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Benson Mates, Ph.D. (Philosophy)
J. Frits Staal, Ph.D. (Philosophy and of South Charles S. Chi
Asian Languages) Ronald :
Robert L. Vaught, Ph.D. (Mathematics) onald B. Je
Yuen Ren Chao, Ph.D., Litt.D. (Oriental Lan- Ralph _N - Mck
guages, Emeritus) George Myro,
Raphael M. Rob#~—~-— ™ ™ 77 7 1. Silver
Emeritus) Sluga, ¥
Alfred Tarski, P.

Associate Prof

Chairman: N A g g E
. Graduate Ac \“’\i‘q ‘[’T = (q “{“‘)
The Group Science offers an interdisciplinary

program of stuc

. degree. Although the Department
of Mathematics

“each offers a Ph.D. degree toward
which a studer ¢, the interdisciplinary program is
designed for th o cciewe am augie and the methodology of science who
wish to explore the subject in both its mathematical and philosophical aspects. “Metho-
dology of science” is here understood to mean “metascience,” the study of the methods
of the sciences by logical and mathematical means. The program is administered by
an interdepartmental group which cooperates closely with both the Department of
Mathematics and the Department of Philosophy.

Preparation For admission to the graduate program the student shall have com-
pleted an undergraduate major in philosophy, or in mathematics, or a joint major in
both; including at least one full year upper division course in logic. In addition, he or
she shall have completed (a) at least one upper division course in some science, and
(b) at least one full year upper division course in mathematics (other than logie) if -
his or her undergraduate major was philosophy, or in philosophy (other than logic) if
his or her undergraduate major was mathematics. Exceptions to these requirements are
permitted only at the discretion of the graduate adviser. Before advancement to candi-
dacy, and preferably early in the student’s doctoral career, written examinations in
two foreign languages must be passed; students may- choose from the following:
French, German, or Russian. Students should prepare themselves for the language
requirement in their undergraduate years. ' , ,

Further information about the program, including a full statement of the reéquire- . .. §
ments for advancement to candidacy, is given in the ANNOUNCEMENT OF THE GROUP
v Locic AND THE METHODOLOGY OF SCIENCE, which is available upon request from
the Group Office. -

Courses Courses are chosen with the ad-  Logic Colloguium. (No credit)

vice of the graduate adviser from among the Reports on current research and scholarly work
offerings of the various departments of the by members of the staff, visitors, and graduate 5;“‘)
University. In addition to the departments 9 The Lt IF, W, op: B9
of Mathematics and Philosophy, attention is
especially directed to courses in the various
science departments, in statistics, and in
linguistics.

[&] MATHEMATICS

(Department Office, 970 Evans Hall)

William B. Arveson, Ph.D.
William G. Bade,{ Ph.D.
Elwyn R. Berlekamp, Ph.D.

Other Departments with Related Programs

Department of Mathematics and Depart-
ment of Philosophy.

Professors:

John W. Addison, Jr.; Ph.D.

NOTE: For key to footnote symbols, see page 92.

Lol T D

David Blackwell, Ph.D,
Hans J. Bremermann, Ph.D.
Paul L.. Chambré, Ph.D.
Shiing-shen Chern, D.Sc., LL.D.
Heinz O. Cordes, Ph.D.

René J. De Vogelaere, Ph.D.
Stephen P. Diliberto, Ph.D.
Lester E. Dubins, Ph:D.
Istvén Féry, Ph.D:

Jacob Feldman,}® Ph.D.
David A. Freedman, Ph.D.
David Gale, Ph.D.

Henry Helson, Ph.D.

Leon A. Henkin, Ph.D.
Morris W. Hirsch, Ph.D.
Gerhard P. Hochschild, PhiD.
Wu-Yi Hsiang,* Ph.D.

- William Kahan, Ph.D.

Tosio Kato,}* D.Sec.
John L. Kelley, Ph.D.
Robion C. Kirby, Ph.D.

" Shoshichi Kobayashi, Ph.D.

Lucien Lecam, Ph.D.

R. Sherman Lehman, Ph.D.
Calvin C. Moore, Ph:D.
Andrew P. Ogg,t* Ph.D.
Beresford N. Parlett, Ph.D.
Edmund J. Pinney, Ph.D.
Murray H. Protter, Ph.D.
Charles C. Pugh, Ph.D.

John L. Rhodes; Ph.D.

Mare A. Rieffel, Ph.D.
Maxwell A. Rosenlicht, Ph.D.
Rainer K. Sachs, Ph.D.
Donald E: Sarason, Ph.D.
Ichiro Satake, Ph.D.
Abraham Seidenberg,1* Ph.D.

. Stephen Smale,}* Ph.D.

Robert M. Solovay,t Ph.D.
Edwin H. Spanier, Ph.D.
John R, Stallings, Jr., Ph.D.
Abraham H. Taub,$* Ph.D.
P. Emery Thomas, Ph.D.

Uhdergraduate Programs

_ The department offers the undergraduate student a choice of three programs lead-
- Ing to the A.B. degree. The basic major program in mathematics gives the student the
OFportunity to obtain a strong, well-rounded mathematical background. The faculty
the department is strongly oriented toward research, and courses required for the
major are oriented toward theory. For students with particular interest in the appli-
~ cations of mathematics, a special major program in applied mathematics is available.
For prospective school teachers of mathematics there is a small, selective major
program in mathematics for teachers. = L .

General Major Requirements Each of the three major programs requires a minimum

0
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Robert L. Vaught, Ph.D.

Joseph A. Wolf,} Ph.D.

Hung-Hsi Wu, Ph.D.

Alfred L. Foster, Ph.D. (Emeritus)
Derrick H, Lehmer, Ph.D. (Emeritus)
Hans Lewy, Ph.D. (Emeritus)

Michel Loeve, Docteur &s Sciences (Emeritus)
Charles B. Morrey, Jr., Ph.D. (Emeritus) -

Anthony P. Morse, Ph.D. (Emeritus)
Raphael M. Robinson, Ph.D. (Emeritus)
Alfred Tarski, Ph.D. (Emeritus)

Frantisek Wolf, Ph.D. (Emeritus)

Associate Professors:

George M. Bergman, Ph.D.
Robert E. Bowen, {* Ph.D.
Paul R. Chemnoff,*Ph.D.
Alexandre J. Chorin, Ph.D.
David H. Goldschmidt,}* Ph.D.
Robert G. Hartshorne, Ph.D.
Ronald B. Jensen, Ph.D.
Tsit-Yuen Lam,1* Ph.D.
Oscar E. Lanford, 111, Ph.D.
H. Blaine Lawson, Ph.D.
Jerrold E. Marsden,1*Ph.D.
Ralph N. McKenzie, Ph.D.
Keith Miller, Ph.D.

Jack H. Silver, Ph.D.

John B. Wagoner,}* Ph.D.
Alan D. Weinstein, Ph.D.

Assistant Professors:

F. Alberto Grunbaum, Ph.D.
Ole H. Hald, Ph.D. _
Arthur E. Ogus,} Ph.D.

<

~ Armand M. Borel, Docteurés Sciences

(Visiting)
Lecturers: '
Eloise H. Carlton, Ph.D.
Jill Mesirov-Kazdan, Ph.D.
Michael D. Miller, Ph.D.
Shi-shyr Roan, Ph.D..
Naney K. Stanton, Ph.D,
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of 36 upper division units in the major in addition to a lower division base of 1A-1B-
1C, 51A-51B-51C. Courses 111, 190A, 190B, 190C, and 190D are not acceptable

toward the upper division major requirements. Additional requirements for these pro-
grams are as follows.

