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UNDERGRADUATE

DEGREES

BACHELOR OF ARTS (A.B.)

BACHELOR OF SCIENCE (B.S.)

BACHELOR OF ARTS AND

SCIENCE (B.A.S.)

Stanford University confers the degree of Bachelor

of Arts (A.B.) or the degree of Bachelor of

Science (B.S.) on those candidates who have been

recommended by the Committee on Academic

Appraisal and Achievement (C-AAA), who have

applied in advance for conferral of the degree

(see the deadlines in the quarterly Time Schedule

calendar), and who have fulfilled the following

requirements:

1. Minimum of 180 units of University work.

2. Writing, Distribution, and Language Requirements.

3. Curricular requirements of at least one major

department or program and the recommendation

of the department(s). (Descriptions of

curricular and special degree requirements are

included in each department's section of this

bulletin.)

4. Minimum of 45 units (including the last 15)

at Stanford. In special cases, students who have

earned at least 135 units in resident work and

who have completed the Writing, Distribution,

and Language Requirements, as well as all

major requirements, may petition for a waiver

of the last 15 units-in-residence requirement.

5. Minimum of three quarters of study in residence.

Stanford confers the Bachelor of Science degree

on candidates who fulfill these requirements

in the School of Earth Sciences, in the School of

Engineering, or in the Departments of Applied

Physics, Biological Sciences, Chemistry, Mathematics,

or Physics in the School of Humanities

and Sciences. The University also awards B.S.

degrees to candidates in the Program in Science,

Technology, and Society; in the Program in Mathematical

and Computational Science; in the Program

in Symbolic Systems; and, when appropriate,

in the Program for Individually Designed

Majors. Candidates who fulfill these requirements

in other schools or departments receive the Bachelor

of Arts degree.

The University confers the degree of Bachelor

of Arts and Science (B.A.S.) on candidates

who have completed two sets of major curricular

requirements with no overlapping courses (one

set leading to a Bachelor of Arts degree and the

other leading to a Bachelor of Science), who have

applied in advance for graduation with the B.A.S.

degree instead of the A.B. or B.S. degree, and

who have been recommended by the C-AAA.

Candidates for the B.A.S. must fulfill requirements

1, 2, 4, and 5 above in addition to the major

requirements.
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MATHEMATICAL AND

COMPUTATIONAL

SCIENCE

Committee in Charge: (Chair) Bradley Efron

(Statistics); Robert W. Floyd (Computer Science,

emeritus) Don Iglehart (Operations Research),

Joseph B. Keller (Mathematics, emeritus),

Robert Osserman (Mathematics), Eric S.

Roberts (Computer Science), David Siegmund,

Mary V. Sunseri (Mathematics, emerita)

Ex-officio Members: Takeshi Amemiya (Economics),

Thomas M. Cover (Electrical Engineer
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ing and Statistics), John T. Gill III (Electrical

Engineering), J. Michael Harrison (Business),

David R. Rogosa (Education)

This interdepartmental, interschool undergraduate

program is designed as a major for students

interested in the mathematical and computational

sciences, or in the use of mathematical

ideas and analysis in problems in the social

or management sciences. It provides a core of

mathematics basic to all of the mathematical sciences

and an introduction to the concepts and

techniques of automatic computation, optimal

decision-making, probabilistic modeling, and

statistical inference. It also provides an opportunity

for elective work in any of the mathematical

science disciplines at Stanford.

The program utilizes the faculty and courses

of the Departments of Computer Science, Mathematics,

Operations Research, and Statistics. It

prepares students for graduate study or employment

in the mathematical and computational sciences

or in those areas of applied mathematics

which center around the use of high-speed computers

and are concerned with the problems of

the social and management sciences.

The requirement for the bachelor's degree,

beyond the University's basic requirements, is

an approved course program of 76 to 80 units,

distributed as follows:

Course No. and Subject Units

Mathematics (33-34 units)

1. Math. 41, 42, 43. Calculus

or Math. 19, 20,21,43 15

Math. 44. Calculus 3

Math. 103. Matrix Theory and Its Applications

or Math 113. Linear Algebra and

Matrix Theory 3

Math. 104. Continuation of 103

or Math. 114. Continuation of 113 3

Math. 109. Modern Algebra and its Applications

or Math. 120. Modern Algebra I 3

Math. 130. Ordinary Differential Equations 3

2. One of the following:

Math. 115. Fundamental Concepts of Analysis 3

Math. 160A. First Order Logic 4

Computer Science 137. Fundamentals of

Numerical Computation 4

Computer Science (CS) (16-18 units)

1- CS 106X. Programming Methodology and

Abstractions (Accelerated) (CS 106A and B

may be substituted) 5

2. CS 109A,B. Introduction to Computer Science 8

3. One of the following:

CS 107. Programming Paradigms 5

CS 137. Fundamentals of Numerical

Computation 4

CS 154. Introduction to Automata

and Complexity Theory 4

or CS 254. Automata, Languages,

and Computability 4

CS 260. Concrete Mathematics 3

Operations Research (OR) (8-9 units)

OR 152. Introduction to Operations Research I

(Enroll in Engineering 62) 4

OR 153. Introduction to Operations Research II 4

or OR 241. Linear Programming 3

(or OR 340. Linear Programming) 4

OR 243. Integer and Nonlinear Programming 3

OR 251. Stochastic Decision Models in

Operations Research 3

Statistics (10 units)

Stat. 116. Theory of Probability 5

Stat. 200. Introduction to Statistical Inference 3

Stat. 201. Statistical Methods 3

or Stat. 203. Introduction to Regression

Models and Analysis of Variance 3

Electives (9 units)

Three courses in mathematical and computational

science, 100-level or above, and at least 3 units each.

