
















































































18.725 Algebraic Geometry 

Prereq: 18.705 

G (Fall) 

3-0-9 H-LEVEL Grad Credit 

18.726 Algebraic Geometry 

Prereq: 18.725 

G (Spring) 

3-0-9 H-LEVEL Grad Credit 

Introduces the basic notions and techniques of 

modern algebraic geometry. 18.725: Funda

mental notions and results about algebraic 

varieties over an algebraically closed field: 

relations between complex algebraic varieties 

and complex analytic varieties: examples with 

emphasis on algebraic curves and surfaces. May 

be taken concurrently with 18.705. Knowledge 

of elementary algebraic topology, elementary 

differential geometry recommended, but not 

required. 18.726: Introduction to the language 

of schemes, properties of morphisms, and sheaf 

cohomology. 

Fall: I. 1'tomkin 

Spring: J. McKernan 

18.727 Topics In Algebraic Geometry 

Prereq: 18.725 

G (Fall, Spring) 

3-0-9 H-lEVEL Grad Credit 

Can be repeated for credit 

Topics vary from year to year. Topic for fall 2007: 

algebraic cycles and homotopy theory. Topic for 

spring 2008: algebraic surfaces. Classification, 

geometry and arithmetic of projective algebraic 

surfaces. Knowledge of algebraic curves and 

sheaf cohomology expected. 

Fall: W. Hu 

Spring: A. Kumar 

18.735 Topics In Algebra 

Prereq: 18.702, 18.703, or permission of 

instructor 

G (Fall) 

3-0-9 H-LEVEl Grad Credit 

Can be repeated for credit 

Topics vary from year to year. 

J. McKernan 

18.737 Algebraic Groups 

Prereq: 18.705 

18.745 Introduction to Lie Algebras 

Prereq: 18.701 or 18.703 

G (Fall) 

3-0-9 H-lEVEl Grad Credit 

Structure of finite-dimensional lie algebras. 

Theorems of Engel and lie. Cartan subalgebras. 

Trace form and Cartan's criterion. Classifica.tion 

and construction of semisimple lie algebras. 

Weyl group. Finite-dimensional representations 

of semisimple lie algebras. 

G. Lusztig 

18.747 Infinite-dimensional lie Algebras 

Prereq: 18.745 

G (Spring) 

3-0-9 H-lEVEl Grad Credit 

Topics vary from year to year. Topics for spring 

2008: Representations of the Virasoro and Kac

Moody lie algebras, vertex operators, relation to 

integrable systems, The Weyl-Kac denominator 

and character formulas, Knizhnik-Zamolodchikov 

equations. 

P. I. ftingof 

18.755 Introduction to Lie Groups 

Prereq: 18.100B; 18.700 or 18.701 

G (Fall) 

3-0-9 H-lEVEL Grad Credit 

A general introduction to manifolds and lie 

groups. The role of Lie groups in mathematics 

and physics. Exponential mapping. Correspon

dence with lie algebras. Homogeneous spaces 

and transformation groups. Adjoint representa

tion. Covering groups. Automorphism groups. 

Invariant differential forms and cohomology of 

lie groups and homogeneous spaces. 18.101 

recommended but not required. 

S. He/gason 

18.757 Representations of lie Groups 

Prereq: 18.745 

G (Spring) 

3-0-9 H-LEVEL Grad Credit 

Representations of locally compact groups, 

with emphasis on compact groups and abelian 

groups. Peter-Weyl theorem and Cartan-Weyl 

highest weight theory for compact lie groups. 

D.A. Vogan 

Acad Year 2007-2008: Not offered 

Acad Year 2008-2009: G (Fall) 

3-0-9 H-lEVEl Grad Credit 

(" ~ 18.758 Representations of Lie Groups 

V-- Prereq: 18.757 

Structure of linear algebraic groups over an 

algebraically closed field, with emphasis on re-

ductive groups. Representations of groups over 

a finite field using methods from etale cohomol

ogy. Some results from algebraic geometry are 

stated without proof. 

Information: G. Lusztig 
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Acad Year 2007-2008: Not offered 

Acad Year 2008-2009: G (Fall) 

3-0-9 H-lEVEl Grad Credit 

Introduction to unitary representations of semi

simple Lie groups: compact groups and the 

Borel-Well theorem: parabolic induction: Zucker

man construction; unipotent representations. 