Major in Mathematics 113A-113B; 104A; 104B or 185; 130 or 140 or 142; 135; three
additional upper division mathematics courses. Only one of courses 120A and 185 can
be offered as part of the major.

The attention of students interested in logic is directed to Philosophy 12A~12B and
Mathematics 125A-125B. -

Courses in Computer Science, Physics and Statistics 100A~100B-100C are of in-
terest to mathematics majors.

Subject to the requirement of competence in the major, and with the approval of
the major adviser, the student may count not more than two mathematically theoreti-
cal courses in computer science, statistics, astronomy, physics, mathematical eco-
nomics, or other sciences toward his requirements for the major in mathematics.

Major in Applied Mathematics 120A—-120B-120C or three courses from 1044, 104B,
185, 105; 113A and 112; 128A, 128B, 129A or 129B; three additional upper division
courses in mathematics or in an applied field (all subject to the approval of the major
adviser), of which at least two must be in an applied field.

Major in Mathematics for Teachers Philosophy 12A; Statistics 20; 113A-113B-113C,
115A, 130, 132, 134, and 160; one additional upper division mathematics course.

Honors Program In addition to completing the requirements for the major in math- .
ematics or major in applied mathematics, a student in the honors program must (a) eam
a grade-point average of at least 3.3 in upper division and graduate courses in math- .
ematics; (b) pass a graduate mathematics course with a grade of at least A—; (c) com-
plete the course H196 in which he will write a senior thesis, or é)ass a second graduate
course with a grade of at least A—; (d) receive the recommendation of his major ad-
viser. Students interested in the honors program should consult with their major ad-
viser at least two quarters before graduation. .

_ Preparation for Graduate Study Students preparing for graduate work in mathe- -
matics are strongly advised to acquire a reading knowledge of two foreign languages .
from among French, German, and Russian. This proficiency is required for most Ph.Dy
programs, but the graduate programs do not leave a large amount of time for language
study. There is usually no language requirement for an M.A. degree. 4

Course 117, designed to challenge the student’s ability to do creative thinking, is:
useful for students preparing for graduate work. It is also desirable for such studen
to take some graduate courses while still in undergraduate status; courses 202A-202E
202C, 214, 250A-250B are recommended. o o

Graduate Programs

The department offers the M.A. degree in mathematics and the Cand.Phil. a‘n
Ph.D. degrees in both mathematics and applied mathematics. Detailed informatio
concerning admission, teaching assistantships and fellowships, and degree requix
ments is given in the GRADUATE ANNOUNCEMENT OF THE DEPARTMENT OF MA I
MATICS, which is available upon request from the Graduate Secretary, Department |
Mathematics.

i

8

Courses and Seminars
Courses and seminars are listed below. Statements of instructors commenting &
their methods of teaching, emphasis in presenting material, and other characteris

series.
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of their courses are posted at the Department Office, 970 Evans, at the beginning of
each quarter. Detailed descripitions of seminars and names of instructors offering them

are also available. '

Letters and Science List: for regulations
governing this list, see the ANNOUNCEMENT
oF THE COLLEGE OF LETTERsS AND SCIENCE.

Lower Division Courses

P. Algebra and Trigonometry. (2)

Four hours of lecture per week. Intended for stu-
dents who wish to take 1A or 16A but lack the pre-
requisites. A screening test will be given during the
pre-enrollment period. May not be used to satisfy the
Letters and Science breadth requirement, After re-
ceiving credit for 6B, 1A, 16A or the equivalent,
students will not receive credit for course P, Review
of algebra, graphs, functions, polynominals, exponen-
tial and logarithmic functions, inverse functions.
Trigonometric functions and their properties, mathe-
matical induction, binomial theorem, sequences and
(F, W, Sp)

1A-1B-1C. Calculus. (4-4-4)

Four hours of lecture per week. Prerequisite: at
least three and one-half years of high school mathe-

~ matics including algebra, geometry, trignometric and

other elementary functions, and some coordinate ge-
ometry; students lacking the prerequisites may enroll
after completing course P or 6A~6B. A screening test
will be given at the first section meeting. This is the

usual sequence for students who plan additional -

study of mathematics, Students who have received
credit for 16A or 190A will receive one unit of
credit for 1A; students who have received credit for
16B will receive two units of credit for 1B. Introduc-
tion to differential and integral calculus of functions
of one variable with applications, transcendental
functions, techniques of intergation, introduction to
differential equations and infinite series, vectors, in-
troduction to differential and integral calculus of
several variables. — 5 = =
Mr. Arveson, Mr. Addison, Mr. Hirsch,
Mr. Weinstein, Mr. Vaught
(each part offered each quarter)

18, Self-Paced Study in Introductory Calculus.
: (2412

Four hours of lecture and two to six hours of
]aboratory per week. Prerequisite: 3% years of high
school mathematics, including algebra, geometry,
trigonometric and other elementary functions, and
fome coordinate geometry. Self-paced instruction
fovering the material of course 1A—1B—1C. May be
Tepeated for credit up to a total ‘of 12 units.” Re-
duced credit for students who have taken part(s) of
Course 1A—1B-1C. Unit credit and grades assigned
at the end of each quarter, depending on the number
of study units completed. Mr. Rieffel (F, W, Sp)

HIA-H1B_H1C. Calculus. (5-5-5)

lFive’ hours per week. Prerequisite: same as 1A
Pllu A’s or B’s in high school mathematics and En-
8lish, and the consent of instructor. No screening
Honors course corresponding to 1A, 1B, 1C,
X able students with strong mathematical back-

und and interest. Emphasis on theory, rigor, and
{d problems. Recommended as preparation for the
JoT, particularly for honors candidates.

Mr. Sarason (sequence beginning F)

5A. Finite Mathematics. (4)

Four hours of lecture per week. Prerequisite: 3
years of high school mathematics, including at least
2 years of high school algebra, or course P. A short
screening test will be given at the first class meeting.
Not open to students who have completed S1A or
111. Sets, functions, logic, probability, vectors and
matrices, with applications.

Mr. M. Miller, Mr. Henkin (F, W)

5B. Finite Mathematics. (4}

Four hours of lecture per week. Prerequisite: course
5A or a course in linear algebra. Linear program-
ming, graph theory and combinatorics, game theory,
and model theory. Mr. M. Miller (Sp)

*6A-*6B. Elementary Mathematical Planning. (4-4)

Three hours of lecture and three hours of labor-
atory per week. No credit for 6A following courses
P, 1A or 16A. A problem-oriented course. Elemen-
tary versions of advanced mathematical ideas are
studied so as to simultaneously prepare students for
calculus and  rebuild their high school algebra,
geometry, and trigonometry by adding new founda-
tional material and examples from the life, social,
and natural sciences. Students with low scores on a
placement examination will be required to do extra
laboratory work, Course 6A alone prepares students
for Statistics 2 and Chemistry 1A. >

10. Mathematics for Liberal Arts Students. (4)

Four hours of lecture per week. Prerequisite: not
open to students who have had 1A, 164, or a more
advanced course, but course 10 may be followed
by one of these courses. Concepts of modem mathe-
matics for students who have no techmical back-
ground. The topics are chosen by the instructor and
vary from quarter to quarter. Course 10 is not a

remedial course in algebra and trigonometry.