At least one must be chosen from the following

list:

Math. 106. Introduction to Theory of

Functions of a Complex Variable 3

Math. 131. Partial Differential Equations I 3

Op. Res. 180. Statistical Issues in Manufacturing

(Enroll in Engineering 110) 3

Op. Res. 242. Network Programming 3

Op. Res. 252. Stochastic Models in

Operations Research 3

Stat. 217. Introduction to Stochastic Processes 3

Elect. Engr. 261. The Fourier Transform

and Its Applications 3

For Computer Science (CS), suggested electives

include those courses not taken under item

3 of the above Computer Science list and the following:

CS 110. Introduction to Computer Systems and

Assembly Language Programming

CS 112. Computer Organization and Design (Enroll

in Elect. Engr. 182)

CS 140. Concurrent Programming

CS 143. Compilers

CS 157. Logic and Automated Reasoning

CS 161. Data Structures and Algorithms

CS211. Logic Design (Enroll in Elect. Engr. 381)

CS 212. Computer Architecture and Organization (Enroll

in Elect. Engr. 282)

CS 221. Introduction to Artificial Intelligence

CS 237A. Numerical Linear Algebra

CS 240A. Operating Systems and Systems Programming

CS 243. Advanced Compiling Techniques

With the adviser's approval, courses other than

those offered by the sponsoring departments may

be used to fulfill part of the elective requirement.
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There are courses in economics, electrical engineering,

industrial engineering, etc., that might

be relevant to a mathematical sciences major,

depending on the particular interest of the student.

Majors must file with their advisers a plan

for completing degree requirements at least three

quarters before graduation. All courses used to

fulfill major requirements must be taken for a

letter grade with the exception of courses offered

Satisfactory/No Credit only. A course used to

fulfill the requirements of one section of the program

may not be applied toward the fulfillment

of the requirements of another section. The student

must have a letter grade indicator (LGI) of

' C' or better in all course work used to fulfill the

major requirement.

HONORS PROGRAM

The honors program is designed to encourage

a more intensive study of mathematical sciences

than the Bachelor of Science program. In addition

to meeting all requirements for the B.S. in

Mathematical and Computational Science, the

student must:

1. Maintain, in mathematical sciences courses,

an average LGI of at least 3.4.

2. Complete at least 15 units in mathematical

sciences in addition to the requirements for

the major listed above. These courses should

form a sustained effort in one area and constitute

a program approved by the committee in

charge of the Mathematical and Computational

Science Program.

3. Include in the above 15 units at least one of:

(a) an approved higher-level graduate course,

(b) participation in a small group seminar, or

(c) at least 3 units of directed reading.

Prospective honors students should consult with

their advisers by the last quarter of the junior year

to prepare a program of study for approval by

the committee in charge.

MATHEMATICS

Emeriti: (Professors) Kai Lai Chung, Robert Finn,

David Gilbarg, Samuel Karlin, Joseph Keller,

Georg Kreisel, Harold Levine, Ralph Phillips,

Hans Samelson, Menahem Schiffer, Mary

Sunseri

Chair: Ralph Cohen

Professors: Gregory Brumfiel, Gunnar Carlsson,

Paul J. Cohen, Ralph L. Cohen, Yakov

Eliashberg, Solomon Feferman, Yitzhak Katznelson,

Steven Kerckhoff, Tai-Ping Liu, R.

James Milgram, Donald S. Ornstein, Robert

Osserman, George Papanicolaou, Marina

Ratner, Richard Schoen, Leon Simon, Brian

White

Associate Professors: Daniel Bump, Rafe Mazzeo,

Brad Osgood

Assistant Professors: Benjamin Andrews, Amir

Dembo, Andrew Hassel, Ron Karidi, Nadine

Kowalsky, Rachel Kuske, Jun Li, Antonias

Melas, Paul Milewski, Constantine Teleman,

Jaiping Wang, Bo Zhang

Courtesy Professor: Renata Kallosh

The Department of Mathematics offers programs

leading to the degrees of Bachelor of Science,

Master of Science, and Doctor of Philosophy

in Mathematics and participates in the program

leading to the B.S. in Mathematical and

Computational Science. The department also

participates in the M.S. and Ph.D. degree programs

in Scientific Computing and Computational

Mathematics.

ADVANCED PLACEMENT

FOR FRESHMAN

Students of unusual ability in mathematics often

take one or more semesters of college-equivalent

courses in mathematics while they are still

in high school. Under certain circumstances, it

is possible for such students to secure both advanced

placement and credit toward the bachelor's

degree. A decision as to placement and credit is

made by the department after consideration of

the student's performance on the Advanced Placement

Examination in Mathematics (forms AB or

BC) of the College Entrance Examination Board.

This examination is the only one used for granting

credit. The department does not give its own

advanced placement examination. For referral to

an adviser on advanced placement, communicate

with the academic secretary of the department.

The following departmental requirements are

in addition to the University's basic requirements

for the bachelor's degree.

1. Calculus and Analytic Geometry (courses 19,

20,21,43,44; or 41,42,43,44). These courses

should be started during the first year.

2. Ten 3-unit courses, numbered 100 or above

or 44H, 45H (excluding 103, 104, and 109)

distributed as follows: *four in algebra or number

theory, four in analysis, and two in geometry,

topology, or foundations, at least One of

which must be in geometry or topology. These

are typically chosen among: algebra — 113,120,

121 plus one additional course chosen among

114,152,155,156; analysis - 44H, 45H, 106,

115,130,131,132,134A,B, 171,173, and 175;

geometry — any of the courses numbered in the

140s; foundations -160A,B, 161, 162. Note

that courses 103, 104, and 109 do not satisfy

algebra requirements. Graduate courses in the

same subject may be substituted for the preceding

courses; for example, 206A for 106.

3. Five additional courses, each of at least 3 units,

chosen from courses numbered 100 or above.

Mathematics majors must have a letter grade

indicator (LGI) of at least 'C' in all courses

used to fulfill the major requirement. Letter

grades are required in all courses used to fulfill

the major requirement except for those

offered Satisfactory/No Credit only and for

cognate courses (see item 4, below).

Students planning graduate study in mathematics

are advised to include one or more 200-

level courses in their programs and, to facilitate

this, to complete 113,114, and 115 or 171

as early as possible. Students intending to go

on to graduate work in mathematics are also

urged to study at least one foreign language

chosen from French, German, and Russian.

