MATHEMATICS

Emeriti: (Professors) Kai Lai Chung, Solomon Feferman, Robert Finn,
Samuel Karlin, JosephKeller, GeorgKreisel, Harold Levine, R. James
Milgram, Donald Ornstein, Robert Osserman

Chair: Rafe Mazzeo

Professors: Gregory Brumfiel, Daniel Bump, Gunnar Carlsson, Ralph L.
Cohen, Amir Dembo, Persi Diaconis, Yakov Eliashberg, Eleny lonel,
Yitzhak Katznelson, Steven Kerckhoff, Jun Li, Tai-Ping Liu, Rafe
M azzeo, George Papani colaou, Richard Schoen, L eon Simon, Kannan
Soundararajan, Ravi Vakil, Brian White

Associate Professor: AndrasVasy

Assistant Professors. Simon Brendle, Soren Galatius

Szeg Assistant Professors: Laurent Demanet, Larry Guth, Gautam lyer,
JoanLicata, Todor Milanov, DragosOprea, AlexandraPettet, Antoine
Toussaint, Denis Trotabas, Leo Tzou

Lecturers: Andrew Blumberg, Christopher Douglas, Victor Eliashberg,
Benjamin Lee, Mark Lucianovic, Laurence Nedelec, James Nolen,
Richard Siefring, Wojciech Wieczorek

Acting Assistant Professor: Samuel Payne

Courtesy Professors: RenataKallosh, Grigori Mints

Consulting Professors: Brian Conrey, Keith Devlin, David Hoffman,
Wu-chung Hsiang

\isiting Professor: Helmut Hofer

Samelson Fellows: Anthony Licata, Samuel Lisi, Matthew Kahle

Web site: http://math.stanford.edu

Courses given in Mathematics have the subject code MATH. For a
completelist of subject codes, seeAppendix.

TheDepartment of Mathemati csoffersprogramsleadingtothedegrees
of Bachelor of Science, Master of Science, and Doctor of Philosophy
in Mathematics, and participates in the program leading to the B.S. in
Mathematical and Computational Science. The department al so partici-
patesinthe M.S. and Ph.D. degree programs in Scientific Computing and
Computational Mathematics and the M.S. degree program in Financial
Mathematics.

ADVANCED PLACEMENT FOR FRESHMEN

Students of unusual ability in mathematics often take one or more se-
mestersof college-equival ent coursesinmathematicswhilethey arestillin
highschool. Under certain circumstances, itispossiblefor such studentsto
secureboth advanced placement and credit toward thebachel or’ sdegree.
A decision asto placement and credit is made by the department after
consideration of the student’s performance on the Advanced Placement
Examination in Mathematics (formsAB or BC) of the College Entrance
Examination Board, and also after consideration of transfer credit in
mathematicsfrom other collegesand universities.

The department does not giveits own advanced placement examina-
tion. Studentscanreceiveeither 5or 10 unitsof advanced placement crediit,
depending on their scores on the CEEB Advanced Placement Examina-
tion. Entering studentswho havecredit for two quartersof singlevariable
calculus (10 units) areencouragedtoenroll inMATH 51-53 inmultivari-
able mathematics, or the honors version 51H-53H. These three-course
sequences, which can be completed during thefreshman year, supply the
necessary mathematics background for most majorsin scienceand engi-
neering. They also serve as excellent background for the major or minor
inMathematics, orin Mathematical and Computational Science. Students
whohavecreditfor onequarter of singlevariablecal culus(5units) should
take MATH 42 intheAutumn Quarter and 51 in Winter Quarter. Options
availablein the Spring Quarter include MATH 52, 53, or 103. For proper
placement, contact the Department of Mathematics.

UNDERGRADUATE PROGRAMS
BACHELOR OF SCIENCE

Thefollowing department requirementsarein additiontotheUniver-
sity’sbasic requirementsfor the bachel or’s degree:

MAIJOR

Studentswishing to major in Mathematics must satisfy thefollowing
requirements:

1. Department of Mathematics courses (other than MATH 100) totaling
at least 49 units credit; such courses must be taken for aletter grade.
For thepurposesof thisrequirement, STATS116, PHIL 151, and PHIL
152 count as Department of Mathematics courses.

2. Additional courses taken from Department of Mathematics courses
numbered 101 and aboveor from approved coursesinother disciplines
with significant mathematical content, totaling at least 15 units credit.
Atleast 9 of these units must betaken for aletter grade.

3. A Department of Mathematics adviser must be selected, and the
coursesselectedunderitems* 1" and* 2’ abovemust beapproved by the
department’ sdirector of undergraduate study, acting under guidelines
|aid down by the department’s Committeefor UndergraduateAffairs.
The Department of Mathematics adviser can be any member of the
department’sfaculty.

4. Toreceivethedepartment’ srecommendationfor graduation, astudent
must have been enrolled asamajor inthe Department of Mathematics
for aminimum of twofull quarters, includingthequarterimmediately
beforegraduation. Inany case, studentsarestrongly encouragedtode-
clareasearly aspossible, preferably by theend of thesophomoreyear.

Students are normally expected to complete either the sequence 19,
20, 21 or the sequence 41, 42 (but not both). Students with an Advanced
Placement score of at least 4 in BC math or 5in AB math may receive
10 units credit and fulfill requirement ‘1’ by taking at least 39 units of
Department of Mathematics courses numbered 51 and above. Students
with an Advanced Placement score of at least 3in BC math or at least 4
in AB math may receive 5 units credit and fulfill requirement ‘1’ by tak-
ing at least 44 units of Department of Mathemati cs courses numbered 42
and above.

Sophomore seminar courses may be counted among the choice of
courses under item ‘1’. Other variations of the course requirementslaid
down above (under items ‘1" and ‘2') may, in some circumstances, be
allowed. For example, studentstransferring from other universities may
be allowed credit for some courses completed before their arrival at
Stanford. However, at least 24 units of the 49 unitsunder item ‘1’ above
and 9 of the units under item ‘2’ above must be taken at Stanford. In all
cases, approval for variationsinthedegreerequirementsmust beobtained
fromthedepartment’sCommitteefor UndergraduateAffairs. Application
for such approval should be made through the department’s director of
undergraduate study.