Information: D. A. Vogan 

18.769 Topics in Lie Theory 

Prereq: Permission of instructor 

Acad Year 2007-2008: Not offered 

Acad Year 2008-2009: G (Spring) 

3·0-9 H-lEVEL Grad Credit 

Can be repeated for credit 

Topics vary from year to year. 

Information: M. Artin 

18.781 Theory of Numbers 

Prereq: -

U (Fall) 

3-0-9 

An elementary introduction to number theory 

with no algebraic prerequisites. Primes, congru

ences, quadratic reciprocity, diophantine equa

tions, irrational numbers, continued fractions, 

partitions. 

B. Brubaker 

18.784 Seminar in Number Theory (New) 

Prereq: 18.06 and 18.100: or 18.700 or 18.701 

U (Fall, Spring) 

3-0-9 

Topics vary from year to year. Students present 

and discuss the subject matter. Instruction and 

practice in written and oral communication 

provided. Topic for fall 2007: Quantum calculus 

and its applications to number theory. Topic for 

spring 2008: Modular forms in number theory 

and the work of Ramanujan. Enrollment limited. 

Fall: V. G. Kac 

Spring: B. Brubaker 

18.785 Analytic Number Theory 

Prereq: 18.112 

Acad Year 2007-2008: Not offered 

Acad Year 2008-2009: G (Spring) 

3-0-9 H-lEVEl Grad Credit 

An introduction to analytic number theory. 

Riemann zeta function,l-functions, prime 

number tlleoremrOirichlet's theorem, Riemann 

Hypothesis and related conjectures. Sieving' 

methods, linnik's large sieve, Selberg's sieve. 

Applications to distribution of prime numbers. 

Other topics if time permits. Background in el

ementary number theory (e.g., 18.781) strongly 

recommended. 

Information: K. S. Ked/aya 

18.786 Algebraic Number Theory 

Prereq: 18.100B or 18.100C; 18.702 

G (Spring) 

3-0-9 H·lEVEl Grad Credit 

Gs---
An introduction to algebraic number theory. De

dekind domains, unique factorization of prime 

ideals. Number fields, splitting of primes, class 

group. lattice methods, finiteness of the class 

......... ---



18.510 Introduction to Mathematical Logic and 

Set Theory 

Ml/ 
18.575 Model Theory 

Prereq: lS.510, 18.511, or lS.515 

Prereq: -

Acad Year 2007-2008: Not offered 

Acad Year 2008-2009: U (Fall) 

G (Spring) 

/' 3-0-9 H-LEVEL Grad Credit G-
V Compactness theorem, ultraproducts, quanti

3·0·9 
Credit cannot also be received for 18.511 

Zermelo-Fraenkel set theory. Ordinals and cardi· 

nals. Axiom of choice and transfinite induction. 

Propositional and predicate logic. Elementary 

model theory: completeness, compactness, and 

Lowenheim-Skolem theorems. Giidel incom· 

pleteness theorem. 18.510 and lS.511 are 

offered in alternate years; they may not both be 

taken for credit. 

Information: H. Rogers 

18.511 Introduction to Mathematical Logic and 

Recursion Theory 

Prereq: - ? 
Acad Year 2007-2008: U (Fall) 

Acad Year 2008-2009: Not offered , 

3·0·9 
Credit cannot also be received for lS.510 

Propositional and predicate logic. Elementary 

model theory: completeness, compactness, 

and Lowenheim·Skolem theorems. Elementary 

recursion theory: enumeration and recursion 

theorems. Post's Problem. Giidel incomplete' 

ness theorem. lS.511 and lS.510 are offered 

in alternate years; they may not both be taken 

for credit. 

E. Rosen 

18.515 Mathematical Logic 

Prereq: Permission of instructor 

G (Fall) 

3·0-9 H-LEVEL Grad Credit 

More rigorous treatment of basic mathematical 

logic, Giidel's theorems, and Zermelo-Fraen· 

kel set theory. First·order logic. Models and 

satisfaction. Deduction and proof. Soundness 

and completeness. Compactness and its conse

quences. Quantifier elimination. Recursive sets 

and functions. Incompleteness and undecid

ability. Ordinals and cardinals. Set-theoretic 

formalization of mathematics. 

H. Rogers 

18.565 Recursion Theory 

Prereq: Permission of instructor 

G (Spring) 

3-0-9 H-LEVEL Grad Credit 

Topics in recursion theory chosen from priority 

arguments, hyperarithmetic theory, ordinal 

recursion, E-recursion, theory of projective sets. 

fier elimination, model completeness, Lowen

heim-Skolem theorem, omitting types theorem, 

atomic and prime models, saturated and 

homogeneous models, indiscernibles, countable 

models, Morley's theorem, Baldwin-Lachlan 

theorem, omega-stability, forking and indepen

dence, model theory of algebraically closed and 

real closed fields, applications to algebra. 