4. One of the following options. The choice of

'a' or 'b' is recommended.

a) Physics 51,53,55,57 (total 15 units) or 61,

62, 63 (total 12 units).

b) Any four quarters of physics lecture courses

numbered 51 or above.

c) A series of courses within which mathematics

is applied in a significant manner. Students

choosing this option must have their

plans approved by the department's Committee

on Undergraduate Affairs.

* The new algebra requirement for mathematics majors

applies to students who declared a Mathematics

major Autumn Quarter 1991 and thereafter.

Variations in the basic program described above

are possible. In particular, students interested in

applied mathematics may obtain the B.S. in Mathematics

by taking a suitable program of courses

in a field of application of mathematics in place

of some of the courses prescribed above. Individual

programs in such cases must be approved

by the department's Committee on Undergraduate

Affairs.

To receive a department recommendation for

graduation, a student must have been enrolled

as a major in the department for at least two full

quarters, including the last full quarter before

graduation, and must complete at least 15 units

of 100 (or higher) level courses in the department.

HONORS PROGRAM

The Department of Mathematics program leading

to the degree of B.S. in Mathematics with

Honors is intended for students having strong

theoretical interests and abilities in mathemat-
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ics. The goal is to give students a strong background

in the three basic areas of pure mathematics:

analysis, algebra, and geometry. Through the

honors thesis program, a student is introduced

to current mathematical research. The program

provides an excellent background with which to

enter a Ph.D. program in Mathematics.

The basic requirement for entry is the completion

of Math. 45H or, equivalently, Math. 44,113,

and 130. Beyond this level, fourteen 3-unit math

courses are required, as well as successful completion

of a senior thesis. Of the fourteen courses,

106,114,120,134A,B, 171, and 173 are required.

In addition a student must take two geometry/

topology courses numbered in the 140s, one algebra

course numbered in the 150s, or 121 and

one course in probability or set theory (160A or

161, Statistics 116). In addition, at least three

other courses numbered above 110 are required.

Students are urged to include graduate-level

courses numbered above 200, particularly 205A.

In addition to course requirements, an honors

student must write a senior thesis worth 6 units

of credit, which generally takes two quarters to

complete. Typically, at the end of the junior year

the student chooses a thesis adviser from the

Mathematics faculty, and the adviser and the student

together map out a concentrated reading

program. In the senior year, the thesis is written

under the direction of the adviser, on a problem

or set of problems in the chosen area of study.

The thesis may consist of original material or be

a synthesis of work in the current research literature.

Beyond these requirements, the honors major

has the same physics/applied math requirements

as the regular major (see item 4 above). Below is

a typical mathematics curriculum of an honors

Mathematics major:

Autumn Winter Spring

Freshman year: 43H 44H 45H

Sophomore year: 120 134A 134B

171 173 114

Junior year: 143 4 electives

206 from the

140s and 150s

Senior year: 205A 205B 205C

Senior Thesis

Students with questions about the honors program

should see Professor Osgood.

BACHELOR OF SCIENCE

IN MATHEMATICAL AND

COMPUTATIONAL SCIENCE

The Department of Mathematics participates

with the Departments of Computer Science, Operations

Research, and Statistics in a program

leading to the degree of B.S. in Mathematical and

Computational Science. See the "Department of
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Mathematical and Computational Science" section

of this bulletin.

GRADUATE PROGRAMS

MASTER OF SCIENCE

The University's basic requirements for the

master's degree are discussed in the "Advanced

Degrees" section of this bulletin. The following

are additional department requirements:

Candidates must complete an approved course

program of 36 units beyond the department requirements

for the B.S. degree. It must include

18 units in courses numbered 200 or above. The

candidate must have an average letter grade indicator

(LGI) of 'B' over all course work taken

in Mathematics, and an LGI of 'B' in the 200-

level courses considered separately. Course work

for the M.S. degree must be approved during the

first quarter of enrollment in the program by the

department's Director of Graduate Studies.

For the degree of M.S. in Computer Science,

see the "Computer Science" section of this bulletin.

TEACHING CREDENTIALS

For information concerning the requirements

for teaching credentials, see the "School of Education"

section of this bulletin or address inquiry

to Credential Secretary, School of Education.

MASTER OF ARTS IN

TEACHING (MATHEMATICS)

In cooperation with the School of Education,

the department offers a program leading to a

Master of Arts in Teaching (Mathematics). It is

intended for candidates who have a teaching credential

or relevant teaching experience and wish

to strengthen their academic preparation. Detailed

requirements are outlined under the "School of

Education, Master of Arts in Teaching" section

of this bulletin.

DOCTOR OF PHILOSOPHY

The University's basic requirements for the

doctorate (residence, dissertation, examination,

etc.) are discussed in the "Advanced Degrees"

section of this bulletin. The following are additional

departmental requirements:

To be admitted to candidacy, the student must

have successfully completed 27 units of graduate

courses (that is, courses numbered 200 and

above). In addition, the student must pass qualifying

examinations given by the department.

Beyond the requirements for candidacy, the

student must complete a course of study of at least

48 units approved by the Graduate Affairs Committee

of the Department of Mathematics and

submit an acceptable dissertation. The course

program should display substantial breadth in

mathematics outside the student's field of applj.

cation of mathematics. The student must receive

an LGI of 'B' or better in courses used to satisfy

the Ph.D. requirement. In addition, the student

must pass the University oral examination and

pass a reading examination in two foreign languages,

chosen from French, German, and Russian.

Experience in teaching is emphasized in the

Ph.D. program. Each student is required to complete

nine quarters of such experience. The nature

of the teaching assignment for each of those

quarters is determined by the department in consultation

with the student. Typical assignments

include teaching or assisting in teaching an undergraduate

course or lecturing in an advanced

seminar.

For the Ph.D. degree in Computer Science, see

the "Computer Science" section of this bulletin.

For further information concerning degree

programs, fellowships, and assistantships, inquire

of the academic secretary of the department.

