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Professor of Mathematics, Emeritus
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Professor of Mathematics, Emeritus

Louis Norberg Howard, Ph.D.
Professor of Applied Mathematics,
Emeritus

William Ted Martin, Ph.D.
Professor of Education and
Mathematics, Emerilus

Claude Elwood Shannon, Ph.D.
Donner Professor of Science
and Professor of Mathematics
and Electrical Engineering,
Emeritus

Dirk Jan Struik, Ph.D.
Professor of Mathematics, Emeritus

George Brinton Thomas, Jr., Ph.D.
Professor of Mathematics, Emeritus

George Proctor Wadsworth, Ph.D.
Professor of Mathematics, Emeritus

Bachelor of Science in Mathematics
Course XVIll

An undergraduate degree in mathematics pro-
vides an excellent basis for graduate work in
mathematics or computer science, or for em-
ployment in such mathematics-related fields
as systems analysis, operations research, or
actuarial science.

Because the career objectives of undergradu-
ate mathematics majors are so diverse, each
undergraduate’s program is individually ar-
ranged through collaboration between the stu-
dent and his or her faculty advisor. In general,
students are encouraged 1o explore the var-
jous branches of mathematics. both pure and
applied. Considerable elective time is available
in each of the mathematics programs.

Undergraduates wishing to work in small
groups under the supervision of a faculty
member may elect to participate in a mathe-
matics seminar. This is normally done during
the junior year or the first semester of the se-
nior year. The experience gained from active
participation in a seminar conducted by a re-
search mathematician is particularly valuable
for a student planning to pursue graduate
work in some branch of mathematics or a
related fleld.

There are three undergraduate programs that
lead to the degree Bachelor of Science in
Mathematics: a General Mathematics Option,
an Applied Mathematics Option for those who
wish to specialize in that aspect of mathemat-
ics, and a Theoretical Mathematics Option for
those who expect to pursue graduate work in
pure mathematics.

The interaction that takes place in the class-
room is an important component of the learn-
ing experience in mathematics. Therefore, in
none of the programs is advanced standing
credit accepted toward fulfilment of any part
of the Departmental Requirements other than
18.03. It is accepted, however, as Unrestricted
Elective.

Bachelor of Science in Mathematics
Course XVill
General Mathematics Option

This option is the one followed by most stu-
dents who major in mathematics. Besides the
General Institute Requirements, the require-
ments consist of 18.03 Differential Equations
and eight 12-unit subjects in Course 18 of es-
sentially different content, including at least six
advanced subjects (first decimal digit one or
higher). This leaves available 84 units of unre-
stricted electives. The requirements are flexi-

._...._.4_.__________-—-—-—

ble in order to accommodate several
categcries of students:

1) those who wish 10 pursue programs that
combine mathematics with a related fielg
(such as computer science, physics, econom.
ics, or management), 2) those who wish g j.
vide their time between theoretical and applieg
mathematics, and 3) those who wish to use
mathematics as a general Institute major,

Applied mathematics is the mathematical
study of general scientific concepts, principles
and phenomena which, because of their wide-
spread occurrence and application, relate or
unify various disciplines, The core of the pro-
gram at MIT concerns the following principles
and their mathematical formulations: propaga-
tion, equilibrium, stability, optimization, cyber-
netics, statistics, and random processes. The
undergraduate program provides a general in-
troduction to most areas of applied mathemat-
ics and to severai specific areas for study in
greater depth.

Freshmen interested in applied mathematics
should consider taking 18.001 and 18.002
Calculus followed as soon as possible by
18.03 Differential Equations.

Sophomores interested in applied mathemat-
ics typically survey the field of applied mathe-
matics by enroiling in both 18.310 and 18.311
Principles of Applied Mathematics. Subject
18.310, given only in the first term, is devoted
to the discrete aspects of the subject and may,
be taken concurrently with 18.03. Subject
18.311, given only in the second term, is de-
voted to continuous aspects and makes con-
siderable use of differential equations.

The subjects in Group | of the program core:
spond roughly to those areas of applied math- 3
ematics making heavy use of discrete
mathematics, while Group Il emphasizes thos®
subjects which deal mainly with continuous
processes. Naturally, there is @ good deal of
overlap; for example, such subjects as PW:;
bility or numerical analysis have both discr
and continuous aspects. In general, S -
in the applied mathematics option aré encour
aged to acquire as good a background a:ﬁc& g
possible in both types of applied mathem

For those who wish to emphasize Pamm::-zw
areas within the applied mathematlc§ C:‘a
lum, sampie programs are av.atlable in
dergraduate Mathematics Qﬁlce_for the
following specialties: combinatorics GOI i
science, fluid dynamics, numeflcal analysts:
statistics, and theoretical physics:
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pachelor of Science in Mathematics
Course XVIll

Applied Mathematics Option

General institute Requirements Total Units

science Requirement 80
Humanities, Arts, and Social Sciences

Requirement 72
The Science Distribution Requirement can

be satisfied by 18.03 in the Departmental

Program, plus appropriate subjects totaling 2
L.aboratory Requirement 12

Departmental Program

Subject names below are followed by credit units,

by prerequisites If any (corequisites in italics)

Required Subjects: 60
168.03 Differential Equations, 12; 18.02

Theoretical mathematics (or “pure” mathe-
matics) is the study of the basic concepts and
structures that underlie the mathematical tools
used in science and engineering. Its purpose
is to search for a deeper understanding and
an expanded knowledge of mathematics itself.

Traditionally, pure mathematics has been clas-
sified into three general fields: analysis, which
deals with continuous aspects of mathematics;
algebra, which deals with discrete aspects;
and geometry. The undergraduate program is
designed so that students become familiar
with each of these areas. Students may also
wish to explore such other topics as logic,
number theory, complex analysis, and sub-
jects within applied mathematics.

The subject 18.100B Analysis | is basic to the
program. Since this subject is strongly proof-

Bachelor of Science in Mathematics
Course XVIil
Theoretical Mathematics Option

General Institute Requirements Total Units

Science Requirement 60

Humanities. Arts, and Social Sciences
Requirement T2

The Science Distribution Requirement can be
satisfied by 18.03. in the Deparimental Program,
plus approprate subjects totaling 24

Laboratory Requirement 12

Departmental Program

Subject names below are followed by credit units,
and by prerequisites if any (corequisites in italics)

Required Subjects: ., 12
18.03 Ditferential Equations, 12; 18.02
18.100B  Analysis I, 12: 18.03*

18310 Principles of Applied Mathematics, 12; 16,02 oriented, many students find an intermediate
18311 Principles of Applied Mathematics, 12; 18.03 subject such as 18.06 Linear Algebra or ?Br,?OO: the iof'ﬁwifgnfﬁ:ezé ?g‘:’gf;g’ —
i Mg . 18.710 Abstract Linear Algebra useful as 18002 Anaheigil 12184008
18.04 Complex Variables ications, i ! : L e _— "
WA S kiobion o Eirtlons o s Complax Viratis. preparation. 18.103 Tg{:rggap\nalysls -- Theory and Applications, 12;
12; 18.03 s o :
e of e & vl _Some flexibility is allowed lll't'l1 this program. Fé)r . plus
18411 Applied Algebra, 12; 18.06 or 18.710, 18,063 or instance, students may, with permission, sub- 18701  Algebra |, 12; 18.02
o 18.703 — stitute 18.100A for 18.100B, and lhey may 18 702 Algebra II, 12: 16.701
Linear Algebra, 12; 18. substitute 18.710 Abstract Linear Algebra, plus ;3401 inyroduction to Topology I, 12; 18.1008
- o 18.703 Modern Algebra, for the recommended
Wadiioted Woctives: algebra sequence 18.701-18.702. Similarly, 8  pestricted Electives: 36
At lsast four subjects from the following £ (| desirabl first- duat
i thesis or (ess osira y) a first-year graduate An upper level Mathematics Seminar' (12 units)
A% s A 4 ot e utyecy subject may be substituted for the Seminar i
from each group . Two addttional Course 18 subjects of
Group | essentially different content,
o 3 with the first decimal digit
18.440 l;_muﬂ:dny and Random Variables, 12; 18.02 ane or higher (24 units)
18313 Probabil :
Y by 1 I Unrestricted Electives B84
18441 Statistical Inference, 12; 18.440 or 18.313°
or
18443 statistics for Applications, 12; 18.440 or 18.313" Total Units Required for the S.B. Degree 360
18314 Applied Combinatorial Analysis, 12; 18.01
184200  Automata, Computability, and Complexity, 12;
18.310°
Group o Inquiries
18 . .
m‘:: e e 5 s Inquiries regarding academic programs may
" Introduction to Physical Mathematics |, 12; 18.03 be addressed to Joanne Murray, Undergradu-
e '1"5"3:“"“"" ;%‘P“Y"“" Mathematics II, 12; 18.301, ate Mathematics Office, Room 2-108, MIT,
1 ot Cambridge, Massachusetts 02139, (617) 253-
8354 Fiuid Mechanics, 12; 18.04 or 18.302" 2416
e " .
—_— =" The following information sheets are avaigable
Total Units, Requl D 360 in Room 2-108: Undergraduate Subjects in
—_— ot S w85, Mathematics; Careers in Mathematics; Think-
ing of Majoring in Mathematics?; and Applied
Mathematics: Sample Programs.
* Alternate prerequisites are alsc listed in the subject
description.
e — 2
Aloratg prerequisites are also listed in the subject These serminars are 18,104, 18 504. 18.704, 18.904, and
Sescription, 18.994
-‘-_-——— — =
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18 C’

General Mathematics

Mathematics

18.UR Undergraduate Research

Prereq.. —
uQ,2
Arr.