Itistobeemphasizedthat theaboveregul ationsareminimumrequire-
mentsfor themajor; students contempl ating graduate work in mathemat-
icsare strongly encouraged to include the courses 116, 120, 121, 147 or
148, and 171 in their selection of courses, and in addition, take at least
three Department of M athematics courses over and above the minimum
requirements laid out under items ‘1’ and ‘ 2’ above, including at |east
one 200-level course. Such students are also encouraged to consider the
possihility of taking the honors program, discussed below.

Tohelpdevel opasenseof thetypeof courseselection (under items* 1’
and ‘2’ above) that would be recommended for math majorswith various
backgrounds and interests, see the following examples. These represent
only afew of avery largenumber of possi blecombinationsof coursesthat
could be taken in fulfillment of the Mathematics major requirements:

Example 1—A general program (abalanced program of both pureand
applied components, without any particular emphasis on any one field of
mathematicsor applications) asfollows:

a) either MATH 19, 20, and 21, or 41 and 42 (or satisfactory Advanced

Placement credit); 51, 52, 53; 103; 106; 109; 110; 111, 115
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b) plusany selection of at least eight of the following courses, including
three Department of Mathematics courses: MATH 108, 131, 132, 143,
146,147,148,152,161; CS137; ECON 50; PHY SICS41,43,45; STATS
115. Thesecoursesfromother departmentsareonly meant asexamples;
therearemany suitablecoursesinseveral departmentsthat canbetaken
to fulfill part or all of requirement ‘2.’

Example 2—A theoretical program recommended for those contem-
plating possiblelater graduatework providing anintroductiontothemain
areas of mathematics both broader and deeper than the general program
outlined above; see, al o, the discussion of the honors program below:

a) either MATH 19, 20 and 21, or 41 and 42 (or satisfactory Advanced

Placement credit)

b) either thesequence51, 52, 53, or the sequence51H, 52H, 53H; 106 or

116; 113; 120; 171
¢) plusnineor moreof thefollowing courses, including at |east onefrom

each group: algebra sequence 114, 121, 152, 156; analysis sequence

131, 132, 135, 151, 174A B, 175; geometry/topol ogy sequence 143,

145, 146, 147, 148; logic and set theory sequence PHIL 151, 152;

MATH 161.

Inaddition, thosecontemplating eventual graduatework in Mathemat-
icsshould consider including at | east onegraduate-level math coursesuch
asMATH 205A, 210A, or 215A or B. Such students should al so consider
the possibility of entering the honors program.

Example 3*—An applied mathemati cs program:

a) either MATH 19, 20, and 21; or 41 and 42 (or satisfactory Advanced
Placement credit); 51, 52, 53; 103; 106; 108; 109; 110; 111; 115; 131;
STATS 116

b) plusat least 15 units of additional coursesin Applied Mathematics,
including, for example, suitablecoursesfromthedepartmentsof Phys-
ics, Computer Science, Economics, Engineering, and Statistics.

* Studentswith interestsin applied mathematics, but desiring abroader-based program than
the type of program suggested in Example 3, including significant computational and/or
financial and/or statistical components, are encouraged to also consider the Mathematics
and Computational Science program.

MINOR

To qualify for the minor in Mathematics, a student should complete,
for aletter grade, at least six Department of Mathematics courses (other
than MATH 100) numbered 51 or higher, totaling aminimum of 24 units.
It is recommended that these courses include either the sequence 51,
52, 53 or the sequence 51H, 52H, 53H. At least 12 of the units applied
toward the minor in Mathematics must be taken at Stanford. The policy
of the Mathematics Department is that no courses other than the MATH
50 seriesand below may be doubl e-counted toward any other University
major or minor.

HONORS PROGRAM

Thehonorsprogramisintended for studentswho havestrong theoreti-
cal interestsand abilitiesin mathematics. Thegoal of theprogramistogive
students a thorough introduction to the main branches of mathematics,
especialy analysis, algebra, and geometry. Through the honors thesis,
studentsmay beintroduced to acurrent or recent research topic, although
occasionally moreclassicd projectsareencouraged. Theprogramprovides
an excellent background with which to enter amaster’sor Ph.D. program
in Mathematics. Students completing the program areawarded aB.S. in
Mathematicswith Honors.

It is recommended that the sequence 51H, 52H, 53H be taken in the
freshmanyear. Studentswho haveinstead takenthesequence51,52,53in
their freshmanyear may bepermittedtoenter thehonorsprogram, but such
entry must be approved by the Department of Mathematics Committee
for Undergraduate Affairs.

To graduate with a B.S. in Mathematics with Honors, the following
conditionsapply in addition to the usual requirementsfor math majors:
1. Theselection of courses under items‘1’ and ‘2" above must include

all themath courses 106 or 116, 120, 171 and also must include seven

or more additional courses, with at |east one from each of the groups:

algebrasequence 114,121, 152, 153, 156; analysissequence131, 132,

135, 136, 151, 174A, 174B, 175, 176; geometry/topology sequence
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143,145, 146, 147, 148; logic and set theory sequencePHIL 151, PHIL
152, and MATH 161.

2. Studentsinthe honors program must write asenior thesis. In order to
facilitate this, the student must, by the end of the junior year, choose
anundergraduate thesi sadviser from the Department of Mathematics
faculty, and map out aconcentrated reading program under thedirec-
tion and guidance of the adviser. During the senior year, the student
must enroll in MATH 197 for atotal of 6 units (typically spread over
two quarters), and work toward completion of the thesis under the
direction and guidance of the thesis adviser. The thesis may contain
original material, or beasynthesisof workincurrent or recent research
literature. The6 unitsof credit for MATH 197 arerequiredin addition
tothe course requirementslaid out under items‘1’ and ‘ 2" above and
inaddition to all other requirementsfor math majors.

I'n addition to the minimum requirementslaid out above, itisstrongly
recommended that studentstakeat | east onegraduate-level course(thatis,
at least one coursein the 200 plusrange). MATH 205A, 210A, and 215A
or B are especially recommended in this context.

Students with questions about the honors program should see the
director of undergraduate advising.

