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BACHELOR OF ARTS OR

BACHELOR OF SCIENCE

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

the degree of Bachelor of Science (B.S.) is

conferred upon the candidates recommended

by the Subcommittee on Academic Standing,

Petitions, and Exceptions who have:

1. Applied in advance for graduation and

who have fulfilled the following requirements.

(See deadlines in Time Schedule

calendar.)

2. Completed 180 (quarter) units of University

work.

3. Completed Writing and Distribution requirements.

4. Completed curriculum requirements of

the major department and received the

recommendation of that department.

(Curriculum and other special requirements

are listed under each department

in Courses and Degrees.)

5. Completed at least 45 units (including

the last 15) at Stanford. (In special cases,

students who have obtained at least 135

units in resident work and have completed

major and Writing/Distribution requirements

may petition for a waiver of the

last 15 quarter units work-in-residence requirement.)

6. Completed three quarters in resident

study.

An undergraduate is limited to a total of

twelve (12) courses or thirty-six (36) units

of Undergraduate Specials and Student Center

for Innovation in Research and Education

(SCIRE) courses combined to count

toward graduation. SCIRE courses may total

twenty-seven (27) of these thirty-six (36)

units. There is no limit for either Undergraduate

Special or SCIRE courses per quarter.

An undergraduate is also limited to a

total of twelve (12) units of Physical Education

activity courses and twenty-four (24)

units of ensemble Music courses to count

toward graduation. There is no limit for

either of these per quarter.

Candidates who fulfill these requirements

in the Schools of Earth Sciences and Engineering,

or the Departments of Biological

Sciences, Chemistry, Mathematics, Physical

Sciences, Physics, and Statistics in the

School of Humanities and Sciences, or Physiology

in the School of Medicine receive the

degree of Bachelor of Science; candidates

who fulfill these requirements in other

schools or departments receive the degree

of Bachelor of Arts.
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fluency, idiom and current usage, with the

opportunity to make informal oral presentations.

May be repeated for credit. Prerequisite:

consent of instructor.

3 units, Aut, Win, Spr (Staff)

by arrangement

90A,B,C. Pronunciation—Review and practice

of pronunciation patterns of spoken English

with special attention to stress, rhythm,

and intonation. Prerequisite: consent of instructor.

2 units, Aut, Win, Spr (Politzer)

three hours per week by arrangement

92A,B3C. Aural Comprehension — Graded

exercises in listening to lectures, dialogs, and

discussions with evaluation of comprehension.

Prerequisite: consent of instructor.

3 units, Aut, Win, Spr (McChesney)

by arrangement

94. Academic Orientation for Foreign Students—

An introduction to the system of

graduate education in the U.S. and at Stanford,

with emphasis on the development of

effective graduate study techniques. Particular

attention will be given to the skills of

note-taking, preparing for and taking examinations,

using special vocabularies, the reading

and writing of scholarly and scientific

papers, and the presentation of term papers

and reports.

3 units, Aut (Staff) by arrangement

95A,B,C. Special Problems in English —

Topics (such as Problems in Vocabulary,

Problems in Reading Comprehension, etc.)

to be determined each quarter according to

need and enrollment.

2 units, Aut, Win, Spr (Staff)

by arrangement

96. Written English I — Intermediate work

in expository writing with special attention

to correct grammatical usage. Prerequisite:

consent of instructor.

4 units, Aut, Win (Staff) by arrangement

97. Written English II—For students with

some facility in written English. Emphasis

on fluency, idiomatic usage, and style. Special

attention given to mechanics and form

appropriate to academic papers. May be repeated

for credit. Prerequisite: consent of

instructor.

3 units, Aut, Win, Spr (Staff)

by arrangement
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Emeriti: Harold M. Bacon, Stefan Bergman,

George Polya, Gabor Szego (Professors)

Chairman: Robert Osserman

Vice Chairman: Paul W. Berg

Professors: Paul W. Berg, Kai Lai Chung,

Paul J. Cohen, Karel deLeeuw, Solomon

Feferman, Robert Finn, David Gilbarg,

Newton S. Hawley, Samuel Karlin, Georg

Kreisel, Harold Levine, James L. McGregor,

R. James Milgram, Donald S. Ornstein,

Robert Osserman, Ralph Phillips, Halsey

L. Royden, Hans Samelson, Menahem M.

Schiffer

Associate Professors: Gregory Brumfiel, John

Coates, Per Enflo, Mary V. Sunseri, Shing-

Tung Yau. Visiting: Zvi Ziegler

Assistant Professors: Garo K. Kiremidjian,

Marvin E. Ortel, Vladimir Scheffer, Leon

M. Simon, Lawrence Washington, Peter

M. Winkler, Misha Zafran. Visiting: Michael

Beeson

OFFERINGS AND FACILITIES

The Department of Mathematics offers

programs leading to the degrees Bachelor of

Science, Master of Science, and Doctor of

Philosophy in Mathematics, and participates

in the program leading to the degree B.S.

in Mathematical Sciences.

INTRODUCTORY COURSES

The Department of Mathematics offers

two main sequences of courses in the calculus.

Analytic Geometry and Calculus (41,

42, 43) is designed for students in mathematics,

physics, chemistry, engineering and

for other students who wish an extensive

treatment of the calculus. Calculus and Probability

(5, 6, 7) is designed for students in

the biological or social sciences and other

students who may wish a less extensive treatment

of the calculus than is offered in the

(41,42,43) courses.