Undergraduate research opportunities in Math-
ematics. Permission required in advance to
register for this subject. For further information
consult the Departmental Coordinator.

D. A. Vogan, Staff

18.001 Calculus

Préreq.: Assumes some prior knowledge of
calculus

U (1) Next offered 1986-87

5-0-7

Emphasizes the concepts and techniques of
calculus relevant to science and technology.
Mathematical formulation of problems and ap-
proximate methods of solution. Substantial re-
view of limits and differentiation with
discussion of some advanced methods. Inten-
sive study of integration; perturbation and iter-
ation procedures; stability; series; summation
techniques; asymptotics; numerical analysis;
vector algebra; special topics.

H. P. Greenspan

18.002 Calculus

Prereq.: 18.001 or 18.01 or 18.011 or 18.012
U (1, 2) Next offered 1986-87
5-0-7

Continues 18.001. Presents the concepts and
techniques of calculus relevant to science.
Vector algebra, analytic geometry, planetary
motion, orbit stability, partial differentiation,
functions of several variables, Taylor series,
extremal problems, linear programming exam-
ples, numerical methods, multiple integrals,
approximate and asymptotic methods of eval-
uation, applications; vector calculus, gradient,
curl, theorems of Stokes, Green & Gauss,
conservation laws, fluid motion.

D. J. Benney

18.01 Calculus

Prereq.: —
u@, 2
5-0-7

Differentiation and integration of functions of
one variable, with applications. Concept of
function, limits, and continuity. Differentiation
rules, application to graphing, rates, approxi-
mations, and extremum problems. Mean-value
theorem. Definite and indefinite integration.
Fundamental theorem of calculus. Applications

of integration to geometry and science. Ele-
mentary functions. Techniques of integration.
Approximation of definite integrals, improper
integrals, I'Hopital’s rule, and Taylor series.
Term 1: D. A. Vogan

Term 2: Information: D. A. Vogan.

18.011 Calculus

Prereq.: Assumes some prior knowledge of
calculus

u

5-0-7

Reviews 18.01 material in five weeks. Infinite

series. Taylor's formula. Probability. Vectors,

vector-valued functions of one variable, space
motion. Scalar functions of several variables,

partial differentiation, gradient, approximation

techniques.

A. P. Mattuck

18.012 Calculus with Theory

Prereq.: —
U (1)
5-0-7

Covers much the same material as 18.01, but
at a deeper and more rigorous level. Empha-
sizes careful reasoning and understanding of
proofs. Assumes knowledge of elementary
calculus. Topics: axioms for the real numbers;
the Riemann integral; fimits, theorems on con-
tinuous functions; derivatives of functions of
one variable; the fundamental theorems of cal-
culus; Taylor's theorem; infinite series, power
series, rigorous treatment of the elementary
functions. Information: D. A. Vogan.

18.02 Calculus

Prereq.: 18.001 or 18.01 or 18.011 or 18.012
uQp, 29
5-0-7

Calculus of several variables. Vector algebra
in 3-space, determinants, matrices. Vector-val-
ued functions of one variable, space motion.
Scalar functions of several variables: partial
differentiation, gradient, approximation tech-
niques. Multiple integrals with applications.
Vector fields, line and surface integrals, exact
differentials, Green's theorem, Divergence
Theorem, Stokes' Theorem. Additional topics:
linear algebra (term 1); infinite series (term 2).
Term 1: H. Rogers, Jr.

Term 2: S. Helgason

18.021 Calculus

Prereq.: 18.011
U (2)
5-0-7

Continues 18.011: calculus of several vari-
ables, with elementary linear algebra and ap-
plications. Vector fields, line integrals, exact
differentials. Elementary linear algebra, Jaco-
bians. Green's Theorem, surface integrals,
Divergence Theorem, Stokes' Theorem. Per-
mission of instructor required for those not
having 18.011.

D. S. Jerison

18.022 Calculus with Theory

THIS COPY IS FOR PERSONAL USE ONLY.

Prereq.: 18.012
U
5-0-7

Continues 18.012. Parallel to 18.02, but at a
deeper level, emphasizing careful reasoning
and understanding of proofs. Considerable
emphasis on linear algebra and vector integral
calculus.

D. A. Vogan

18.03 Differential Equations

Prereq.: 18.002 or 18.02 or 18.021 or 18.022
u(1,28)sD
4-0-8

Examples of initial value problems in science
and engineering associated with single equa-

tions and with systems of first order equations.

Methods of solution include graphical con-
structions, series, Laplace transforms, ma-
Irices, numerical integration and the phase
plane. Emphasizes formulation of natural phe-
nomena in terms of differential equations and
interpretation of the solutions.

Term 1: F. Morgan, Staff

Term 2: A, P. Mattuck, Staff

18.04 Complex Variables with Applications

Prereq.: 18.03
u@,298)
4-0-8

Complex algebra and functions; analyticity;
contour integration, Cauchy's theorem; singu-
larities, Taylor and Laurent series; residues,
evaluation of integrals; multivalued functions,
potential theory in two dimensions; Fourier
analysis and Laplace transforms. 18.04 and
18.075 may not both be taken for credit.
Term 1: A. Toomre

Term 2: L. N. Trefethen

2
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18.05 Introduction to Probability and
Statistics

18.075 Advanced Calculus for Engineers
(A except I, VI, VItI, XIl, XIit, XVI, XV, XXII)

Prereq. 18007 ar 1801 or 18.011 or 18012
Uit 280
3-0-%

Eirentary introduction,
the social physical, and #ife sciences. Relative
frequericy. Picbability models. Combinatorics
Binomial and Posson experiments. Norrnat
appreximation Descrigtive evel of sigrifi-
cance. Composite models. Chi-square approx-
imation. Confingency tables. Hypothesis
tasting. Confidence regions. Random vati-
acles. Non-parameiric methods. Normal distri-
pution methods. Regression. Elements of
decision theory. Irtormation: H Chernoff.

18.057 Computer Data Analysis Laboratory
(A except XVill)

Prareq’ 18.05 or 15.061
Uiz G )

Sy

Methods of data analysis using computers and
microcomputers. Introduction to and practice
with the most frequently encountered statisti-
cal software systems including MINITAB, SAS,
and BMDP. Statistical analyses using Project
Athena microcomputers. Emphasizes intuitive
basaes of common statistical procedures and
ine use of interactive computer packages to
anaivze a wide variety of data sets. No pre-
vious programming expenence necessary.
Seme statistics backyground necessary.

D. Ricermnain

18.06 Linear Algebra

Prereq : 18.002 or 18.0% or 18.021 or 16 022
U (1,2 5) SD
3.0-9

Basic subject on matrix theory and linear alge-
bra, emphasizing topics useful in other disci-
plines. systems of equations, vector spaces,
determinants, eigenvalues. similiarity, postive
definite matrices. Applications to Gauss elimi-
nation with pivoting, least squares approxima-
tions, stability ot diferential equations, linear
programming, and game theory. Compared
with 18.710, more emphasis on mattix calcuia-
tions and applications. Information: G. Strang.

18.063 Introduction to Algebraic Systems

Prereq.: 18.02 or 18.002 or 18.021 or 18.022
uQ) sb
4-C-8

introduction to algebraic systems primarily for
students interested in computer and informa-
tion sciences, with emphasis on finite systems.
Reviews elemerntary set theory, natural num-
bers. modular arithmetic, induction, counting
arguments. Eiementary number theory and
group theory. Applications to fast arithmetic,
cryptography, combinatorics. Eiementary
graph theory. Introduction to rings and fields.
Finite fieids: coding theory, Hamming and
BCH codes.

A. Bjornar

Prereq.. 18.03
G, 289
309

Functions of a comptex vanable; caiculus of
residues. Ordinary differential equations; inte-
gration by power series: Bessel and Legendre
functions. Expansion in series of orthogonat
functions, including Fourier series. 18 075 and
18.04 may not both be taken for credit. infor-
mation. 0. A. Vogan.

18.076 Advanced Calculus for Engineers
(A except I, VI, XVi, XVIl, XXII)

Prereqg . 18.075
G(1,2 8
3-0-9

Vector analysis: orthogonal curvilinear coordi-
nates. Caiculus of variations. Solution of
classical partial differential equations of math-
ematical physics, including applications of
conformal mapping and the Laplace trans-
formation. Information: D. A. Vogan,

18.085 Mathematical Methods for
Engineers | (A)
(Revised Content)

Prereq.: 18.03, 18.086
G(1,2
3-0-9

Review of linear algebra, applications to net-
works, structures, and estimation, Lagrange
multipliers, differential equations of equitibrium,
Lapiace's equation and potential flow, bound-
ary value problems, minimum principles and
calculus of variations, Fourier series, trans-
forms, convolution, complex variabies, finite
difference methods for partial differential equa-
tions, finite element methods.

G. Strang

18.086 Mathematical Methods for
Englneers Il (A)
{New)

Prereq.: 18.03, 18.06
G (2)
3-0-9

Fast Fourier Transform and convolution, appli-
cation to Poisson’s equation, spectral meth-
ods, solution of inear and nonlinear systems
and eigenvalue problems, initial-value prob-
lems for ordinary and partial ditferential equa-
tions, wave equation vs heat equation, von
Neumann stability of difference equations,
conservation laws, network flows, linear pro-
gramming, simplex method and Karmarkar's
method, duality and optimization.