BACHELOR OF SCIENCE IN MATHEMATICAL
AND COMPUTATIONAL SCIENCE

The Department of M athemati cs parti ci pateswith the departments of
Computer Science, Management Science and Engineering, and Statis-
ticsin aprogram leading to aB.S. in Mathematical and Computational
Science. Seethe“Mathematical and Computational Science” section of
thisbulletin.

GRADUATE PROGRAMS
MASTER OF SCIENCE

The University’s basic requirements for the master’s degree are
discussed in the “ Graduate Degrees’ section of this bulletin. Students
should pay particular attentiontotheUniversity’ scourserequirementsfor
graduate degrees. The following are specific departmental requirements:

Candidates must complete an approved course program of 45 units
of courses beyond the department requirements for the B.S. degree, of
which at least 36 units must be M athematics Department courses, taken
for aletter grade. The Mathematics coursesmust include at least 18 units
numbered 200 or above. The candidate must have agrade point average
(GPA) of 3.0 (B) over all coursework taken in Mathematics, and aGPA
of 3.0(B) inthe200-level coursesconsidered separately. Coursework for
the M..S. degree must be approved during the first quarter of enrollmentin
the program by the department’s Director of Graduate Studies.

For the M.S. degreein Financial Mathematics, see the “ Financial
Mathematics’ section of thisbulletin.

TEACHING CREDENTIALS

For information concerningtherequirementsfor teaching credentials,
seethe” School of Education” section of thisbulletin or addressinquiries
to Credential Secretary, School of Education.

DOCTOR OF PHILOSOPHY

TheUniversity’sbasic requirementsfor thedoctorate (residence, dis-
sertation, examinations, etc.) are discussed in the “ Graduate Degrees”
section of this bulletin. The following are specific departmental require-
ments.

To be admitted to candidacy, the student must have successfully
completed 27 units of graduate courses (that is, courses numbered 200
and above). In addition, the student must pass qualifying examinations
given by the department.

Beyond the requirements for candidacy, the student must complete
acourse of study approved by the Graduate Affairs Committee of the
Department of Mathematics and submit an acceptable dissertation. In
accordancewith University requirements, Ph.D. studentsmust compl ete
atotal of 135 course units beyond the bachelor’s degree. These courses
should be Department of M athemati cs courses or approved coursesfrom



other departments. Thecourseprogram should display substantial breadth
inmathematics outside the student’s field of application. The student must
receive agrade point average (GPA) of 3.0 (B) or better in courses used
to satisfy the Ph.D. requirement. In addition, the student must pass the
Department area examination and the University oral examination and
passareading examinationinoneforeign language, chosen from French,
German, or Russian.

ExperienceinteachingisemphasizedinthePh.D. program. Each stu-
dent isrequired to complete nine quartersof such experience. The nature
of theteaching assignment for each of those quartersisdetermined by the
department in consultation with thestudent. Typical assignmentsinclude
teaching or assisting in teaching an undergraduate course or lecturing in
an advanced seminar.

For further informati on concerning degreeprograms, fellowships, and
assi stantships, inquire of the academic associate of the department.

PH.D. MINOR
The student should compl ete both of thefollowing:*

1. MATH 106 or 116, 131, 132
2. MATH 113,114, 120 or 152

These coursesmay have been compl eted during undergraduate study,
and their equivalentsfrom other universitiesare acceptable.

Inaddition, the student should complete 21 unitsof 200-level courses
in Mathematics. These must be taken at Stanford and approved by the
Department of Mathematics Ph.D. minor adviser.

* A third coherent sequence designed by the student, subject to the approval of the graduate
committee, may be considered asasubstitutefor items*1’ or ‘2'.

COURSES

WIM indicates that the course satisfies the Writing in the Major
reguirements.

INTRODUCTORY AND UNDERGRADUATE

Thedepartment offerstwo sequencesof introductory coursesinsingle
variablecalculus.

1. MATH 41, 42 present single variable calculus. Differential calculus
is covered in the first quarter, integral calculus in the second.

2. MATH 19, 20, 21 cover thematerial in41, 42 inthreequartersinstead
of two.

Thereare optionsfor studying multivariable mathematics:

1. MATH 51, 52, 53 cover differential and integral calculusin several
variables, linear algebra, and ordinary differential equations. These
topicsaretaught in an integrated fashion and emphasize application.
MATH 51 coversdifferential calculusin severa variablesand intro-
duces matrix theory and linear algebra, 52 coversintegral calculusin
severa variablesandvector analysis, 53 studiesfurther topicsinlinear
algebraandappliesthemtothestudy of ordinary differential equations.
Thissequenceisstrongly recommended for incoming freshmenwith
10 units of advanced placement credit.

2. MATH 51H, 52H, 53H cover thesamemateria as51, 52, 53, but with
more emphasison theory and rigor.

Theintroductory coursein linear algebrais 103 or 113. There are
no formal prerequisites for these courses, but appropriate mathemati-
cal maturity is expected. Much of the material in 103 is covered in the
sequence 51, 52, 53.

MATH 15. Overview of M athematics—Broad survey of mathematics;
itsnatureand rolein society. GER:DB-Math
3units, Win (Devlin, K)

MATH 19. Calculus—Thecontent of MATH 19, 20, 21 isthesameasthe
sequence MATH 41, 42 described below, but covered in three quarters,
rather than two. GER:DB-Math

3 units, Aut (Lee, B), Win, Sum (Saff)

M ATH 20. Calculus—Continuationof 19. Prerequisite: 19. GER:DB-Math
3 units, Wn (Lee, B), Sor (Staff)

MATH 21. Calculus—Continuationof 20. Prerequisite: 20. GER:DB-Math
4 units, Spr (Lee, B)

MATH 41. Calculus—Introduction to differential and integral calculus
of functions of one variable. Topics: review of elementary functionsin-
cluding exponentialsand logarithms, rates of change, and thederivative.
Introduction to the definite integral and integration. Prerequisites: algebra,
trigonometry. GER:DB-Math

5 units, Aut (Lucianovic, M)

MATH 41A. CalculusACE—Students attend MATH 41 |ectureswith
different recitation sessions, four hoursinstead of two, emphasizing en-
gineering applications. Prerequisite: application; see http://soe.stanford.
edu/edp/programs/ace.html. GER:DB-Math