77777 Mr. Rhodes (W)
15. Concepts of Mathematics for Elementary
School Teachers. (5)

Five hours of lecture per week. Intended only for
prospective elementary school teachers. Restricted to
seniors and students in the elementary credential pro-
gram. No credit for 15 taken concurrently with or
after any other mathemnatics course except P, 6A—6B,
or 10. Development and structure of the real number

system and its subsystems. Elementary concepts of

set theory, numeration, factoring and divisibility,
nonmetric geometry, measurement. (W, Sp)

16A-16B. Analytic Geametry and Calculus. (4-4)

Four hours of lecture per week. Prerequisite: two
years of high school algebra plus plane trigonometry;
students lacking the prerequisites may enroll ofter
completing course P or GA—6B. A screening test will
be given at the first section meeting. For students in
the social and biological sciences. Course 16A—16B is
a terminal course for lower division students whose
program does not require more than one year of

~mathematics. Students do not receive credit for both

16A and 190A, nor for either 18A or 190A after 1A.
After receiving credit for 1B, students may receive
two units for 18B. They may not receive credit for
both 16B and 190C, )
16A. Inequalities, absolute value; graphs of sim-
plest functions; the derivative; extreme values;
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rates of change and differentials; increasing and
decreasing functions (mean value theorem); basic
properties of log, exp, cos, sin; introduction to
integration.
16B. Fundamental theorem of calculus, properties
of the intergal; integration by substitution and by
parts; volumes of solids of revolution and arc
length; vector spaces and linear algebra.

Mr. Spanier, Mr. Thomas, Mr. Parlett,
Mr. Pugh, Mr. Wu (each part offered each quarter)

41 Introduction to Linear Algebra and Vector
Analysis. {4)

Four hours of lecture per week. Prerequisite:
course 1C. Primarily for certain students in Mechan-
ical Engineering. May not be taken for credit after
Math 51A or Math 51B. May not replace Math 51A

or Math 51B as part of the Mathematics Major. .

Determinants, linear equations, n-dimensional Eu-
clidean space, matrices, linear indepéndence, linear
transformations, review of partial differentiation, ap-
. plication of partial differentiation to maximum and
minimum problems, mulbple integrals and applica-
‘tions, surface and line integrals; Green’s theorem,
divergence theorem, Stokes’ theorem.
Mr: Laitone (F, W)

51A. Introduction to Linear Algehra. (4)

Four hours of lecture per week: Prerequisite: 1C.
Students may not receive credit for both 51A and
111. Matrix algebra, simultaneous linear equations,
vector spaces, linear transformations, determinants,

Mr. K. Miller, Mr. DeVogelaere (F, W, Sp)

518. Calculus of Vector Functions. (4)

Four hours of lecture per week. Prereqmszte.
course 51A. Review of partial differen
_multiple integration. Vector differential and integral
calculus, including theorems of Green and Stokes.
Implicit function theorem if Himeé perr

Mr. XK. Mxller, Mr. DeVogelaere, Mr. erby, :

51C. Differential Equations and Related Topics. (4)
Four hours of lecture per week, Pre equi: ite:
courses 1A—-1B-1C. Ordmaxy differential equat
of first and second order, series solutions and higher
order equations. An introduction to Fourier series
and scparation of variables in simple partial diﬁex‘-
ential equations with some applications.
Mr. K. Miller, Mr: Cordes (F, W, Sp)

H51A-H51B-H51C. Linear Algebra, Galculus of
Vector Functions, and Dxﬁerenﬁal Equatwns
(5-5-5) .

Five hours of lecture per week Prerequmtz

HIG, or 1C and consent of instructor, Horors se-
quence corréesponding to 51A-518-51C for able
students with
interest. Emphasis on theory, rigor, and hard prob-
lems. Recommended as preparation for the major,
partlcularly for honoxs candidates.

Mr. Bergman (Sequence beginning F)

Related Courses in Another Department
Computer Science 1. Introduction to Com-

. uting. ;
Philosophy 12A-12B-12C. Introduction to
Logic.
Statistics 20. Introduction to Probablhty and
Statistics.

' Fourier series.

strong mathematical background and

123
Upper Division Courses
104A-1048B. Intruductory and Intermediate Analysis. ~
-4 . ‘ '
Three hours of lectures per week. Prerequisite:
courses 51B and S51C or consent of instructor.
104A. Sets and functions, the topology of R®, the
Riemann integral, continuous functions, umfo:rm
converzence, the elementary transcendental func-
tions sin x, log x, interchange of limit operahons,
and some "discussion of metric spaces.
104B. The Frechet derivative, chain rule, im-
plicit function theorems and existence theorems
for differential equations by the method of suc-
cessive approximations, ‘integration in several
vanables, and further topics. ;
Mr Protter, Mr. Kelley, Mr. Fary
(each part offered each quartcr)

H104A-H104B. Introductory and lntermedlate
Analysis. (4-4)

Three hours of lecture per week. Prerequmte'
courses §1B, 51C, and consent of instructor. Not
open to students who ‘have taken 104A-104B. Hon-
ors sequence correspondmg to 104A-104B for ex-
ceptional students with strong mathemahcal back-
ground and interest. Emphasis is on rigor, depth,
and hard problems.

Mr. Lanford (sequence beginning F)-

105, Integration, (4)

Three hours of lecture per week. Prerequisite: =
course 104A. Null sets and the Riemann integral, =
construction and properties of Lebesgue measure,
the Lebesgue mtegml and convergence theorems,
Fubini’s theorem, | bsolutely continuous functions
and dlﬂ'erenhatxon _completeness of L, 13, and
Mr. Marsden (F, W Sp)

111, Introduction to Linear Algebra @

Three hours of lecture per week. Prerequisit
two quarter courses in calculus and upper divis
or graduate standing. Students may not' receive
credit for both 51A and 111. Same mathemal
content as 51A but ded for advanced stud
who did not have linear algeb:‘a in theu‘ lower
division calculus sequence..

Mr. Hochschxld Mr Freedman (F W)

112, Linear Alzebra, (4)

« n toward a concrete
theory than is 113C. Characte:
tions, values, and vectors; orthogonal an
vectot spaces; oxthogonal unita
matrices; quadratic forms, hermitia s
diagonalization of normal matnces, mtmductwn
infinite-dimensional spaces.
Mr. Cordes, Mr. Gale, Mr Kal
. . Mr. Ka‘han (F, W,
113A-113B. lnt'm’duction tu Ahstract Algebra.
4-4) f .
Three hours of lectnr
course 51A. Sets, gro
vector spaces, lmear transformations and matﬂ

. (Each part offered each g
ks Mr‘ Kelley, Mr Satake, Mr. Hoc

~ forms, umtary spaces, unitary similarity, g

. felds,

| deyeloped through probl'

113C. Abstract Linear Algebra. (4)

Three hours of lecture per week. Prerequisite:
course 113B. Students moy not receive credit for
both 113C and 112. Dual vector spaces, determi-

_ nants, characteristic values, similarity, canonical
quadratic

forms, Mr. Kelley Mr. i

(F,’
H113A-H11 3B~H1 13B lntruductmn to Abstract
 Ngebra and Abstract Linear Algebra. 4-4-4)

Three hours of lecture per week. Prerequisite:
course 51A and consent of instructor.
students who have taken 118A—113B—1130. Honors
sequence correspondmg to 113A-113B-113C for
exceptional students with strong mathematical back-
ground and interest. Emphasxs is on rigor, depth,

and hard ptohlems. Mr. Wu (Sequence begmmng F) :

115A. Introduction to Number Theory. (4)

Three hours of lecture ‘fper‘ week. Prerequisite:
course SIA. va1sxb1hty. _congruences,
functmns theory of primes.

Mr. Ha.rtshome, Mr. Lennan, Mr. Dchgelaere

: (E, W, Sp)
1158.'Topics~ in NumbEr Theory. (4)

Three hours of lecture per week. Prerequisite:
course 115A. Topics selected from: Diophantine
analysis, continued fractions, partitions, quadratic
asymptohc dxsmbutions, additive problems.