In addition to these two main sequences,

the Department offers the sequence (41A,

42A, 43A) which covers all of the material

of (41,42,43) except analytic geometry, and

the sequence (10,11, 21, 22, 23) which covers

the material of (41, 42, 43) in five quarters

instead of three.

Algebra and Trigonometry (1) is offered

for those who need or desire a better prep
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aration in these subjects before entering one

of the calculus sequences. Mathematics

Workshop (2) also presents a treatment of

pre-calculus mathematics, but in a format in

which students work at their own pace with

individual consultation.

The introductory course in modern algebra

is Linear Algebra and Matrix Theory

(113). There are no formal prerequisites for

this course, but appropriate mathematical

maturity is expected.

ADVANCED PLACEMENT FOR

FRESHMEN

Secondary school students of unusual

ability in mathematics often pursue 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 on the basis of these

courses. A decision as to placement and

credit will be made by the Department after

consideration of the student's performance

on the Advanced Placement Examination in

Mathematics (either forms AB or BC) of the

College Entrance Examination Board. This

examination is the only one used for this purpose.

The Department does not give its own

Advanced Placement examination. Arrangements

for such advanced placement and

credit must be made during the first two

weeks of the student's -first quarter of attendance

at Stanford University, or earlier, or

the privilege will lapse. For referral to an adviser

on advanced placement, communicate

with the Academic Secretary of the Department.

PROGRAMS OF STUDY

BACHELOR OF SCIENCE

The following Departmental requirements

are in addition to the University's

basic requirements for the Bachelor's degree:

1. Analytic Geometry and Calculus

(Courses 10, 11, 21, 22, 23, 44, or 41, 42,

43, 44, or 41A, 42A, 43A, 44.)

 These courses

should be started during the first year.

There is no language requirement, but

students intending to go on to graduate work

in mathematics are strongly urged to study

at least one foreign language chosen from

French, German, and Russian.

2. Nine courses, each carrying at least

three units credit, numbered 100 or above,

distributed as follows: three courses in algebra

or number theory, four courses in analysis,

and two courses in geometry or topology.

These will typically be chosen among the

following: algebra—113, 114, 120, 121, 152;

analysis—106, 115, 116, 117, 130, 131, 132;

geometry—142, 143, 159, 217A. Graduate

courses in the same subject may be substituted

for the preceding courses—for example,

206A for 106.

3. Five additional courses, each carrying

at least three credits, chosen from 45 and

courses numbered 100 or above. Although

not required, 45 is generally recommended.

Students completing the honors sequence

54, 55, 56 may use 55, 56 either as elective

courses or in place of two required analysis

courses.

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, 115 and

116 as early as possible.

4. One of the following options. The

choice of (a) or (b) is recommended.

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

b. Any four quarters of Physics lecture

courses, chosen from those 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 Undergraduate Affairs

Committee of the Department of

Mathematics.

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 Departmental Committee on Undergraduate

Affairs.

To receive the Departmental recommendation

for graduation a student must have

been enrolled as a major in the Department

for at least two full quarters, including the
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last full quarter before graduation, and must

complete at least 15 units of 100 (or higher)

level courses in the Department.

More detailed information about the preceding

and other aspects of the B.S. program

is contained in the publication Handbook

for Mathematics Majors, available on request

from the Academic Secretary of the

Department.

HONORS PROGRAM IN MATHEMATICS

The department of Mathematics offers a

program leading to the degree of Bachelor

of Science in Mathematics with Honors. Details

concerning admission to the program

and a statement of the requirements of the

program can be obtained from the Academic

Secretary of the department.

BACHELOR OF SCIENCE IN

MATHEMATICAL SCIENCES

The Mathematics Department participates

with the Departments of Computer

Science, Operations Research, and Statistics

in a program leading to the degree of Bachelor

of Science in Mathematical Sciences. See

Program in Mathematical Sciences on page

604 of this bulletin.

MASTER OF SCIENCE

The University's basic requirements for

the Master's degree (residence, etc.) are discussed

in the section "Degrees" in this bulletin.

The following are Departmental requirements:

Candidates must complete an approved

course program of 36 units beyond the departmental

requirement for the B.S. degree.

The candidate's program must include 18

units of courses numbered 200 or above.

The candidate must have a B average over

all course work taken in Mathematics, and

a B average in the 200 level courses considered

separately.

For the degree of Master of Science in

Computer Science, see Computer Science

Department material in this bulletin.

DOCTOR OF PHILOSOPHY

The University's basic requirements for

the doctorate (residence, dissertation, examination,

etc.) are discussed in the section "Degrees"

in this bulletin. The following are Departmental

requirements:

To be admitted to candidacy for the Ph.D.

degree, a student must have successfully

completed 27 units of graduate courses (i.e.,

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

Study Committee of the Department of

Mathematics and submit an acceptable dissertation.

The course program should display

sufficient breadth in mathematics outside

the student's field of specialization and may

include work in a field of application of

mathematics. In addition, the student must

pass reading examinations in two of the languages

French, German, and Bussian, and

pass the University oral examination. A student

must receive a grade of B or better in a

course to satisfy the Ph.D. requirement.

For the degree of Doctor of Philosophy in

Computer Science, see the Computer Science

Department material in this bulletin.

For further information concerning degree

programs, requirements for a Ph.D.

minor in mathematics, fellowships, and assistantships,

inquire of the Academic Secretary

of the Department.