Ph.D. MINOR

The student should complete both of the following:*

l.Math. 106,131,132

2. Math. 113,114, 120 or 152

These courses may have been completed during

undergraduate study, and their equivalents

from other universities are acceptable.

In addition, the student should complete 18

units of 200-level courses in mathematics. These

must be taken at Stanford and approved by the

Department of Mathematics' Ph.D. minor adviser.

* A third coherent sequence designed by the student,

subject to the approval of the graduate committee,

may be considered as a substitute for items 1 or 2.

COURSES

INTRODUCTORYAND

UNDERGRADUATE

The department offers two sequences of introductory

courses in calculus.

1. Calculus and Analytic Geometry (41,42,43)

presents one-variable calculus and plane analytic

geometry in the first two quarters (41,

42), and multi-variable differential calculus

in the third quarter (43).

2. Calculus and Analytic Geometry (19, 20, 21)

covers the material of 41 and 42 in three quarters

instead of two.

The introductory course in modern algebra is

Linear Algebra (103 or 113). There are no formal

prerequisites for this course, but appropriate

mathematical maturity is expected.

19,20,21. Calculus — The content is the same as the

sequence 41 and 42 described below, over three

quarters rather than two.

19. Calculus-DR:4(6)

3 units, Aut (Brumfiel)

lecture TTh 11 or 1:15, section

W10, 11,1:15, 2:15, or 3:15

Win (Staff) MWF 9, 10

Sum (Staff) MTWTh 10

20. Calculus — Continuation of 19. Prerequisite:

19. DR:4(6)

3 units, Win (T. P. Liu)

lecture TTh 11 or 1:15, section

W10,11,1:15, 2:15, or 3:15

Spr (Staff) MWF 9, 10

21. Calculus — Continuation of 20. Prerequisite:

20. DR:4(6)

4 units, Spr (Kuske) lecture TTh 11 or 1:15

section W10,11,1:15, 2:15, or 3:15

41,42,43—Three large lecture classes per week

plus two classes in small sections.

41. Calculus — Introduction to differential and

integral calculus of functions of one variable.

Topics: review of elementary functions including

exponentials and logarithms, rates of change

and the derivative. More conceptual (and more

applied) than traditional courses and emphasizes

a numerical, graphical, and analytical

approach to the subject. Prerequisite: algebra

and trigonometry. DR:4(6)

5 units, Aut (Carlsson) MTWThF 11 or 1:15

42. Calculus —Continuation of 41. Methods

of symbolic and numerical integration, applications

of the definite integral, introduction

to differential equations. Prerequisite: 41 or

equivalent. DR:4(6)

5 units, Aut (Milewski)

MTWThF 11 or 1:15

Win (Andrews) MTWThF 11 or 1:15

43. Calculus —Continuation of 42. Vector

functions, functions of several variables, partial

derivatives, gradient, Lagrange multipliers,

double and triple integrals. Prerequisite:

42 or consent of department. DR:4(6)

5 units, Aut (Osgood)

MTWThF 11 or 1:15

Win (Mazzeo)

MTWThF 11 or 1:15

Spr (White) MTWThF 11 or 1:15

43H,44H,45H. Honors Calculus—For prospective

math majors in the honors program or other

areas of science or engineering who have a strong

mathematics background. Three-quarter sequence,

beginning in Autumn, covers 43,44,113, and 130,

^ith additional advanced calculus and ordinary and

Partial differential equations. Provides a unified
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treatment of multi-variable calculus, linear algebra,

and differential equations with a different order of

topics and emphasis from standard courses. Students

should know one-variable calculus and have

an interest in a theoretical approach to the subject.

Prerequisite: score of 5 on BC Advanced Placement

Exam or consent of the instructor. Recommended:

complete at least the first two quarters. 43H satisfies

DR:4(6)

5 units, Aut (Kerckhoff) MTWTh 2:15-3:15

Win (Eliashberg) MTWTh 2:15-3:15

Spr (Hassell) MTWTh 2:15-3:15

44. Calculus — Continuation of 43. Line and surface

integrals. The basic theorems of vector analysis

(Green's, Stokes, and Divergence). Prerequisite: 43

or equivalent.

3 units, A ut (Rdde) MWF 1:15

Win (Osgood) MWF 1:15

Spr (Teleman) MWF 1:15

53. The Nature of Mathematics — (Enroll in Science,

Technology, and Society 53.) Introduction to

the history, methods, results, and application of

mathematics. Topics: from geometry and calculus

to the structure of the universe; the potentialities and

limitations of computation; topology, knots, and

DNA; symmetry in mathematics, art, and nature;

uses and misuses of statistics; logic and the philosophy

of mathematics.

3 units, Aut (Feferman) TTh 11-12:15

UNDERGRADUATE

AND GRADUATE

Unless explicitly stated, there are no prerequisites

for the courses listed below. Where a prerequisite

is stated, it may be waived by the instructor.

103. Matrix Theory and its Applications—Linear

algebra and matrices, emphasizing computational

and algorithmic aspects and the scientific problems

in which matrix theory is applied. Solution of linear

equations. Linear spaces and matrices. Orthogonal

projection and least squares. Introduction to eigenvalues

and eigenvectors. DR:4(6)

3 units, Aut (Gaberstein, Karidi)

MWF 10 or TTh 11-12:15

Win (Zhang, Hillman)

MWF 10 or TTh 1:15-2:30

Spr (Hassell, Rothjen)

MWF 10 or TTh 11-12:15

Sum (Staff) MTWTh 11

104. Matrix Theory and its Applications—Continuation

of 103. Determinants, eigenvalues, and

eignvectors. Positive definite matrices, extremum

problems, computations with matrices, elements of

linear programming and game theory.

3 units, Win (Wang) TTh 11-12:15

Spr (Osserman) TTh 11-12:15

Sum (Staff) MTWTh 9
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106. Introduction to Theory of Functions of a

Complex Variable — Complex numbers, analytic

functions, Cauchy-Riemann equations, complex

integration, Cauchy formula; elementary conformal

mappings. Prerequisite: 44.