E.Rosen 

18.585 Set Theory 

Prereq: Permission of instructor r 
Acad Year 2007-200S: Not offered l::r 
Acad Year 200S-2009: G (Fall) 

3-0-9 H-LEVEL Grad Credit 

Topics in set theory chosen from lar,ge cardinals, 

combinatorial set theory, forcing, descriptive set 

theory, fine structure theory. 

Information: H. Rogers 

ALGEBRA AND NUMBER 
THEORY 

18.700 Linear Algebra 

Prereq: lS.02 

U (Fall) 

3-0-9 REST 

Credit cannot also be received for lS.06 

A rigorous treatment of linear algebra, includ

ing vector spaces, systems of linear equations, 

bases, linear independence, matrices, deter

minants, eigenvalues, inner products, qua

dratic forms, and canonical forms of matrices. 

Compared with lS.06, more emphasis on theory 

and proofs. 

J. L. Kim 

18.701 Algebra I 

Prereq: lS.700, lS.100B, lS.100C or 

permission of instructor 

U (Fall) 

3-0-9 

18.702 Algebra II 

Prereq: lS.701 

U (Spring) 

3-0-9 

/ 
More extensive and theoretical than the lS.700-

lS.703 sequelJt~. ~ience with proofs 

helpful. First term: group theory, geometry, and 

linear algebra. Second term: group representa-

A previous subject in logic recommended but not tions, rings, ideals, fields, polynomial rings, 

required. 

R. Shore 

modules, factorization, integers in quadratic 

number fields, field extensions, Galois theory. 

M. Artin 

18.703 Modern Algebra 

Prereq: lS.02 

U (Spring) 

3-0-9 

A one-term treatment, covering the traditional 

algebra topics that have found greatest applica

tion in science and engineering as well as in 

mathematics: group theory, emphasizing finite 

groups; ring theory, including ideals and unique 

factorization in polynomial and Euclidean 

rings; field theory, including properties and 

applications of finite fields. lS.700 and lS.703 

together form a standard algebra sequence. 

V. G. Kac 

18.70il Seminar In Algebra 

Prereq: lS.06, lS.700, or lS.701 

U (Fall, Spring) 

3-0·9 

Topics vary from year to year. Students present 

and discuss the subject matter. Instruction and 

practice in written and oral communication 

provided. Some experience with proofs required. 

Topic for fall 2007: Computational algebra and 

algebraic geometry. Enrollment limited. 

Fall: S. Kleiman 

Spring: J. L. Kim 

18.705 Commutative Algebra 

Prereq: lS.702 or 18.703 

G (Fall) 

3-0-9 H-LEVEL Grad Credit 
G-

Basic topics in commutative algebra: Noethe· 

rian rings and modules, Hilbert basis theorem, 

Cayley-Hamilton theorem, integral dependence, 

Noether normalization, the Nullstellensatz, 

localization, primary decomposition, DVRs, fil

trations, length, Artin rings, Hilbert polynomials, 

tensor products, and dimension theory. 

S. Kleiman 

18.706 Noncommutative Algebra 

Prereq: 18.705 

G (Spring) 

3-0·9 H-LEVEL Grad Credit 

Wedderburn theory, Morita equivalence, 

localization and Goldie's theorem central simple 

algebras and the Brauer group, maximal orders, 

representations, polynomial identity rings, 

invariant theory growth of algebras, Gelfand

Kirillov dimension. 

P. I. Etingof 

subjects 18.4251 to 18.706 





numbel, Diflchlf't's units theorf'rT
'. local fwlds. 

rarr,/-icaiwn, dlSUim!nants. Backgrr;und IT) e'

en"".'il'.ar. IllJl11ber tn,,",!), (e.g" 18.18," stronglY 

recommended. 

K. E Mahlburg 

18.787 Topics in Number Theory (New) 

Prereq: Permission of instructor 

G (Fall) 

3-0-9 H-LEVEL Grad Credit 

Can be repeated fOI credit 

Content val ies from year to year. Topic for fall 

2007: theory of p-adic ordinary differential 

equations: applications to p-adk Hodge theory. 

zeta fur>ction~ of algebraic varieties. 

