ogrou ptheory
mas (Ememus) Ph; Pnnceton Unrversny
Numberlheo . diophantine equations
Dlgh A. Wolt E’rrmritus), Ph.D. University of Chlcago
erenual geometry, lie groups, harmomc anaiysis

metric spaces, automo

: Assodate Professors o
{ ,Mlng Gu, Ph.D. Yale Unrversrty Numencal Iinear algebra,

_ scientific computing

. B)om Poonen, Ph.D. %nrversnty of Cahfomra, Berkeley

Number theol , algebraic geo

: Fraydoun Rezakhaniou, Ph.D. Newt‘rivork Unrversrty

Probability theory, partial dtrferentra( equatrons

: Assistsnt Protessors ;

Tom Graber, Ph.D.. Umversrty 01 Carnfomra Los Angeles
Algebralc geomelry

R preﬁx-course sausf‘ es R&C requrrement
AC suftix=course satisfies Ameﬁcan cultures
requrrement

' 'Leoné&. Herkin mentusz Ph.D. grr!{nceton Unwersrty. Logic

h.D Umversny ofCoForado -

|

Michael Hutchings, Ph. D. Harvard Unwersity Low
dimensional and symp topology, g Yy’

_ Allen Knutson, Ph.D. Massachusetts Institute ofTechnology

Symplectic geofnetry and combinatorics

Ai-ki Liu, Ph.D. Harvard University. Algebraic and differential
geometry, symplectic topelogy

Lior Pachtor, Ph.D. Massachusetts Institute: of Technology.
Applications of statistics and combinatorics to: problems in
biology

Thomas Scanlon, Ph.D. Harvard Unrversrty Maodal theory
and applications to number theory

 Adjunct Professor o

Paul Concus, Ph.D. Harvard University. Fluid dynamics,
numerical analysis, applied mathematics -

Affiliated Professor

Alan H. Schoanfeld (Education), Ph.D. Stamord Unlversiry
Psychology. of problem solving

Professor-in-Residence
Grigory Barenblatt, Applied mechaniw mechamcs of solids

The Major Progr_ams

The department offers undergraduate major pro-
grams in mathematics and applied mathematics

_ leading to the B.A. degree. These programs pro-
vide excellent preparation for advanced degrees in

math, physrcal sciences, economics, and industrial
engineering as well as graduate study in business,
education, law, and medicine. They also prepare
students for post-baccalauréate positions in busi-

_ ness, technology, industry, teaching, government,

and finance. The requirements for both majors are

_ summarized below. More detailed information is

given in the “Undergraduate Handbook,” available
from the undergraduate advising office in 965

~ Evans Hall and at hitp:/math. berkeley edu/un-

dergrad/announcement html. -

| General Major Requirements. Both major pro-

grams require a lower-division base of Mathe-

matics 1A-1B and 53 and 54. Courses 16A-16B

are not an acceptable alternative. Math 1A-1B

. must be completed with average grades of C or
 better; Math 53 and 54 must bé completed with

minimum grades of C in each. Transfer students

"} should contact the undergraduate adviser in-965

Evans Hall about requirements for admission'to the

major. Eight upper-division courses are required for ° »

either major. Specific course’ requrremems follow.

| Major in Mathematics. (a) Four core courses 104,

110; 113 and 185; (b) two semi-electives: select
one course from each of two of the following three
subject areas: |. Computing (128A); . Geometry
(130, 140, 141, 142); lll. Logic and foundations
(1254, 135); () Two upper division math electives.
With the approval of the major. adviser, students

§ may count two mathematrcally theoretical courses
* }in computer science, statistics, physrcs, astronomy,
‘mathematical economics, or other sciences foward

requrremenfs for the major m mathematics

i MaorinAppliedMaﬂaemaﬂcs. (a)104 110, 113

128A, and 185; (b) Three additional upper division

{ courses, approved bya ma;or adviser, which form

a coherent cluster in some applied area such as
actuarial science, biophysics, classical mechaniés,
computer science, decision theory, economics,

fluid mechanics, geophysics, mathematical biology,

numerical analysis, operations research, probabrhty

. theory, quantum mechanics, systems ?heory Many

other clusters are also possrble.

Honors. Program. In addition to; wmpie’ang the re-
quirements for the major in mathematrcs or applied

_ mathematics, students in the honors | program must

(a) eamn a grade-point average of at least 3.5 in up-

 per division and graduate courses in the major and -

at least 3.3 in all courses taken at the University:
(o) complete course 196 in which they will write a

_senior honors thesis, or pass two graduate math-
~ ematics courses with a grade of at least A-; (c) re-

ceive the recommendation of therr major adviser.
Students interested in the honors program should
consult with their major adviser early in their pro-
gram preferably by therr junior year.

“Professor of the Graduate School
“tReclpient of Distinguished Teaching Award

oy
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. threg of the ﬁve courses must be cempleted at'_
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Undergraduate Research Seminar. Math 191 rs

intended 1o initiate undergraduates into the re-
search experisnce. This small seminaris ledbya .

ladder-rank faculty member, and toplcs vary-each
semester.

The Minor Program

Students i the College of Letters and Science may
complete one or more minors of their choice, nor-- .

mally in a field both academically and administra-
tively distinct from their major. The minor program
in the Department of Mathematics consists of the
following course work: ,

Prerequisites Mathematics 1A-1B and 53 and 54
(or their equivalents). These courses must be taken

for a letter-grade and must be passed wrlh average .

grades of C orbetter.

Minor Reqmremems Mathemabos 104, 110 1138

and 185, plusic one addmonal upper division math-

Berkeley

Preparatlon for Graduate Study

For more information about thls program, please

;_:!ontact the undergraduate adviser ln 965 Evans‘
all. .

Students prepanng for the Ph D. 'ln m
are strongly advised to acqulre a reading knowl--

- edge of two forelgn languages:from among French,

German, and Russian. Undergraduate students

- also often take one or more of the following intro-

-ductory graduate courses: 202A-202B, 214 225A-‘

| 2258 &SA 2288, 250A 2505 ‘ - .

HIB. Honors’r:arculus 4) Stude
) ‘ king 16B. Three hours ol ;

analyoc geometry, plus a.satisfactory grade in one of
the following: CEEB MAT test, an AP test, the

UC/CSU math diagnostic test, or 32. Consult the' math- .

ematics department for details. Students with AP credit

should. consider choosing a course mmore advanced -

than-1A. This sequence is Intended for majors in en-
gineering and the physical sciences. An introduction to
differential and integral calculus of functions of one
variable, with applications and-an mtroductlon to tran-
scendental functions. (F,SP)

1B. Calculus. (4) Students will receive 2 units of credit
for 1B after taking 16B. Three hours of lecture and two
hours of discussion/workshop péer week; at the dis-
cretion of the instructor, an additional hour of discus-

_ sion/workshop or computer laboratory per week. Pre--
- requisites: 1A. Continuation of TA. Techniques of
integration; apphcahons,of integration. Infinite. se-

quences and series. First-order ordinary differential:
equations. Second-order ordinary differential equa-

" tions; oscillation and damping; series solutions of or-

d‘mary drfferentlal equations (F SP)

lacture ‘and two hours of dlscusslon/workshop per
week; at the discretion of the instruétor, ah addmonal

hour of dlscusslon/workshop or computer Iaboratory' :
_per: week. Prerequisites: 1A. Honars version of B.
1 of 1A. Techmquesof mtegreuon, appli- -

cations. of mtegratlon Infinite sequences and series.

 First-order ordlnary differential equations. Second-or-
~ “der ordinary differential ,equauons; oscillation and
. damping; series soluhons
tions. (F)

- ‘,16A Analytlc'Geometry an !
will receive no credit for 16A after taking A, Two

hours of lecture and one hour of dlscussmn/workshop

- pery week; at the dlscretlon of the instructor, an addi-
 tional hour of lecture or discussionAwarkshop per week. -
Prereqursdes. Three years of mgh school math, in-
cluding trigonometry, plus,a satlsiecto:y gade in one.

- of the following: CEEB MAT test, an AP test, the

Graduate Programs
The department offérs the M. A degree in mathe-

- matics and Ph.D. degrees in mathematics and ap-

: plled mathematics. Detailed information concem-

S SC!EHCSS

httpd/math.berkeley.edu. u;
Math 14-1B i the caloulus sequence tendedffor stu o5

_ the sciences. The sequence is also acceptable as

| students for further courses in mathematn

ing admission, graduate student rnstructorshrps and

fellowships, and degree requrremerrts is given in

the Graduate Annduncement of the Department of  will receivé no-

‘Two hours of lecture and one hour of discussion/work-
~ shop per week; at the discretion of the instructor, an
~ additional hour of | Iecture or d|scussron/workshop per.
. Wweek. Prerequ:srres 16A. Contmuatxon of 16A. Ap-

Mathematics, which is available upon request from
the graduate office, 910 Evans Hall and at
http//math berkeley edu/graduate/graduate html .