6 units, Aut (Lucianovic, M)

MATH 42. Calculus—Continuation of 41. Methods of symbolic and
numerical integration, applications of the definite integral, introduction
to differential equations. Infinite series. Prerequisite: 41 or equivalent.
GER:DB-Math

5units, Aut, Win (Butscher, A)

MATH 42A. CalculusACE—Students attend MATH 41 lectures with
different recitation sessions, four hoursinstead of two, emphasizing en-
gineering applications. Prerequisite: application; see http://soe.stanford.
edu/edp/programs/ace.html. GER:DB-Math

6 units, Aut, Win (Butscher, A)

MATH 51. Linear Algebra and Differential Calculus of Several
Variables—Geometry and algebra of vectors, systems of linear equa-
tions, matrices, vector valued functionsand functionsof several variables,
partial derivatives, gradients, chain rule in several variables, vector fields,
optimization. Prerequisite: 21, 42, or ascore of 4 on the BC Advanced
Placement exam or 5 on the AB Advanced Placement exam, or consent
of instructor. GER:DB-Math
5 units, Aut, Win, Spr, Sum (Saff)

MATH 51A. Linear Algebraand Differential Calculusof Several Vari-
ables, ACE—Studentsattend MATH 51| ectureswithdifferent recitation
sessions: four hours per week instead of two, emphasizing engineering
applications. Prerequisite: application; see http://soe.stanford.edu/edp/
programs/ace.html. GER:DB-Math

6 units, Aut, Win, Sor (Staff)

MATH 51H. Honors Multivariable M athematics—For prospective
M athematicsmaj orsinthehonorsprogramand studentsfromother areasof
scienceor engineeringwho haveastrong mathemati csbackground. Three
quarter sequencecoversthematerial of 51,52, 53, and additional advanced
calculus and ordinary and partial differential equations. Unified treatment
of multivariable calculus, linear algebra, and differential equationswith
adifferent order of topicsand emphasisfrom standard courses. Students
should know one-variable calculus and have an interest in a theoretical
approach to the subject. Prerequisite: score of 5 on BC Advanced Place-
ment exam, or consent of instructor. GER:DB-Math
5 units, Aut (Smon, L)

MATH 52. I ntegral Calculusof Several Variables—Iteratedintegrals,
lineand surfaceintegral s, vector analysi swith applicationstovector poten-
tials and conservative vector fields, physical interpretations. Divergence
theorem and the theorems of Green, Gauss, and Stokes. Prerequisite: 51.
GER:DB-Math

5units, Aut (Oprea, D), Win(Demanet, L; Lucianovic, M), Sor (Butscher, A)

MATH 52H. Honors Multivariable M athematics—Continuation of
51H. Prerequisite: 51H. GER:DB-Math
5 units, Win (Smon, L)
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MATH 53. Ordinary Differential Equationswith Linear Algebra—
Linear ordinary differential equations, applicationstooscillations, matrix
methods including determinants, eigenvalues and eigenvectors, matrix
exponentials, systemsof linear differential equationswith constant coef-
ficients, stability of non-linear systems and phase plane analysis, numerical
methods, L aplace transforms. Integrated with topicsfrom linear algebra
(103). Prerequisite: 51. GER:DB-Math

5units, Aut (Staff), Win(Liu, T), Spr (Guth, L; Sefring, R), Sum(Staff)

MATH 53H. Honors M ultivariable M athematics—Continuation of
52H. Prerequisite: 52H. GER:DB-Math
5units, Spr (Brendle, S

MATH 80Q. Capillary Surfaces: Explored and Unexplored Terri-
tory—Stanford Introductory Seminar. Preferenceto sophomores. Capil -
lary surfaces: the interfaces between fluids that are adjacent to each other
and do not mix. Recently discovered phenomena, predicted mathemati-
cally and subsequently confirmed by experiments, some done in space
shuttles. Interested students may participate in ongoing investigations
with affinity between mathematics and physics.
3units, Win (Finn, R)

MATH 87Q. Mathematics of Knots, Braids, Links, and Tangles—
Stanford Introductory Seminar. Preference to sophomores. Types of
knots and how knots can be distinguished from one another by means of
numerical or polynomial invariants. The geometry and algebraof braids,
including their relationships to knots. Topology of surfaces. Brief sum-
mary of applicationsto biology, chemistry, and physics.

3units, Spr (Weczorek, W)

UNDERGRADUATE AND GRADUATE

Unless stated, there are no prerequisitesfor the courseslisted bel ow.
Where aprerequisiteis stated, it may bewaived by theinstructor.

MATH 100. Mathematicsfor Elementary School Teacher s—Mathe-
matics and pedagogical strategies. Core mathematical content in grades
K-6, classroom presentation, how to handlestudent errors, and mathemati-
cal issuesthat come up during instruction.

4 units, Spor (Milgram, R)

MATH 103. Matrix Theory and ItsApplications—Linear algebraand

matri ces, emphasi zing thecomputati onal and algorithmicaspectsandthe

scientific problems in which matrix theory is applied. Solution of linear

equations. Linear spaces and matrices. Orthogonal projection and least

sguares. Determinants, eigenvalues, and eigenvectors. GER:DB-Math
3units, Aut (Milanov, T), Win, Spr (Nedelec, L), Sum (Saff)

MATH 106. Functions of a Complex Variable—Complex numbers,
analytic functions, Cauchy-Riemann equations, complex integration,
Cauchy integral formula, residues, elementary conformal mappings.
Prerequisite: 52. GER:DB-Math

3 units, Win (Licata, J), Sum (Brumfiel, G)

MATH 108. Introduction to Combinatoricsand ItsApplications—
Topics: graphs, trees (Cayley’s Theorem, application to phylogony),
eigenvalues, basicenumeration (permutations, Stirlingand Bell numbers),
recurrences, generating functions, basicasymptotics. Prerequisites: 51 or
103 or equivalent. GER:DB-Math

3units, Sor (Diaconis, P)

MATH 109. Applied Group Theory—Applications of the theory of
groups. Topics: elements of group theory, groups of symmetries, matrix
groups, group actions, and appli cationsto combinatoricsand computing.
Applications: rotational symmetry groups, thestudy of thePlatonicsolids,
crystallographic groups and their applicationsin chemistry and physics.
GER:DB-Math, WIM

3units, Aut (lonel, E)
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MATH 110. Applied Number Theory and Field Theory—Number
theory anditsapplicationsto modern cryptography. Topics. congruences,
finite fields, primality testing and factorization, public key cryptography,
error correcting codes, and elliptic curves, emphasizing algorithms.
GER:DB-Math, WIM

3 units, Spr (Brumfiel, G)

MATH 111. Computational Commutative Algebr a—Introduction

to the theory of commutative rings, ideals, and modules. Systems of

polynomial equationsinseveral variablesfromtheal gorithmicviewpoint.