K. 5_ Ked/ayr(J 

18.821 Project Laboratory in Mathematics 

Prereq Two rYlathematic~ 5ub.jectsJ1YJ:1l~ 

18.100 or above 

U (Fall, Spring) 

0-6-6 Institute LAB 

Guided research in mathematics, employing the 

scientific method. Students confront puzzling 

and complex mathematical situations, through 

the acquisition of data by computer, pencil and 

paper, or physical experimentation, and attempt 

to explain them mathematically. Students 

choose three projects from a large collection of 

options. Each project results in a laboratory re

port subject to revision; oral presentation on one 

report ina course conference. Projects dr.awn 

from many areas, including dynamical systems, 

number theory, algebra, fluid mechanics, 

asymptotic analysis, knot theory, and probabil

ity. Limited enrollment. 

Fall: D. A. Vogan 

Spring.' P. Seide/ 

TOPOLOGY AND GEOMETRY 

18.901 Introduction to Topology 

Prereq: 18.100B, 18.100C, or permission of 

instructor 

U (Fall, Spring) 

3·0-9 H (except for Course 18 students) 

Introduces topology, covering topics fundamen

tal to modern analysis and geometry. Topologi

cal spaces and continuous functions, connect

edness, compactness, separation axioms, and 

selected further topics such as function spaces, 

metrilation theorems. embedding theorems, 

dimension theory. 

Fail: I R. Munkres 

Spring: Staff 

18.904 Seminar in Topology 

Prereq: 18.901 

Ii (FaID 

3-0-9 

Students present and discuss the subject matter 

with faculty guidance. Topics include the funda

mental group and covering spaces. Instruction 

and practice in written and oral communication 

provided. Enrollment limited. 

P. Cheung 

18.905 Algebraic Topology I 

Prereq: 18.701 or 18.703; 18.901 

G (Fall) 

3-0·9 H·lEVEL Grad Credit 

Review of fundamental group and covering spac

es; simplicial, cellular, and singular homology; 

universal coefficient and KUnneth theorems; 

cohomology, cup product; Poincare duality. 

M. J. Behrens 

18.906 Algebraic Topology II 

Prereq: 18.905 

G (Spring) 

3·0·9 H-LEVEl Grad Credit 

Continues the introduction to algebraic topology 

from 18.905. Topics include basic homotopy the

ory, spectral sequences, characteristic classes, 

and cohomology operations. 

L. Hesse/holt 

18.915 Graduate Topology Seminar 

Prereq: 18.906 

G (Fall) 

3-0-9 H-lEVEL Grad Credit 

Study and discussion of important original pa

pers in the various parts of algebraic topology. 

Open to all students who have taken 18.906 or 

the equivalent, not only prospective topologists. 

H. R. Miller 

18.917 Topics in Algebraic Topology 

Prereq: 18.906 

G (Fall, Spring) 

3-0·9 H-LEVEL Grad Credit 

Can be repeated for credit 

Content varies from year to year. Introduces 

new and significant developments in algebraic 

topology with the focus on homotopy theory and 

related areas. 

Fall: J. Lurie 

Spring: M. j. Behrens 

18.937 Topics in Geometric Topology 

Prereq: Permission of instructor 

Acad Year 2007-2008: Not offered 

Acad Year 2008-2009: G (Spring) 

3-0-9 H-LEVEL Grad Credit 

Can be repeated for credit 

Content varies from year to year. Introduces 

new and significant developments in geometric 

topology. 

Information: T. S. Mrowka 

18.950 Differential Geometry 

Prereq: 18.100; 18.101 or 18.901 

U (Fall) 

3-0-9 H (except for Course 18 students) 

An introduction to differential geometry. Metrics, 

lie bracket, connections, geodesics, tensors, 

intrinsic and extrinsic curvature are studied on 

absrractly defined manifolds using coordinate 

charts. Curves and surfaces in three dimen

sions are studied as important special cases. 

Gauss-Bonnet theorem for surfaces and selected 

introductory topics in special and general 

relativity are also studied. 18.100 is required, 

18.101 is strongly recommended, and 18.901 

would be helpful. 

P. Seidel 

18.952 Theory of Differential Forms 

Prereq: 18.101; 18.700 or 18.701 

U (Spring) 

3-0-9 

Multilinear algebra: tensors and exterior forms. 

Differential forms on R": exterior differentiation, 

the pull-back operation and the Poincare lemma. 