- Mr. Hartshorne w)

117. Mathematical Prohlems Seminar. (4)

Three hours of lecture per week. Prenqumte.'
consent of the instructor. Upper division standing
advisable. The student is given the opportumty to
exercise his mathematical abilities on problems call-

ing for original thought, and to discuss methods of

attack on mathematical questions. Material used
advanced topics
s, and open research
ctor. For the

: dergraduate

courses wx]l be assumed May be repeated for credit.
Mr. Bergm:m (F) %

may include isolated pmblems

ch ith the ins
s on]y material covered i

120A-120|1—-1200 Analysn for Applled
Mathematics. (4-4-4) -
Three hours of lecture per week. Prerequmte-
courses 51B and 51C. Primarily for students in ap-
plied mathematics a
sciences who are likely to ue more adva:
worlk. No for 120A following 185.

1204. Sets, sequences, and series. Contmmty, dif-

‘ferenﬁab'lity, and Riemann integration, theory of
briformal _map-

a fu:nchon of a cemplex vadabl
ping. (F, W)
1208, Holomorplnc functions, smguianues. Con-

~ tour integration and residue theory. Analyhc con-

tinuation and Riemann surfaces. - (W, Sp)

120C. Ordinary differential equations. Sturm-
Liouvills problems, Fourier and Laplace transform
theory. Special functions and
equations of mathématical phys
Mr. Pinney, M Chambre

,‘z

. 121B. Partial differential equations:

Not open to

nu‘xnen‘cal

those students in the physical
d

; ~ods approp iate for use thh oomputers

partial differential

Ax. Lehman (F Sp)‘
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advanced work in applied malhematlcs should take

courses 112 or 113C, 104A, and 185 or 120A—120B—

120C.

1214, Orthogonal functions and exgenfunctmn
representations, ordinary differential equations,
special functions of mathematical physics. (F, W)

Laplace
equation,” wave equation, diffusion equation,
Green s funcuon Functions of a complex variable.

; _ Mr. Chemoff, Mr. Sachs (W, Sp)

123. Drdmary leferenttal Equations. (4)

Three hours of lecture per week. Prerequmte~

course 104A. Some backgnound in linear algebra is
 recommended. Existence and uniqueness of solutions,

linear systems. Other topics selected from: boundary
value problems, analytic systems, autonomous sys-
tems, Sturm-Liouville theory. Mr. X. Miller (W)

125A--125B. Mathematical Logic. (4-4)
" Three hours of lecture per week. Prerequisite:
course 113A or consent of instructor. Sentential and

. quantificational logic. Formal grammar, semantical
~ interpretation, formal deduction, and their interrela-
tion. Apphcatlons to formalized mathematical the-

ories.

Selected topics from model theory or proof
theory.

Mr. Henkin (125A: F, W; 125B: Sp)
‘126./lntr0ductmn 1o Partial Differential Equations.
e :

‘Three hours of lecture per week. Prerequisite:
course 104A. Classification of second order equa-

. tons, .boundary value problems for ‘elliptic’ and

parabolic equatxons; initial value problems for hyper-
bolic equations, existenc and un ess theorems

 in simple cases; maximum principles, and a priori

bounds, the Founer transform - Mn X. Mxller (Sp)

;‘128)\ Numencal Analysxs. 5)

Three hours of lecture per week and one 4-hour

laboratory. Prerequmte courses 5§1B and 51C. Stu-
dents do not receive credit for both 128A and 129B.
Syntax and semantics of ALGOL, interpolation and

approximation, discretization of operators, numerical

solution of ordinary differential equations. Emphasis

on methods appropriate for use with computers,
- . Mr. DeVogelaere, Mr. Lehman (F, W)

- : 1288 Numerical Analysw. (5)

Three hours of lecture per week and one 4-hour

 laboratory. Prerequisite: courses 1284, and 112 or

113C. Students do not receive credit for both 128B

- and 129A. Solution of nonlinear equations. Numeri-

cal methods for solving systems of linear equations

~ and inverting matrices. C aracteristic roots and vec-
_tors of matrices. Introduction to numerical solution
 of partial di

ifferential equations. Empbas:s on meth-

Mr. iehman (Sp)
129A computatmnal Algehra. (4)

Three hours of lecture and one hour of problem

. section per week. Prerequisite: course S1A or 111
_and a working knowledge of either ALGOL or FOR-

TRAN. Round off errors: Approximation by interpola-
tion. Solution of nonlinear equations in one unknown.

_Systems of lmear equations, least squares fitting,

1

121 A-1218, Mathematical Tools for the Physical
Sciences. (4-4) -

Three hours of lecture per week Prerequwtte.
courses 51B and 51C. Primarily for students in the

Physical sciences, Students who wish to prepare for

~ 128B.

eigenvalues. Sy of nonlinear ~equations. Stu-

~ dents may ot receive crednt for both 120A and
, ]\ir.;Chorm (B, W)

129B. cbmputatmnal Analysis. 4

Three hours of lecture and one hour of problem

_ section per week Prerequisite: courses 51 B zmd 510
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and a working knowledge of either ALGOL or FOR-
TRAN. Interpolation, quadrature, ordinary differential
equations, difference methods for initial value and
boundary value problems. Variational methods, el-
liptic partial differential equations. Students may not
receive credit for both 129B and 128A.

~ "Mr. Chorin (W, Sp)
130. The Classical Geometries. (4)

Three hours of leécture per week. Prerequisite:
course 113B. Topics chosen from the following list:
axioms for afine and projective planes, planes over a
dxvx.smn ring, duality, the coordinatization theorem,
n-dimensionsal projective geometry over a field, col-
Ixnead}ms and correlations, classification of hyper-
.quadrics, the projective group and its subgroups,
non-Euclidean geometry, inversive geometry.

Mr. Rhodes, Mr. Lawson,

. Mr. Gale (F, W, Sp)
132. Topics in Geometry. (4)

Three hours of lecture per week. Prerequisite:
course 118A and consent of instructor. Topics se-
lected from such areas as classical projective ge-
ometn‘/, inversive geometry, symplectic geometry, ge-
ometric algebra, integral geometry, convexity, and
elementary topology, Mr. Seidenberg (W)

*133. Algebraic Curves. (4)

Three hours of lecture per week. Prerequisite:
course 113A. The complex projective plane, simple
and singular points of plane algebraic curves, Be-
zout’s theorem, branches, linear series, cubic curves.

134. NumberSystems. (4)

Three hours of lecture per week. Prerequisite:
course 1G. Especially recommended for prospective
_teachers. Systems of patural numbers, integers,
rational numbers, and real numbers developed both
a_nomntically and through set-theoretical construc-
t:.xon. Proof by induction and definitions by recur-
sion. Mr. Henkin, Mr. Fary (W, Sp)

135. Introduction to the Theory of Sets. (4)

Three hours of lecture per week. Prerequisite:
courses 113A and 104A. Set-theoretical paradoxes
a_nd means of avoiding them. Sets, relations, funoc-
tions, order and well-order. Proof by transfinite in-
ductl?n and definition by transfinite recursion.
Cardinal and ordinal numbers and their arithmetio.
Construction of the real numbers. Axiom of choice
and its consequences. Mr. Henkin, Mr. Kelley,

V (F, W, Sp)

140. Metric Differential Geometry. (4)

Three hours of lecture per week. Prerequisite:
courses 104B or 120B. Frenet formulas, isoperi-
metric inequality, local theory of surfaces in Eu-
éhdea{x space, first and second fundamental forms,
Gaussxap and mean curvature; isometries, geodesics,
parallelism, the Gauss-Bonnet-Von Dyek Theorem.