Groebner bases, Buchberger’ salgorithm, eliminationtheory. Applications

to algebraic geometry and to geometric problems. GER:DB-Math
3units, Win (Galatius, S)

MATH 113.Linear Algebraand M atrix Theory—Algebraicproperties
of matrices and their interpretation in geometric terms. Therelationship
betweentheal gebrai cand geometri ¢ poi ntsof view and mattersfundamen-
tal to the study and solution of linear equations. Topics: linear equations,
vector spaces, linear dependence, bases and coordinate systems; linear
transformations and matrices; similarity; eigenvectors and eigenval ues,
diagonalization. GER:DB-Math
3units, Aut (Vasy, A), Win (Cohen, R)

MATH 114. Linear Algebraand Matrix Theory | |—Advanced top-
icsin linear algebra such as: invariant subspaces; canonical forms of
matrices, minimal polynomials and elementary divisors; vector spaces
over arbitrary fields; inner products; Jordan normal forms; Hermitian and
unitary matrices, multilinear al gebra; and applications. Prerequisite: 51H
or 113. GER:DB-Math

3units, Spr (Katznelson, Y)

MATH 115. Functions of a Real Variable—The development of real
analysisin Euclidean space: sequencesand series, limits, continuousfunc-
tions, derivatives, integral s. Basi c point set topol ogy. Honorsmathmajors
and studentswho intend to do graduate work in mathematics should take
171. Prerequisite: 51. GER:DB-Math

3 units, Aut (Ornstein, D), Win (Toussaint, A), Sum (Brumfiel, G)

MATH 116. Complex Analysis—Analytic functions, Cauchy integral
formula, power series and Laurent series, calculus of residues and ap-
plications, conformal mapping, analytic continuation, introduction to
Riemann surfaces, Fourier series and integrals. Prerequisites: 52, and
1150r 171. GER:DB-Math

3units, Win (Li, J)

MATH 120.M oder nAlgebra—Basicstructuresinalgebra: groups, rings,
and fields. Elements of group theory: permutation groups, finite Abelian
groups, p-groups, Sylow theorems. Polynomial rings, principal ideal
domains, unique factorization domains. GER:DB-Math, WIM

3units, Aut (Li, J), Sor (Cohen, R)

MATH 121. Modern Algebra | |—Continuation of 120. Fields of frac-
tions. Solvable and simple groups. Elements of field theory and Galois
theory. Prerequisite: 120. GER:DB-Math

3units, Win (White, B)

MATH 131. Partial Differential Equations|—First-order equations,
classification of second-order equations. Initial-boundary value problems
for heat, wave, and rel ated equations. Separation of variables, eigenvalue
problems, Fourier series, existenceand uniquenessquestions. Prerequisite:
53 or equivalent. GER:DB-Math

3units, Aut, Win (lyer, G)

MATH 132. Partial Differential Equationsl|—L aplace' sequationand
properties of harmonic functions. Green’s functions. Distributions and
Fourier transforms. Eigenval ue problemsand generalized Fourier series.
Numerical solutions. Prerequisite: 131. GER:DB-Math

3units, Spr (Nedelec, L)



MATH 135. Nonlinear Dynamics and Chaos—Topics: one- and
two-dimensional flows, bifurcations, phase plane analysis, limit cycles
and their bifurcations. Lorenz equations, fractals and strange attractors.
Prerequisite: 51 and 53 or equivalent. GER:DB-Math

3units, Sor (lyer, G)

MATH 136. Stochastic Processes—(Same as STATS 219.) Introduc-
tion to measuretheory, L p spaces and Hilbert spaces. Random variabl es,
expectation, conditional expectation, conditional distribution. Uniform
integrability, almost sure and L p convergence. Stochastic processes:
definition, stationarity, sample path continuity. Examples: random walk,
Markov chains, Gaussian processes, Poisson processes, Martingal es.
Construction and basic properties of Brownian motion. Prerequisite:
STATS 116 or MATH 151 or equivalent. Recommended: MATH 115 or
equivaent. GER:DB-Math
3 units, Aut (Ross, K), Win (Dembo, A)

M ATH 138.Celestial M echanics—Mathematically rigorousintroductionto

theclassical N-body problem: themotionof N particlesevolving according

to Newton'slaw. Topicsinclude: the Kepler problem anditssymmetries,

other central forceproblems; conservationtheorems; variationa methods;

Hamilton-Jacobi theory; therole of equilibrium pointsand stability; and

symplectic methods. Prerequisites: 53, and 115 or 171. GER:DB-Math
3 units, not given thisyear

MATH 143. Differential Geometry—Geometry of curvesand surfaces
in three-space and higher dimensional manifolds. Parallel transport,
curvature, and geodesics. Surfaces with constant curvature. Minimal
surfaces. GER:DB-Math

3units, Win (Schoen, R)

MATH 145. Algebraic Geometry—Real algebraic curves, Hilbert's
nullstellensatz, complex affine and projective curves, Bezout’s theorem,
the degree/genus formula, Riemann surfaces, Riemann-Roch theorem.
Prerequisites: 106 or 116, and 109 or 120. Recommended: familiarity with
surfacesequivalent to 143, 146, 147, or 148. GER:DB-Math

3 units, Sor (Oprea, D)

MATH 146.Analysison M anifolds—Differentiablemanifol ds, tangent
space, submanifolds, implicit functiontheorem, differential forms, vector
and tensor fields. Frobenius’ theorem, DeRham theory. Prerequisite: 52
or 52H. GER:DB-Math