Courses d seminars ar ‘_llsted below Morede- .
tailed - and. ‘up-tc-the‘mrnute Information on

semester offerings, . ~ - ‘
er offerings, instructors, textbooks, course o Freshman Seri l1) Coursemaybe . ed

‘~>for credit as topxc varies. One hour of seminar per

_and seminar. content, teaching and grading meth-;

‘ods, andschedulesarepostedonmemnm oor of
he- web at )

Evans Hall and are available ol

0

dents. planmng majors in mathematics, engineering,

substitute for Math 16A-16B. It is designed to prepare

o Math 16A-168 isa terminal calculus sequence m-

tended for studenls plannlng ma;orsln the life or social

Math 32 is. lntended for students who wrsh to.take
Math 1A or 16A but have not met the pre requisnes

Lower DIV:s:on Courses

“1A. Calculus. (4 Students will receive no credit for 1A
~ CEEB MAT test, math SAT, or UC/CSU diagnostic ex-

. after taking 16B and 2 units after taking 16A. Three

- hours'of Ieoture and wo hours of discussioniworkshop
per week; at the discretion of the instructor, an addi-
tional hour of discussion/workshop or computer labo-
ratory per week, Prerequisites: Three and one-half

years of h/gh school math, including rngonomefly and

_ Differential equalrons Functions of many:\ variables. ,
nconstrarned op-

- small-semmar semng Berkele Semlnars are offered
cinall campus departments al

UC/CSU math diagnostic exam, or 32. Consult the
mathematics department for details. This sequence is

_intended for majors in the life and socxal sciences, Cal-.

culus of one variable; denvatrves, definite intagrals and

_ applications, maxima and minima, and apphcauons of

the exponentral and loganthmlc functlons (F.SP)

TSB. Analyuc Geome r
credit for 168 after 1

 units after 1A,

Partial derivatives, constrarned an(
SP)

plcsr very'from de-

)
after taklng A-iB or 16A 168 and will receive 3

- units after takmg‘se Two hours of lecture and two
 hours of discussion per week, plus, at the Instructor’s
~option, an extra hour. of lecture/dlscusslon per week.

Prerequis/res Thres years of high school mathemat-
ics, plus sarlsfactory $core on one .of the following:

. ammatlon Polynomlel and rational functions, expo-
_ nential and logarithmic functions, “trigonometry and
itngonometnc functions. Complex numbers, funda-
~ mental theorem of algebra, mathematical induction, bi-

'nomral theorem senes and sequences (F. SP)

‘ordinary. dltferenual equa-

y and Calculus. (3) Students :

39. Freshman/Sophomore Seminar. Course may be

_repeated for credit as topic varies. Seminar format.”

Prerequisites: Priority given to freshmen and sopho-
mores. Freshman and sophomore seminars offer lower
division students the opportunity to explore an intel-
lectual topic with a.faculty member and a group of
peers in a small-seminar setting. These seminars are
offered in all campus: departments; topics vary from de-

‘partment to departrnenl and from semester to

semester.

48. Supplementary Work in Lower Division Math-
ematics. (1-3) Course may be repeated for credit,
Meetings to-be arranged. Prerequisites: Some units in
a lower division Mathematics class. Students with par-
tial credit in lower division mathematics courses may,

_ with consent of instructor, complete the credit under .
this headmg (F.SP)

53, Multwenable Calculus. (4) Students will feceive
1 unit of credit for 53 after taking 508 and-3 units. of
credit after taking 50A. Three hours of lecture and two
hours of discussion/workshop per week; at the dis-
cretion.of the lnstructor an additional-hour of discus-

”slonlworkshop or. computer laboratory per week. Pre-
‘requisites: 1B. Parametiic equations. and polar
_coordinates. Vectors in-2-and 3-dimensional Euclidean

spaces. Partial derivatives. Mulﬂple mtegrals Vector

- caleulus. Theorems of Green Gauss. and Stokes.

(F, SP),

H53, Honors Multivariable Calbuios. @) ek
receive 1 unit for H53 after taking 50B and 3 units af-

ter taking 50A. Three hours of lecture and two hours of
 ‘discussion/workshop per week; at the discretion of the -
'rnstructor an addmonal hour of dlscusslon/workshop»

 coordi nates. Vectors i in 2= and 3—drmenslonal Euclrdean :

spaces. Partial derivatives. Multiple integrals. Vector
calculus. Theorems of Green, Gauss and Stokes.
(F.SP) ,

53M. Multwarlable Calculus wrth computers. 163

Students will receive no credit for 53M after taking 58,-
1 unit after 50B, and 3 units after 50A. Three hours of

 lecture and three hours of discussion/microcomputer

laboratory per week. Prerequisites: 18M or 1B. This
course will cover the same topics as 53; parametnc
equations and polar coordinates, vectors in 2-and 3-di- -

mensional Euclidean spaces; partial derivatives, muk

tiple integrals; vector calculus. Theorems of Green,
Gauss, and Stokes. No pnor computer expenenoe is
necessary (F,SP) . ,

54, Linear. Algebra and leferentlal Equatlons (4)

~ Students will receive 1 unit of credit for 54 after taking
- 50A and 3 units of credit after talo g Math 50B. Three
- . hours of lecturé and two hours
ber week; at the discretion. of the instructor, an addi-
‘tional hour of dlscussron/workshopor computer.labo-

lscusslon/workshop

ratory per week. Prerequisites:

Basic linear alge-

bra; matrix arithmetic and determinants. Vector

spaces; inner product as spaces.. Ergenvelues and

: elgenveotors linear transformations. Homogeneous or-
_dinary differential equations; first-order differential =
equations with constant coefficients. Fourier seriés and-

. ‘panlal o"rfferennal equah ns. (F SP)

H54, Honors Llnear Algebra and Drfferentral Eque- o
'; tions. (4) Students will receive 1 unit for H54 after tak-
~ ing 50A and 3 units after taking 50B. Three hours of

_lecture and two hours of dlscussron/workshop per
~ week; at the discretion of the instructor, an additional

hour of drscussron/workshop or computer laboratory ,,
per week. Prerequisites: 1B. Honors version of 54. Ba- -

sic linear a.lgebra matrix arthmetic and determinants.
- Vectors spaces; inner product spaces. Eigenvalues
-and eigenvectors; linear transformations. Homoge-

neous ordinary differential equations; first-order dif-

~ferential equations with constant coefficients. Fourier -
. senes and pamal dlﬁerentlal equaﬂons (F, SP)

- BAML Lmear Algebra and Drﬂerenﬁal Equations .

‘with Computers, (4) Students will receive no credit for

- 54M after taking 54, 1 unit after 50A, and 3 units after

50B. Three hours of lecture and three hours of dis-

L cussron/mmrocomputer laboratory per week. Prereq-
- uisites: 1BM or 18. Th\s course will cover 1he same




| . Three hours of lecture and two hours of discus-

. graphs, elementary number theory, combinatorics; al-

| ~ from the time they declare the rrrajor untll the hme they
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topics as 54: basic linear algebra; matrix arthmetic and

determinants. Vector spaces, inner product spaces.

- Eigenvalues and eigenvectors; linear transformations.
Homogenous ordinary differential equations; first-order

. diferential equations with constant coefficients. Fourier
series and partial differential equations. No prior com-
puter expenence is necessary. (F,SP)

Riemann integrals. Convergerice theorems. Fourier se-
ries, L2 theory. Fubini’s theorem; change of variable.
(SP)

110. Linear Aigebra. (4) No credit allowed after com-
pletion of Math 112 or 113B. Three hours of lecture- per
week and an additional two hours of discussion at the
discretion of the instructor. Prerequisites: 54 or a
55. Discrete Mathematics. (4) Students will receive coutse with equivalent linear algebra content. Matrices,
no credit for 55 after taking Computer Science 70.
determinants.  Eigenvectors. QR factorization.

Quadratic forms and Rayleigh's principle. ‘Jordan:
canonical form, applications. Linear functionals. (F,SP)
Staff

'H110. Linear Algebra. (4) No credit alloyed after
completion of Math 112 or 113B. Three hours of lec-
ture per week. Prerequisites: 54 or a course with
‘equivalent linear algebra content. Honors section: cor-
responding to course 110 for exceptional students with
strong mathematical inclination and motivation. Em-
phasis is on rigor; deplh -and hard problsms. (SP) -

113. Introduction to Abstract Algebra. (4) Three
hours of lecture per week. Prerequisites: 54 or a
course with equivalent linear algebra conitent, Sets and
relations; The rntegers, congruences ‘and the Funda-
mental Theorem of Arithmetic, Groups and their factor
groups. Commutative rings, ideals and quotient fields.

_ The theory of polynomials: Euclidean algorithm and

- sion/workshop per week; at the discretion of the in-°
structor, an additional hour ot discussion/workshop or
computer laboratory per week. Prerequisites: Mathe-
matical maturity appropriate o a sophomore math
class. 1A-18 recommendéd. Logrc mathematical in- -
duction sets, relatlons, ‘and functions. Introduction to

gebraic structures, discrete probabillty, theory, and
statistics.. Emphasis on tepics of interest to studems in
computer science. (F,SP)

74. Transition to Upper Dlvlsion Mathematics. @

Three hours of lecture per week. Prerequisites: 53 and
54. The. course will focus -on reading and under-

. slanding mathematical proofs. It will emphasize precise

thinking and the presentation of miathematical results,

bothorally and in written form. The course is intended *

for students who are conisidering majoring in mathe—~
matics but wlsh addmonal training. (F,SP) !

| 84 SOphomore Semlnar {1) One hour. of seminar R
. per week. Sections 1-2 1o be gradedon a passedinot "
passed basis. Sections 3-4 to be graded on a letter- - lr
grade basis. Sophomore séminars.are ‘designed for hours of lecture p
sidering a major in the. sponsorlng de- . course with equivalent linear algebra coment Honors
ney:are smiall, interactive courses in which _section corresponding to- 113, Recommended for stu-
,ncounleratoprc typrcal of the discipline ,dents who. enjoy. ‘mathematics and are good at it.
and become acquamted with the approaches and Greater emphasls on theory and challengrng problems
methods of scholars in that field. Sophomore seminar ,(F) -
instructors will become faculty mentors for the students 11 4 Sem" o Course in Ab stract Aigebra: (4) Three

hours of lecture per week. Prerequisites: 113, Further
topics on groups; rings and fields not covered in Math
118, Possible topics include: the Sylow Theorems and
their applications to group theory; classical groups;
abelian groups and modules:over a principal ideai do-
main; algebrarc field extensions; spiitling fields and Ga-
lois theory; constructron and classrﬁcatlon of finite
fields. (SF’) .