Mr. Weinstein, Mr. Chemn (F, W)

142, Elementary Algebraic Topology. (4}

Three hours of Jlecture per week. Prerequisite:
courses 104A and 113A. The topology of one and
two dimensional spaces: manifolds and triangulation,
classification of surfaces, Euler characteristic, fun-
d_amental groups, plus further topics at the discre-
tion of the instructor. Mr. Chern (Sp)

*145. Boolean Algehras. (4}

Three hours of lecture per week. Prerequisite:
course 125A. Postulates, treatment as rings or lat-

Loee
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tices; rela.tion to sentential calculus and calculus of
'classcs; .mﬁnitc operations, atoms; subalgebras,
ideals, direct products; representation theorem.

*151. Generalized Functions (Distributions). (4) X
Three hours of lecture pér week. Prerequisita:’
course 1'04A. Motivation, Distribution solutions of
dxﬂ'e.ren'tml equations, Test functions, functionals,
continuity. Generalized functions. The spaces (Dm),
(D), a}nd (E) and their duals. Distribution dedvstiv:l.
F:ouner _txansfdrm. Convolution. Differential equa-
tons with constant coefficients, Green’s function.
Application to partial differential equations. .

160. History of Mathematics. (4)

Three hours of lecture per week. Prerequisite:
courses 51B, 51C, and 113A. History of algebrs,
geometry, analytic geometry, and calculus from
ancient times through the seventeenth century and
selected topics from more recent mathematical his-
tory. Mr. Silver (F)

163. Tutorial in Upper Division Mathematics. (4)
Four hours per week. Prerequisite: consent of in- -

structor. Emphasis is placed on the individual’s ex-
perience in discovering and explaining mathe-
matics. Examples of subjects which may be covered
are game theory, category theory, differential topol-
ogy, mathematical foundations of quantum me-
chanics, global theory of ordinary differential equa-
tions, and classical linear groups. Content varies:
may be repeated for credit with consent of in-
structor. (Sp)

b

*175. Calculus of Variations. (4)

Three hours of .lecture per week. Prerequisite:
cotirse 51? or equivalent knowledge of the colculus.
Euler'cquahons for variational problems; differential
;:qtuah:lns of I;Jathcmaﬁc‘al physics derived from
ntegral principles; solutions of variat [
o R e ariational problems

Complex Variahle. (4) -

Three hours of lecture per week. Prerequisite:
course 104A. No credit for 185 following 120B.
Analytic functions of a complex variable, Cauchy's
mtggra! theorem, power series, Laurent series, singu-
lanh.es of analytic functions, the residue theorem with
application to definite integrals. Some additional

topics such as conformal mapping.
Mr. Goldschmidt, Mr. Lawson (F, W, Sp)

188. Mathematical Models in Physics and
Engineering. (4) .

Three hours of lecture per week. Prerequisite:
courses 113B and 185, Designed primarily for

185, Introduction to the Theory of Functions of a

math’emktiqs majors with little or no background in
physical sciences. Study of the relationship between
tftathemancal concepts such as discrete and con-
pnuosxs spectra, resolvents of linear operators, group
invariance, and physical concepts which arise in
U‘ae study of dynamical systems and wave propaga-
tion, Mr. Rhodes (Sp)

180A-190B-130C-190D. Survey of Algebra and
Analysls. (4-4-4-4)

Three hours of lecture per week. Prerequisite
upper division or graduate standing with specializa- »
tion outside mathematics and physical science. Stu-:
dents who have studied calculus should not tak
180A but may enter 190B or 190C. Students receive’

g4 b

9 units for 190C following 16B. Course 190D pre-
pares students for course 104A.
190A. Analytic geometry, differential and inte-
gral calculus, (F, W)
190B. Calculus of several variables (partial dif-
ferentiation, extremum problems), complex num-
bers and trigonometry, vectors and vector spaces.
(W, Sp)
+ 190C. Linear algebra. {F, Sp)
190D. Infinite series, differential and difference
equations, multiple integration, Xuhn-Tucker
theorem. Mr. Helson, Mr. Silver (F)

*191. Experimental Courses in Mathematics.

The topics to be covered and the method of in- .
struction to be used will be announced at the be-
ginning of each quarter that such courses are of-
fered. See departmental bulletins.

195. Special Topics in Mathematics. (4)

Three hours of lecture per week. Prerequisite:
consent of instructor. Lectures om special topics,
which will be announced at the beginning of each
quarter that the course is offered. May be repeated
for credit. Mr. Marsden (F)

H196. Honors Thesis; (4)

Meetings to be arranged.

Prerequisite: admission to the Honors Program in
Mathematics: a grade-point average of 3.00 overall
and a grade-point average of 3.30 in the major. In-

dependent study of an advanced topic leading to an

honors thesis.

The Stafl (F, W, Sp)

199. Supervised Independent Study and Research,
(1-5) ‘ o
Enrollment is restricted by regulations listed on

page 93. Must be taken on a passed or not passed
basis. The Staff (F, W, Sp)

Related Courses in Other Departments

Computer Science 167. Graph Theory.

Computer Science 169. Introduction to Com-

“binatodes. ¢ e

Economics 191A. Introduction to Mathemat-
ical Economics.

Statistics 100A—100B-100C. Introduction to
Probability and Statistics.

Statistics 141. Introduction to Continuou
Parameter Stochastic Processes. :

eter Stochastic Processes. :
Statistics 168. Game Theory.

. Graduate Courses . .

202A-202B-202C. Introduction to Topology and
Analysis. (4-4-4)

Three hours of lecture per week. Prerequisite:
course 1044; also linear algebra for 202B and 105
for 202B and 202C. :

202A. General topology; theorems of Tychonoff,

Urysohn, Tietze, Arzela-Ascoli, Baire. Stone-

Weierstrass theorem,

202B. Bounded linear maps on Banach spaces.

Banach spaces. (W, Sp)
202C. Measure and integration. The Fourier trans-
form. . (Sp)

Mr. Helsen, Mr. Smale

~ convergence, spaces Lp and C.

Statistics 142. Introduction to Discrete Param-

(¥, W, Sp)

Spectral theorem in Hilbert space. Derivative on.
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203. Measure and Integration. (4)

Three hours of léecture per week. Prerequisite:
course 202A (may be taken concurrently). General
theory of measure and integration, including the
Fubini theorems and the Radon-Nikodym theorem.

Mr: Dubins Mr. Kirby (F, W)

204A-204B-204C. Ordinary and Partial Differential
Equations. (4-4-4)

Three hours of lecture per week. Prerequisites:
courses 105 and 185 or permission of instructor.

Fundamental existence theorem for ordinary dif-

ferental equations. Properties. of linear systems with
constant and periodic coefficients. Sturm-Liouville
theory; Poincare-Bendixson Theorem. Cauchy-Ko-
walewski theory for systems of partial differential
equations. Initial and boundary value problems for
elliptic, parabolic, and hyperbolic second order equa-
tions, Nonlinear equations and systems. Mr. Protter

; (Sequence beginning F)

© 205A-*2058. Theory of Functions of a Complex

Variable. (4-4) ‘

Three hours of lecture per week. Prerequisite:
course 185 or 120B; Normal families, the Riemann
mapping theorem, Picard’s and related theorems,
and additional topics chosen by the instructor from
classical complex variable theory.