3 units, Win (Weczorek, W)

MATH 147. Differential Topology—Smooth manifolds, transversality,
Sards' theorem, embeddings, degree of a map, Borsuk-Ulam theorem,
Hopf degree theorem, Jordan curve theorem. Prerequisite: 115 or 171.
GER:DB-Math

3 units, Sor (Wieczorek, W)

M AT H 148. Algebr ai c Topol ogy—Fundamental group, covering spaces,
Euler characteristic, homology, classification of surfaces, knots. Prerequi-
site: 109 or 120. GER:DB-Math

3 units, alternate years, not given thisyear

MATH 151. Introduction to Probability Theory—Counting; axioms
of probability; conditioning andindependence; expectationandvariance;
discreteand continuousrandom variablesand distributions; joint distribu-
tions and dependence; central limit theorem and laws of large numbers.
Prerequisite: 52 or consent of instructor. GER:DB-Math

3 units, Win(Liu, T)

MATH 152. Elementary Theory of Number s—Euclid’s algorithm,

fundamental theoremsondivisibility; primenumbers, congruenceof num-

bers; theorems of Fermat, Euler, Wilson; congruences of first and higher

degrees, Lagrange’s theorem and its applications; quadratic residues;

introduction to the theory of binary quadratic forms. GER:DB-Math
3units, not given thisyear

MATH 154. Introduction to Algebraic Number Theory—Core con-
cepts, including number fields, Dedekind domains, unique factorization
of ideals, quadratic reciprocity theorems, and Fermat’s | ast theorem for
regular prime exponents. Prerequisites: 120, 121. GER:DB-Math

3 units, not given thisyear

MATH 155. Topicsin Elementary Number Theory—Theory of qua-
draticforms, including theresultsof Fermat, L agrange, Gauss, therecent
fifteen theorem, and Dirichlet’s class number formula. Topics may include
continued fractionsand Pell’ sequation, algebrai cand transcendental num-
bers, quadratic fields, Fermat’s theorem in some special cases, and an intro-
ductiontoédllipticcurves. Prerequisites: 152, or familiarity withtheEuclid-
ean algorithm, congruences, residue classesand reduced residue classes,
primitive roots, and quadratic reciprocity. Recommended: 120, 121.
3units, Aut (Soundararajan, K)

MATH 156. Group Repr esentations—Group representationsand their
characters, classification of permutation group representations using parti-
tions and Young tableaux, group actions on sets and the Burnside ring,
and spherical space forms. Applicationsto geometric group actions and
to combinatorics. Prerequisites: linear algebra (51 and 53, or 103 or 113)
and group theory (109 or 120). GER:DB-Math

3units, Spr (Milgram, R)

MATH 161. Set Theory—Informal and axiomatic set theory: sets, rela-
tions, functions, and set-theoretical operations. The Zermelo-Fraenkel
axiom system and the special role of the axiom of choice and itsvarious
equivalents. Well-orderings and ordinal numbers; transfinite induc-
tion and transfinite recursion. Equinumerosity and cardinal numbers;
Cantor’sAlephs and cardinal arithmetic. Open problemsin set theory.
GER:DB-Math
3units, Win (Feferman, S)

MATH 171. Fundamental Conceptsof Analysis—Recommended for
M athematicsmajorsand required of honorsM athematicsmajors. Similar
to 115 but altered content and more theoretical orientation. Properties
of Riemann integrals, continuous functions and convergence in metric
spaces, compact metric spaces, basic point set topology. Prerequisites:
51 and 52, or 51H and 52H. GER:DB-Math, WIM

3units, Aut (Schoen, R), Spr (Licata, J)

MATH 174A. Topicsin Analysis and Differential Equationswith
Applications—For students planning graduate work in mathematics
or physics, and for honors math majors and other students at ease with
rigorousproofsand qualitativediscussion. Topicsmay include: geometric
theory of ODE’s with applications to dynamics; mathematical founda
tionsof classical mechanicsincluding variational principles, Lagrangian
and Hamiltonian formalisms, theory of integrable systems; theorems of
existence and uniqueness; Sturm-Liouville theory. Prerequisite: 53H or
171, or consent of instructor. GER:DB-Math
3units, Win (Katznelson, Y)

MATH 174B. Honor s Analysis—Continuation of 174A. Topics may
include: introduction to PDEs including transport equations, Laplace,
wave, and heat equations; techniques of solution including separation of
variables and Green's functions; Fourier series and integrals; introduc-
tion to thetheory of distributions; mathematical foundations of quantum
mechanics. Prerequisite: 174A. GER:DB-Math

3 units, not given thisyear

MATH 175. Elementary Functional Analysis—Linear operatorson
Hilbert space. Spectral theory of compact operators; applications to
integral equations. Elements of Banach space theory. Prerequisite: 115
or 171. GER:DB-Math

3units, Spr (Smon, L)
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MATH 180.IntroductiontoFinancial M athematics—Financial deriva-
tives: contracts and options. Hedging and risk management. Arbitrage,
interest rate, and discounted val ue. Geometricrandomwalk and Brownian
motion asmodel sof risky assets. Initial boundary value problemsfor the
heat and related partial differential equations. Self-financing replicating
portfolio. Black-Scholespricing of Europeanoptions. Dividends. Implied
volatility. Optimal stopping and American options. Prerequisite: 53.
Corequisites: 131, 151 or STATS 116. GER:DB-Math
3units, Aut (Toussaint, A)

MATH 197. Senior HonorsThesis
1-6 units, Aut, Win, Spr (Staff)

MATH 199. Independent Wor k—Undergraduates pursue a reading
program; topics limited to those not in regular department course offer-
ings. Credit can fulfill the elective requirement for math majors. Approval
of Undergraduate Affairs Committeeisrequired to use credit for honors
majors arearequirement.

1-3 units, Aut, Win, Spr (Staff)

PRIMARILY FOR GRADUATE STUDENTS

MATH 205A. Real Analysis—Basic measure theory and the theory of
Lebesgueintegration. Prerequisite: 171 or equivalent.
3units, Aut (White, B)

MATH 205B. Real Analysis—Point set topology, basic functional
analysis, Fourier series, and Fourier transform. Prerequisites: 171 and
205A or equivalent.