3 units, Aut (Zhang) TTh 9-10:15

Spr (Osserman) TTh 1:15-2:30

Sum (Staff) MTWTh 9

109. Modern Algebra and its Applications —

Same as 120, but emphasis on applications of modern

algebra including symmetry groups, crystallographic

groups, and error-correcting codes. Prerequisite:

103,113, or equivalent.

3 units, Aut (Kerckhoff) MW11-12:15

113. Linear Algebra and Matrix Theory—Algebraic

properties of matrices and their interpretation

in geometric terms. Relationship between the algebraic

and geometric points of view and matters

fundamental to the study and solution of linear

equations. Topics: linear equations, vector spaces,

linear dependence, bases and coordinate systems;

linear transformations and matrices; similarity;

eigenvectors and eigenvalues; diagonal and Jordan

forms.

3 units, Aut (Teleman) MWF10

Win (Venkor) MWF 10

114. Linear Algebra and Matrix Theory —Continuation

of 113. Deeper study of 113 topics plus

additional topics from invariant subspaces, canonical

forms of matrices; minimal polynomials and

elementary divisors; vector spaces over arbitrary

fields; inner products; Hermitian and unitary matrices;

multilinear algebra.

3 units, Win (Teleman) MWF 10

115. Fundamental Concepts of Analysis — Development

of real analysis in Euclidean space: sequences

and series, limits, continuous functions,

derivatives. Basic point set topology. Honors math

majors and students who intend to do graduate work

in mathematics take 171. Prerequisite: 44.

3 units, Aut (Wang) TTh 11-12:15

Win (Feferman) TTh 11-12:15

Sum (Staff) MTWTh 11

120. Modern Algebra I — Basic structures in algebra:

groups, rings, and fields. Elements of Group

Theory: permutation groups, finite Abelian groups,

p-groups, Sylow theorems. Polynomial rings, principal

ideal domains, unique factorization domains.

3 units, Aut (T. P. Liu) TTh 11-12:15

121. Modern Algebra II—Continuation of 120.

Fields of fractions. Solvable and simple groups.

Elements of field theory and Galois theory. Prerequisite:

120.

3 units, Win (Karidi) TTh 1:15-2:30

124. Introduction to Stochastic Processes — Elementary

systematic account of several principal

areas in stochastic processes including branching

processes, Markov chains, Poisson processes. Ap.

plications relevant to the natural, biological, social,

and managerial sciences.

not given 1994-95

130. Ordinary Differential Equations — Special

equations, exact equations, linear equations; series

solutions, numerical solution; Laplace transform;

systems of equations. Prerequisite: 44, concurrent

registration in 44, or consent of instructor.

3 units, Aut (Hassell, Wang)MWF 2:15

or TTh 1:15-2:30

Win (Schoen, Simon) MWF 2:15

or TTh 1:15-2:30

Spr (Zhang, Brendel)

MWF 2:15 or TTh 1:15-2:30

Sum (Staff) MTWTh 1:15

131. Partial Differential Equations I — First order

equations, classification of second order equations.

Initial-boundary value problems for heat equation,

wave equation, and related equations. Separation of

variables, eigenvalue problems, Fourier series, existence

and uniqueness questions. Prerequisite: 130

or equivalent.

3 units, Win (T. P. Liu) TTh 1:15-2:30

Spr (Schoen) TTh 1:15-2:30

132. Partial Differential Equations II —Initial

and initial-boundary value problems in infinite domains.

Fourier transforms. Boundary value problems

for Laplace equation. Bessel functions and

Legendre polynomials.

3 units, Spr (Zhang) MWF 2:15

134A,B. Honors Analysis — Primarily for students

planning graduate work in mathematics of physics

who would normally enroll in an honors sequence.

Required of honors math majors, but of use and

interest to other majors at ease with rigorous proofs

and qualitative discussion. Coherent, mathematically

sophisticated presentation of basic areas in

classical real analysis. Emphasis on ordinary and

partial differential equations. Prerequisites: 45H, or

113 and 130, and 171, or consent of instructor.

3 units, Win, Spr (Ginzburg) MWF 2:15

141. Higher Geometries — Study of various geometries,

including projective, affine, and non-Euclidean

geometry. Prerequisite: 113.

not given 1994-95

143. Differential Geometry — Geometry of curves

and surfaces in 3-space and higher dimensional

manifolds. Parallel transport, curvature, and geodesies.

Surfaces with constant curvature. Minimal

surfaces.

3 units, Aut (Eliashberg) TTh 1:15-2:30

145. Algebraic Geometry—Affine and projective

spaces, plane curves, Bezout's theorem, singularities

and genus of a plane curve, applications of commutative

algebra to geometry. Prerequisites: 120,121.

not given 1994-95

147. Differential Topology — Smooth manifolds,

transversality, Sards' theorem, embeddings, degree

of a map, Borsuk-Ulsm theorem, Hopf degree theorem,

Jordan Curve Theorem. Prerequisites: 115 or

171,173.

not given 1994-95

148. Algebraic Topology—Fundamental group,

covering spaces, Euler characteristic, classification

of surfaces, knots. Prerequisites: 120,171.

3 units, Spr (Burns) MWF 1:15

150. Introduction to Combinatorial Theory —

(Enroll in Computer Science 264.)

152. Elementary Theory of Numbers —Euclid's

algorithm, fundamental theorems on divisibility;

prime numbers, congruence of numbers; theorems

of Fermat, Euler, Wilson; congruence of first and

higher degrees; Lagrange's theorem, its applications;

residues of power; quadratic residues; introduction

to theory of binary quadratic forms.

3 units, Aut (Karidi) TTh 1:15-2:30

153; Combinatorics—Topics in Ramsey's theorem,

generating functions, partition functions, and

in number theory (sums of integers and van der

Waerden 's theorem). Recommended: general background

in algebra, analysis, and some number theory.

3 units, Win (P. Cohen) TTh 1:15-2:30

155. Geometrical Groups—The rotation and unitary

groups emphasizing two, three, and four dimensions.