G. Strang

18.089 Review of Mathematics

Prereq.; -~
G {8)
Arr.

Reviews calculus and differential equations.
Prirmarily for students in Course X!II-A, Degree
credit allowed only in special circumstances.
D. A. Vegan

: _ﬂq-—'*—-_
18.093 Tutoring in Mathematics

Prereq.: 18,002 or 18.02 or 18.02W
U (1, 2
Arr.

For undergraduates who are teaching or tuor.
ing in mathematics subjects. Limited enrg|-
ment, based on positions avaifable.
Permission must be securad In advance tg
register for this subject.

D. A. Vogan

18.099 Independent Actlvitles

Prereq.. —
U, d 2
Arr.

———

For undergraduates desiring credit for studies
during IAP or for special individual reading on
an undergraduate leve! during the regular
terms. Specific programs and credit arranged
in consultation with individual faculty members
and subject to departmental approval,

J. R. Munkres
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Analysis

18.100 Analysis | (A except XVIil)

Prereq.: 18.03
uQ,2GI(1,2
3-0-9

Two options offered, both covering fundamen-
tals of mathematical analysis: corivergence of
sequences and series, continuity, differentia-
bility, Riemann integral, sequences and series
of functions, uniformity, interchange of limit
operations. Both options show the utility of ab-
stract concepts and teach understanding and
construction of proofs. Option A chooses less
abstract definitions and proofs, and gives ap-
plications where possible. Option B is more
abstract and is for students with more mathe-
matical maturity; places greater emphasis on

point-set topology.

Option A:  Term 1: R. M. Dudley
Term 2: E. A. Carlen
Option B: Term 1: /. E. Segal, L. D. Saper

Term 2: F. P. Peterson, L. D.
Saper

18.101 Analysis Il (A except XVill)

Prereq.: 18.100, 18.701 or 18.710
um G
3-0-9

Continues 18.100, stressing the topics most
useful in the study of manifolds and global
analysis: differentiabie maps, Jacobians, dif-
ferentials, inverse and implicit function theo-
rems, n-dimensional Riemann integral, change
of variables in multiple integration, differential
forms, general version of Stokes' theorem.

J. R. Munkres

18.102 Analysis Il (A except XVili)

Prereq.: 18.100
G (2) Next offered 1986-87
3-0-9

Continues 18.100, in the direction of modern
integration theory and its applications. Le-
besgue integration in Euclidean space. Its ap-
plications to Fourier analysis, including the
Riesz-Fischer theorem. Brief introduction to
functional analysis. Much more concrete treat-
ment than in 18.125, 18.126, which deal with
abstract measure spaces rather than Euclid-
ean space.

I. E. Segal

18.103 Fourier Analysis — Theory and
Applications (A except XVill)

Prereq.: 18.100
G (1)
3-0-9

Continues 18.100. Roughly half the subject
devoted to the theory of the Lebesgue integral
and half to Fourier series and Fourier inte-
grals. 18.103 is an alternative to 18.102; the
material is somewhal similar, but it differs from
18.102 in that a heavy stress is paid to appli-
cations, particularly applications in probability
theory.

V. W. Guillemin

18.104 Seminar in Analysis

18.126 Functional Analysis (A)

Prereq.: 18.100
u)
3-0-9

Prereq.: 18.125
G (2)
3-0-9

Seminars for mathematics majors in several
topics, each under the direction of a faculty
member whose special interest is in the field
of the seminar. Students report on and dis-
cuss topics taken from current journals or from
texts not regularly used in other mathematics
subjects. Certain topics may require an addi-
tional prerequisite. 1985-86: Prime number
theorem, density theorems, and primes in
arithmetic progressions discussed.

N. C. Ankeny

18.115 Functions of a Complex Variable (A)

Prereq.: 18.100
G (1)
3-0-9

Exponential and trigonometric functions, Cau-
chy integral formula, holomorphic and mero-
morphic functions. Infinite series and products,
the gamma function. Harmonic functions, con-
formal mapping, Dirichlet's problem.

W. M. Goldman

18.116 Topics in Complex Variables (A)

Prereq.: 18.115
G (2)
3-0-9

Topics vary from year to year: may be re-
peated for credit. Topics in the past: classical
theory of automorphic functions; modular
forms; Riemann surfaces; analytic number
theory. Emphasizes as elementary an exposi-
tion as possible.

W. M. Goldman

18.117 Topics in Several Complex
Variables (A)

Prereq.: 18.115, 18.125
G (1) Next offered 1986-87
3-0-9

Cauchy integral formula in polydiscs. Domains
of holomorphy, pseudoconvexity and plurisub-
harmonic functions. Existence and approxima-
tion theorems for holomorphic functions via L2-
estimates for the a-operator. Domains of holo-
morphy. d-Neumann probiem. Information:

R. B. Melrose.

18.125 Measure and Integration (A)

Prereq.: 18.100
G(1)
3-0-9

Basic set theory and general topology (review
and extension). Measures on rings of sets in
abstract spaces; construction of invariant and
probability measures. Abstract Lebesgue inte-
gration theory. The classical function spaces;
introduction to Banach and Hilbert spaces.
Convolution theory on groups.

I. E. Segal

General theory of topological linear spaces,
especially Banach and Frechet spaces; distri-
butions, Banach algebras. Harmonic analysis
in Rn, abelian, and compact groups. Spectral
theory; self-adjoint operators; Stone's theorem
and infinitesimal group representations. Appli-
cations to differential operators and equations.
The Laplace transform and complex Fourier
analysis; interpolation theory. Abstract proba-
bility and ergodic theory; functional integration,
Wiener space. C*- and W*-algebras.

I. E. Segal

18.128 Geometric Measure Theory (A)

Prereq.: 18.125
G (2)
3-0-9

Hausdorff measure, rectifiable sets, structure
theory, integral currents, compactness theo-
rem. Applications to minimal surfaces, exis-
tence and regularity. Reports and discussions
by students.

F. Morgan

18.135 Geometric Analysis (A)

Prereq.: 18.125
G (2)
3-0-9

Harmonic analysis on R". Spherical harmon-
ics. Non-Euclidean Fourier analysis. Paley-
Wiener type theorems, group-theoretic poten-
tial theory. Eigenfunctions, entire functionals
and hyperfunctions. Radon transforms and
applications.

S. Helgason

18.137 Harmonic Analysis (A)
(New)

Prereq.: 18.155
G2
3-0-9

Applications of Fourier analysis to partial dif-
ferential equations. Estimates in L», BMO, and
other spaces for singular integral operators
and Fourier multipliers. Applications to exis-
tence and uniqueness of solutions of nonlinear
partial differential equations and linear partial
differential equations with borderline smooth-
ness. Exotic pseudodifferential operators.

D. S. Jerison

18.155 Distributions and Differential
Equations (A)

Prereq.: 18.102
G (1)
3-0-9

Treats the basic theory of distributions with
many applications to linear ordinary, and par-
tial, differential equations: Distributions and el-
ementary operations, Green's formula, wave
operator in two dimensions. Fourier transform,
temperate distributions, Sobolev spaces and
constant coefficient elliptic operators. Convolu-
tion, fundamental solutions and the
Malgrange-Ehrenpreis theorein. Schwartz
kernel theorem.

A. Sanchez

| T
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14.156 Introduction to Microiocal
Analysis (A)

Prereg.. 18.155. 18.965
G (1) Next offered 1986-87
3 0-9

E—vammes singularities of distributions. Distri-
butions singular across a submanitoid. singu-
iar points of ordinary differental equations,
non-characteristic boundary vaiue problems.
Pseudodifferential operators, regularity of eiip
e differential operators, wavefront set and mi-
crodistributions. Darboux's theorem. Hamilton
Jacobi theory, the Masiov bundle Lagrangian

distributions, Fourier integral operators and the

Cauchy problem tfor hyperbolic equations
8. B. Melrose

18.157 Partiai Ditferential Equations (A)

Prareq.: 18.156. 18 156
G (2)
3-0-9

Examines general classes of operators and
problems in the theory of linear partial differ-
ential operators. Boundary value problams for
eliiptic operators, hypoeliptic operaiors with
dnuble charactenstics. Operators of real prin-
mipal type. Uniqueness for the Cauchy prob-
lern. Spectral theory.

2. B. Melrose

18.158 Topics in Differential Equations (A)

Frereq.: 18.125
G (2) Next offered 1986-87
3-0-9

Cuntent varies from year 10 year may De re-
peated for credit. Topics: Noniinear hyperboiic
ecuations, propagation ot singularities. ana i
taraction of nonlinear waves.

2 B. Meglrose

18.159 Nonlinear Functional Analysis (A}
{New)

Prareq.:
G (1)
3-0-9

introduction to generai noniinear funchanal
analysis (Sobolev spaces, convex analysis,
Mountain pass lemma. etc } with appiications
to geometry and physics: 1) Vanational prob-
@rns involving lack of compactness: Yamabe's
and Rellich's conjectures, ‘Large’ harmonic
maps. 2) Nonlinear elliptic and paraholic equa-
tions; isolated singularities: the Thomas-Fermi
agaation. 3) Periodic solutions for nonlinear
wave equations.