TEACHERS' CREDENTIALS

The requirements for a teaching major in

Mathematics for the Standard Teaching

Credential (Secondary) are the B.S. degree

with major in Mathematics (see above) or, if

the candidate has a Bachelor's degree with a

major in another subject, the following:

Courses 10, 11, 21, 22, 23, 44 (or 41, 42, 43,

44, or 41A, 42A, 43A, 44), together with 21

units selected from courses numbered 100 or

above, and in addition, 15 units selected from

courses numbered 100 or above or in courses

in other departments requiring extensive application

of mathematics. Thirty-six quarter

units must be in upper division or graduate

standing. Candidates for the General Secondary

Credential may count courses 45, 55

and 56 as equivalent to "courses numbered

100 or higher" for the purpose of meeting

requirements listed in this paragraph.

The requirements for a teaching minor in

Mathematics are Courses 10, 11, 21, 22, 23,

44 (or 41, 42, 43, 44) together with 12 units

as follows: 9 units in mathematics courses

numbered 100 or higher; 3 units either in

mathematics courses numbered 100 or higher

or in courses requiring extensive application

of mathematics given in other departments.
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In order to receive the recommendation of

the Department for a teaching major or a

teaching minor, the candidate is expected to

have an average grade of B in these required

courses. If work in mathematics has been

taken at another institution, it is expected

that at least one course numbered 100 or

above will be taken in the Department. Attention

is called to Courses 106, 113, 114,

120, 142, 143, 152, and 159, as particularly

appropriate to these programs.

MASTER OF ARTS IN TEACHING

( MATHEMATICS )

In cooperation with the School of Education,

the Department offers a program leading

to a degree, Master of Arts in Teaching

(Mathematics). This degree is intended for

candidates who have a teaching credential

and wish further to strengthen their academic

preparation. Detailed requirements

are outlined in this bulletin under "School

of Education, Master of Arts in Teaching."

COURSES

INTRODUCTORY AND

UNDERGRADUATE COURSES

Introductory courses will be offered only

if twenty or more students enroll.

1. Precalculus Mathematics — Fundamental

laws; linear and quadratic equations;

inequalities; logarithms; binomial theorem;

trigonometric functions, identities, and equations;

solution of right and oblique triangles;

complex numbers; De Moivre's theorem. (Attention

is called to the fact that this course

cannot be taken in partial fulfillment of the

distribution requirement in Natural Science,

Mathematics, and Technology.)

4 units, Aut (Staff) MTWThF 8 and 12

Win(Staf)MTWThF12

2A,B. Mathematics Workshop — The main

aim of the workshop is to have students

learn that they can do mathematics, regardless

of their previous experience. This course

uses materials and techniques designed especially

to help students master the art of

solving problems. Its flexible format allows

each student to build conceptual understanding

in an atmosphere free of anxiety,

and with as much personal attention as desired.

Visualization, pattern recognition,

diagramming, and systematic analysis are

among the techniques emphasized to foster

self-confidence in doing mathematics. The

course also reviews fundamental algebra and

then moves on to pre-calculus mathematics,

investigating polynomials, rational, exponential,

logarithmic and trigonometric functions

in a highly visual treatment to develop basic

mathematical intuitions.

2A. 4 units, Aut (Staff) MTWTh

3:15 and sections

Win (Staff) MTWTh

3:15 and sections

2B. 4 units, Win (Staff) MTWTh

2:15 and sections

Spr (Staff) MTWTh

2:15 and sections

5. Calculus and Probability—The sequence

(5, 6, 7) is designed primarily for the general

student and students in the biological and

social sciences. The courses will provide the

student with the basic ideas of calculus and

of probability theory. Applications will be

chosen mainly from biology, economics and

other social sciences. Topics will include the

following: Algebra of sets, sample spaces,

counting problems. Probability. Random

variables, expectation, variance. Real number

system. Functions and graphs. Tangent

lines, derivatives, rules of differentiation.

Derivatives of the elementary functions.

Maximum-minimum problems, rates of

change. Anti-derivatives, integrals, area and

other applications. Special probability distributions

and applications. Law of large

numbers. Prerequisites: algebra and trigonometry.

3 units, Aut (Staff) MWF 8,9,10,12,

1:15, and 2:15

Win (Staff) MWF 8,10, and 2:15

6. Calculus and Probability—Continuation

of 5. Prerequisite: 5.

3 units, Win (Staff) MWF 8,9,12,

and 2:15

Spr (Staff) MWF 8 and 2:15

7. Calculus and Probability—Continuation

of 6. Prerequisite: 6.

3 units, Aut (Staff) MWF 2:15

Spr (Staff) MWF 8,9, and 2:15

10. Analytic Geometry and Calculus—The

sequence (10,11, 21, 22, 23) covers the same

subjects as the sequence (41, 42, 43) described

below. Prerequisites are the same as

for 41.

3 units, Aut (Staff) MWF 8,9,10,11,12,

1:15, and 2:15
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Win (Staff) MWF 8,10,12,

and 2:15

11. Analytic Geometry and Calculus—Continuation

of 10. Prerequisite: 10.

3 units, Win (Staff) MWF 8,9,10,12,

1:15, and 2:15

Spr (Staff) MWF 10,12, and 2:15

21. Analytic Geometry and Calculus—Continuation

of 11. Prerequisite: 11.

3 units, Aut (Staff) MWF 8 and 2:15

Spr (Staff) MWF 8,9,10,1:15,

and 2:15

22. Analytic Geometry and Calculus—Continuation

of 21. Prerequisite: 21.

3 units, Aut (Staff) MWF 8 and 2:15

Win (Staff) MWF 2:15

23. Analytic Geometry and Calculus—Continuation

of 22. Prerequisite: 22.