: Mr. Fary, Mr. Sarason (F, W)

206A. Linear Spaces. (4)
Three hours of lecture per week. Prerequisite:

courses 105 and 2024, or course 203. Elementary

_theory of Banach and Hilbert spaces, Hahn-Banach

_ theorem, closed graph theorem, principle of uniform

boundedness, linear functionals and operators, weak

- ‘ ; Mr. Arveson (F, W, Sp)
206B. Linear Operators. (4) ,

 Three hours of lecturs per week. Prerequisite:
course 206A. Spectrum and resolvent, Fredholm

 theory of compact operators, spectral theorem for
 bounded self-adjoint operators, commutative Banach
Talgebras.) . L

* 5 . Mr. Arveson’(sp) ey
207. Differential Operators. (4)

‘Three hours of lecture per week. Prerequisite:
_course 206B. Differéntial operators, unbounded sym-
metric operators, perturbation theory, additional

 topics selected by the instructor. Mr. Chemoff (F)

208. Functional Analysis. 4}
. Three hours of lecture per week. Prerequisite:
course 206A. Locally convex linear topological
‘spaces, distributions, further topics selected by the
instructor. L ' W)
212A-212B. Several Complex Variables. (4-4)
Three hours of lecture per week. Prerequisife:
course 205A. Power sexies and analytic functions of
several variables, analytic sets and ideals of holo-
‘morphic functions, analytic continuation and en-

_ velopes of holomorphy, analytic spaces, global prob-

lems and sheaf theory, Further topics such as gseudo—
convexity and the E. Levi problem, embedding
theorems for Stein manifolds, proper mapping theo-
 rem, normalization theorem, bounded domains in
Ui ; ~ (Sequence beginning W)

' i Mr. Kobayachi
214. Differentiable Manifolds. (4) .
(Formerly numbered 2404)
Three hours of lecture per week. Prerequisite:



courses 202A, 140, or their equivalents are recom-
mended. Smooth manifolds and smooth mappings,
tangent and normal bundles, Sard theorem and
transversality, Whitney 1mbeddmg theorern, Morse
functions, Stokes theorem, Frobenius theorem.
Mr. Thomas, Mr. Hirsch (F, W)

215A-215B-215C. Algebraic Topology. (4—4-4)
Three hours of lecture per week. Prerequisite:
courses 113B and 202A. Fundamental group, cov-
ering spaces, simplicial complexes, homology theory
and applications. Homotopy groups, fibrations, rela-
tions between homotopy and homology, obstruction
theory, classification theorems, spectral sequences
nad applications. Mr. Stallings,
Mr. Freedman (215A: F, W; 215B: W, Sp;
215C: Sp)

219A~*219B-*219C. Ordinary Dlﬁerentlal
Equations. (4—4-4)

Three hours of lecture per week. Prerequisite:
courses 112 or 113C, and 185 or 120A (which may
"be taken concurrently) Ordinary differennal equa-
tions in the real and complex domains, existence,
differentiability of solutions, linear systems with con-
stant and periodic coefficients, analysis of singular
points, Poincaré-Bendixson thcarem, perturbation
theory, Sturm-Liouville theory Fuchsian equations,
asymptotic expansions. Mr. Pugh (F)

2190-219E. Modern Flow Theory and Structural
Stahility. (4-4)

Three hours of lecture per week: Prerequisite:
course 219A. Group actions and orbits, classification,
special cases of Z and R; structural stability in low
dimensions, characterization of stable fields in two
dimensional manifolds. Higher dimensional theory,

generic properties of fields and difeomorphisms;

closing lemma, structural stabxhty, flows and dif-
feomorphisms; spet;ial topics. ‘Mr. Pugh (W, Sp)
220A-220B-220C. Applied Mathematics for
Physical Sciences and Engineering. (4-4-4)
Three hours of lecture per week. Prerequisite:
courses 120A—-1208-12OC or 104A and 185, or

equivalent.

220A-220B. O'Idmary and partial differential

equations of mathematical physics and engineer-

ing. Special functions, integral transforms.
 220C. Integral equations. Variational methods for
. pamal dxfferentxal _equations. - Mr. Pinney
(Sequence begmnmg )

222A—2228—*222C Pamal D;ﬂerential Equatmns.
444

Three hours of lecture per week. Prerequisite:
courses 105 or 203; and 185. The theory of initial
valus and boundary value problems for hyperbolic,
parabolic; and elliptic partial differential equations,
with empbasis on nonlinear equations. More general

types of equations and systems of equations,
~ Mr. Cordes (Sequence beginning F)

224A-224B-224C. Mathematical Methods for the
Physical Sciences. (4-4-4) .

Three hours of lecture per week. Prerequisite:

courses 112 or 1130, and either 104A and 185, or

121A-B, or 120A—B.
224A-224B. Introduction to the theory of dis-
tributions. Fourier and Laplace transforms. Partial
differential equations, Green’s function. Operator
theory, with applications to one-parameter unitary
groups, eigenfunction expansions, perturbation
theory.

ey q\t_](*/’ 7l

 tions to context-free languages, grammars,
Mr. Spamer (VV)

s

224C. Special topics chosen by students and in-
structor. Mr. Taub, Mr. Grunbaum
(Sequence beginning F)

225A-225B-225C. Metamathematics. 444
Three hours of lecture per week. Prerequisite:
courses 125B and 135. Metamathematics of predicate

logic. Completeness and compactness theorems, In-
terpolation theorem, definability, theory of models.

Metamathematics of number theory, recursive func-
Hons, applications to truth and provability. Unde- :

cidable theori?s*. Mr Vaught (225A: F, W;
225B:

226A. Functwns am! Abstract Machines. @

Three houts of lecture per week. Prerequisite:
courses 113B and 135 or consent of instructor. Func-

Hons computed by #inite state devices, algebraic’

charactenzabons, regular sets. Turing machines, re-
cursive functions, decision problems. Mr. Spamcr (F)

226B. iner Series and Languages {4)
Three hours of lecture per week. Prerequisite:

course 226A Power series in non-commuting vari- .

‘ables, rational and algebraic power series, appixca—

Sp, 225C: Sp) :

) g;{‘ . 7%

definitions by abstmchcm A.nthmetxc of cardinals.
Axiom of choice, equwalent forms, and conse-
guences.

235C. Selected topics such as: anthmetm of re-
lation types, generalized continuum hypothesis,
;maccesmble numbers, constructible sets. = (F, W)

*23GA—*2383 Memmathemancs nf Set Theury
44

 Three hours of lecture per week. Prereqmsde.,
courses 235C and 235A. Various set theores: com-
parison of strength, transitive and natural models

finite axiomatizability. Independer

and
of axiom of choice, continuum hypothesis, etc. The

- measure prohlem and axioms of strong mﬁmty

240A-240B. Riemannian Geometry. (a-4)

(Formerly 240B—240C)

Three hours of lecture per week Prerequisite:
course 214. Ri lds, parallelism,
geodesxcs, struct‘ute, cquahons, completeness, curva-
ture, relations between curvature and topology. Fur-
ther topics such as: general ﬂmory of connections,

‘h(.)lonomy groups and de Rham decomposition,

families of languages

226C. Semigroups and Machines. (4)

Three hours of lecture per weck. Prerequisite:

‘courses 926A and 250A. Finite semigroups, wreath
products, prime decomposition theorem, application.
to finite mlte machmes, algebranc theory of com-
plexity. (Sp)

227A—-22'IB Theury of Recursm Funcﬁons 44

Three hours of lecture per week, Prerequisite:
course 235GC. Recursive and recursively enumerable
_ sets of natural numbers: characterizations, signifi-

cance, and class:ﬁcahon. Relahv:zatxon degrees of
unsolvability. The recursion theorem. Constructive

ordinals, the hyperarithmetical and analytical hier-

arcbnes Rccuxswe ob) cts of higher type.