H. Brezis

18.103 or 18.125

18.168 Analysis on Lie Groups and
Homogeneous Spaces (A)

ii-ereq.: 18.755
G 12)
3 -9

narlant measures and abstract integral ge-
aretry illustrated by examples. Invariant
differential operators and geometric transfor-
mations of these, like projections, radial parts
and transversal parts. Global and incal solv-
ahility, integral formulas for eigenfunctions and
rreducibility questions for eigenspace
representations.
5 Helgason

18 175 Theory ot Probabmty (&)

*"cfELg 18125
q 12} Next oftered 1986-B7
3-0-9

I;.rgod(c zhenrems, laws o |arqp "J”lhprs
convergence of probatility measures, centra
jimit thearems.
mation, maningaies, strang Markov properties
R M. Dudiey

18.177 Siochastic Procpsses (A}

18175

Pr‘hreq R e R R R et
G114
3-0-9

Topu,s inos10n m ,tu pmca s68. such as
(zaussian, Markov. diffusior and empirical oro
cesses. Contert varies from year

be repeated for credit

Term 1: D W Stroock

Term 2 B M Dudlay

1 year nay

18.199 Graduate Analysns Semmav (A)

Prereq‘ Per.rmsanar of Irutrhscioz

G

3-0-21

mbdle ongmd Lapem i Liﬂru'-‘f‘tai ar

and differential equations. intended for first-
and second-year graduate students FPermisg
sion must be securar in adv Infor
R. B Meirose

18.255 Mathematical Theory of Quantum
Fields (A)

Prereq. 18 1C1 or 8022
G (2) Next offered 1986-87
30 9

Fr% gquanturm fle ds ('lP*' K
fignal «wiegration re; 'e\ae“ta!_ia.
plermenrtabilify of canonical tr
Cr-agebraic methods. Guantzation of invar-
iant wave equations in Mirkowski and aiterna-
ttve space-imes. Nonlinear focal Linctions of
figlds: Wick products. introduction to construc-
tive quantum fieid theary

I E Segat

18.257 The Architecture of Fundamental
Mathemaucai Physicv {A}

i;;:ereq Permlasson of !n:truclu
G #1) Next offered 1986-87
3-0-9

The pasic principles of PGSH"C\OQ; eiementary
particle and guantum field theory, and general
refativity, from a mederrn mathematical stand
pont, For mathematicians who want an over-
view of tundamental theoretical physics, or for
physicists who want to see how higher mathe-
matics (C*-algebra, symmetries in space-tirne
bundles, nonlinear partial differential equa-
fions, functicnal integration) is applicable. For
integration and onentation: not a substitute for
detailed technical courses.

[ E Segai

stochasty precesses Browniar

——

18.284 Introduction to Functions of
Complex Variable (A except XVili)

Prerea. 1803 T———
G
fm pies, u*‘lums 'r-=r1r.ncms

Riemarn surtaces for cedan ‘uncﬂons Cau-
'hy ¢ theorem, singu: residues, contoyr
e ny Schwarz-

( ancm senes and se-
::qenres ara ritnuaten  harmonic func.
tions, conjugate f'mf‘t!onq the gamma
functsr Morg advanced than 1504,

R P Staniey

18.295 General Re!atmty (&)

Prereq. 18 U6, 8.06. 8.312
5 (2)
1.0-9

*he rmvsm a’ *\a w\';rounc ard malhematlcai
formutation of the general theory of relativity,
includes tanser calculus, differential forms,
gmanmian gecmetry nformation: D, Z.

N P Warriz
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Mathematics

163D

Applied Mathematics

18.301 Intreduction to Physical
Mathematics |

Prereq.: 18.03

u)

3-0-9

Interdependence of mathematics and scientific
problems, examples; deterministic and random
processes; particie mechanics and differential
equations, Brownian motion and random walk:
Fourier analysis; tensors; partial differential
equations of mathematicai physics and contin-
uum mechanics. Knowledge of 18.04
recommended.

D. Z Freedman

18.302 Introduction to Physicail
Mathematics Il

Prereq.: 18.301, 18.04 or 18.284
U2
3-0-9

Partial differential equations of mathematical
physics, classification and solution of bound-
ary-value problems, method of separation of
variables. Sturm-Liouville problems, Fourier in-
tegrals, integral transforms. Bessel functions
and other special functions. Applications of
calculus of variations. A knowledge of complex
variables desirable but not essential.

D. Kopriva

18.305 Methods of Applied
Mathematics | (A)

Prereq.: 18.04 or 18.075 or 18.284 or 18.302
G(1)
3-0-9

18.306 Methods of Applied
Mathematics Il (A)

Prereq.; 18.04 or 18.075 or 18.284 or 18.302
G (2)
3-0-9

A comprehensive treatment of the aovanced
methods of applied mathematics. Term 1:
asymptotic behavior of difterential and differ-
ence equations; asymptotic evaluation of inte-
grais; regular and singular perturbation
methods; boundary-layer technigues: WKB
method: multiple scates. Term 2 partial differ-
ential eguations; transform methods: charac-
teristics. initial and boundary-value problems,
Green's functions; singular perturbation prob-
lems: nonlinear wave propagation.

18 305. A. Toomre

18.3086: information A. Toomre.

18.307 Methods of Applied
Mathematics ill (A)

Prereq.: 18.04 or 18.075 or 18.284 or 18.302
G (1) Next offered 1986-87
3-0-9

Selection of material from the following topics.
calculus of variations (the first variation and
the second variation). Integral equations (Vol-
terra equations; Fredholm equations, the Hil-
bent-Schmidt theorem); the Hilbert Problem
and singular integral equations of Cauchy
type; Wiener-Hopf Method and partial differen-
tial equations; Wiener-Hopf Method and inte-
gral equations; group theory.

H. Cheng

18.308 Wave Motion (A)
Prereq.: 18.306

G (1)

3-0-9

18.313 Probability

Prereq.: 18.002 or 18,02 or 18.021 or 18.022
U (2) SD
4-0-8

Development of theory and applications of
probabilistic concepts for scientists and engi-
neers. Emphasizes formulation and solution ot
probabilistic problems by the algebra of ran-
dom variables. Topics: sample space, Ber-
noulli and Poisson processes, uniform
process, generating functions and Laplace
transforms, discrete and continuous-parameter
Markov chains. Introduces the Central Limit
Theorem and the foundations of probability.
G-C. Rota

18.314 Applied Combinatorial Analysis

Prereq.: 18.001 or 18.01 or 18011 or 18.012
(1)
3-0-9

Linear dispersive waves, group velocity. Near
linear and noniinear generalizations: modula-
tion theory, average Lagrangian. Solitons, in-
verse scattering transform. Applications to
water waves and nonlinear optics. Interaction
of waves and streams, hydrodynamic stability.
Self-gravitating fluid dynamics, density waves
as dispersive waves, spiral galaxies as fluid
systems and as stellar systems. Waves in
compressible media, characteristics, shocks.
Combustion theory: detonation waves, flames,
stability theory, and bifurcation phenomena.
C-C. Lin, R. A. Rosales. G. Bertin

18.310 Principles of Applied Mathematics

Prereq.: 18 002 or 18.02 or 18.021 or 18.022
U (1)

3-G-9

Introductory survey of fundamental concepts in
applied mathematics: optimization. random
process, coding, computer algorithms. This in-
dependent half of the complete sequence erm-
phasizes the ideas and topics that relate to a
“discrete” mathematical approach: computa-
tion, combinatorics, probability, linear
programming.

M. Haiman, D. J. Kleitman

18.311 Principles ot Applied Mathematics

i';‘rereq.: 18.03
U (2)
3-0-9

Introductory survey of fundamental concepts in
applied mathematics: propagation, stability.
equilibrium, optimization. This independent
half of the complete sequence emphasizes the
ideas and topics that relate to a “"continuous”
mathematical approach, but connection with
discrete mathematical approach also stressed:
random walk, diffusion, waves, instabilities,
characteristics and first order partial difterential
equations, with applications 1o traffic problems.
fluid flow, and other problems in classical
mathematical physics.

A R Rosales

Applications of combinatorial methods to prac-
tical protlem solving. Emphasizes problems
invoiving discrete optimization. Techniques
from graph theory, matching theory, network
flows. Other lopics include enumeration, sort-
ing and coding. Information: RB. P. Stanley.

18.315 Combinatorial Theory (A)

Prereq : Permission of Instructor
G
3-0-9

Content varies from year tc year, may be re-
peated for credit. Topics 1985-86: enumera-
tior, generating functions, partially ordered
sets, Mébius functions. Algebraic structures in
combinatorics.

D. J. Klgitman, G-C. Rota

18.316 Seminar in Combinatorics (A)

Prereg Péf};\_ission of Instructor
G (2)
3-0-9

Content varies from year to year; may be re-
peated for credit. Readings from current re-

search papers In combinatorics. Topic to be
chosen and presented by the class,

D. J. Kleitman

18.318 Topics in Combinatorics (A)

Prereq.; Permission of instructor
G (2

3-0-9

Content varies trom year to year; may be re-
peated tor credit Topics 1985-86: Topological
methods in combinalorics

A. Bjgrner

18.325 Topics in Applied Mathematics (A)

Prereq : Permission of Instructor
5 (2)
3-0-9

Combustion Theory and Hyperbolic Systems.
Structure of fiames and detonation waves.
Shocks, shock reflections. and interactions. In-
verse scatlering. Modulation Theory. Connec-
tions of exact solutions of nenlinear evolution
equaliorg with path integrals Informatior:

R R Rosaes

USE OMLY. No

iRSONAL

i
-

IFOR Pl

THES COPY IS

‘1e 17 U.S. Code).