3 units, Aut (Staff) MWF 2:15

Win (Staff) MWF 2:15

Spr (Staff) MWF 2:15

41. Analytic Geometry and Calculus — The

sequence (41,42,43) is intended for students

whose major area of specialization is in

mathematics, the physical sciences, or engineering,

or who need a more extensive and

detailed study of analytic geometry and calculus

than that provided in the sequence (5,

6, 7). Principal topics included in the three

courses are functions and graphs, limit, continuity,

derivative, plane analytic geometry

of the straight line, conies, geometrical and

physical applications of the derivative, mean

value theorem, antiderivative, integral, fundamental

theorem, technique of integration,

geometrical and physical applications of the

integral, polar coordinates, parametric equations,

vectors in the plane and in space, analytic

geometry of space of three dimensions,

planes, surfaces, lines, curves, brief introduction

to calculus of functions of two or more

variables. Prerequisites: algebra and trigonometry.

5 units, Aut (Sunseri) MTWThF 8

(Brumfiel) MTWThF 10

Win (Staff) MTWThF 1:15

41A. Calculus — 41A, 42A, 43A together

cover the same topics in the calculus as 41,

42, 43, but topics in plane analytic geometry

are omitted. Requirements for admission to

41A are the same as for 10, but in addition

the student must have had substantial course

work in analytic geometry in high school or

college. Admission to 41A will be restricted

to students who pass a qualifying examination

in analytic geometry to be given during

the first week of the quarter. Details of this

examination will be explained at the first

meeting of the class. This examination will

be waived only for those who present transfer

college credit in analytic geometry.

5 units, Aut (Sunseri) MTWThF 9

42. Analytic Geometry and Calculus—Continuation

of 41. Prerequisite: 41.

5 units, Win (Sunseri) MTWThF 8

(Brumfiel) MTWThF 10

Spr (Staff) MTWThF 1:15

42A. Calculus—Continuation of 41A.

5 units, Win (Sunseri) MTWThF 9

43. Analytic Geometry and Calculus—Continuation

of 42. Prerequisite: 42.

5 units, Aut (Staff) MTWThF 1:15

Spr (Staff) MTWThF 8

(Staff) MTWThF 10

43A. Calculus—Continuation of 42A. Concurrent

registration in 44 is permissible.

3 units, Spr (Sunseri) TTh 9

44. Advanced Calculus—The sequence 44,

45 is a continuation of 41, 42, 43 (or equivalent

sequence) and is concerned principally

with multivariable calculus. Introductory

topics include: review of vector operations,

algebra of complex numbers; infinite series,

convergence tests, power series; partial derivatives,

Taylor's Theorem, applications including

extremum problems; multiple integrals,

line integrals; differential calculus

of scalar and vector fields. Later topics include:

uniform convergence; functions defined

by integrals; surface integrals; Green's

and Stokes' Theorems; applications. Prerequisite:

43 or equivalent.

3 units, Aut (Staff) MWF 9,10,12,1:15

and 2:15

Win (Staff) MWF 10 and 1:15

Spr (Staff) MWF 11

45. Advanced Calculus — Continuation of

44.

3 units, Win (Staff) MWF 10,12, and 2:15

Spr (Staff) MWF 11 and 1:15

54. Honors Calculus — 54, 55, and 56 constitute

an honors sequence in advanced calculus.

The material covered is a more general

version of 44, 45, together with some

of the topics of 115, 116, and 117. Prerequisites:

43 (or equivalent) and 113 (or concur
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rent registration in 113), and consent of instructor.

4 units, Aut (Kiremidjian) MWF 2:15

55. Honors Calculus—Continuation of 54.

4 units, Win (Kiremidjian) MWF 2:15

56. Honors Calculus — Continuation of 55.

4 units, Spr (Kiremidjian) MWF 2:15

97. Introductory Seminar in Mathematics—

These seminars are intended to provide the

general student with an opportunity for active

involvement in learning mathematics.

The subjects are topics not included in the

standard curriculum. The seminars will be

designed and conducted by graduate students

under supervision of a faculty committee.

A list of seminar offerings each quarter

will be available from the Academic Secretary

of the Department.

I to 2 units, Aut, Win, Spr (Staff)

by arrangement

COURSES FOR UNDERGRADUATE

AND GRADUATE STUDENTS

Unless explicitly stated there are no prerequisites

for the courses listed below.

Where a prerequisite is stated it may be

waived with the consent of the instructor.

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 (Staff) MWF 2:15

Spr (Staff) MWF 10

113. Linear Algebra and Matrix Theory—

The study of the algebraic properties of

matrices and their interpretation in geometric

terms. The relationship between the algebraic

and geometric points of view and matters

that are fundamental to the study and

solution of linear equations are dealt with.

Topics include: linear equations, vector

spaces, linear dependence, bases and coordinate

systems; linear transformations and

matrices; similarity and eigenvalues; reduction

of quadratic forms.

3 units, Aut (Staff) MWF 9,11,1:15,

and 2:15

Win (Staff) MWF 1:15

Spr (Staff) MWF 10 and 1:15

Sum (Staff)

114. Linear Algebra and Matrix Theory—

Continuation of 113: A deeper study of certain

of the topics indicated as well as additional

topics chosen among the following:

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, Aut (Staff) MWF 1:15

Win (Staff) MWF 1:15

Spr (Staff) MWF 11

115. Fundamental Concepts of Analysis—A

rigorous development of real analysis in

Euclidean space: basic point set topology,

limits, continuous functions. Especially recommended

for students who intend to take

graduate work in mathematics. Prerequisite:

44. Recommended: 45.

3 units, Aut (Staff) MWF 11 and 1:15

Win (Staff) MWF 10

and 2:15

116. Fundamental Concepts of Analysis—

Continuation of 115: Differentiation, implicit

function theorem, the Riemann-Stieltjes integral,

Lebesgue integration in Euclidean

space.