Thxee hours of lectuxe and two hours of labon— ‘
,tory per week, Prerequisite: courses 111 or 113B,

and 198B. Discretization and optimum  discretiza-

tion. Iteratlon méthods. Applications to systems of
 linear, differential, and integral equations. Discussion
of convergence, stability, and TYOTS. Addxﬁom]'

topics selected by the instructor.

(Sequcnce beg;mmng ) Mr Kahan, Mr Cbonn ‘
229A-229B. Theory of Models. (4-4) :

ecture per week, Prerequwm.

. course 2250 Syntactical characterization of classes
closed under algebraic operations. Ultraproducts and
ult:rahmxts, saturated modeIs Methods for establish-

ing decldabxhty and completeness. Model theor)’ of
various !zmguages ncher than first-order.

(Sequence begmmng F)

235A—2358~*2350 Theory of Sets. (4-4-4)

Three hours of lecture per wcek Prarequu-i!n'
courses 125A and 135

‘Eoundahons Opemﬁon!
magts and :ct functions.
and well £, ded rela:
- of induction and recur-
sion. Ranks of sets, ordinals and their arithmetic.
Set-theoretical equivalence, similarity of relations;

_ and _period Telat ions.

-, Complex Manifolds. @)

 Three hours of lecture per week. Prerequmte'

*255A *2553_:

_algebraic geometry, abelian
surfaces, o

 (Sequence hegir ‘u’)g F); | ‘
‘ 245

. 228&—2288. Advanceﬂ Numer al Analysis.

_ braic structure.
mcrp}nsms and congruence relatmns, direct. pmducts
reduced products, and ultraproducts; free algebms L

Belds, latti

ho §
courses 1134,
~ Gro

- upexators ‘Rin

‘ 2538 Fleld Theory (4)

. mursz 25 0.

‘hed manifolds, submanlfolds R!emznman geom-
clty of Lie groups.

241A. Riemann Surfaces. (4)

Three hours of lecture per week. Frerequisite:
courses 205A and 214. Compact Riemann surfaces,
Riemann surface of an algebraic function, Riemann-
Roch theorem, Abel’s theorem, Jacobian varety and
linear systems, integrals of Ist 2nd, and 8:d kind,

- Mr. Lawson (W)

course 241A. Transcendental methods in algebraic

geometry, Kihler manifolds, Hodge and Dolbeault -

theorems, fiber bundles and characteristic classes in
neties ‘and  analytic

2455-*245(: ’Gene;a Theory of Mgebra
 Structures. (4—4—4)

'I‘hnae houﬁ aE lecturc pcr ‘week. Prereqm te
courses 113G .

Applications of general notions to groul

Boolean algebras, etc.

s of lectura per week. Prereqmsitn.
3B, and 113C or their equivalent.
ory; direct and semnidirect products,; I

e

1P s,
unique factorization and pnncxpnl ideal domains.

Seidenberg,

homomoxphlm modulcs
e : Mr. Rhodes (F W Sp)

rs of lecture per week. Prereqm.nts :
'x'tensmns ~and. composxtes of |

Mr. Fﬁry(240A W, Sp, 240B: Sp)

‘ Mr. Lawson (Sp) o

Modules over rings: maximum and minimum con-
ditions, free modules, duality, tensor product and
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250C. Muitilinear Algebra and Commntatne Algehra
4

. Three hours of lecture per week. Prerequisite:
course 250B. Tensor algebra and exterior algebra

“of a module, with application to linear transforma-
~ Hons. Elementary commutative ideal theory, rings
 of fractions, local rings. Elementary speda]imnon

and valuation theOryA Related topxcs in commuta-
tive slgebrn . o - S (Sp)

~251 ng Theory (4)

 Three hours of lecture per week. Prerequxsntc

. course 250B. Topics such as: Noetherian rings, rings
‘with descending chain condition, theory of the radi-
_cal, homological mcthods - e (F)

252, Representation Theory. (4).

Three hours of lecture per week. Prerequisite:

. course 250B. Structure of finite dimensional algebras,
_applications to representations of fnite groups, the
_classical linear groups. o

Mr. Moore (F)

; *253, Homologicai Algebra‘ @

Three hours of lecture per week. Prerequisite:

course 250B. Modules over a ring, homomorphisms

and tensor pmducts of modules, functors and derived
functors, h ion of rings and mod-
ules. :

254. Algebraic Number Thenry 4

Three hours of lecture per week. Prerequisite:

ical ¢

 course 250B. Valuahon theory in number fields and
: telatmn to ideal theory, local fields, unit theorem and

_ ramification theory. . 3
~ Mr. Lam (Sp)

55C. Foundatinns of Geometry.

of class B

4y

Three hours of lecture per week Prerequmte

courses 125B and 130. Historical introduction. Primi-
_tive terms and axioms of Euclidean geometry. Princi-
- pal consequences of axioms; Introduction of Cartesian

_eoordinates. Completeness. categoricity, decidability;
independence of axioms. Alternative systems of prim-
itive terms and axioms. Non-Euclidean geometries—
1 dev IOpm T t to Euchdean geometry Lo

- 256)\-2568—256(: Mgebralc Genmetry (4—4-—4)

 Three hours of lecture per week. Prerequisite:
course 250B. Algebraic varieties, dimension, corre-

- spondences, normaluatmn, simple points, linear sys-
 tems, Ri Roch t

for curves, cohomol-
of coherent sheaves and theory of schemes.
(Sequence beginmng F) Mr. Satake -

0

259, Transformatian Gruups. O

- Three hours of lecture per week. I’rerequ{::!e'

S,  courses 215A and 2I4. Topological groups, Haar

measure, general theory of topological transformation

. groups, the existence of slices and apphmt\ons the

Srmth theory of penodm transfomatmns

; 280A Tnpulogncal Groups. (4)

Three hours of lecture per week. Prerequisite:

= _courses 202A and 250A. General topological groups,
| Hnar muasure, compact groups.

Mr, Rieﬁel (F)

a se;
‘and automorphisms of fields, G
fields, Isomorplusms

 Mr. Seldenberg,
Mr. Rhodes, Mr. Stnlhngs (F, W, Sp)

Abstract Harmomc Ana!yscs. (4)

courses 206A and 260A. Banach al
tion algebras group repersentsnons. Mr. Rxeﬂ'el (W)

ee hours of lecture per weck Prerequi.nte‘ B
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*219. Topics in Partial Differential Equations, (4)

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

*280A-*280B-*280C. Mathematical Theory of

Relativity. (4—4-4) :
Three hours of lecture per week. Prerequisite;
course 140 or consent of instructor. Special theory
of relativity, spinor representation of the Loreni
group, reformation of classical physical theories in
relativistic form, principle of equivalence, Einstein

theory of gravitation, cosmological problems.