: 115 lntroducﬂon to Number Theory (4) Three

hours of lecture per week. Prereguisites: 53 and 54.
bllity, co ices, numerical fnctions, theory:
_ of primes. Topics seleete Diophantine analysis, con-
~ tinued fractions, partti
i,‘dlsm“buuons, addltlve problems 15 SP)

118, Wave!ets and Srgnal Processmg @) Three
hours of lecture per week. Pre requisites: 53 and 54. In-
itroductlon 0 srgnal processrng including Fourier anal-
ysis. and wavelets. Theory, algorithms, and applications

to one- dlmenslonal slgnals and multrdrmensronal im-

ages (F,SP)

eld extensrons (F.SP)

graduate (F SP)

H90. Honors Undergraduate Semmer in Mathe-
matical Problem Solving. (1) Course may be re-
* peated for credit. Two hours of seminar per week. Pre-
requisites: Consent of instructor; undergraduate
standing. This seminar is designed especially, but not
' exclusrvely, to prepare students for the annual national
‘Putnam Mathematical Competition in December. Sti-
~ dents will develop problem solving skills and experi-
ence by attempting the solution of challengmg math-
:  ematical problems that requrre rnsrght more than
‘ knowledge (F) ‘ ‘
- 98, Supervised Group Study (1-4) Must be taken on

& passed/not passed basis. Directed Group Study, top—
;rcsvarywrth" tructor (FSP) -

c103, lntroductlon to Mathematlcal Econo cs. (3)
Three hours of lecture per week. Prerequisites: 53 and
54. Formerly 103. Selected topics illustrating theap-
plication of mathematics to economic theory. This
course is rntended for upper-dwxsron students in Math-

_ ematics, Stauettcs, the Physical Sciences, and Engi-

- neerlng, ‘and for ‘econorics majors with adequate
mathema’acal preparatron No economic background

s required Also llsted as Economrcs c103.

" 104, Introduction to Ana!ysls @ Three hours oflec-
ture per week Prerequiisites: 53 and 54, The real num-
ber system. Sequenges, limits, and continuous func-
tions in R and R". The concept of a metric space.
Uniform oonvergence lnterchange of Timit operatrons

LUl senes s theorem and appllcatrons ' ','Founer series, finite-dimensional finear systems.
The Fllemann mtegral (F SP) - ! SY:

,Infmrte-dlmensronal linear systems, orthogonal ex-
' H104. Introduction to Analysis (4) Three hours of  pansions, special functions, partial differential equa-
lecture per week. Prereqwsires 53 and-54. Honors  tions ansrng in mathematical physics. Intended for stu-
_ section. correspondlng to 104. Recommended for stu-
dents who enjoy mathematics and are good at it.
 Greater emphasrs on theory and challengrng problems

105. Secend‘ ourse in Analysrs (4) Three hours of
 lecture per week. Prerequisites: 104. Differential cal-
_ culus in RT: the derivative as a linear map; the chain

rule; inverse and implicit function theorems. Lebesgue .
. integration on the line; companson of Lebesgue and

hours of Mre per v week: Prereqursrtes 53 and 54, A
sample’ of ideas mporrani inthe mathematical sci-
ences. Topics: duality in constrained optimizatien,

‘uses of (fasf) Fourier transform, calculus of vanatrons,
use of complex analysls chaos. (F)

121 A-121B. Mathematical Tools for the Physlcal
‘ Sclences. {4;4) Three hours of lecture per week. Pre-

- "rake more advanced mathematics courses. (F, SP)

123, Ordlnary Dlﬁerentlal Equatrons (4) Three
hours of lecture per week. Prerequisites: 104. Exis-
ence and uniquenass of solutions; linear systems, reg-
ular srngular points. Other topics selected from analytic

OW (]

Fiv 1

:R oreﬁx-course satisfies R&C requrrement
AC suffix=course satisties American cultures
requlrement

Bp juage course for &
(o] prefrx—cross-llsted course
. H prefix=honors course

i

vector spaces, linear fransformations, inner products,

unigue: factorlzatlons. The Fundamental Theorem of

1 .Abszmcmgebm (4) Three

Cruadratrcﬁelds asymptouc -

118, Introduction to Applied Mathematics. (4) Three

 structure of equilibrium. equations (both discrete and
continuous), initial value problems, conservation laws, .

‘ requlsrtes 53 and 54. Functions of a complex variable, -

_dents in the physical sciences who are not planning to

systems, autonomous systems Sturm-Liouville The— .

125A. Mathematical Logic. (4) Three hours of lecture
per week. Prerequisites: 113 0r consent of instrucior.
Sentential and quantificational logic. Formal grammar,
semantical interpretation; formal deduction, and their
intgrrelation. Applications to formalized mathematical
theories. Selected topics from model theory or proof
theory. (F,SP) :

126. Introduction to Partial Differential Equaucns
-{(4) Three hours of lecture per week. Prerequishes:
104. Classification of second order equations, bound-
ary value problems for elliptic and-parabolic equations, -
initial value problems for hyperbolic equations, exis-
tence and uniqueness theorems in simple cases, max
imum pnncrples, a prori beunds, the Fourier transform
(8P)

127. Mathematlcal and Computetronal Methods In-
Molecular Biology. (4) Three hours of lecture per
week. Prerequisites: 53, 54, and 55; Statistics 20 rec-
ommended. Introduction to- mathematical- and-com-
putational problems arising in the context of molecular -
biology. Theory and applications of combmatorlcs,
probability, statistics, geometry, and topology to prob-
lems ranging from sequence deterrmnaton to structure
analysis. (F,SP) .

128A. Numerical Analysls. (4) Three hours of lecture
~ and one hour of discussion per week. At the dlscretlon i
_ of instructor, an addmonal hour of discussion/corm
laboratory. per week. Prerequ:srtes 53 and
gramming for numerical calculations, round-off error,
approximation:and interpolation, numerical. quadramre

and solution of ordinary differential equaﬁons Pracbce: .

on 1he computer (F, SP)

‘ 1288 Numerical Analysls. (4) THree hours of lecture -
and one hour of discussion | per week At the discretion -
of the instructor, an additional hour of-discus: n/com-
puter laboratory per week. Prerequisites: 110 ‘and
126A. lterative solution of systems of nonlmear equa-

' tions, evaluation of eigenvalues and eigenvectors of.
matrices, applications to. simple partial dn‘ferentral

equatrons Practice on the computer. (F, SP)

130. The Classical Geometries, (4) Three hours of
_ lecture per weék. Prerequisites: 110 and 113, A criti-
cal-examination of Euclid's Elements; ruler and com-
pass consrructlons. connections with Galois theory;
Hilbert's axioms for geometry, theory of areas, intro-.
ductionof coordinates, non-Euclidean geometry, reg- .

ular sollds, projective geometry (F.SP) ,

435, ln:rodu@tlon to'the Theory of Sets. (4) Three:
_hours of lecture per week. Prerequsrtes‘- 113and 104.
Set-theoretical paradoxes and means of avoiding
them. Sets, relations, functions, order and well-order .
Proof by transfiniite induction and . definitions’ by'
transfinite recursion. Cardinal and ordinal numbers and.
thelr anthmetre Constmctlon of the real-nimbers. Ax-
_fom of choice and its. consequences (F, SP)

140. Metrlc Differential Geometry (4) Three heurs o
 lecture per weok. Prerequisites: 104 or 121B. Frenat
 formulas, isoperimetric inequality, local theory of sur-
faces in Euclidean space, fitst and second funda’

-mental forms. Gaussian and mean curvature, isome-

tries, geodesics, paralleliem, the Gauss Bonnet-Von o
 Dyck Theorem. (SP) -

141, Elementary Drfferenﬂal Topology. (4) Three :
hours of lecture per week.: Prerequisites: 104 or equiv-

_ alent and Jinear algebra: Manifolds in n-dimensional-

Euclidean space and smooth maps, Sard’s Theorem,
classification of compact one-manifolds;, transversal~
. |ty and mtersecllon modulo 2. :

142, Elementary Algebrarc Topology (4) Three
 hours of lecture per week. Prerequisites: 104 and 113,
The topology of one and two dimensional spaces:

~ manifolds and triangulation, classification of surfaces,
Euler characteristic, fundamental groups, plus further.
topics at the discretion of the Instructor. (F) r

160, Hlstory of Mathematics @) Three hours of lec-

 ture per week. Prerequisites: 53, 54, and 113. History

of algebra, geometry, analytic geometry, and calculus
from anclent times through the seventeenth century
and selected. topics from ‘more recent mafhematlcal '
history. (SP)