Quarterions. The Lorentz group and

SL(2,C). Prerequisites: 113, 120, or consent of

instructor.

not given 1994-95

156. Group Representations

not given 1994-95

160A. First-Order Logic—(Enroll in Philosophy

160A.)

4 units, Win (Kremer)

160B. Computability and Logic — (Enroll in Philosophy

160B.)

4 units, Spr (Mints)

161. Set Theory — Zermel-Frenkel axiomatic system,

operations on sets, relations, functions,

equinumerosity. The theory of rational numbers,

cardinal numbers. The Axiom of Choie. Partial

ordering and well-ordering. Principle of transfinite

induction. Transfinite recursion. Ordinals. Zermelo

Theorem, Zorn's Lemma. Alephs.

3 units, Spr (Ratner) TTh 3:15-4:30
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162. Philosophy of Mathematics —(Enroll in Philosophy

162.)

not given 1994-95

171. Fundamental Concepts of Analysis — Recommended

for math majors and required of honors

math majors. Similar to 115 but altered contents and

more theoretical orientation. Properties of Riemann

integrals, continuous functions and convergence in

metric spaces; compact metric spaces, basic point

set topology. Prerequisite: 43H, 44H, 45H, or equivalent.

3 units, Aut (Simon) TTh 9-10:30

173. Analysis on Manifolds — Differentiate manifolds,

tangent space, submanifolds, implicit function

theorem, differential forms, vector and tensor

fields. Frobenius' theorem, DeRham theory. Prerequisites:

113,171.

3 units, Win (Burns) MWF 1:15

175. Elementary Functional Analysis—Linear

operators on Hilbert space. Spectral theory of compact

operators; applications to integral equations.

Elements of Banach space theory. Prerequisite:

171.

not given 1994-95

176. Spectral Geometry—Relations between geometry

of a region and eigenvalues of the Laplace

operators, starting from an introductory level. Basic

properties of the Laplace and heat operators developed

and applied to studying "when one can hear the

shape of a drum." Prerequisites: familiarity with

vector calculus, ordinary differential equations and

linear algebra.

not given 1994-95

181. Topics in the History of Mathematics: From

Antiquity to the 17th Century — (Enroll in History

138D, History and Philosophy of Science 140,

Philosophy 140.)

195. Teaching Practicum — Students assist in an

undergraduate course, lead problems sessions, and

tutor. Some reading in topics in mathematics education

is required.

1 unit, Aut, Win, Spr, by arrangement

197. Senior Honors Thesis

1-6 units, Aut, Win, Spr (Staff)

by arrangement

199. Independent Work—Undergraduates pursue

a reading program. Topics limited to those not in

regular department course offerings. Credit can

fulfill the elective requirement for math majors.

Approval of Undergraduate Affairs Committee must

be received to use credit for department's area

requirement. Consult academic secretary for help in

finding an adviser.

(Staff) by arrangement
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200. Graduate Problem Seminar

not given 1994-95

205A. Theory of Functions of a Real Variable —

Lebesgue measure and integration, LP spaces and

convergence theorems. Prerequisite: 171 or equivalent.

3 units, Aut (Papanicolaou) MWF10

Spr (Ratner) TTh 3:15-4:30

205B,C. Theory of Functions of a Real Variable—

General Banach and Hilbert spaces and linear

operators. Elements of functional analysis. Prerequisites:

171, 205A, or equivalent.

3 units, Win, Spr (Papanicolaou, Wang)

MWF 10

206A. Theory of Functions of Complex Variable—

Complex integration. Cauchy's theorem,

Residue theorem, argument principle, power series,

conformal mapping. Prerequisite: 171.

3 units, Aut (Katznelson) MWF 11

206B. Theory of Functions of Complex Variable

— Riemann mapping theorem, product developments,

entire functions, elliptic functions,

Dirichlet problem, Picard's theorem. Prerequisites:

171, 206A.

3 units, Win (Katznelson) MWF 11

210A. Modern Algebra—Groups, rings and fields,

Galois theory, ideal theory. Prerequisite: 120 or

equivalent.

3 units, Aut (P. Cohen) TTh 11-12:15

210B,C. Modern Algebra — Introduction to algebraic

geometry representation of groups and rings,

multilinear algebra. Prerequisites: 120 or equivalent,

206A.

3 units, Win (Brumfiel) TTh 11-12:15

217A,B. Differential Geometry - Differential

manifolds, differential forms, deRham's theorem.

Hodge theory. Theory of connections. Riemannian

geometry. Curvature tensor. Parallel transport.

Holonomy groups. Morse theory of smooth paths,

closed geodesies comparison theorems. Manifolds

with positive curvature. Manifolds with negative

curvature. Symmetric spaces. Prerequisite: 173.

3 units, Win, Spr (Schoen) TTh 2:15-3:30

220A,B,C. Methods of Mathematical Physics-

(Same as Engineering 220A,B,C.) Exposition of

characteristic and Green's function, integral transform,

variational, perturbation, and distribution theoretic

methods for the analysis of differential, difference,

and integral equations, with illustrative examples.

Prerequisite: some familiarity with differential

equations and functions of a complex variable.

220A. 3 units, Aut (Hassell) TTh 9:30-10:45

220B. 3 units, Win (Kuske)

TTh 9:30-10:45

220C. 3 units, Spr (B. Zhang)

TTh 9:30-10:45

221A. Calculus of Variations — Euler-Lagrange

equations, sufficient conditions; applications to

eigenvalue and scattering problems; direct methods,

Dirichlet's principle.

not given 1994-95

224. Integral Equations

not given 1994-95

228A. Introduction to Ergodic Theory—Measure

preserving transformations and flows, ergodic

theorems, mixing properties, spectrum, Kolmogorov

automorphisms, entropy theory. Examples. Prerequisites:

205A, 205B.

3 units, Win (Ratner) TTh 1:15-2:30

228B. Introduction to Ergodic Theory — Classical

dynamical systems, mostly geodesic and

horocycle forms on homogeneous spaces of SL

(2,R). Prerequisites: 205A, 205B.