A

This material may be protected by copyright law (T
part may be sold, loaned, copied, >r published without the express permission of the Inctitutc Archives - M.1.T.

NOTICE:

’!{ Mfﬁ 1985 |




18,330 Intrqducllon to Numericll Ana[yﬁa

18.357 Seminar in Fluid- Dynamlcs (A)

Préreq.: 18.03
U (2)
-3-0-9

Prereq.: 18.354
G (1)
3-0-9

Imroduoes basie techmquss for efficient solu-
tion o{;nmnerical problems in science and en-
: .'Root finding, integration, function

: nppmxhnauons, differential equations, direct
-and itérative methods in matrix theory, optimi-
1ation with oonslrmnts analysis of numerical

B Kapm '
18335 Numerical Methods of Appueu
Mathematics | (A)

: Prereq _18,06 5

G(1) -

309

. 18.336 Numerical Methods of Applied
‘Mathematics Il (A)

" Prereq.: 18.302

G (@)
309

Advanced Introduction to theory and applica-
f numerical methods. Term 1: numerical
* Jinear algebra, including solution of linear sys-
tems of equations, least-squares computa-
tions, eigenvalue computations, and iterative
methods (classical, conjugate gradient, and
Lanczos). Term 2: numerical solution of differ-
| 'equations, especially of time-dependent
ial differential equations by finite-difference
.md:spémm methods, together with the asso-
ciated theory of accuracy, stablmy and

18354 ?Iuld Mechanics -

Prereq.: 18.04 or 18.075 or 18.302
u (1)
309

8,355 Fluid Mechanics (A}
rareq.:. 18.354
2)

Frontiers of nonlinear stability theory. Bifurca-
tion in dynamical systems.and the onset of
chaos. Extension to fluid and magnetofiuid
systems. with applications in geophysics and

astrophysics. Students report on current pa-

pers and/or approved projects.
W. V. R. Malkus

18.358 Hydrodynamic Stability and
Turbulence (A)

18.400J Automata, compuubmty,
COmploxlty

(18.420J)

(Same subject as 6.045J)
Prereq.: 18.063 or 18.310
u(, 2

3-0-9

' See description under subject 6. D45J

Term 1: A. A. Meyer
Term 2: Information: M. Sipser.

‘ 15.404J Theory of Computation

(A except XVil)
(Revised Content)

Prereq.: 18.354
G {(2)
3-0-9

Linear stability theory of incompressible and
compressible flows. Nonlinear stability theory;
modes of transition, the advent of aperiodicity.
Upper bound and statistical theories of turbu-
lence. Statistical stability and the turbulent
transport of heat and momentum. Properties
of convection and shear turbulence.

W, V. A. Malkus

18.375 Stellar Dynamics and Galaxlas (A)

Prereq.: 8.06, 18.076, or-18.302
G (2) Next offered 1986-87
3-0-9

Types ‘and composition of galaxies, spiral arm
and star formation. Dynamics of stellar sys-
tems and self-gravitating gaseous systems,
Gravitational instability, density waves, disper-
sion.relationship, resonances, self-excited spi-
ral modes. Shock waves and star for

Global modes, dynamical mechanisms

their excitation and mamtenance Simulataon of
real galaxies. :

C-C Lin

18.395 Group Thoonr wlth Applicatlona tu
Physics (A)

Prereq.: 18.302 or 18.30_5 or 8.321
G (1) Next offered 1986-87 -
3-0-9

A "dy of tha basic ooncapts of fluid dynam-

igs; conservation laws of mass, momentum,

and energy; equation of state; vorticity and cir-

Gulation thecrems; boundary layer theory; in-

stability and transition; waves; compressible
and shocks; convection. Rotating fluids,
hase fluids, and other selected topics of
It research interest. ,

&.asa Hotatlng Fluids (A)
i 13305 18.354

applications to centrlfuga technotogy
eentﬂfugal separatlon of mixturas

. Selection of topics from the theory of finite

groups, Lie groups, and group representations
presented with some applications to quantum .

~ mechanics and particle physics.

D. Z. Freedman

18.396 Topics in Theoretical Physics (A)

Prereq.: 8.323 -
G (1, 2) Next offered 1986-87
3-0-9

Topics vary from year {0 year; may be re-
peated for credit. Term 1: Quantum Field
Theory. Term 2: Survey of supersymmetric .
quantum field theories including both rigid
(global supersymmetry) and local (supergrav-
ity) models. Both.component approaches and
the superspace-superfield formalism are
treated. Information: D. Z. Freedman.

(18.427J)

(Same subject as 6.840J)
Prereq.: 18.063 or 18.310
u()

3-0-9

A more extensive and theoretical treatmg
the material in 6.045J/18,400J emphasi
computability, computational complexity,
mathematical logic. Reducibility, degrees.
unsolvability, Kolmogorov complexity. :
and space measures on computation, eff
reducibility, complete problems. Decidabl
decidable, and Inharently eornp!ex logical
theories.

M. Sipser

18.405J Advanced Comploxlty Theory

(18.428)

(Same subject as 6. 841J)
Prereq.: 6.840J4/18.404J
G (2)

3-0-9

Current research topics in computati
plexity theory. Nondeterministic, alternat
probabilistic, and parallel computation
Boolean circuits. Complexity classes and
plete sets. The polynomial-time hierarchy.
Relativization. Definitions of randomne
proaches to the P=7NP and related
questions. i

M. Sipser, A R Meyar

18.410J Introducﬂon to Algorlthrns
(New)

- (Same subject as 6. 046J)

Prereq.: 6.001, 18.063 or 18.310
U »
3-0-9

See dsscription under sub;ecl 6. 046J
A. L. Rivest .

18.414J Theory of Algorithms (A ex
XV
(Revised Content)

(18.437J)

(Same subject as 6. 851J)

Prereq.: 18.06 or 18.710, 18.063 or 18.310
u@E -

3-0-9

Techniques for design and analysis of al
rithms, emphasizing mathematical metho
and proofs. Proof-oriented version of 6.0¢
18.410J. Topics: Data structures, sorting
lection, hashing. Solving recurrences. Up
and lower bounds. Dynamic programmiri
vide and conquer. Graph algorithms: spé




s, riest paths, . 18.4280Advanced Toplcstn . 18437 Distributed Algo
operations. Fast Fourier transform. Inte - Cryptography (A) = (New) :
e ol arthmetc. Pormutaon group. (NeW) _____(Same subjectas 6852)
2 pmeirsm%;;'lgf:%;ﬁ;% Knagr:pros (Same subject-as 6.876J) _ " Prereq.: Permission of Instructor
e Le,.“g;,wn : s 5 Prereq.: Permission of Instructor G (1) Next offered 1986-87
. Leight : L G(). ‘ 3-09 ' ;

415J Advanced Algorithms (A) - age LT B R See description under subject 6.852J. Infor-
vised Content). - C o See description under subject 6.876. " mation: N. A. Lynch. ' :
8. Goldwasser : *

438) 3 :
me subject as 6.854J) - : . .
req.: 6.851J/18.414J _ :,8-.427-1 ror:%;a)m Semantics and

(New) g

(Same subject as 6.830J)

Prereq.. 6.821, 6.045J/18.400J or 6.840J/
18.404.J

9 5

onfinuation of 6.851J/18.414J, emphasizing
damental algorithms and advanced meth-
s of algorithmic design and analysis. Topics:
, sar programming, Matroid algorithms, max- (33;‘.23 Next offered 1986-87
; : matching. Basis reduction, integer pro- ; . i
| amming, polynomial factorization, See description under subject 6.830J.
ophantine approximation. Cryptography and A R. Meyer :
ndomness. Distributed algorithms, Byzantine : -
ierals. Parallel algorithms and VLSI com- 18.429J Algebraic Manipulation (A)
jon, universal simulations, area-time - (New) :
-offs. Computational geometry.’ Probabi- : -
oy of sgorthms. Advanced cata (555 6510 of 10310
tures. ation: F. T. on. .
= G (2) Next offered 1986-87
19 Topics in Algorithms and 30 :
plexity (A) ' See desorlguon under subject 6.856J.
436) : ; ] ™ J. Moses, R. E. Zippe!
h Permission of Instructor <8 43'1 i Gru'ph Algorthma
3, F (Revised Content)

e on advanced topics in algorithms . (18:424) -
complexity. Curfent literature presented (Same subject as 6.048J)
tudents and instructors with a view toward Prereq.: 18.063 or 18.310 or 18.314

g : ring students for research in theory of a- U (1) Next offered 1986-87
|

thms and complexity. May be repeated for 3-0-9 .
dit. Information: F. T. Leighton. Emphasizes the design of efficient algorithms

| for graph theorstic problems. Includes fast al-
E 18.421J Algorithmic Algebra and Number  gorithms for: Shortest-paths problems, mini-
ry . mum spanning trees, depth-first search and
11) 5oa. @ 7 g;ra‘ph %ﬁlﬁc&& network':’ﬂlc';\m'W al%%- d
e subject as 6.047J) .~ rithms, networks with upper and lower bOUNCS,
; 1 vertex and edgé connectivity, maximum cardi-
.. 18.06 or 18.710, ,18.063 or.18.310 o nality matchings, maximum Weight matchings.
planarity testing, distributed graph algorithms:
Altemate years. Information: F. T. Leighton.