*Professor of thie Graduate School
TRecipient of Distinguished Teaching Award
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topics as 54: basic linear algebra; matrix arithmetic and
determinants. Vector spaces, inner product spaces.
Eigenvalues and eigenvectors; linear transformations.
Homogenous ordinary differential equations; first-order
diferential equations with constant coefficients, Fourier
series and partial differential equations. No prior com-
puter experience is necessary. (F,5P)

55, Discrete Mathematics. (4) Students will receive
no credit for 55 after taking Computer Science 70.
Three hours of lecture and two hours of discus-
sion/workshop per week; at the discretion of the in-
structor, an additional hour of discussion/workshop ot
computer laboratory per week. Prerequisites: Mathe-
matical maturity appropriate to a sophomore math

class. 1A-18 recommended. Logic, mathematical in- -

duction sets, relations, and functions. Introduction to
graphs, elementary number theory, combinatorics, al-
gebraic structures, discrete probability, theory, and
statistics. Emphasis on topics of interest to stidents in
computer science. (F.SP)

74, Transition to Upper Division Mathematics. (3)
Three hours of lecture per week. Prerequisites: 53 and
54. The course will focus on reading and under-
standing mathematical proofs. It will emphasize precise
thinking and the presentation of mathematical results, |
both orally and in written form. The course is intended *
for students who are considering majoring in mathe-

matics but wish additional training. (F,SP)

84. Sophomore Seminar, (1) One hour of seminar
per week. Sections 1-2 to be graded on a passed/not
passed basis. Sections 3-4 to be graded on a letter-
grade basis. Sophomore seminars are designed for
students considering a major in the sponsoring de-
partment. They are small, interactive courses in which
students will encounter a topic typical of the discipline
and become acquainted with the approaches and
methods of scholars in that field. Sophomore seminar
instructors will become faculty mentors for the students
from the time they declare the major until the time they
graduate. (F.SP)

H90. Honors Undergraduate Seminar in Mathe-
matical Problem Solving. (1) Course may be re-
peated for credit. Two hours of seminar per week. Pre-
requisites: Consent of instructor; undergraduate
standing. 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 require insight more than
knowledge. (F) )

98, Supervised Group Study. (1-4) Must be taken on

a passed/not passed basis, Directed Group Study, top-
ics vary with instructor. (F,SP)

Upper Division Courses

€103, Introduction to Mathematical Economics. (3)
Three hours of lecture per week. Prerequisites: 53 and
54. Formerly 103. Selected topics illustrating the ap-
plication of mathematics to economic theory. This
course is intended for upper-division students in Math-
ematics, Statistics, the Physical Sciences, and Engi-
neering, and for econornics majors with adequate
mathematical preparation. No economic background
is required. Also listed as Economics C103.

104. Introduction to Analysis. (4) Three hours of lec-
ture per week. Prerequisites: 53 and 54. The real num-
ber system. Sequences, limits, and continuous func-
tions in R and R". The concept of a metric space.
Uniform convergence, interchange of limit operations.
Infinite series. Mean value theorem and applications.
The Riemann integral. (F,.SP)

H104. Introduction to Analysis. (4) Three hours of
lecture per week. Prerequisites: 53 and 54. Honors
section corresponding to 104. Recommended for stu-
dents who enjoy mathematics and are good at it.
Greater emphasis on theory and challenging problems.

105. Second Course in Analysis. (4) Three hours of
lecture per week. Prerequisites: 104. Differential cal-
culus in R™ the derivative as a linear map; the chain

rule; inverse and implicit function theorems. Lebesgue .

integration on the line; comparison of Lebesgue and

B prefix=language course for business majors
C prefix=cross-listed course
H prefix=honors course

Riemann integrals. Convergenice theorems. Fourier se-
ries, L2 theory. Fubini’s theorem, change of variable.
(SP)

110. Linear Algebra. (4) No credit allowed after com-
pletion of Math 112 or 113B. Three hours of lecture per
week and an additional two hours of discussion at the
discretion of the instructor. Prerequisites: 54 or a
course with equivalent linear algebra content. Matrices,
vector spaces, linear transformations, inner products,
determinants.  Eigenvectors. QR factorization.
Quadratic forms and Rayleigh's principle. Jordan
canonical form, applications. Linear functionals. (F,SP)
Staff

H110. Linear Algebra. (4) No credit alloyed after
completion of Math 112 or 113B. Three hours of lec-
ture per week. Prerequisites: 54 or a course with
equivalent linear algebra content. Honors section cor-
responding to course 110 for exceptional students with
strong mathematical inclination and motivation. Em-
phasis is on rigor, depth, and hard problems. (SP)

113. Introduction to Abstract Algebra. (4) Three
hours of lecture per week. Prerequisites: 54 or a
course with equivalent linear algebra content. Sets and
relations. The integers, congruences and the Funda-
mental 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. Fields and field extensions. (F,5P)

H113. Introduction to Abstract Algebra. (4) Three
hours of lecture per week. Prerequisites: 54 or a
course with equivalent linear algebra content, Honors
section corresponding to-113, Recommended for stu-
dents who enjoy mathematics and are good at it.
Greater emphasis on theory and challenging problems
(F)

114, Second Course in Absiract Algebra. (4) Three
hours of lecture per week. Prerequisites: 113, Further
topics on groups, rings and fields not covered in Math
113. Possible topics include; the Sylow Theorems and
their applications to group theory; classical groups;
abelian groups and modules over a principal ideal do-
main; a!gebraec field extensions; splitting fields and Ga-
lois theory; constructton and classification of finite
fields. (SP)

115. Introduction to Number Theory. (4) Three
hours of lecture per week. Prerequisites: 53 and 54.
Divisibllity, congruences, numerical functions, theory
of primes. Topics selected: Diophantine analysis, con-
tinued fractions, partitions, quadratic fields, asymptotic
distributions, additive problems. (F,SP)

118. Wavelets and Signal Processing. (4) Three
hours of lecture per week. Prerequisites: 53 and 54. In-
troduction to signal processing including Fourier anal-
ysis and wavelets, Theory, algorithms, and applications
to one-dimensional signals and multidimensional im-
ages. (F,SP)

119. Introduction to Applied Mathematics. (4) Three
hours of lecture per week. Prerequisites: 53 and 54. A
sampie’ of ideas important in the mathematical sci-
ences. Topics: duality in constrained optimization,
structure of equilibrium equations (both discrete and
continuous), initial value problems, conservation laws,
uses of (fast) Fourler transform, calculus of variations,
use of complex analysis, chaos. (F)

121A-121B. Mathematical Tools for the Physical
Sciences. (4;4) Three hours of lecture per week. Pre-
requisites: 53 and 54. Functions of a complex variable,
Fourier series, finite-dimensional linear systems.
Infinite-dimensional linear systems, orthogonal ex-
pansions, special functions, partial differential equa-
tions arising in mathematical physics. Intended for stu-
dents in the physical sciences who are not planning to
take more advanced mathematics courses. (F,SP)

123. Ordinary Differential Equations. (4) Three
hours of lecture per week. Prerequisites: 104. Exis-
tence and uniquenaess of solutions, finear systems, reg-
ular singular points. Other topics selected from analytic
systems, autonomous systems, Sturm-Liouville The-

ory. (F)

R prefix=course satisfies R&C requirement
AC suffix=course satisties American cultures
requirement

125A. Mathematical Logic. (4) Three hours of lecture
per week. Prerequisites: 113 or consent of instructor.
Sentential and quantificational logic. Formal grammar,
semantical interpretation, formal deduction, and their
interrelation. Applications to formalized mathematical
theories. Selected topics from model theory or proof
theory. (F,SP)

126. Introduction to Partial Differential Equations.
(4) Three hours of lecture per week. Prerequisites:
104. Classification of second order equations, bound-
ary value problems for elfiptic and parabolic equations, -
initial value problems for hyperbolic equations, exis-
tence and uniqueness theorems in simple cases, max-
jimum principles, a prori bounds the Fourier transform
(SP)

127. Mathematical and Computational Methods in-
Molecular Biology. (4) Three hours of lecture per
weekK. Prerequisites: 53, 54, and 55; Statistics 20 rec-
ommended. Introduction to mathematical and com-
putational problems arising in the context of molecular
biology. Theory and applications of combinatorics,
probability, statistics, geometry, and topology to prob-
lems ranging from sequence determination to structure
analysis. (F,.SP)

128A. Numerical Analysis. (4) Three hours of lecture
and one hour of discussion per week. At the discretion
of instructor, an additional hour of discussion/computer
laboratory per week. Prerequisites: 53 and 54. Pro-
gramming for numerical calculations, round-off error,
approximation and interpolation, numerical quadrature,
and solution of ordinary differential equations. Practice
on the computer. (F,SP)

128B. Numerical Analysis. (4) Three hours of lecture
and one hour of discussion per week. At the discretion
of the instructor, an additional hour of-discussion/com-
puter laboratory per week. Prerequisites: 110 and
128A. Iterative solution of systems of nonlinear equa-

" tions, evaluation of eigenvalues and eigenvectors of

matrices, applications to simple partial differential
equations, Practice on the computer. (F,SP)

130. The Classical Geometries. (4) Three hours of
lecture per week. Prerequisites: 110 and 113, A criti-
cal examination of Euclid’s Elements; ruler and com-
pass constructions; connections with Galois theory;
Hilbert's axioms for geometry, theory of areas, intro-
duction of coordinates, non-Euclidean geometry, reg- .
ular solids; projective geometry. (F,SP)

135. Introduction to the Theory of Sets. (4) Three
hours of lecture per week. Prerequisites: 113 and 104.
Set-theoretical paradoxes and means of avoiding
them. Sets, relations, functions, order and well-order.