- 290. Seminars. (2-8)

One 2-hour lecture per week. Credit and grade
will be awarded at termination of seminar. Topies
in foundations of mathematics, theory of numbers,
numerical calculations, analysis, geometry, topalogy,
algebra, and their applications, by means of lectures
and informal conferences; work based largely on
original memoirs. -

261A-261B-261C. Lie Groups. (4-4-4)

Three hours of lecture per week. Prerequisite:
course 214. Lie groups and Lie algebras, general
structure theory; compact, solvable, complex, and
semi-simple groups; classification of simple groups,
representation theory; further topics such as the
theory of symmetric spaces. Mr. Hochschild

(Sequence beginning F)

265. Differential Topology. (4)

Three hours of lectures per week. Prerequiusite:
course 214. Vector bundles, tubular neighborhoods,
approximation theorems, Morse theory, handlebodies,
surgery and cobordism. Mr. Hirsch (Sp)

270. Mathematical Theory of Fluid Dynamics. (4)

Three hours of lecture per week. Development of
the fundamental equations describing the behavior
of a fluid continuum followed by the treatment of
special topics selected to exhibit different physical
situations, analytical techniques and approximate
methods of solution. Mr. Chorin (Sp)

271. Topics in Foundations. (4)

Three hours of lecture per week. Advanced topics
chosen by the instructor. The content of this course
changes, as in the case of seminars. Hence it may be
repeated for credit. Mr. Addison (F); Mr. Silver (W)

*272. Topics in Differential Topology. (4)
Three hours of lecture per week. Advanced topics
chosen by the instructor. The content of this course

changes as in the case of seminars. Hence it may be
repeated for credit.

295. Individual Research. (2-8)

By appointment. Intended for candidates for the
Ph.D. degree. Sections 1-20 must be taken on a
letter grade basis. Sections 2160 must be taken on a

299. Reading Course for Graduate Students. (2-8) *

By appointment. Investigation of special problems
under the direction of members of the department.
Sections 1-20 must be taken on a letter grade basis.
Sections 21-60 must be taken on a satisfactory/un-
satisfactory basis. The Staff (F, W, Sp)

300. Teaching Workshop. (3)

Three to four hours of lecture per week. Designed
for new teaching assistants in mathematics. The
course consists of: microteaching sessions for the
development of elementary teaching skills, lesson
planning and alternatives to standard classroom
methods, a program of guided group and self-anal-

273. Topics in Advanced Numerical Analysis. (4)

(Formerly 228C)

Three hours of lecture per week, Advanced topics
chosen by the instructor. Content of this course
changes, Hence, may be repeated for credit.

g Mr. Parlett (W)
274, Topics in Algebra. (4)

Three hours of lecture per week. Advanced topics
chosen by the instructor. The content of this course
changes, as in the case of seminars. Hence it may be
repeated for credit. Mr. Hartshome (F, W);

Mr. Bergman (W); Mr. Ogg (Sp)

275. Topics in Applied Mathematics. (4)

Three hours of lecture per week. Advanced topics
chosen by the instructor. The content of this course
changes, as in the case of seminars. Hence it may be
repeated for credit. Mr. Bremermann (F);

Mr. Gale (W)

Mr. Lawson (F)

601. Individual Study for Master’s Students. (1-8)
Individual study for the comprehensive or:lan-
guage requirements in Itation with the feld
adviser. Units may not be used to meet either unit
or residence requirements for a master’s degree.

278. Topics in Topology. (4)

Three hours of lecture per week. Advanced topics
chosen by the instructor. The content of this course
changes, as in the case of seminars. Hence it may be
repeated for credit. Mr: Stallings (Sp)

The Staff (F, W; 5p)

602. Individual Study for Doctoral Students. (1-8)

Individual study in consultation with the majot
field adviser, intended to provide an uppoxtunit)"f,"{
qualified students to prepare themselves for "tbg
various examinations requiréd of candidates for
Ph.D. May not be used for unit or residence ré-
quirements for the doctoral degree. Must be foken
on a satisfactory/unsatisfactory basis.

2717. Topics in Differential Geometry. (4)

Three hours of lecture per week. Advanced topics
chosen by the instructor: The content of this course
changes, as in the case of seminars. Hence it may be
repeated for credit. Mr. Weinstein (Sp)

278. Topics in Analysis. (4)

Three hours of lecture per weeck. Advanced topics
chosen by the instructor. The content of this course
changes, as in the case of seminars. Hence it may be
repeated for credit.  Mr. Arveson (F); Mr. Kato (W);

Mr. Rieffel (Sp)

1DS* 7. Self-Paced Study in Introductory
Calculus. (1-12) :

See Interdepartmental Studies for the Comél_g
description of this course.

Physics a.i'df

L3

satisfactory/unsatisfactory basis. The Staff (F, W; Spl £

ysis, and a schedule of reciprocal classrcom visita- -
tions. Must be taken on a passed/not passed basis: |

Must be taken on a satisfactory/unsatisfactory basis. -

the

The Staff (F, W, Sp)

/397

'7 jf % 7‘6 MATHEMATICS; MEDICAL PHYSICS
10S 289A-289B. Turbulence and lts Mathematical

Analysis. (4-4)
See Interdepartmental Studies for the complete
description of this course.

Logic Colloguium. (No credit)
Reports on current research and scholarly work by
members of the staff, visitors, and graduate students.

Statistics 261. Foundations of Random
Analysis.

Statistics 262. Information Theory.

Statistics 263. Decomposable Processes.

Statistics 265. Markov Processes.

Related Programs il

Computer Science See Department of fiec-

trical pEngineering and Computer Sciences,
Computer Science Division.

Logic See Group in Logic and the Metl.wd-
ology of Science and Department of Philos-
ophy.

Mathematics Education

Mathematics Collogquium. (No credit) .

i for the presentation of m—igin?l. work by
mx;it:g:f the sta%, visiting mathematicians, and
graduate students.

Related Courses In Other Departments

Statistics 200A—200B—200C. Introduction to

Probability and Statistics at an Advanced See Group in Science

o s and Mathematics Education. ‘
Su'llt’i}?ﬁcs A5k el C Py Statistics See Department of Statistics.
eory.

b [ MEDICAL PHYSICS
i (Division Office, 103 Donner Laboratory)

Associate Professors:
Robert M. Glaeser, Ph.D.
Howard C. Mel,t Ph.D.

Assistant Professor:
H. John Burki, Ph.D.

<

Hans ]. Bremermann, Ph.D.

Hardin B. Jones, Ph.D.

Robert K. Mortimer, Ph.D. (Chairman)

Alexander V. Nichols, Ph.D.

Cornelius A. Tobias,} Ph.D.

John W. Gofman, M.D., Ph.D. (Emeritus) :

Thomas H. Jukes, Ph.D., DSc. (in Resi-
dence) (Emeritus) :

John H. Lawrence, M.D, Se.D. ( Emeritus)

John H. Northrop, Ph.D., Se.D., LL.D.
( Emeritus)

Professors: ;
Thomas L. Hayes, Ph.D. (Adjunct)
A. Douglas McLaren,t Ph.D.
Associate Professor:

Alan J. Bearden, Ph.D. (Adjunct)

Mr. Bearden, Mr. Glaeser, Mr. Nichols.

jectives: (1 are

The courses of the division are designed to meet several ob]e(glh;ilelisé d(lg etl?l sl;)r?% 2

students for advanced work in biophysics, medical physwsé z;n ety

offer for physical science and engineering students gelectz tggg;fts o i

biological sciences; and (3) to provide biomedically oriente hs : biolo‘gy S

to some of the quantitative physical problems and' appro;;(c es e
cine. Courses 10, 11, and 103 are designed to provide backgroun P

their specified fields.
individual Major in Biophysics

Undergraduate Advisers:

i in consulta-

An individual major in biophysics (physics and pxg!ogy) may be arf]zz:ieecsl A

“tion with one of the major advisers. Lower fiwlsxon course é:& i e

mathematics, chemistry and biology are required as prep.a.r:; e ey

addition, 45 units of upper division courses in physics, physica inc]udé s
are requ}red for completion of the major. Recommended courses.

Rote: For key to footnote symbaols, see page 92.