3units, Win (Vasy, A)

MATH 205C. Real Analysis—Continuation of 205B.
3units, Spr (Katznelson, Y)

MATH 210A. M oder nAlgebr a— Groups, rings, and fields; introduction
to Galoistheory. Prerequisite: 120 or equivalent.
3units, Aut (Milgram, R)

MATH 210B. M oder n Algebra—Gal oistheory. Ideal theory, introduc-
tion to algebraic geometry and algebraic number theory. Prerequisite:
210A.

3 units, Win (Brumfiel, G)

MATH 210C. M oder nAlgebr a—Continuation of 210B. Representations
of groups and noncommutative algebras, multilinear algebra.
3units, Spr (Bump, D)

MATH 215A.ComplexAnalysis, Geometry, and Topology—Analytic
functions, complex integration, Cauchy’s theorem, residue theorem,
argument principle, conformal mappings, Riemann mapping theorem,
Picard’stheorem, elliptic functions, analytic continuation and Riemann
surfaces.

3units, Aut (Li, J)

MATH 215B. Complex Analysis, Geometry, and Topology—Topics:
fundamental group and covering spaces, homol ogy, cohomology, prod-
ucts, basic homotopy theory, and applications. Prerequisites: 113, 120,
and 171, or equivalent; 215A isnot aprerequisite for 215B.

3units, Win (Carlsson, G)

MATH 215C. Complex Analysis, Geometry, and Topology—Differ-
entiable manifolds, transversality, degree of a mapping, vector fields,
intersection theory, and Poincare duality. Differential forms and the
DeRham theorem. Prerequisite: 215B or equivalent.

3units, Spr (Galatius, S)

MATH 216A,B,C. Introduction to Algebraic Geometry—Algebraic

curves, algebrai cvarieties, sheaves, cohomol ogy, Riemann-Rochtheorem.

Classification of algebraic surfaces, moduli spaces, deformation theory and

obstruction theory, the notion of schemes. May berepeated for credit.
3units, A: Aut, B: Win, C: Spr (Vakil, R)
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MATH 217A. Differential Geometr y—Smooth manifolds and sub-
manifolds, tensors and forms, Lie and exterior derivative, DeRham
cohomology, distributions and the Frobenius theorem, vector bundles,
connection theory, parallel transport and curvature, affine connections,
geodesics and the exponential map, connections on the principal frame
bundle. Prerequisite: 173 or equivalent.

3units, Aut (Schoen, R)

MATH 217B. Differential Geometry—Riemannian manifolds, Levi-
Civita connection, Riemann curvature tensor, Riemannian exponential
map and geodesic normal coordinates, Jacobi fields, completeness, spaces
of constant curvature, bi-invariant metrics on compact Lie groups, sym-
metricandlocally symmetric spaces, equationsfor Riemannian submani-
folds and Riemannian submersions. Prerequisite: 217A.

3units, Win (Brendle, S

MATH 220. Partial Differential Equationsof Applied M athematics—
(SameasCME 303.) First-order partial differential equations, method of
characteristics, weak solutions, conservationlaws, hyperbolicequations,
separation of variables, Fourier series, Kirchoff’sformula, Huygen'sprin-
ciple, and hyperbolic systems. Prerequisite: foundation in multivariable
calculusand ordinary differential equations.

3units, Aut (Nolen, J)

MATH 221. Mathematical Methods of | maging—Mathematical
methods of imaging: array imaging using Kirchhoff migration and
beamforming, resol utiontheory for broad and narrow band array imaging
in homogeneous media, topicsin high-frequency, variable background
imaging with velocity estimation, interferometric imaging methods, the
role of noiseand inhomogeneities, and variational problemsthat arisein
optimizing the performance of imaging al gorithms and the deblurring of
images. Prerequisite: 220.
3units, Spr (Papanicolaou, G)

MATH 222. Computational Methods for Fronts, I nterfaces, and
Waves—High-order methodsfor multidimensional systemsof conserva-
tion laws and Hamilton-Jacobi equations (central schemes, discontinu-
ous Galerkin methods, relaxation methods). Level set methods and fast
marching methods. Computation of multi-valued solutions. Multi-scale
analysis, including wavel et-based methods. Boundary schemes(perfectly
matched layers). Examplesfrom (but not limited to) geometrical optics,
transport equations, reaction-diffusion equations, imaging, and signal
processing.
3units, not given thisyear

MATH 227. Partial Differential Equationsand Diffusion Processes—
Parabolic and elliptic partial differential equations and their relation to
diffusion processes. First order equationsand optimal control. Emphasis
ison applications to mathematical finance. Prerequisites: MATH 131 and
MATH 136/STATS 219, or equivalents.

3units, Win (Nolen, J)

MATH 232. Topicsin Probability: Geometry and Markov Chains—
Dirichlet forms; Nash, Sobolev, and |og-Sobolev inequalities; and ap-
plications to card shuffling and random walk on graphs. May be repeated
for credit.

3units, not given thisyear

MATH 234. LargeDeviations—(Same as STATS 374.) Combinatorial
estimatesand themethod of types. Largedeviation probabilitiesfor partial
sumsand for empirical distributions, Cramer’sand Sanov’ stheoremsand
their Markov extensions. A pplicationsin statistics, informationtheory, and
statistical mechanics. Prerequisite: MATH 230A or STATS 310.

3units, not given thisyear

MATH 235. Ergodic Theory and Combinatorial Applications—
Classical ergodic theory, with applications to combinatorics, including
proofs of Szemeredi’s theorem and of some extensions of it. May be
repeated for credit. Prerequisite: 205A.