Proof by transfinite induction and definitions by
transfinite regursion. Cardinal and ordinal numbers and.
their arithmetic. Construction of the real numbers, Ax-
iom of choice and its consequences. (F,SP)

140. Metric Differential Geometry. (4) Three hours of
lecture per week. Prerequisites: 104 or 121B. Frenet
formulas, isoperimetric inequality, local theory of sur-
faces in Euclidean space, first and second funda-

‘mental forms, Gaussian and mean curvature, isome-

tries, geodesics, parallelism, the Gauss-Bonnet-Von
Dyck Theorem. (SP)

141, Elementary Differential Topology. (4) Three
hours of lecture per week. Prerequisites: 104 or equiv-
alent and linear algebra. Manifolds in n-dimensional
Euclidean space and smooth maps, Sard's Theorem,
classification of compact one-manifolds, transversal-
ity and intersection modulo 2.

142. Elementary Algebraic Topology. (4) Three
hours of lecture per week. Prerequisites: 104 and 113.
The topology of one and two dimensional spaces:
manifolds and triangulation, classification of surfaces,
Euler characteristic, fundamental groups, plus further
topics at the discretion of the instructor. (F)

160. History of Mathematics. (4) Three hours of lec-
ture per week. Prerequisites: 53, 54, and 113. History
of algebra, geometry, analytic geometry, and calculus
from ancient times through the seventeenth century
and selected topics from more recent mathematical
history. (SP)

“Professor of the Graduate School
tRecipient of Distinguished Teaching Award
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170. Linear Programming, Games, Modeis of Ex-
change. (3) Three hours of lecture per week. Pre-
requisites: 53 and 54. Topics include linear program-
ming, matrix games; models of production and
exchange. Treats properties of the models and meth-
ods for calculating their behavior.

172, Combinatorics. (4) Three hours of lecture per
week. Prerequisites: 55. Basic combinatorial principles,
graphs, partially ordered sets, generating functions,
asymptotic methods, combinatorics of permutations
and partitions, designs and codes. Additional topics at
the discretion of the instructor. (F,SP) Staff

185. Introduction to Complex Analysis. (4) Three
hours of lecturs per week. Prerequisites: 104, Analytic
functions of a complex variable. Cauchy's integral the-
orem, power serigs, Laurent series, singularities of an-
alytic functions, the residue theorem with application to
definite integrals. Some additional topics such as con-
formal mapping. (F,SP)

H185. Introduction to Complex Analysis. (4) Three
hours of lecture per week. Prerequisites: 104, Honors
section corresponding to Math 185 for exceptional stu-
dents with strong mathematical inclination and moti-
vation. Emphasis is on rigor, depth, and hard prob-
lems. (SP)

187. Senior Level Analysis. (4) Three. hours of lecture
per week.. Prerequisites: 104, 113, and 186. Course
gives a comprehensive view of analysis. Emphasis is
on the interrelations among topics taken from differ-
ential equations, harmonic analysis and group repre-

© sentation, elementary functional analysxs and specxal
functions.

189. Mathematical Methods in Classical 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: .g., hamiltonian mechanics and symplectic ge-
ometry, differential equations for fluids, spectral theory
in quantum mechanics, probability theory and statistical
mechanics. See department bulletins for specific top-
ics each semester course is offered. (SP)

191. Experimental Courses in Mathematics. (1-4)
Course may be repeated for credit, Hours to be ar-
ranged. Prerequisites: 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-
mental bulletins.

195. Special Topics in Mathematics. (4) Course may
be repeated for credit. Hours to be arranged. Prereg-
uisites: Consent of instructor. Lectures on special top-
ics, which will be announced at the beginning of each
semester 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 3.3 and a
GPA of 3.5 in the major. Independent study ‘of an ad-
vanced topic leading to an honors thesis. (F,SP)

198. Directed Group Study. (1-4) Group study. Pre-
requisites: Must have completed 60 units and be in
good standing. Topics will vary with instructor. (F,SP)
Staff

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

Graduate Courses

202A. Introduction to Topology and Analysis. (4)
Three hours of lecture per week. Prerequisites: 104,

Metric spaces and general topological spaces. Com-

pé‘ctness and connectedness. Characterization of com-
pact metric spaces. Theorems of Tychonoff, Urysohn,

Tietze. Complete spaces and the Baire category the-
~ orem. Function spaces; Arzela-Ascoli and Stone-
Weierstrass theorems. Partitions of unity. Locally com-
pact spaces; one-point compactification. introduction
to measure and integration. Sigma algebras of sets.
Measures and outer measures. Lebesgue measure on

the line and Rn. Construction of the integral, Domi-
nated convergence thecrem. (F,SP)

202B, Introduction to Topology and Analysis. (4)
Three hours of lecture per week, Prerequisites: 202A
and 110. Measure and integration. Product measures
and Fubini-type theorems. Signed measures; Hahn
and Jordan decompositions. Radon-Nikodym theorem.
Integration on'the line and in R". Differentiation of the
integral. Hausdortf measures. Fourier transform. In-
troduction to linear topological spaces, Banach spaces
and Hilbert spaces. Banach-Steinhaus theorem; closed
graph theorem, Hahn-Banach theorem. Duality; the
dual of L?. Measures on locally compact spaces; the
dual of C(X). Weak and weak-* topologies; Banach-
Alaoglu theorem. Convexity and the Krein-Milman the-
orem. Additional topics chosen may includé compact
operators, spectral theory of compact operators, and
applications to integral equations. (F,SP)

204A-204B. Ordinary and Partial Differential Equa-
tions. (4;4) Three hours of lecture per week. Prereq-
uisites: Graduate status or consent of instructor. Fun-
damental existence theorem for ordinary differential
equations. Properties of linear systems with constant
and periodic coefficients. Sturm-Liouville theory;
Poincare-Bendixson Theorem. Cauchy-Kowalewski
theory for systems of partial differential equations. ini-
fial and boundary value probiems for elliptic, parabolic,
and hyperbolic second order equations. Nonlinear
equations and systems. Sequence begins Fall.

205. Theory of Functions of a Complex Variable.
(4) Three hours of lecture per week. Prerequisites:
185. Normal families. Riemann Mapping Theorem. Pi-
card's theorem and related theorems. Multiple-valued
analytic functions and Riemann surfaces. Further top-
ics selected by the instructor may include: harmonic
functions, elliptic and algebraic functions, boundary be-
havior of analytic functions and HP spaces, the Rie-
mann zeta functions, prime number theorem.

206. Banach Algebras and Spectral Theory. (4)
Three hours of lecture per week. Prerequisites: 202A-

202B. Banach algebras. Spectrum of a Banach alge- -

bra element. Gelfand theory of commutative Banach
algebras. Analytic functional calculus. Hilbert space op-
erators. C*-algebras of operators. Commutative C*-al-
gebras. Spectral theorem for bounded self-adjoint and
normal operators (both forms: the spectral integral and
the “multiplication operator” formulation). Riesz theory
of compact operators. Hilbert-Schmidt operators. Fred-
holm operators. The Fredholm index. Selected addi-
tional topics. (F)

207. Unbounded Operators. (4) Three hours of lec-
ture per week. Prerequisites: 206. Unbounded self-ad-
joint operators. Stone's Theorem, Friedrichs exten-
sions. Examples and applicatiops, including differential
operators. Perturbation theory. Further topics may in-
clude: unbounded operators in quantum mechanics,

Stone-Von Neumann Theorem. Operator semigroups -

and evolution equations, some non-linear operators.
Weyl theary of defect indices for ordinary differential
operators.

208. C*-algebras. (4) Three hours of lecture per week.
Prerequisites: 206. Basic theory of C*-algebras. Pos-

itivity, spectrum, GNS construction. Group C*-algebras .

and connection with group representations. Additional
topics, for example, C*-dynamical systems, K-theory.

208. Von Neumann Algebras, (4) Three hours of lec-
ture per week. Prerequisites: 206. Basic theory of von
Neumann algebras. Density theorems, topologies and
normal maps, traces, comparison of projections, type
classification, examples of factors. Additional topics, for
example, Tomita Takasaki theory, subfactors, group
actions, and noncommutative probability.

211. Mathematical Theory of Fluid Mechanics. (4)
Three hours of lecture per week. Development of the
fundamental equations describing the behavior of fluid
continuum followed by the treatment of special topics
selected 1o exhibit different physical situations, ana-
lytical techmques and approximate methods of solu-
'aons

212. Several Complex Variables. (4) Three hours of
lecture per week. Prerequisites: 185 and 202A-2028

or their equivalents. Power series developments, do-
mains of holomorphy, Hartogs' phenomenon, pseudo
convexity and plurisubharmonicity. The remainder of
the course may treat either sheaf cohomology and
Stein manifolds, or the theory of analytic subvarieties
and spaces.