asis on constructing efficient algorithms  18.435 Theory of Parallel Computation and
assical problems ‘in algebra and number VLSI (A) :

. Integer and pqunomiai GCD computa- (18.439)
"‘“‘;':;;,,f‘“;;“,ggg, ;'::;,‘;ﬁf'a[ﬂ,",“g:,ﬁ"w Prereq.: 6,046J/18.410J or 6.851J/18.414J

ng, extracting square roots mod primes, G (1)
aral lattices, factorization of polynomials 309 _
the rationals, simultaneous diophantine - Introduces parallel computation and very large
oximations, solving binary quadratic and  scale integration. Design and analysis of sys-
modular equations, application to public-  tolic algorithms for sorting, Fourier transform
uyptography. Alternate years. Information: and arithmetic on arrays, hypercubss and
- Leighton. - - other fixed-connection networks. Network
‘ : ) transformations, broadcast simulation, retim-
125J Cryptography and ing. Lower bounds, completeness results.
analysis (A) Mathematical models of chips. Area-time and
W) other tradeoffs. Placement and routing.
; Schemes for minimizing propagation delays,
. subject as 6.875J) . =
wire crossings, and layout area. Possible top-
6.046J/18.410J or 6.851J/18.414J or o fault-tolerance, testing, 3D-VLS!, i
scale systems and supercomputers.
F. T. Leighton

escription under subject 6.875J.
licali J
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8.440 Probabllliy_ and Random Variables

(1, 2) SD

Prereq.: 18.002 or 18.02 or 18.021 or 18.022

opies in applications. Probability spaces, ran-
dom variables, distribution functions, expected
value. Binomial, geometric, hypergeometric,
Poisson distributions. Uniform, exponential,
normal, gamma and beta distributions. Mean,
anance, moments and generating functions.
Conditional probability, Bayes theorem, joint
distributions, and distributions of transformed
random variables. Tchebychev inequality, law
large numbers and central limit theorem.
ltivariate normal-distribution, covariances
and correlation. Applications to statistics and

5-“1 Statistical Inference

met XVIII)

y h’ypothesls testing, point and interval esti-
mation. Bayesian methods, maximum-
kelihood and likelihood-ratio tests. Chi-square
ess of fit tests. Comparison of popula-
by parametric and nonparamatnc meth-
s. Analysis of variance, regression, and
orrelation. Sequential analysis if time permits.
éatment more mathematical than that of
and more detailed in its treatment of

143 Statistics for Applications
cept XVIli)

Prereq.: 18.440 or 18.313 or 6.041
(1) .

- broad treatment of statistics concentrailng
specific statistical techniques used in sci-
ice and industry. Topics: hypothesis testing
nd. estimation. Chi-square goodness of fit,
regression, correlation, analysis of variance
‘and experimental design. Treatment more ori-
ted toward application and less toward

eory than 18.441. Information: R. E. Welsch.

8.444 Probabllhy and Statistics for

arated introduction covering matenal in

. and scientists talented mathematically

“4nd who need to apply statistical ideas but

lack time for two or three semesters of course

ork. Case study point of view. Topics: proba-
y, distribution expectation, central limit

0, 18.441 and part of 18.445J; for engi-

theorem, law of large numbers, estimafion, hy-

pothesis testing, confidence intervals, maxi-
mum likelihood, information, Neyman-Pearson
theory, regression, design of experiments, de-
cision theory, and Markov prooasses

* H. Chernoff

1a 445J Introduction to Stochastic
Processes (A)

(Same subject as 15.073J)
Prereq.: 18.313 or 18.440 or 6.041

G(1,2)

4-0-8

Introduces the theory and application of sto-
chastic processes. Empirical phenomena for
which stochastic processes provide models.
Random walk, gambler's ruin, recurrent
events, discrete-time Markov chains, Branch-
ing processes, Poisson processes, renewal
theory. Continuous-time Markov chains, birth
and death processes, queuemg theory, and
Brownian motion.

Term 1: D. Riceman

Term 2: A. 1. Barnett

18.446 Applied Time Series Analysis {A)

" a student laboratory environment.

. 18.454 SQmpllng, Simulatlon and

Prereq.: 18.441 or 18.443 or 15.075
G(1)
4-0-8

Statistical techniques commonly used to ana-
lyze time series data. Topics: estimation of
trends and seasonal adjustment, stationary
series — autocorrelation and spectrum. Esti- .
mation and interpretation of spectra. ARIMA

models and fitting them to data. Analysis of bi- -

variate series — cross correlation and crgss
spectrum. Emphasizes learning leehmques by
using them on actual data.

L. Kavalieris

18.448 The Analysis of Categorical Data (A)

Prereq.: 18.441 or 18.443 or 15.075
G (1)
4-0-8

Theory and application of log-linear models to
multi-way contingency tables and other data-
sets where the dependent variable is categori-
cal. Topics: the Poisson distribution, one-way,
two-way, and multi-way frequency tables, logit
regression, and maximum likelihood estimation
and computations. Class uses and compares
various computer programs for the estimation
of log-linear models. Most of the technical the-
oretical material is reserved until the final few
weeks of the semester, and students outside
of Course XVIIl may arrange to substitute a
data analysis project for it. Informauon

H. Charnoff

* ods. Sélects topics from the following: |
_ variate regression, discriminant ana

Introduces statistical concept in quality.
and reliability analysis. Topics: statistical.
sign of Shewhart and CUSUM contra)
acceptance sampling, probabilistic re
tions and analyses of lifetime data;
ment and prediction of reliability
characteristics. Interactive sta‘tislical
system used to demonstrate the
developed in the subject, as well as ta ph

M. Schatzoff

Carlo (A)

Prereq.: 18.440 or 18.313 or 6.041
G(2) .
4-0-8

Introduction to principias and techmqm
sampllng for the purpose of a survey.
ing: simple randem sampling, stratified
pling, systematic sampling, and cluster
sampling.. Discussion of statistical bag
of Monte Carlo methods and simulation
prominent parts of experimental mat
with wide applicability. Including: va
duction, conditional Monte Carlo, controt
iates, antithetic variates, regression
Monte Carlo optimization, application to
tical inference problems .

H. Chernolf

18.455 Analysis of Variance and D
Experiments (A)

Prereq.: 18.06, 18.441 or 18.443 or 15,
G (1)
4-0-8

Detailed presentation and use of the
models of analyses of variance (ANO\L
one-way classification, two-way classi
block designs, nested designs, latin sq
etc. Model I type of designs. Tests of
esis, simultaneous confidence intervals
Presentation of regression, and analysi
covariance (ANOCOVA). Properties
multivariate normal and related distribu
linear models, general linear hypothesis..
metric interpretation. Finally: effect of dep
ture from assumptions and nonpara
analegs of ANOVA.
L. Kavalieris

18.456 Multivariate Methods in
Statistics (A)

Prereq.: 18.06; 18.441 or 18.443 or 1
G (2)
4-0-8

Theory and application of commonly used
techniques involving multivariate data
tion devoted to specific applications, a
computational facilities for applying the

pattern classification. Cluster analysis, |
analysis, and principal components. Mu
mensional scale analysis. Contingency
M. A. Wong
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16,468 Advanced Time Series Analysis (A)

e subject as 15.076J)
fereq.: 16.06; 18.443 or 15.075
2) - : o \

escription under subject 15.076J.
] E. Wels_ch' . {

8,458 Robust Statistics and
onparametric Methods (A)

Sroreq.: 16.440; 18.441 or 18.443 or 15.075
(1) Next offered 1986-87 :
09 '

‘Overview of robust statistical theory,.including:
symptotic minimax, infinitesimal (bounded-
influence) aspects, robust covariances and ro-

list regression. Nonparametric methods
which give useful and valid results undera -
“very wide class of underlying distributions —
gp?arﬁcularty useful for social scientists and biol-

sgists. Topics: Wilcoxon test, sign test,
‘Wilcoxon-Mann-Whitney test, U-statistics theo-

rems, optimal linear rank tests, Kruskal-Wallis
lest, rerandomization tests. Information: R. E.
Welsch. :

18.459 Statistical Laboratory (A)

drereq.: Permission of Instructor

| G (2) Neéxt offered 1986-87

2-0-4

Lectures consist of presentations:of applied

.- problems with or without solutions. Students .
give a presentation based on the literature or

e solution of a minor problem. The ‘solution
a major problem serves as the basis for &

msler‘s thesis. Information: H. Chernoff.

troduces some special theoretical topics-in -

“mathematical statistics at an intermediate

el. Assumes familiarity with the elements of
obability theory and the fundamental ‘con- -
tepts and basic techniques of statistical infer-
énce. Topics chosen in accordance with the
erests of the instructor and the students. In-
ormation: H. Chernoff. _ '

.466 Mathematical Statistics (A)

ereq.: 18.441.or 18.443
(1)
9

‘Dacision theory, estimation, confidence inter-
_vals, hypothesis testing. Introduces large sam-

le theory. Asymptotic efficiency of alternative
statistical procedures. Linear statistical infer-
ence. Permission of instructor required.

8.467 Mathematical Statistics (A)

Prereq.: 18.466, 18.102 or 18.125
(2) Next offered 1986-87

Continues 18.466, using elementary measure
theory. Sequential analyses. Permission of in-
structor required. Information: L. Kavalieris.