3 units, Win (Staff) MWF 11

Spr (Staff) MWF 2:15

117. Fundamental Concepts of Analysis —

Continuation of 116: Differential forms, integration

on manifolds, Stokes' theorem.

3 units, Spr (Staff) MWF 11

120. Modern Algebra — Integral domains,

fields, polynomials, divisibility theory,

groups. Prerequisite: 113.

3 units, Win (Staff) MWF 3:15

Spr (Staff) MWF 1:15

121. Modern Algebra—Continuation of 120.

3 units, Spr (Staff) MWF 3:15

123. Theory of Probability—This is an introductory

course to the theory of probability

and some of its applications. The basic

concepts of probability, random variables

and their distribution functions are treated

in the modern manner. Classical limit theorems

for sequences of independent random

variables are discussed in some detail. Prerequisite:

44.

3 units, Win (Cohen) MWF 2:15

124. Introduction to Stochastic Processes—

The discussion will include types of Markov

chains, branching and queuing processes,

applications to order statistics, and an intro
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duction to Brownian motion. Prerequisite:

123.

3 units, Spr (Cohen) MWF 2:15

126. Models in Mathematical Biology — A

series of classical and modern mathematical

models pertinent to biology will be developed,

including examples from population

genetics and ecological structures, the dynamics

of population growth, and some

neuro-physiological systems, enzyme kinetics,

the patterns of blood flow, elements of

compartment analysis and other topics.

Some aspects of computer simulation models

of certain biological processes will also be

considered. The mathematical level will be

elementary, with prerequisites the calculus

and elementary matrix theory.

3 units, Aut (Karlin, Feldman) MWF 9

130. Ordinary Differential Equations—Special

equations, exact equations, linear equations;

series solutions, numerical solution;

Laplace transform and operational methods.

Courses 130, 131,132 form a sequence. Prerequisite:

44 or concurrent registration in

44.

3 units, Aut (Staff) MWF 10,12,

and 2:15

Win (Staff) MWF 11 and 2:15

Sum (Staff)

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.

3 units, Win (Staff) MWF 10 and 3:15

Spr (Staff) MWF 2:15

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 (Staff) MWF 3:15

136. Introduction to Computing — (Enroll

in Computer Science 106.)

137A,B. Numerical Analysis — (Enroll in

Computer Science 137A,B.)

142. Higher Geometry—A study of various

geometries, including projective, affine and

non-euclidean geometry. Prerequisite: 113.

3 units, Aut (Beeson) MWF 11

143. Topics in Geometry — Selected topics.

Possible choices include algebraic geometry,

differential geometry, and foundations of

geometry.

3 units, Spr (Yau) MWF 1:15

150. Introduction to Combinatorial Theory

—(Enroll in Computer Science 150.)

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 (Washington) MWF 2:15

159. Introduction to Topology—This course

will cover some of the basic properties of

metric and topological spaces; compactness,

connectedness, and continuity. Special attention

will be paid to the Euclidean spaces;

and the fixed-point and degree of mapping

theorems will be developed. Enrollment is

limited to undergraduates.

3 units, Win (Samelson) MWF 11

160A,B. Symbolic Logic—(Enroll in Philosophy

160A,B.) Thorough treatment of validity,

provability, consistency, completeness,

definability and decision problems for logical

calculi, and axiomatic theories.

161. Introduction to Set Theory—(Enroll in

Philosophy 161.) Intuitive justification of the

axioms. Operations on sets, relations and

functions. Equivalence and ordering relations.

Equipollence of sets and cardinal

arithmetic. Topics on ordinal numbers and

axiom of choice as time permits. Prerequisite:

160A or equivalent.

162. Theory of Automata — (Enroll in Philosophy

162.) An introduction to finite automata.

Comparison of different notions of

computability. Relationship to programming

languages and theories of grammars.

Given 1976-77

190A,B. Perspectives in Mathematics —

Some of the most impressive progress in

many fields of mathematics has resulted from

utilization of ideas and methods from other

fields, both within and outside of mathematics.

One can gain a deeper understanding

even of special subjects in mathematics by

learning something of such interrelationships,

both historically and conceptually. It
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is not possible to provide this within the

separate confines of the standard course. The

aim of this course is in partial compensation.

Each year, several topics which reveal significant

interconnections will be treated in

detail. Intended for seniors and well prepared

juniors; admission by consent of instructor.

3 units, Aut (Schiffer) MWF 9

Win(Schiffer)MWF9

192A,B. Topics in the History of Mathematics.

192A. Topics from the 17th to the 19th

century. Principally the rapid development

of the powerful new concepts and

methods in analysis and their direct connection

with the physical sciences, in particular

mechanics. Illustrations from the

work of famous mathematicians from Descartes

to Abel.

192B. Topics from the 19th to the early

20th century. The further extension and

expansion of analysis and its applications.

Rigorization and generality; the rise of

algebra and abstract mathematics. Illustrations

from the work of famous mathematicians

from Fourier to Lebesgue.

Alternate years, given 1976-77

195. Mathematics Workshop Consulting—

This course, together with Mathematics 2,

Mathematics Workshop, form part of a continuing

experiment whose aim is to create

an optimal learning environment for those

students having weak backgrounds in mathematics.