' 214, Differentiable Manifolds. (4) Three hours of lec-

ture per week. Prerequisites: 202A. Smooth manifolds
and maps, tangent and normal bundles. Sard’s theo-
rem and transversality, Whitney embedding theorem.
Morse functions, differential forms, Stokes’ theorem,
Frobenius theorem. Basic degree theory. Flows, Lie
derivative, Lie groups and algebras. Additional topics
selected by instructor. (F,SP) i

215A-21SB. Algebraic Topology. (4;4) Three hours
of lecture per week. Prerequisites: 113 and point-set
topology (e.g. 202A). Fundamental group and cover-
ing spaces, simplicial and singular homology theory
with applications, cohomology theory, duality theorem.
Homotopy theory, fibrations, relations between ho-
motopy and homology, obstruction theory, and topics
from spectral sequences, cohomology operations, and
characteristic classes. Sequence begins fall.

219, Ordinary Differential Equations and Flows. (4)

* Three hours of lecture per week. Prerequisites: 214.

Ordinary differential equations: Diffeomorphisms and
flows on manifolds. Stable manifolds, generic prop-
erties, structural stability. Special topics selected by the
instructor. (F)

220. Methods of Applied Mathematics. (4) Three
hours of lecture per week, Variational principles; op-
timization; control; dynamical systems; stochastic or-
dinary differential equanons estimation; data analysis.
(F,SP)

221, Advanced Matrix Computations, (4) Three
hours. of lecture per week. Prerequisites: Consent of in-
structor. Direct solution of linear systems, including
large sparse systems: error bounds, iteration methods,
least square approximation, eigenvaiues and eigen-
vectors of matrices, nonlinear equations, and mini-
rnization of functions. (F,SP)

222A-222B. Partial Differential Equations. (4;4)
Three hours of lecture per week. Prerequisites: 105 or
2028B; 185. The theory of initial value and boundary
value problems for hyperbolic, parabolic, and elliptic
partial differential equations, with emphasis on non-
linear equations. More general types of equations and
systems of equations. Sequence begins fall.

224A-224B. Mathematical Methods for the Physical
Sciences. (4;4) Three hours of lecture per week. Pre-
requisites: Graduate stafus or consent of instructor. In-
troduction to the theory of distributions. Fourier and
Laplace transforms. Partial differential equations.
Green's function. Operator theory, with applications to
eigenfunction expansions, perturbation theory and lin-
ear and non-linear waves. Sequence begins fall.
(F,SP)

225A-225B. Metamathematics. (4;4) Three hours of
lecture per week. Prerequisites: 1258 and 135. Meta-
mathematics of predicate logic. Completeness and
compactness theorems. Interpolation theorem,
definability, theory of models. Metamathematics of
number theory, recursive functions, applications to
truth and provability. Undecidable theories. Sequenoe
begins fall.

226A. Abstract Machines and Languages. (4) Three
hours of lecture per week. Prerequisites: 135; 114 or
113 and 110. Finite state automata, regular sets, Tur-
ing machines, recursive functions, decision problems.
Context-free languages, pushdown automata, ambi-
guity, special families of languages, power series in
non-commuting.variables.

227A-2278. Theory of Recursive Functions. (4;4)
Three hours of lecture per week. Prerequisites: 225B.
Recursive and recursively enumerable sets of natural
numbers; characterizations,  significance, and.
classification. Relativization, degrees of unsolvability.
The recursion theorem. Constructive ordinals, the hy-
perarithmetical and analytical hierarchies. Recursive
objects of higher type. Sequence begins fall.
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228A-228B. Numerical Solution of Diﬂ‘erentlal

Equations. (4;4) Three hours of lecture per week. Pre-
requisites: 128A. Ordinary differential equations:

 Runge-Kutta and predictor-corrector methods; stabil-

ity theory, Richardson extrapolation, stiff equations,
boundary value problems. Partial. differential equations:
stability, accuracy and convergence, Von Neumann -

and CFL conditions, finite difference solutions of hy-

pefboﬁc and parabolic equabons Finite differences and -

 finite eiement solutlon of elhptlc equatnons
229, Theory of Models (4) Three hours of Iecture per

week. Prerequ:s/res 2258, Syntactical characterization
of classes closed under algebraic operations. Ultra-
- products and ‘ultralimits, saturated models. Metheds for
“establishing decidability 2 and completeness. Model the-

S ylanguages ncher than tlrst-order

2358 TheoryotSets. (4; 4) Three hours oﬂec~~ :
ture per week. Prereqwsrtesa125A and.-135. Ax:omaﬁc;’
foundations. Operations on sets and relations. Images

. and set functions. Ordering, yvell-ordenng, and well-
tounded relations; genera! principles of induction and
recursion. Ranks of sets, ordinals and their arithmetic.
Set-theoretical equivalence, similarity of relatlons,

definitions by abstraction. Arithmetic of cardinals. Axa'
rms and consequences .

jom of choice, equrvalent
Sequence begins fall.

236. Metamathematu:s ot Set Theory (4) Three
hours -of lecture per week. Prerequisites: 2258 and -

' 235A. Various set theori comparison of strength
fransitive, and natural models, finite axiomatizabilty. In-
dependence and consistency of axiom of choice, con-

tinuum hypothesis, etc. The Mmeasure prob{em and ax- -

ioms of strong lnﬁmty

240, Riemanman Geometry (4) Three hours of lec-
ture per week. Prerequtsrtes 214, Riemannian metnc»,

4nd Levi-Civita connection, geodesics and. comp!ete-
ness, curvature, first and second variations of arc

length. Additional topics such as the theorems of My-
ers, Synge, and Cartan-Hadamard, the second fun-
damental form, convexity and rigidity of | nypersurfaces ,
in Euclidean' space, homogeneous manifolds, the
Gauss-Bonnet theorem, and charactenstlo classes:

(SP)

_per week. Prerequisites: 214 and 215A. Riemann sur-
~ faces, divisors and fine bundles ‘on Riemann’ surfaces,
* _sheaves and the Dolbeault theorem on Ftremann sur-

faces, the. classmal Rremann—Roch theorem, theorem

of Abel-Jacobi. Complex. mamfolds. Kahler metrics.

Summiary of Hodge theory, groups of line bundles, ad-
ditional topics such as Kodaira's vanishing theorem,
Letschetz hyperpiane theorem (SP) ,

242, Symplechc Geometry (4) Three hours of fecture

 per week. Prerequisites: 214. Basic topics: symplectic

linear-algebra, symplectic mantfolds Darboux theorem, o
. cotangent bundles, variational probléms and Lengen-

dre transform, hamiltonian systems, lagrangran sub-
manifolds, Pousson brackets, symmetry groups and
~momentum mapprngs COadjOIht orblts Kahler mani-
folds. (F, SP) o

245A-245B. General Theory of Algebraic Struo'

. ‘tures. (4:4) Three hours of lecture per week. Prereg-
uisites: 118 and 135. Structures defined by operations
and/or relations, and their homomorphisms. Classes of

structures determined by identities. Constructions such -
as free objects, objects presented by generators and

‘relations, ultraproducts, direct limits. Applications of
general results to groups, rings, lattices, etc. Course
may emphasize study of congruence-and subalgebra-
Jattices, or category-theory and adjoint functors, or
other aspects

249. Algebrarc Combinatorics. (4) Three hours of

lecture per week. Prerequisites: 250A or consent of in-
structor. (1) Enumeration, generating functions and ex-
ponential structures, (i) Posets and lattices, (lIt) Ge-
ometric combinatorics, (IV) Symmetric functions,

Young tableaux, and connections with representation

theory. Further study of applications of the core ma-
terial and/or -additional topics, chosen by instructor
(F SP) Staff -

B8 preﬁx:language‘course for business majors
C prefix=cross-listed course
H prefix=honors tourse

241, Complex Manifolds (4) Three hours of lecture

250A. Groups, Rings, and Fields. @ Three hours of
lecture per week. Prerequisites: 114 or consent of in-

structor. Group theoty, including the Jordan- Holder the-
orem and the Sylow theorems. Basic theory of nngsf
and their ideals. Unique factorization domains and prin-
cipal ideal domains; Modules. Chain conditions. Fields,
_ including fundamental theorem of Galois theory, the-
_ory of finite fields, and transcendence degree (F) -

2508. Mu!tmnear Algebra and Further Topics (4) .
_ Three hours of lecture per week. Prerequisites; 250A.
- Tensor algebras and exterior algebras, with application =
to linear transformations. Commutative ideal theory, lo- ~
calization. Elementary specialization and valuatron the-i ‘

ory. Related toplcs in anebra (SP)

" 251, Ring Theory (4 Three hours ot Iecture perf .
< week. Prereqursdes \250A. Topics such as: Noetherian
rings, rings with descending chain condition, theory of
the radical, homotogica! methods - '

252. Representation Theory. (4) Three hours of Iec- 7

“ture per week. Prerequisites: 250A. Structure. ot finite -
dimensional algebras, applications to representatxonst :
,of fi ntte groups, t the ciassrcal 1mear groups ) -

253, Homologieal Algebra (4) Three hours of 1ecture
_ per week. Prerequisites: 250A. Modules over a'ring,
homomorphisms and tensor products of modules,
functors and derived functors, homologloel dlmensaon.
ot nngs and modu&es , :

254A-254B. Number T'heory (4 4) Three hours of':
lecture per: week. Prerequisites; 250A. Valuatlens,, Mk
units, and ideals In'number fields; ramrfcatrontheory,» 19

quadratic and cyclotomlc fields, topicsfror
theory, zeta-functions and L-series, di
primes, modular fo
equations, P-adic

sis, and transcendental num-

‘ bers. Sequence beglns fall.