3 units, Spr (Ratner) TTh 1:15-2:30

230A. Advanced Probability - (Enroll in Statistics

310A.) Mathematical foundations of probability

and stochastic processes: probability spaces,

construction of measures, expectation, independence,

conditioning, Convergence concepts precede

Laws of Large Numbers and Central Limit

Theorems. Stochastic processes: Brownian motion,

martingales, and renewal processes. Prerequisite:

Statistics 116.

not given 1994-95

232. Mathematics of Diffusion — Survey of applicable

methods in diffusion processes which involve

differential integral equations, integral transformed

matched expansion, and variational formulations

with reference to the links between diffusion and

probability.

not given 1994-95

234. Large Deviations — Combinatorial estimates

and the method of types. Large deviation probabilities

for partial sums and for empirical distributions,

Cramer's and Sanov's theorems and their Markov

extensions. Application in statistics, information

theory, and statistical mechanics. Prerequisite: 230A

or Statistics 310.

not given 1994-95

235A,B,C. Selected Topics in Ergodic Theory -

Topics from the Kolmogorov-Sinai theory of entropy;

the isomorphism theorem for Bernoulli shifts

and Bernoulli flows; K-automorphisms applications

to mechanical systems, and automorphisms of

compact groups.

3 units, Aut, Win, Spr (Ornstein)

236. Introduction to Stochastic Differential Equations

— Brownian motion, stochastic integrals, and

diffusions as solutions of stochastic differential

equations. Functionals of diffusions and their connection

with partial differential equations. Random

walk approximation of diffusions. Prerequisite: basic

probability and differential equations.

3 units, Win (Papanicolaou)

237. Asymptotic Analysis of Stochastic Equations

— Ergodic properties and stability of solutions

of stochastic differential equations. Small parameter

asymptotics and connections with partial differential

equations. Selected applications from physics,

biology, and economics.

3 units, Spr (Papanicolaou)

242. Difference Equations

not given 1994-95

244. Riemann Surfaces — Compact Riemann surfaces:

topological classifications, Hurwitz' formula.

Riemann-Roch formula, uniformization theorem.

Abel's theorem, Jacobian varieties. Some elements

of harmonic analysis are developed with applications.

Methods generally applicable to algebraic

curves highlighted.

3 units, Spr (Osgood)

245A,B. Theory of Functions of Several Complex

Variables —Domains and envelopes of

holomorphy, pseudo-convex domains, and the Levi

problem. Caratheodory, Kobayashi, and Bergman

metrics. Weierstrass preparation theorem and the

local ring of holomorphic functions. Complex manifolds,

sheaves, Stein manifolds and the Oka-Cartan

theory. Ka'hler and Hermitian manifold. The effects

of curvature. Holomorphic vector bundles and Chern

classes. Deformation theory.

not given 1994-95

247. Singularities of Smooth Mapping—Language

of jets. Transversality. Thom-Boardman

singularities. Quadratic differential. The local algebra

and Weir Critical points of functions. Normal

forms. Global problems of singularity theory.

3 units, Aut (Eliashberg)

248A,B. Analytic Number Theory-The theory

of modular forms.

not given 1994-95

252A. Matrix Theory and Inequalities

not given 1994-95

254A,B. Ordinary Differential Equations — Qualitative

theory of ordinary differential equations, analytic

and geometric methods. Topics from the stability

and perturbation theory of dynamical systems;

Hamiltonian systems; applications to the theory

of oscillations and celestal mechanics.

not given 1994-95
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255A,B. Dynamics on the Circle and Annulus —

Known results on dynamics on the circle and in the

annulus, avoiding much of the classical formalism

(KAM, implicit function theorem). Topics: aspects

of the smoothness of the conjugation of circle

diffeomorphisms, existence and smoothness of invariant

curves for twist maps and other maps.

3 units, Aut, Win (Katznelson, Ornstein)

256A. Partial Differential Equations—Local solvability,

regularity of weak solutions, Sobolev spaces,

Hilbert space theory of elliptic equations, potential

theory, Schauder theory.

3 units, Aut (Simon)

256B,C. Partial Differential Equations - Minimal

surface equation and its properties, variational

problems, topics from the theory of hyperbolic and

parabolic equations.

3 units, Win, Spr (Simon, Andrews)

257A,B. Symplectic Geometry and Topology —

Linear symplectic geometry and linear Hamiltonian

systems. Symplectic manifolds and their Lagrangian

submanifolds—local properties. Symplectic geometry

and mechanics. Contact geometry and contact

manifolds. Relations between symplectic and contact

manifolds. Hamiltonian systems with symmetries.

Momentum map and its properties.

not given 1994-95

258. Symplectic Topology—Global properties of

symplectic and contact manifolds. Basic problems

of symplectic topology. Symplectic and almost complex

structures. Holomorphic curves in symplectic

manifolds. Symplectic invariants. Problems of existence

and uniqueness of symplectic and contact

structures. Fixed points of canonical transformations.

not given 1994-95

259A,B. Pseudo-Differential Operators and KTheory

— First quarter: the basic results of pseudodifferential

operators, including existence and regularity

of solutions, wave front sets, and generalizations

to manifolds. Background from PDE. Second

quarter: the Atiyah-Singer Index Theorem. Topological

background, including vector bundles and

classifying spaces as time permits.

3 units, Win, Spr (P. Cohen)

260A.B. Mathematical Methods of Classical

Mechanics—Open to undergraduate students. Differential

equations and vector fields. Examples of

mechanical systems. Variational principles.

Lagrange equations. Hamilton equations. Legeudre

transform. Lagrange mechanics on manifolds.

Symplectic manifolds and Hamiltonian systems.

Hamilton-Jacobi equation. System with symmetries

and their integrals. Integrable systems. Examples

Action-angle variables. Liouville theorem.
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Perturbation theory. Geometric optic and contact

geometry.

not given 1994-95

261A,B. Functional Analysis — Geometry of linear

topological spaces. Linear operators and

functionals. Spectral theory. Calculus for vectorvalued

functions. Operational calculus. Banach algebras.