Prereq.: 18.441 or 18.443
G (2) Next offered 1986-87
4-0-8 ;

Stationary vector processes. Cgrrelation.
Spactra. Vector autoregressive-moving aver-
age models — parameterisation and estima-
tion. The Kalman filter. Depending on
participants' interests, topics chosen from: ro-
bust filtering and parameter estimation; _
incomplete data problems; model ordér deter-
mination; nonlinear models. Permission of in-
structor required. Information: L. Kavalieris.

18.475 Current Topics in Statistics (A)

Prereq.: Permission of Instructor.
G (2) d Fest Y
3-0-6 ;

Introduces current topics in applied mathemat-
ical statistics ‘at an' intermediate level. As-’
sumes students are familiar with the elements

of probability theory and thie furidamental con- .

cepts and basic techniques of statistical infer-
ence. Typically covers several topics
connected by a common theme. -~

H. Chemoff e g

18504 Seminar in Logic

PFQYGQ‘ e / 5
U (1) Next offered 1986-87
3-09

topics, each under the direction of a faculty
member whose special interest is in-the fig
of the seminar. Students report.on and. dis-
cuss topics taken from current journals o
texts not regularly used in other. mathematic:

Seminars for mathematics majors

‘subjects, .

8. D. Friedman

18.511 Introduction to Mathematical Lo

Prereq.:. —

U (2)

Propositional and predicate logic. Elementary
model theory, completeness, compactness,
and Lowenheim-Skolem theorems; eleme
recursion theory, enumeration and recursion
theorems. Gddel incompletenass theorems.
Special additional topics as time permits.
While this subject has no formal prerequisite
any. Course XVill subject with fifst decimal -
digit orie or higher is adequate preparation.

formation: C. G. Balley.

18.515 Mathematical Logic (A)

Prereq.:18.511

-G

309 fo ok ;
18.516 Mathematical Logic (A
Prereq.: 18.515

G2
309

First-order logic. Completeness, comna tness
Lowenheim-Skolem thearems. T! T

categoricity. Incompleteness of arithmetic.
cursively enumerable sets and Turing d
grees. Friedberg-Muchnik theorem. Zermelo-
Fraenkel set theory. Ordinals and cardinals.
Reflection principles, absoluteness. Consis:
tency of axiom of choice and Generalized
Continuum Hypothesis. Permission of instruc-
tor required for those not having 18.511. :
18.515: M. S. Legrand

18.516: C. G. Bailey —

18.565 Recursion Theory (A)

. Prereq.: 18.516

G (2
3-0-9

Topics in- recursion theory chosen from: prior
ity arguments, hyperarithmetic theory, ordinal
recursion, E-recursion, theory of p €
sets. Permission of instructor required for
those not having 18.516. kB
G. E. Sacks .




1éali_1

18575 Theory of Models (A)

Prereq.: 18.516
G (1) Next offered 1986-87
3-049

Topics in model theory chosen from: model-
-theoretic algebra, Morley rank, infinitary model
theory, generalized quantifiers, ultraproducts.
Permission of instructor required for those not
having 18.516.

8. D. Friedman

118.585 Set Theory (A)

Prereq,; 18.516 :
G (2) Next offered 1986-87
309 -

-Forcing Otﬁer topics in set 1haory chosen
from: large cardinals, combinatorial set theory,
iterated forcing, descriptive set theory, fine
SMUI'G of L. Permission of instructor re-
quired for those not having 18.518.

8D Frledman :

1@,505 Seminar 6n Current Topics in
Logic'(A)

Prereq.: 18.565, 18.575, 15535 :
G (1,2

309

> present recent developments in the
eld for general discussion. Uses formal and
al sources. Toplcs‘vary frormn year to

16597 Unlversal A_lgob_ra (A)
(New)

‘of fesults of current interest in logic.

F’rpteq Permission of Instructor

Topics vary from year to year; may be re-
eated for credit. Properties shared by alge-
> tructuras introduction to category

Algebra and Number
Theory

18.701 Algebra 1

Prereq.: 18. 002 or 18.02 or 18.021 or 18.022
u@ - .
3-0-9

18.706 Noncommutative Algebra
Prereq.: 18.705 :

G (2) Next offered 1986-87
309 -

Topics in nonoommutativa algebra, sel
from such areas as Wedderburn theo
group representations, Lie algebras,
groups. Information; S. Kleiman.

18.710 Abstract Linear Algebra

18.702 Algebra Ii

Prereq.: 18.701
u(@?)
3-0-9-

_More extensive and theoretical than the

18.710-18.703 sequence. Experience with lin-
ear equations and matrices. First term: group
theory, geometry, and linear algebra. Second
term: rings and elds ideals, polynomial rings,
factorization, modules, Jordan form for ma-

“trices, extension ﬁelds, Galois theory.

M. Artin
18.703 Modern Algebra

Prereq.: 18.002 or 18.02 or 18.021 or 18.022

U (2) SD
3-0-9

A one-term treatment, covering the traditional
algebra topics which have found greatest
application in science and engineering as well
as in other mathematical disciplines: group

_theory, emphasizing finite groups; ring theory,

including ideals, unique factorization in )
polynomial and Euclidean rings; field theory,
including propérties and applications of finjte
fields. 18.710 and 18.703 together cover most
of basic algebra. 18.06 or 18.710 should
precede 18.703 if both subjects are to be
taken. .

A. D. Schafer

' 18.704 Seminar in Algebra and Number .

Theory

Prereq.: 18.702 or 18.703
U2
3-0-9

Seminars for mathematics majors in several
topics, each under the direction of a faculty
member whose special interest is in the field
of the seminar. Students report on and dis-
cuss topics taken from current joumals or from
texts not regularly used in other rnathemallcs
subjects. ;

S. Klgiman

18.705 Commutative Algebrﬁ (A)

. Prereq.: 18.701-18.702 or 18.710-18.703

G (1)
3-0-9

Basic topics in commutative algebra, with a
brief introduction to categorical ideas and
homolagical algebra. Modules, localization,

noetherian rings, finiteness properties, dimen-

sion theory. Text: Atiyah and MacDonald.
S. Kleiman

Prereq.: 18.002, 18.02 or 18.021 or18m
uU(1)sbD
3-0-9 :

An algebraic treatment of linear algebra i
cluding vector spaces, systems of linear
tions, bases, linear independence, mat
determinants, eigenvalues, inner prodycts,
quadratic forms, and canonical forms of n
trices. Compared with 18.06, more emphg
on.theory and proofs, less on matrix calcu
tions and applications,

R. D. Schafer -

- 18.711 Game Theory

Prereq.: —
u(1)
3-0-9

Two-person combmatonal garnes Fin
ning moves in such games as Nim, Hacki
bush, and Dots-and-Boxes. Analysis of
positions. Algorithmic and algebraic strate
for reduction of positions. Study of i lmpa
games. Matrix games, continuous games,
row's Theorem. No formal prerequisite, b
students should be familiar with- elements
linear algebra. Information: N. C. Anken_y@

18.715 Toplcu n Homologlcnl Algebra |

Prereq.: 18.705
G (1) Next offered 1986-87
3-0-9

18.716 Topics in Homological Algeb

Prereq.; 18.715
G (2) Next oﬂered 1906-87
3-0-9

.Contem varies from year to year; may b

peated for credit. Topics selected from
areas as, cohomology of groups and Lig
bras, K-theory, characteristic. classes, hi
algebraic K-theory, cyclic cohomology.

D. G. Quillen

18.725 Algebraic Geometry (A)
Prereq.: 18.705

G(1)

3-0-9

Introduces contempotrary algebraic geo

- Gentered around the basic techniques
‘subject, including sheaf cohomology and

Riemann-Roch theorem for curves.

. 8. Kleiman




18.747 infinite-dimensional Lie mgahm (;A)

F'rsraq 18.745

" G.(2)

3-0-9

Prelroq 18. 757
G (2) Next oﬂend 1936-87
3-0-9 s

oplcs -vary from year to year; may bé re- .
gated for credit. Introduction to Hodge theory,
marﬂy of smooth complex projective vari-
es {ncludes: harmonic theoryion a compact

: manifold, Hodge theorem, Hodge" dscompo- ;

tion on & compact Kéhler manifold,

efschetz decomposition, Kodaira vanishing
sorem and embedding theorem.

t varies from year to ysar, rnay be re-
ted for credit. Topic.for 1985-86: Akgabralc
s. Introduction to systems of differential

ons and systems of microdifferential

ions on complex manifolds. Includes:
onical transformations, microfunctions,
cture of holonomic systems, regular singu-
ies, Riemann-Hilbert correspondanco, and
ax theorems. Applications include pre-

s the classification of affine groups
Br an algebralcnlly closed field via their rep-
entations as groups -of invertible matrices.
Artin
739 Thoory of lnv-rlanto (A)

Ibert’s finiteness theorem for reductive
oups. Properties of the orbits and the orbit
a. Classical invariants theory. Hilbert-
imford-Richardson theorem. Rosenlicht's
rem on the existence of invariants. Mat-

shima criterion. Richardson’s theorem on
e principal stabilizer. Chevalley-Luna-
lchardson theorem. Linear actions with a
trivial stabilizer. Nice representations.
ethods of the orbit classification. Applications
-classical problems of linear algebra. Other

Kaé
745 Introduction to Lle Algobru (A)

mphasizes theory of Lie algebras, and alge-
raic aspects of Lie theory. Structure of finite-
snsional Lie algebras; Engel and Lie theo-
‘ s. Cartan subalgebras, Cartan criteria.
tructure and classification of semi-simple Lie
bras. Weyl and Levi theorems. Campbell-
ausdorff formula and connection between Lie
ps and Lie algebras. Finite-dimensional
entations of semi-simple Lie algebras,
character formula. Verma modules.

resentations. Character formulas. Applications
to corhbinatorics and invariant theory. Connec-

" tion with the theory of theta functions and

modular forms. Vertex representations and
their relation to soliton equations and. to the
quaniturn field theory. Virasoro algebra and the
determinantal formula. Connection to criticall
exponents in statistical fnechanigs. Other

. topics.