255, Aigebraic &xrves. 4 Three hours | ot iecture per
week. Prereqwsrres 250A-2508 or consent of in-

structor. Elliptic curves. Algebraic curves, Riemann sur-

 faces, and function fields. Singularities. Ftlemann-Roch‘
theorem, Hurwitz's theorem, projective embeddings

and the canonical curve. Zeta functions of curves over
finite fields. Additional topics such asdaoobrans or the

- Riemann hypotheS|s (F. SP)

256A-2565 Algebralc Genmetry

 of lecture per week. Prerequisites: 250A.~Aﬁ1ne and
_projective algebraic varieties. Theory of schemes and
morphlsms of schemes. Smoothness and differentials
in algebraic (geometry. Coherent sheaves and their co- -

homology. Riemann-Rech theorem and setected ap-
‘phcatlons Sequence beglns fall .

257. Group Thecry, @ Three heurs of lecture per

week. Prerequisites: 250A TOPICS such as; generators

‘and relations, infinite. discrete groups, groups of Lie
- type, permutat(on groups, character theory, solvable
groups, simple groups, transfer and cohomologrcal ,
~methods.

258, Classical Harmonic Anatysls (4) Three hours,
of lecture per week. Prerequisites: 206 or a basic

‘knowledge of real, comp/ex, and/mear analysis. Baslc

‘properties of Fourier series, convergence and summa-

bility, conjugate functions, Hardy spaces, boundary be-
havior.of analytic and harmonic functions. Addmonal
topics at the discretion of the instructor.

260, Abstract | Harmonlc»Anaiysis‘. (4) Three hours of

lecture per week. Prerequisites: 206. Topological

~ groups, Haar measure, Pontryagin duality, and struc-
ture theory of !ocally compact abelian groups, Peter- -

Weyl theorem for compact groups. Further topics may

“include finer study of harmonic analysis on commu-

tative groups, er else head in the direction of group
representations for noncommutahvs tocally compact
groups.

261A-261B. Lie. Groups 4;4) Three hours of lecture .

per week. Prerequisites: 214. Lie groups and Lie al-
gebras, fundamental theorems of Lis, general structure
theory; compact, nifpotent, solvable, semi-simplie Lie
groups; classification theory and representation theory
of semi-simple Lie algebras and- Lie groups, further
topics such as symmetric spaces, Lie transformation

groups, efc., if time permits. In view of its simplicity and

R prefix=course R&C reqt
AC suffi isfies American
requirement

, quadratic forms, dlephank_ ne

s wrde range of apphcat:ons itis prefsrable to cover
~compact Lie groups and their representatlons in 261A.

Sequenoe begms Fall.

265. Differential Topology (8) Three hoursof!ecturef o
~_per week. Prerequisites: 214 plus 215A or some fa-

miliarity with algebraic topology. Approximations, de-
grees of maps, vector bundles, tubular nelghhorhoods.

Introduction to Morse theory, handlebocﬁes, cobordism,

surgery. Additional topics selected by !nstructor from:
characteristic classes, classification of mann‘olds im-
mersions, embeddlngs smgulanties of maps

271, Top:cs in Foundatrons. (4) Course may be re-
peated for credit, Three hours of lecture per week. Pre--
requisites: Gonsent of instructor, Advanced topics cho-
sen by the instructor. The content of this course :
changes as m the case of semmars 1

273, Toplcs in Nurnertcal Analysrs Three hours of
lecture per week. Prerequisites: Consent of instructor.

fAdvanced topics chosen bythe Instructor. The oonmnt
- of this course changes, as m the case of sermnars -
(F,SP)
- 274, Topics in Algebra. (4) Course may be repeated L
for credit. Three hours of lecture per week Prerequi-
 sites: Consent of instructor. Advanced toprcs chosen

by the instructor. The content of this course changes.

s inthe case of seminars.

275 opics iﬂ Apptied Mathematics (4) Course

‘may be repeated for credit. Three hours ef lecture per
vweek lFrerequrszreS' Consent of instructor, Advanced

the instructor. The content of this
m*the case.of semtnars : :
opology. @) Course may be re-
peated for credit. Three hours of {scture per week Pre-
requisites: Consent of instructor. Advanced topics cho-
seh by the instructor. The content of this course
changes, asin the case of seminars. | :

277. Topics in Differential 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 semlnars

’ ,278 Toprcs in Analysls 4) Course may be repeated ,

for credit-Three hours of lecture per week. Prerequi- ~

' sites: Consent of instructor. Advanced topics chosen

_ by the instructor. The content of this. course changee :
‘as inthe case of seminars.

279 Topics in Parhal Differenhal Equatlcns {4
] Three hours of lec-

. ture per week Prersquisites: Consent of istructor, Ad-
& G !

. ‘thts oourse changes, asin the case of yseminars
200. Seminars (1-6) Course may be repeated 1or

credit.‘Hours to be arranged. Topics in foundations of

~'mathematacs, ‘theory of numbers, numerical calcula-
tions, analysis, geometry, topology, algebra, and the»r

applications, by means of lectures and informal con-

ferences; work based Iargely on origlnal ‘memoirs.

(F. SP) _
295. lndlvidua! Besearch (1-1 2) Course may be re-

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

to be graded on a letier-grade basis. Sections 31-60 to

be graded on a satisfactory/unsatisfactory basis. In-'

tended for candidates‘for the Ph.D. degree. (F, SP)

298, JReadtng Course for Graduate Students. 1-8)

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/unsatistactory basis. Investigation of special prob-
lems under the direction of members of the depart-
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 10 be arranged. Must be taken on a saf-
Isfactory/unsatisfactory basis. Prerequisites: For can-
didates for master's degree. individual study for the
comprehensive or language requirements in consul-
tation with the field adviser. (F.SP) :

“Professor of the Graduate School
- tRecipient-of Distinguished Teaching Award
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300. Teaching Workshop. (3) Two hours of lecturs -

per week, pius class visits. Must be taken on a saﬂs—
factory/unsatistictory basis. Mandatory for all gradu-

ate student instructors teaching for the first ime in the.

department. The colirse consists of practice teaching,

alternatives toi standard classroom methods, guided.
group and self-analysis of videotapes, reciprocal class-

‘Toom visitations, and an lndlvndual pro;ect (F.SP)

301. Undergraduate Mathemaucs Instruction. (1-2)
Course may. be repeated once for credit. Three hours

of seminar and four hours of tutorial per week. Mustbe .

_taken on a passed/not passed: basis. Prerequisites:

Permission of SLC instructor, as well as sophomore

standing and atleast-a B average in two semesters of

calculus. Apply. at Student Learning Center: May be

_ taken for-one unitby special permission ofhlnstmctor
Tutoring at the Student Leaming Center or for the Pro-
fesslonal Development Program. (F, SP)

Mechamcal
Engineering

(College of Engmeenngj

Office: 8195 Etchemry Hall (510) 842-1338 ‘

www.me.berkeley.edu/
Chair: J. Karl | Hedrick Ph.D.

Professors ; i
Alice M. Agogmo (Rosooe and Eftzabeth Hughss Cha:'r
Mechanical Engineering), Ph.D. Stanford Umverslty
Decision and: expert systems .
_ David M. Auslander (Associate Dean, R f and S

CyrllP.

é ffairs), Sc.D. Massachusetts lnshtute of‘l’achnology
namn control

3 TStanleyA Berger, Ph D. Brown Umverstty Fluud
imechanics

~ Frederick

Albert P. Pisano (Director, Electronics Research Laboratory),
Ph.D. Columbia University. Compuler—atded design,
design optimization =

tKameshwar Poolla, Ph.D. University of Florida at
Gainesville. Dynamic systems, automatic controls

© Llisa A. Pruitt, Ph.D. Brown University. Tlssue biomechanics,

_biomaterial science

Boris Rubinsky ‘Arnold and Barbara Silverman Distinguished
Professor in Bioei ni;ineenng). Ph.D. Massachusetts
Institute. of Technology. Heat mass transfer, :

~ cryopreservation

Omer Savas, Ph.D. Calrtorma Institute otTectmology
Aerodynammemt;oundary layers, oombustlon rotating

“Robert F. Sawyer (Class of '35 meessorof En&/yy), Ph.D.
Prlnceton Unrversny Combustion, fossil and synthetlc

Masayoshl Tomtzuka (Dtrec!or Engineering Systems
Research.Center and Cheryl and John -Nesrhout, Jr.,
Distinguishéd Professor), Ph.D. Massachus
- Technology:-Automatic: conlml systems, robotics and

‘manufacturing systems
: Benson Tongue, Ph:D. Pnnceton Unrversxty Chaotlo

oscillations in-
Kent S: Udell (Vice Chazr Unde s;gladuala Program) Ph.D.
Unrversxty of Utah. Heatn'an er, envlronmenm
an rr

e : q
 Méchanical Engﬁneertng), Ph.D. Universx:y of Blrrmngham
Manufacturing processes, automation

- , Ronald W. Yeung, Ph.D. University of Caleomxa. Berkeley.