Students enrolled in Mathematics

195 will study recent literature on mathematics

education and will work together in

pairs leading small groups of Mathematics 2

students.

3 units, Aut (Staff) MWF 1:15 and

by arrangement

Win (Staff) MWF 1:15 and

by arrangement

Spr (Staff) MWF 1:15 and

by arrangement

196. Undergraduate Colloquium—Based on

reading and discussion of topics in history

and philosophy of mathematics. Prerequisite:

consent of instructor.

3 units, Spr (Staff) by arrangement

197. Undergraduate Seminars—These seminars

are intended to supplement the standard

curriculum, and especially to provide

an opportunity for students with appropriate

mathematical backgrounds, through active

involvement, to share in the excitement

of discovery in Mathematics. The seminars

will be designed for the average student,

rather than for the honors mathematics

major.

The seminars will be designed and conducted

by graduate students under supervision

of a faculty committee. A list of seminar

offerings each quarter will be available

from the Academic Secretary of the Department.

Ito3 units, Aut, Win, Spr,

by arrangement

199. Independent Work—This course provides

an opportunity for any undergraduate

to pursue a reading program on a topic of

his choice under the direction of a faculty

member of the Department of Mathematics.

Credit for the course may be used toward

the fulfillment of the elective requirement

for the degree in mathematics. Students

wishing to use credit for the course toward

the fulfillment of the department's area requirements

must receive the approval of the

Undergraduate Affairs Committee of the Department.

Students having a topic they wish to investigate

but who need help in finding a faculty

member to direct their reading should consult

the Academic Secretary of the Department.

(Staff) by arrangement

COURSES INTENDED PRIMARILY

FOR GRADUATE STUDENTS

205A,B,C. Theory of Functions of a Real

Variable — Point set topology in metric

spaces and general spaces. Functions of

bounded variations, absolute continuity,

Lebesgue measure, and the Lebesgue-Stieltjes

integral. More advanced theories of

measure and integration. Prerequisite: 116

or equivalent.

205A. 3 units, Aut (Zafran) MWF 10

205B. 3 units, Win (Simon) MWF 10

205C. 3 units, Spr (Simon) MWF 10

206A,B,C. Theory of Functions of a Complex

Variable—Complex integration. Cauchy's

theorem, calculus of residues; power

series, infinite products, entire functions, Picard's

theorem; Riemann mapping theorem.

Prerequisite: 116 or equivalent.
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206A. 3 units, Aut (Schiffer) MWF11

206B. 3 units, Win (Schiffer) MWF 11

206C. 3 units, Spr (Schiffer) MWF 11

210A,B,C. Modern Algebra—Groups, rings

and fields; Galois theory, ideal theory, introduction

to algebraic geometry; representations

of groups and algebras; multilinear

algebra. Prerequisite: 120 or equivalent.

210A. 3 units, Aut (Washington)

MWF 1:15

210B. 3 units, Win (Washington)

MWF 1:15

210C. 3 units, Spr (Washington)

MWF 1:15

217A,B. Differential Geometry — Classical

differential geometry of curves and surfaces;

surfaces of constant curvature, connections

with non-euclidean geometry; minimal surfaces.

Intrinsic geometry, parallel transport,

geodesies; geometry on a surface. Prerequisite:

130 or equivalent.

217A. 3 units, Win (Hawley) MWF 2:15

217B. 3 units, Spr (Hawley) MWF 2:15

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

Potential theory, Green's function, integral

equations; Hilbert space approach to

problems of mathematical physics; elementary

spectral theory; variational methods.

Alternate years, given 1976-77

221A,B- Calculus of Variations—Euler-Lagrange

equations, sufficient conditions; applications

to eigenvalue and scattering problems;

direct methods, Dirichlet's principle.

Alternate years, given 1977-78

222. Asymptotic Expansions—Theory and

application of methods for obtaining asymptotic

expansions of functions defined by integrals

or differential equations.

3 units, Aut (Levine) MWF 3:15

230A,B. Advanced Probability — Fundamental

concepts, weak and strong laws of

large numbers, convergence of distributions

and the central limit theorem, infinitely divisible

distributions and stable laws. Prerequisite:

205A.

Alternate years, given 1976-77

232A,B,C. Topics in Stochastic Processes—

An introduction to the modern theory of stochastic

processes with emphasis on concrete

cases such as Brownian motion and Levy

increasing processes. General discussion of

aspects of Markov processes and potential

theory. Prerequisites: 230A,B.

Alternate years, given 1977-78

233. Stochastic Differential Equations —

The Ito and Stratonovich stochastic integrals

and their properties will be developed.

Methods for solving stochastic differential

equations will be discussed. Applications to

electrical system driven by white noise, biological

growth processes involving random

birth and death rates, and stochastic economic

models will be highlighted. Prerequisites:

230A and 124 (or equivalents).

3 units, Spr (Karlin) MWF 9

235A,B,C. Selected Topics in Ergodic

Theory—Topics from: The Kolmogorow-

Sinai theory of entropy; the isomorphism theorem

for Bernoulli shifts and Bernoulli flow;

K-automorphisms applications to mechanical

systems, and automorphisms of compact

groups.

Alternate years, given 1976-77

237A,B,C. Advanced Numerical Analysis—

(Enroll in Computer Science 237A,B,C.)

243A,B. Conformal Mapping — Conformal

mapping, potential theory and applications.