V. Kaé

18.748 Introduction to Inﬁnlte-dlmemlonal
Groups (A) |

Prereq.: Permission of Instructor
G (1) Next offered 1986-87
3-0-9

Construction of groups associated to inﬁmte—
dimensional Lie algebras. Tits systems for
groups associated to Ka&-Moody algebras.
Geometry of infinite-dimensional flag varieties.
Infinite-dimensional analogs of compact Lie
groups. Speclal functions of infinite-dimen-
sional groups. Applications to the Korteweg-
deVries equation and its relatives.

V. Ka¢ '

18.755.Introduction to Lie Groups (A) '

Kat-Moody Lie algebras. Highest Weight rep-

. DA Vogan .
18,769 Topics | In Lie Theory (A)

18.775 Algebraic Number Tho;qr,y'('A)' '

Prereq.: 18.100, 18.710
Gy
3-09

A broad general introduclm to Lie groups.
suitable for physicists as well as mathemati-
cians. Study of basic elementary examples:
the classical matrix groups, the Galilei,
Lorentz, and Poincare groups. Spinors, special
functions, invariants, classical dynamics. Intro-
duction to manifolds, general Lie groups, ho-
mogengous spaces, and Lie algebras.
Automorphism and adjoint groups

R. Zierau

18.756 Analysls on Lie Gmups (A)

Prereq.: 18.755
G (2) Next oﬂered 1986-87
3-0-9 .

Semi-simple Lie groups and symmetrbc
spaces. Topics in function theory on sym-
metric spaces, such as Fourier analysis and
Radon transform, invariant differential opera-
tors ‘and potential theory. Emphasizes cornec-
tions with classical analysis and representation

theory.
M. F. Vs:gne
18.757 Representations of Llo Groups (A)

Prereq.: 18.755
G2
3-0-9-

Lie groups, Lie algebras, and their representa-
tions. Induced representations. Representa-
tions of compact groups, nilpotent groups, and
semi-simple groups. Analysis on semisimple
Lie groups and symmetric spaces. Invariant
differential operators and their role in repre-
sentation theory.

B. Kostant

Hepresentanons ‘of semisimple Lie groups
theory of Harish-Chandra modules, Langlan
classification, Kazhdan-Lusztlg U
Decomposition of principal series represen
tions, unitarity problem. ‘

Prereq.: Perrnission of Instructor
G
3-0-9

Topics in Lie theory, varyung from year to year"

May be repeated for credit. Representation:
as. Requires familiarity with Lie

groups and Lie algebras.

B. Kostant

Prereq.: 18705 -
G (1) Next oﬁnrod 1988-87
3-0-9 :

18.776 Algebraic Number Theory (A)

Prereq.: 18.775
G (2)
3-0-9

Reviews basic algebraic number theory Clas~
sical formulation of class field theary, including:
existence and uniqueness of class fields, the-
conductor-discriminant formula, Artin's récs
iprocity law. Artin L-series. Adelic formulation.
The “simple algebra” approach. Applications
to the study of arithmetic of cubic fields ar
time permits) to the theory of oomplé.x
multiplication. .

N.C. Ankeny

18.785 Analytic Number ‘rheorv (A)

Prereq.: 18115 L
G (1) : £ \ 7

Analyﬂc algebraic number theory. FunctlonaI-

. equations of zeta and L-functions. Zero-fr

regions and prime humber theorems. Appll
tions to density theorems in algebraic number.
theory including Artin's oon;acture on primitivé:

roots.
H. M. Stark

18.786 Toplics In Number Theory (A) -

Prereq.: Permission of Instructor

G (1) Next offered 1986-87

3-0-9

Topics vary from year to year; may bé re- .
peated for credit. Topics in the past few y
include: Diophantine analysis and transcen-
dence; quadratic number fields and comple
multiplication; automophoric forms; dldphan-
tine geometry. ‘
H. M. Stark




170D

! 18

opology and Geometry.

901_ Introductlon to Topology |
{A except XViil I3

902 introduction to Topology M
. oxeapt Xvil)

:18.901, 18. ﬁ1 or 18.703
(2) Next offered 1986-87

,roduses topology, covarlng topics funda-

ntal fo modem analysis and geometry. In-
ed for those going on to.graduate work.

901: topological spaces, connectedness,

fompactness, continuous functions, separation.

‘axioms, function spaces. Metrization theo-
, the Tychonoff theorem. Topological’
roups. 18.902: introduction to algebraic topol-
‘ogy. Fundamental group, covering spaces,
‘Man Kampen theorem, classification of cover-
paces. Applications to knot theory, classi-
tion of compact surfaces, separation

'&mlnur In Tapology
., 18.901 -

‘for mathematics majors in saveral
each under the direction of a faculty
member whose special interest is in the field-
pt the seminar. Students report on and dis-
topics taken from current journals or from
ot regularly Used in other mathematics
. Certain topics may require an addi-
z prerequistte Normally covers the same
rial as 18.902, but in seminar form.
5 Kan :

3,906 Alqobmo Topology (1))
' it 13.‘»'_02 or 18.705;:18.901

n_damental group, covering spaoes slmpll—
| homology, simplicial approximation mani-
ids. Homology and cohomology of
ical spaces, universal coefficient theo-
Plus additional topics to be chosen by the

18,915 Grodum Tope!ogy Seminar (A)

18.969 Topk:a in Geometry (A)

. Prereq.: 18.906

Prereq.: 18.965
G (1)
3-0-9

Study and discussion of Jmportant orlgmal pa-
pers in the various parts of algebraic and dif-
ferential topology. Open to all students who

_ have had 18.906 or the equivalent, not only
- prospective topologiste

D. M Kan
18.9.17 Advaneed Topology (A)

. Prereq.: 18.906

G2

- 3-0-9

Content varying from term to term so that.
graduate students taking the subject in suc-
cessive terms may have an introduction to
several important phases of topology such as
homotopy theory, cohomology theory, fibre

-spaces, K-theory, combinatorial topology, and/

or differential topology. Homr.-mpy thaory co- .
bordism theory.

. A. Munkres,

18.950 Eh,menfnry Differential Geometry

Prereq.: 18.100, 18.901
U2
3-09

Simplicial complexes; manifolds; differanual
forms and the DeRham theorem; Riemannian
geometry of surfaces; connections on principal

‘bundles; curvature; the Gauss-Bonnet theo-

rem. Permission of instructor required for
those not having 18.100 and 18.901. .

1. M. Singer

18.961 Elomontary_DIﬂ-rentlnl To'yology

Prereq.: 18.101, 18.901
U (2) Next offered 1986-87
3-0-9 .

Differentiable manifolds in R~; differentiable
mappings; transversajity; Sard's theorem; in-
tersection theory; the Euler characteristic of a
manifold and the Lefschetz fixed point

- theorem,; integration on manifolds, Stokes'

theorem, DeRham cohomology. )
V. W. Guillemin 3

18.965 Geometry of Manifolds (A)

Prereq.: 18.101
G(1)
3-0-9

18.966 Geometry of Manifolds (A)

Prereq.: 18,965

G (2

3-09

Differentiable manifolds, vector fields and
forms, introduction to Lie groups, the DeRham
theorem, Riemannian manifolds. 18.966 con-
tinues 18.965. Focuses on symplectic geome-
try and classical dynamical systems.-

V.. W. Guillemin

Coritent varies from year to year; may:
peated for credit: Topics have included
eiry of hyperbolic space; discontin

of isometries of hyperbolic space;lim
Kleinian groups; uniformization; conwv
structure of discrete subgroups; rigid
mation theory (Teichmiiller space, geon
convergence, hyperbolic Dehn surgery
godic properties of geodesic flow; e
hyperbolic structures on 3-manifolds. P
sion of instructor required for students
having 18.965. -

W. M. Goldman

18.975 Elliptic Operators (A)

Prereq.: 18.965 ‘
G (1) Next offered 1986-87

309
18.976 Elliptic Operators (A)

Prereq.: 18.975
G (2) Next offered 1986-87
3-0-9

Elliptic pseudodifferential oparatms and
Fourier integral operators associated: with
them. Spectral theorems relating asympit
properties of the spectrum to geom
erties of the bicharacteristics. The Selb
trace formula and various generalizatio
18.976 continues 18.975. Spectral p

of differential and pseudodifferential

on open manifolds, scattering theory,
self-adjoint operators.

V. 'W. Guillemin

18.994 Seminar In Geometry

Prereq.; —
U (2) Next offered 1986-87
3-0-9 ‘

Seminars in several topics, for math ma
Each under direction of a faculty memb
whose Interest Is in the field of the semi
Students report on and discuss topics:f
current.journals or texts not regula
omr math subjects. May be repeal
credit.

F. Morgan

18.999 Mathematical Reading
Prereq.. —

G(1,2°8)

Arr. ;
Reading of advanced mathematical tre

‘under supervision of a member of the

ment. For graduate students desiring
vanced wark not provided in regula
N. C.. Ankeny