- Hydromechani cs, (
ocean space systems
Atkinson, M.S.M.E. (Ementus)
rituss)

1] rfara waves‘

- Don ningl ; S)
- lain F}nma, D.Sc., Sc.D. (rhe Fife Prafassor Emen‘&;s)
. Joseph Frisch, M'S. (Emeritus). : :
Frank E. Hauser; Ph.D. (Ementus)
s Mayrlce Holt, Ph.D. (

: Charles W. Radcliffe, M.S., M.E. (Emarrlus)

Samuel A. Schaaf, Ph.D. (Em s)
. herman Ph.D. (Emeritus)

David B. Bogy (Willam S. Floyd Jr., Disting rofessor
*  in Engineering), Ph.D. Brown Untversrly Elastlcny, .
\plasticity, computer mechan :
Van P. Carey, Ph.D. State Unlversay of NewYork Buﬁalo
Transport in multiphase o
\phase-change process:
James Casey, Ph.D. Unwerslty of Callfomia Barkeley
Continuum mechanics
Juh-Yuan Chen, Ph. D: ComeltUniversity. Turbma
- combustion, ch kinetics, numerical simulation
Hari Dharan, Ph.D. Umvarscty of California, Berkeley
Composite materials
‘Robert W. Dibble, Ph.D- Unwers:ty ol‘ Wlsconsn
Combustion, gas.dynamics
David A. Domfeld ﬁlssoo:ale Dean, lnterdlscrplmary
Studies), Ph.D. University of Wlsconsln Manufactunng
\processes, robotics:
Carlos Femandez-Pello, Ph.D, University of Callfomia at
'San Diego. Combustion, heavy and condensed fuels
Michasl Y. Frenkiach; Ph.l D. Hebrew University. Chemical

_ Kkinetics, combustion: chemqstry, chemlml vapordepostﬂcrt

“Wemer Goldsmith, Ph.D.

Ralph Greif, Ph.D. Ha-vard Umverslty Thermal radlatl ‘,‘ ,
. phase change . :

Costas Gngoropoutos, Ph.D. Columbia Unlversn’ty Heat
transfer, laser materials processin

g
J Kard Hednck Cha:r and-James: Marshal? Wells Chairin -

Umvers:ty

Control systems, transpo  syst
Roberto Horowitz (Vice Chair, Graduate- Sru ), Ph‘D
University of California, Berkelsy Automat c conlrol
systems:design, robotics
* Rogent T. Howe, Ph.D..University of Call'lomla, Berkeley
Microsensors and microactuators
George C. Johnson, Ph.D. Stanford Umversﬁy nrasonlc
stress evaluation -
Hom ayoon Kazerooni, D.Sc. Massachusens nsututaof
nology. Mechatromcs robotics

Tony Keaveny, Ph.D. Comell University, ’l’lssue engmeermg

~ and biomechanics
- Kyriakos Komvo oulos, Ph. D. Massachusetts Institute ol
Technology. Tribology, contact meohanm, meohamcal
 behavior o malenals ’

_ *George Loitmann, Ph.D. ‘

- tDennis K. Lieu, D; Eng. Unlverstty of Callfomla Berkeley
High-speed sléctromechanic devices :

Faj Ma, Ph.D. Calutornla lnstltute of Technology Vbratxon
‘and control

Arun Majumdar, Ph. D Umversny of Calllornla. Berkeley

oscale thermal and blcmolecular engmeenng,
_micromechanical systems ‘

Alaa Mansour, Ph.D. University of Galifoma, Befkeley .

- Structural reﬁablllty and safety, probabilistic dynamics of
marine structures, strength shlp and offshore e
structures, development of design criteria. L

Philip Marcus, Ph.D: Princeton University. Computatlona ,
fluid dynamics. =~ | - )

*Antoni K. Oppanheym Ph.D, D.Sc. - .

Andrew Packard, Ph.D. University of Calvfomla,
‘Automatic control systems, mechanical systems

Patrick J. Pagni, Ph.D. Massachusetts Institute of =
TechnOIOQy Combusnon phenomena fire research

- Professor

; Overview

. ?:Mechamcal Engmeermg mcludes the science and '
_ art of the formulation, design, development, and
~ control of systems and components involving ther-

it Talbot, Ph.D. (Emeritus)
_ Ench G. Thomsen, Ph.D. (Emeritus)’
. fGeorgeJ Trezek, Ph.D. (Emerftus)
: vAssoclate Professors :
_ Dorian Lleprnann, Ph.D. Unwe(slty of Caﬁfqmia. San Diego.

Cl  fluid dynamics, bio-fluf
Liwei Lin, Ph.D, Universit ofCallfomla, Bsrkeley NSF-
_Career MEMS (microelectromechanical systems)

. Ste(ghen Moms.ﬂz%l) Johns Hopkins University.

hysical
fOTNer M. O'Reilly, Pmb Comell Urwerslty Nonlmaar
lics with applicahons to continuum mechanics

"iPanayloe!;s Papadopoulos, Ph.D. University of California,

mputational mechanics, solid mechanics
Davth Stetgmann Ph.D. Brown | Umverslty Contlnuum
__mechanics, solld mochamcs, shell theory, s

ri, dPh D Comell Uhlversny Flund dynamlm

Assis!ant Profas 5

“Sa&a McMains, Ph.D. Unrversuty,ol California, Be rkaley

Somputer graphics and geometric modehng

arek |. Zohdi, Habilitation Degree, ‘University of Hanover.
Ger . Ph.Di University of Texas, Austm
i solld mechanlw o .

Michasl Ries, M. (mres/d

- Kurts, pregler Ph.D. (ln Restdencs) (Ementus)
;Lawrence Stark, M )

L Assoclate meessor
*Davld M Rempel, M D.

- Ad]unct Professor

Klaus Wemmann. l’h D.

modynamlcs, mechanlcs fluid mechanics, mech-

_anisms, and the conversion of energy into useful
_ work. The mechanical engineer needs a thorough -
_preparation in mathematics, physics, chemistry,
_manufacturing processes, properties of materials,
~_mechanics, fluid mechanics, thermodynamlcs, as
“well as intensive design and laboratory experience.

~ The program of study includes basic subjects com-
_mon to all engineering fields, fundamental subjects
important to all mechamcal engmeers and spe-

etts Institute of -

_ nouncement of the College oﬁEngmeenng),

clalization in one or more phases of mechamcal
engineering.

The undergraduate program begms at the rresh-
man level with study in the humanities, mathe-
matics, basic sciences, and the foundation design

- course, Engineering 28. In subsequent years stu-

dents leam to use engineering science concepts as -
tools for systems analysis and design. The design
and laboratory experience is a major component of
the senior year. Students.have the opportunity to

.develop a broad hands-on. understandlng of the .

design process involved in significant engmeenng
systems. Undergraduate specialization is provided
in the choice of technical electives which may be

selected from: the subject areas of applied me-
_chanics, automatic controls; electro-mechanical
systems analysxs, energy conversion, fluid me-

chanics, heat and mass transfer, materials pro-
cessing;. mechamcal ‘design, naval architecture; nu-

- ‘clear engineering, cryogenics, thermodynamtcs

and blomedlcal enwronmental and petroleum en-

~_gineefing.

- iBecause of the wldenmg range of technical prob-
nd the limited amount of specialization avail-

lem:
able in the undergraduate curicuium, qualified stu-
dents should consider graduate study to enlarge
their scientific and technological

. “détails on undergraduate and graduate flelds of

emphasis in mechanical engineering are available

in the Announcement of the College of Engineer-.
" ing. The department also makes available a
* brochure detailing the undergraduate and graduate -

programs ln mechanical engmeenng

The B S. program is accredited in. mechamcal en-

gineering by the Engineering Accreditation Com-
mission of the Accreditation Board for Engineering
and Technology, 111 Market Placs, Suite 1050,
Baltimore, MD 21202—4012 Telephone (410 347~
7700.

”Currlculum for the Bachelor’s

Degree

3 Atotal of 120 units is requured |ncludmg

Lower Division. Mathematlos 1A-1 B, 53 and 54;
Chemistry 1A; Physics 7A-7B-7C (Chemistry 1B or

Blology 1A may be taken for Physxcs 7C); Engl-

neenng 77, 28, 36 45.

e Upper Dtvlslon Mechanlcal E gineerlng 1028
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All siudents must complete (a) s;x oourses

. (five for double major students) of at least 3 units

each in humanities and social studies selected

* froman approved list of courses. (please see the

“Humantities and Social Studies” section of the An-

units technical electives, at least 9 in upper divisiort
elective mechanical engineering courses. Of these,

3 units must be in an elective course selected from
the following list ME 101, 110, 119, 128, 130, 135, .
142, 145, 161, 165. The other fechnical elective
_units can be chosen from courses in engineering,

physical sciences, mathematics, or statistics. No
more than one lowerdrvnston courss can be used
to satisfy part of the technical elective requirement.

~ Lower division courses acceptable for ‘technical

elective credit in mechanical engineering: Astron-
omy 7; Biology 1A-1B; Chemistry. 1B, 5; Engi-

“neering 50, 66; Civil Engineering 70; Molecularand :
~ Celt Biology 11, 32; Statistics 20, 25, or any lower,
 division course requu'ed by ano’cher engmeenng_k

major. .

Mechanical Engineerlng Op’uons The followmg :
groups of electives are presented to help under-
graduates focus their choices on specific profes-
sional goals. Each group contains more courses
than can be taken within the standard allowance.

~The elechves need not be l‘rom any single group.