Fundamental mapping theorems; boundary

behavior. Elementary theory of univalent

functions. Variational methods and extremal

problems. Advanced topics and coefficient

problems. Quasi-conformal mappings. Prerequisite:

206A,B,C.

Alternate years, given 1976-77

244A. Riemann Surfaces — The construction

of harmonic and analytic functions on

compact and non-compact Riemann surfaces.

The Riemann-Roch and Runge theorems.

Variational theory of finite surfaces and

their moduli. Quasi-conformal mappings

and the Teichmiiller theory.

244A. 3 units, Spr (Kiremidjian) TTh

1:15-2:30

245A,B,C. Theory of Functions of Several

Complex Variables — Domains and envelopes

of holomorphy. Weierstrass preparation

theorems. Analytic spaces and sheaf cohomology.

Stein spaces, geometric and sheaf

theory. Oka's pseudoconvexity theorem. Kodaira-

Kuranishi-Spencer theory of deformations

of complex structures on complex manifolds.

245A. 3 units, Aut (Kiremidjian) MWF 11
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245B. 3 units, Win (Taw) MWF11

245C. 3 units, Spr (Yaw) MWF 11

249. Transform Methods—Selected topics

from classical transform theory including

Fourier, Laplace, Hankel, Mellin, Lebedeff

transforms with applications to boundary

value problems. Prerequisite: 206B.

3 units, Win (Levine) MWF 3:15

254A,B. Ordinary Differential Equations—

Fundamental existence theorems, stability

and asymptotic behavior of nonlinear systems,

Poincare-Bendixson theorem, linear

systems and Sturm-Liouville eigenvalue

problems; selected topics from equations in

the complex domain; Fuchsian theory, Hamiltonian

systems, existence of periodic solutions

and orbital stability.

254A. 3units,Win(Gilbarg)

TTh 11:00-12:15

254B. 3units,Spr(Gilbarg)

TTh 11:00-12:15

256A,B,C. Partial Differential Equations-

General theory of partial differential equations,

with emphasis on existence, uniqueness,

and qualitative properties of solutions.

Potential theory by the methods of subharmonic

functions, integral equations, and the

calculus of variations. Theory of the heat

equation. Initial value problems for hyperbolic

equations; methods based on characteristic

coordinates; systems in two independent

variables. General eigenvalue problems.

Elliptic equations; boundary value

problems by the methods of Green's functions,

orthogonal projection, and theory of

estimates. Applications to geometrical and

physical problems.

Alternate years, given 1976-77

258A,B. Linear Partial Differential Operators—

Hormander's approach to theory of

linear partial differential equations using the

methods of functional analysis and distributions.

Estimates of one operator by means of

another; fundamental existence and uniqueness

theorems including Cauchy problem;

approximation of solutions by means of exponential

solutions; partial extension of results

to variable coefficients; nonexistence.

Prerequisites: 205A,B,C.

Alternate years, given 1977-78

261A,B5C. Functional Analysis—The geometry

of linear topological spaces. Linear operators

and functionals. Spectral theory. Calculus

for vector-valued functions. Operational

calculus. Banach algebras. Special

topics in functional analysis.

261A. 3 units, Aut (Phillips) MWF 10

261B. 3 units, Win (Phillips) MWF 10

261C. 3units,Spr(PhilUps)MWF10

263A. Lie Algebras — Definitions, examples,

basic properties. Semisimple Lie

algebras, their structure and classification.

Cartan decomposition; real Lie algebras.

Representation theory: Cartan-Stiefel diagram,

weights, Weyl character formula. Orthogonal

and symplectic representations.

Prerequisite: 210 or equivalent.

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

265A,B. Semigroups of Operators — The

theory of semigroups of linear operators on

a Banach space. Generator and resolvent,

generation of semigroups, perturbation theory,

operational calculus and spectral theory.

Applications to problems of mathematical

physics. The theory of dissipative operators,

both linear and nonlinear; semigroups

of nonlinear contraction operators in a Banach

space. Applications to partial differential

equations.

Alternate years, given 1976-77

266A,B. Harmonic Analysis—Topics chosen

from the following: The "Lp 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; the "Lx theory" of harmonic

analysis—sets of uniqueness for trigonometric

series, spectral syntheses, thin sets, the

spectral theory of convolution operators, and

applications. Prerequisite: knowledge of the

elements of Fourier analysis.

266A. 3units,Win(Zafran)MWFl:15

266B. 3 units, Spr (Zafran) MWF 1:15

271A,B. Mathematics of Wave Motion-

Analytical techniques for the calculation of

varied wave phenomena, with emphasis on

the use of fundamental solutions (localized

source functions), asymptotic integration and

integral equations. Illustrative problems obtained

from the subjects of elasticity, electromagnetic

theory and magnetohydrodynamics.

Alternate years, given 1976-77

272A,B. Topics in Hydrodynamics — General

equations of fluid mechanics will be
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developed and particular cases discussed

from a mathematical point of view. Included

will be problems relating to potential flow,

compressible flow, viscous flow and/or free

boundary problems. Prerequisite: foundations

of analysis. Functions of a complex

variable, ordinary and partial differential

equations desirable but not essential.

272A. 3 units, Win (Finn) TTh 2:15-3:30

272B. 3 units, Spr (Finn) TTh 2:15-3:30

273. Electromagnetic Theory — A systematic

characterization of field equations, conservation

laws and interfacial (or boundary)

conditions by means of variational principles.

Representation theorems for the fields

due to prescribed or equivalent sources in

finite and infinite domains.