Applications to physics: Maxwell's equations 

from the differential form perspective. Integra

tion of forms on open sets of R". The change 

of variables formula revisited. The degree of a 

differentiable mapping. Differential forms on 

manifolds and De Rham theory. Integration of 

forms on manifolds ane! Stokes' theorem, The 

push-forward operation for forms. Thom forms 

and intersection theory. Applications to differen

tial topology. 

B. D. Parker 

18.965 Geometry of Manifolds 

Prereq: 18.101, 18.905 

G (Fall) 

3-0-9 H-lEVEl Grad Credit 

18.966 Geometry of Manifolds 

Prereq: 18.965, 18.906 

G (Spring) 

3-0-9 H-LEVEL Grad Credit 

Differential forms, introduction to lie groups, 

the DeRham theorem, Riemannian manifolds, 

curvature. the Hodge theory. 18.966 is a con-

subjects 18.725 to 18.966 

r0-

O 
Z 



-

tinuation of 18.965 and focuses more deeply 

on various aspects of the geometry of mani· 

folds. Contents vary from year to year, and can 

range from Riemannian geometry (curvature, 

holonomy) to symplectic geometry, complex 

geometry and Hodge-Kahler theory, or smooth 

manifold topology. 

Fall: M. E. Gualtieri 

Spring: D. S. Auroux 

18.969 Topics in Geometry 

Prereq: 18.965 

G (Fall) 

3·0-9 H·LEVEL Grad Credit 

Can be repeated for credit 

18.995-18.998 Special Topics in Mathematics 

Prereq: Permission of instructor 

G (Fall, lAP, Spring) 

Units arranged H·LEVEL Grad Credit 

Can be repeated for credit 

Opportunity for group study of advanced 

subjects in mathematics not otherwise included 

in the curriculum. Offerings are initiated by 

members of the Mathematics faculty on an ad 

hoc basis, subject to departmental approval. 

Information: H. R. Miller 

18.999 Research in Mathematics 

Prereq: -

G (Fall, Spring, Summer) 

Units arranged 

Can be repeated for credit 

Opportunity for study of graduate·level topics in 

mathematics under the supervision of a member 

of the department. For graduate students 

desiring advanced work not provided in regular 

subjects. 

Information: D. s. Jerison, G. Staffilani 

Content varies from year to year. Topics for fall 

2007: Introduction to Ozsvath·Szabo (Heegaard) 

Floer homology. Topics will include a brief 

introduction to Lagrangian Floer homology, con· 

struction of tMee and-lour-manifold invariants 

introduced by Ozsvath and Szabo as a special 

case of Lagrangian Floer homology, knot and 

link Floer homology invariants and their relation· 

ship to the three and four-manifold invariants, 

and applications of these invariants to contact 

geometry, knot theory, and three·manifold 

topology and geometry. 

M. E. Hedden 

18.UR Undergraduate Research 

Prereq: -

U (Fall, Spring) 

Units arranged [P/D/Fl 

Can be repeated for credit 
/7 

I 18.979 Graduate Geometry Seminar 

Prereq: Permission of instructor 

G (Spring) 

3-0·9 H-LEVEL Grad Credit 

Can be repeated for credit 

Undergraduate research opportunities in r _ mathematics. Permission required in advance to 

~ register for this subject. For further information, 

consult the departmental coordinator. 

Content varies from year to year. Fall 2007: 

Symplectic Topology. Topic is either generalized 

Lagrangian Floer theory (as A_ \infty algebras) or 

Lagrangian correspondences and pseudoholo· 

morphic quilts. 

K. Wehrheim 

18.994 Seminar In Geometry 

Prereq: 18.101 

U (Spring) 

3·0-9 

Students present and discuss subject matter 

taken from current journals or books. Topics vary 

from year to year. Instruction and practice in 

written and oral communication provided. Enroll· 

ment limited. 

V. W. Guillemin 
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Information: H. R. Miller 

18.ThG Graduate Thesis 

Prereq: Permission of instructor 

G (Fall, Spring) 

Units arranged H·lEVEL Grad Credit 

Can be repeated for credit 

Program of research leading to the writing of a 

PhD thesis; to be arranged by the student and 

an appropriate MIT faculty member. 

Information: 0.5. Jerison, G. Staffilani 

18.CME Study at Cambridge University 

Prereq: -

U (Fall, Spring) 

Units arranged 

Can be repeated for credit 

Provides credit for students studying at Cam

bridge University under the Undergraduate Stu

dent Exchange Program of the Cambridge·MIT 

Institute. Credit may be used to satisfy specific 

SB degree requirements. Consult with depart

ment and CME office. 

H. R. Miller 

/ 
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