Special topics in functional analysis.

not given 1994-95

263A,B. Lie Groups and Lie Algebras—Definitions,

examples, basic properties. Semi-simple Lie

algebras, their structure and classification. Cartan

decomposition: real Lie algebras. Representation

theory: Cartan-Stiefel diagram, weights. Weyl character

formula. Orthogonal arid symplectic representations.

Prerequisite: 210 or equivalent.

not given 1994-95

267A,B. Harmonic Analysis—Topics from the

"L2 theory" of harmonic analysis —the singular

integral theory of Calderon and Zygmund and its

extensions, interpolation of operators, multiplier

transformations, and smoothness properties of functions:

sets of uniqueness for trigonometric series,

spectral syntheses, thin sets, spectral theory of convolution

operators, and applications. Prerequisite:

knowledge of the elements of Fourier analysis.

not given 1994-95

272A,B. Topics in Partial Differential Equations

not given 1994-95

274. Wave Prjpagation —(Same as Mechanical

Engineering 236.) Basic concept, waves, wavefronts,

rays, phase functions, amplitude functions, ray equations,

eikonal equations, transport equations, reflection

coefficients, transmission coefficients, edge

diffraction coefficients, surface diffraction coefficients,

asymptotic expansions, wave equations.

Applications to electromagnetic, acoustic, elastic,

and other types of waves.

3 units, Aut (Keller) TTh 9:30-10:45

276A. Dynamical Systems—(Enroll in Mechanical

Engineering 233A.)

3 units, Win (Stuart) TTh 9:30-10:45

276B. Numerical Analysis of Dynamical Systems—(

Enroll in Mechanical Engineering 233B.)

3 units, Spr (Staff) TTh 9:30-10:45

277. Mathematical Theory of Relativity—Ricci

calculus; variational principles and covariance properties;

differential geometry of space-time; Cauchy 's

problem for the differential equations of graviation

and electromagnetism; relativistic hydrodynamics;

unified field theories.

not given 1994-95

281A,B. Introduction to Algebraic and Differential

Topology — Fundamental group, covering

spaces, embeddings and immersions of manifolds,

transversality, homotopy theory, homology and

cohomology of complexes, differential forms, fiber

and vector bundles and their characteristic classes

3 units, Aut (R. Cohen) MWF 1:15

Win (Teleman) MWF 1:15

283. Topics in Topology

not given 1994-95

285A. Geometric Measure Theory—Hausdorff

measures and dimensions, area and coarea formulas

for Lipschitz maps, integral currents and flat chains,

minimal surfaces and their singular sets.

not given 1994-95

290A. Model Theory—Language and models of

the first order predicate calculus. Validity and

definability. Complete and decidable theories. Saturated

models, ultraproducts, categoricity in power.

Infinitary languages. Applications to algebra. Prerequisites:

160A,B and 162, or equivalent.

291 A,B. Recursion Theory—Theory of recursive

functions and recursively enumerable sets. Turing

machines and alternative approaches. Diophantine

definability. Definability in formal systems. Godel's

incompleteness theorems. Recursively unsolvable

problems in mathematics and logic. Introduction to

recursive ordinals and hierarchies. Prerequisites:

160A,B and 162, or equivalent.

3 units, Win, Spr (Feferman) TTh 2:15-3:30

292A,B. Set Theory-The basics of Zermelo

Fraenkel set theory. Topics: cardinal and ordinal

numbers, the cumulative hierarchy and axiom of

choice, and the universe of constructible sets. Models

of set theory, including admissible sets, and

models constructed by forcing. Prerequisites:

160A,B and 162, or equivalent.

not given 1994-95

293 A,B. Proof Theory - Gentzen's natural deduction

and/or sequential calculi for first-order predicate

logic. Normalization respectively cut-elimination

procedures. Extensions to infinitary calculi;

ordinal complexity of proof trees. Subsystems of

analysis and their reduction to constructive theories.

Prerequisites: 160A,B and 162, or equivalent.

3 units, Aut, Win (Mints) MW3:15-4:30

294. Topics in Logic—Normalization of finite objects

using infinite expansions. Extraction of information

from proofs often uses normal forms obtained

by a series of reduction steps, e.g., realization

of probable existential formulas, normalization of

natural deductions in the predicate logic and arithmetic.

Infinite expansions of finite objects can be

used to estimate the rate of convergence (termination)

of the reduction process and investigate properties

of the objects. Topics: normalization (cutelimination)

in the first-order arithmetic with omegarule,

primative recursive cut-elimination, preservation

of the additional structure, and stability of

program extraction (E-theorems). Prerequisites:

160B and 290, or equivalent.

3 units, Spr (Mints)

295. Topics in the Philosophy of Mathematics —

Surveys various views on the philosophy of mathematics.

Topics: The Three Foundational Crises;

the Greek view and Platonism; the views of Frege,

Russell, Hilbert, and Brouwer; Bishop's Constructive

Analysis; pragmatism. An articulation of a

Formalist View of Mathematics. Prerequisite: 205

or consent of instructor.

not given 1994-95

350. Directed Reading

any quarter (Staff) by arrangement

351. Seminar Participation —Participation in a

student-organized graduate seminar under the general

supervision of a faculty member.

any quarter (Staff) by arrangement

360. Advanced Reading and Research

any quarter (Staff) by arrangement

361. Seminar Participation—Participation in a

faculty-led seminar which has no specific course

number.

any quarter (Staff) by arrangement

380. Seminar in Applied Mathematics

by arrangement

381. Seminar in Analysis

by arrangement

383. Seminar in Function Theory

by arrangement

385. Seminar in Abstract Analysis

by arrangement

386. Seminar in Geometry and Topology

by arrangement

387. Seminar in Algebra and Number Theory

by arrangement

388. Seminar in Probability and Stochastic Processes

by arrangement

389. Seminar in Mathematical Biology

by arrangement

391. Seminar in Logic and the Foundations of

Mathematics

by arrangement
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