Alternate years, given 1976-77

277A,B. Mathematical Theory of Relativity

—Ricci calculus; variational principles and

covariance properties; differential geometry

of space-time; Cauchy's problem for the differential

equations of gravitation and electromagnetism;

relativistic hydrodynamics;

unified field theories.

Alternate years, given 1976-77

281A,B,C. Topology — Point set topology,

dimension theory, homotopy, and extension

problems. Homology and cohomology theories

of complexes, and topological spaces.

Homotopy theory. Applications.

281A. 3units,Aut(Samelson)MWF9

281B. 3units,Win(Samelson)MWF9

281C. 3 unite, Spr (Samelson) MWF 9

283A,B. Selected Topics in Topology —

Topics from: loop spaces and classifying

spaces, cohomology operations, homotopy

theory, differential topology.

3 units, Aut, Win (Milgram) MWF 1:15

284A. Differentiate Manifolds—An introduction

to the theory of differentiable manifolds,

including tensors, differentiable forms,

integration on manifolds, and deRham cohomology.

Also elements of the theory of

sheaves and Lie groups. Prerequisites: 113,

116, and 120 or the equivalent.

Alternate years, given 1976-77

290A,B,C. Mathematical Logic — Model

theory: formal languages and their models;

validity and definability; complete and decidable

theories. Theory of recursive functions

and formal systems: recursively enumerable

sets; recursively unsolvable problems

in mathematics and logic; Godel's theorems.

Set theory: the cumulative hierarchy;

axiomatic set theory and its models, in particular

the constructive sets. Prerequisites: 160

and 161 or equivalent.

290A. 3 units, Aut (Winkler) MWF 2:15

290B. 3 units, Win (Winkler) MWF 2:15

290C. 3 units, Spr (Feferman) MWF 2:15

291A,B. Topics in Model Theory—Selected

principally from: model constructions, including

ultraproducts, and their properties;

applications of model theory to mathematics;

infinitary languages; functorial semantics.

Prerequisite: 290 or equivalent.

Alternate years, given 1976-77

292A. Topics in Recursion Theory—Selected

principally from: recursive ordinals, hierarchies,

hyperarithmetic sets, and other generalizations

of recursion theory; advanced

theory of recursively enumerable sets and

their degrees of undecidability. Prerequisite:

290 or equivalent.

Alternate years, given 1976-77

293A,B. Topics in Proof Theory — Selected

principally from: Gentzen's theory of formal

rules for finite and infinitary languages; analysis

of formal proof trees by use of ordinal

functions, constructive functional of higher

type. Prerequisite: 290 or equivalent.

293A. 3 units, Aut (Feferman)

TTh 1:15-2:30

293B. 3 units, Spr (Feferman)

TTh 1:15-2:30

294A,B. Topics in Set Theory — Selected

principally from: Forcing and generic sets,

Boolean valued models and independence

results; mathematical consequences of large

cardinal assumptions. Prerequisite: 290 or

equivalent.

Alternate years, given 1976-77

296. Topics in Number Theory.

Alternate years, given 1976-77

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

352. Undergraduate Seminar Leadership —

Graduate students leading an undergraduate
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seminar (197) may receive up to 3 units of

credit.

Any quarter (Staff) by arrangement

355. Teaching Workshop — The workshop

program provides guidance to those graduate

students who teach courses in the calculus

series. Required of all graduate students

teaching for the first time.

Any quarter (Staff) by arrangement

356. Upper Division Teaching.

Any quarter, by arrangement

360. Advanced Reading and Research.

Any quarter (Staff) by arrangement

361. Seminar Participation — Participation

in 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 Foundations of Mathematics.

By arrangement

Thought and Literature and Teaching

and Research Fellow); Edward Brown

(Slavic Languages and Literatures); Robert

McAfee Brown (Religious Studies);

Joaquim F. Coelho (Spanish and Portugese);

Rene Girard (Modern Thought and

Literature); Albert Guerard (Modern

Thought and Literature); David Halliburton

(English, Comparative Literature and

Modern Thought and Literature, on leave

to Center for Teaching and Learning);

Steven Kovacs (Communication); Diane

Middlebrook (English); Kurt Mueller-

Vollmer (German Studies); Bridget O'-

Laughlin (Anthropology); Ellen Hawkes

Rogat (Center for Teaching and Learning);

Peter Stansky (History).

The Committee sponsors a program leading

to the Ph.D. in Modern Thought and

Literature. This degree is designed for students

intending to teach modern literature

in interdisciplinary programs or in English

departments. It assumes serious interest in

one or more areas of modern thought: history,

psychology, philosophy, anthropology,

linguistics, political and social thought, religious

studies, the several arts, contemporary

culture generally. The term modern is

construed to mean, roughly, from the Enlightenment

to the present. Thus a student

would specialize in modern English and

American literature from the Enlightenment

to the present, and in addition would

pursue an individual program of interdisciplinary

studies involving part of the same

period. The student would, that is, acquire

an extensive knowledge of the literature in

one language for approximately the last two

hundred years. But no attempt would necessarily

be made to cover aspects of non-literary

thought for the full modern period.

The Committee also offers several interdisciplinary

courses open to qualified undergraduates

and graduates in other programs.

Committee in Charge: Arnold Rampersad

(English), Acting Chairperson; Paul Armstrong

(Assistant Director, Modern

PROGRAMS OF STUDY

MASTER OF ARTS

Only candidates for the Ph.D. will be admitted.

But students in the Ph.D. program

who satisfy the committee of their progress,

and who complete satisfactorily 45 units of

work, may apply for an A.M. in Modern

Thought and Literature.