3units, Win (Katznelson, Y)



MATH 236. Introduction to Stochastic Differential Equations—

Brownian motion, stochastic integrals, and diffusions as sol utions of

stochastic differential equations. Functionalsof diffusionsandtheir con-

nectionwith partial differential equations. Random walk approximation

of diffusions. Prerequisite: 136 or equivalent and differential equations.
3 units, Win (Papanicolaou, G)

MATH 237. Stochastic Equations and Random M edia—Topicsin
stochastic differential equationsrelevant for the analysis of processesin
random environments emphasi zing asymptotic methods and estimation
methods. Examples from financial mathematics including stochastic vola-
tility models, credit default model's, andinterest ratemodel sthat deal with
thewholeyield curve. Prerequisite: 236 or equivalent. Recommended:
knowledge of financial mathematics.
3 units, Spr (Papanicolaou, G)

MATH 238.M athematical Finance—(SameasSTATS250.) Stochastic
models of financial markets. Forward and futures contracts. European
options and equival ent martingale measures. Hedging strategies and
management of risk. Term structure modelsand interest rate derivatives.
Optimal stopping and American options. Corequisites: MATH 236 and
227 or equivalent.

3 units, Win (Papanicolaou, G)

MATH 239. Computation and Simulation in Finance—Monte Carlo,
finite difference, tree, and transform methods for the numerical solution of
partial differential equations in finance. Emphasis is on derivative security
pricing. Prerequisite: 238 or equivalent.

3 units, Sor (Toussaint, A)

MATH 240. Topicsin Financial M athematics: Fixed |ncomeM odels—
Introductionto continuoustimemodel sfor arbitrage-freepricing of inter-
est rate derivatives. Bonds, yields, and the construction of yield curves.
Caps, floors, swaps, swaptions, and bond options. Short rate models. Yield
curvemodel s. Forward measures. Forward and futures. LIBOR and swap
market models. Prerequisite: MATH 238.

3 units, Sor (Toussaint, A)

MATH 244. Riemann Surfaces—Compact Riemann surfaces and
algebraic curves; cohomology of sheaves; Serre duality; Riemann-Roch
theorem and application; Jacobians; Abel’s theorem. May be repeated
for credit.

3 units, Sor (Oprea, D)

MATH 245A. Topicsin Algebraic Geometry: Moduli Theory—
Intersection theory on the moduli spaces of stable curves, stable maps,
and stable vector bundles. May berepeated for credit.

3 units, not given thisyear

MATH 245B. Topicsin Algebraic Geometry: Dessin d’ Enfants—
Grothendieck’stheory of dessin d’ enfants, astudy of graphson surfaces
and their connection with the absol ute Gal ois group of therational num-
bers. Belyi’s theorem, representations of the absol ute Galois group as
automorphisms of profinite groups, Grothendieck-Teichmuller theory,
quadraticdifferential's, and thecombinatoricsof moduli spacesof surfaces.
May berepeated for credit.
3units, not given thisyear

MATH 248. Algebr aicNumber Theor y—Introductiontomodular forms
and L-functions. May berepeated for credit.
1-3 units, not given thisyear

MATH 249A. Distribution Questionsin Number Theory—Rigorous
resultsand conjectures about the di stributions of obj ectsof number theo-
retic interest such as: the spacings between consecutive prime numbers;
the spacings between consecutive zeros of the Riemann zeta-function;
the class numbers of imaginary quadratic fields; and the values L-func-
tions. Prerequisites: 205A ,B,C, or comparable knowledge of probability
and Fourier analysis.
3units, Aut (Soundararajan, K)

MATH 249B. Topicsin Number Theory: Class Field Theory and
Central SimpleAlgebras—Algebraic number theory; the devel opment
of class field theory emphasizing the role of central simple algebras. May
berepeated for credit.

3 units, Win (Bump, D)

MATH 249C. Topicsin Number Theory: ClassField Theory and the
LanglandsConjectures
3units, Spr (Bump, D)

MATH 254. GeometricM ethodsin theTheory of Ordinary Differen-
tial Equations—Topicsmay include: structural stability and perturbation
theory of dynamical systems; hyperbolic theory; first order PDE; normal
forms, bifurcation theory; Hamiltonian systems, their geometry and ap-
plications. May berepeated for credit.

3 units, not given thisyear

MATH 256A. Partial Differential Equations—The theory of linear
and nonlinear partial differential equations, beginning with linear theory
involving useof Fourier transformand Sobol ev spaces. Topics: Schauder
and L 2 estimates for elliptic and parabolic equations; De Giorgi-Nash-
Moser theory for elliptic equations; nonlinear equations such as the
minimal surface equation, geometric flow problems, and nonlinear
hyperbolic equations.
3units, Aut (Vasy, A)

MATH 256B. Partial Differential Equations—Continuation of 256A.
3units, Win (lyer, G)

MATH 257A,B,C. Symplectic Geometry and Topology—Linear sym-
plectic geometry and linear Hamiltonian systems. Symplectic manifolds
andtheir Lagrangiansubmanifolds, local properties. Symplecticgeometry
and mechanics. Contact geometry and contact manifolds. Relations be-
tween sympl ecticand contact manifol ds. Hamiltonian systemswith sym-
metries. Momentum map and its properties. May berepeated for credit.
3units, A: not giventhisyear, B: not giventhisyear, C: Aut (lonel, E)

MATH 258. Topicsin Geometric Analysis—May be repeated for
credit.
3 units, Win (Mazzeo)

MATH 263A,B.LieGroupsand LieAlgebras— Definitions, examples,
properties. Semi-simple Lie algebras, their structure and classifica-
tion. Cartan decomposition: real Lie algebras. Representation theory:
Cartan-Stiefel diagram, weights. Weyl character formula. Orthogonal
and sympl ectic representations. May berepeated for credit. Prerequisite:
210 or equivalent.

3 units, not given thisyear

MATH 266. Computational Signal Processing and Wavelets—
Theoretical and computational aspects of signal processing. Topics:
time-frequency transforms; wavel et basesand wavel et packets; linear and
nonlinear multiresol ution approximations; estimation and restoration of
signals; signal compression. May berepeated for credit.

3units, not given thisyear

MATH 269A. Gromov-Witten | nvariants—Riemann surfaces and
their moduli spaces, Deligne-Mumford compactification, line bundles
over Riemann surfaces, Riemann-Roch theorem. J-holomorphic curves
in symplectic manifolds, gradient trajectories of the action functional .
Elliptic boundary value problems for J-holomorphic curves, index for-
mulas, coherent orientation theory, transversality. Gromov compactness
theorem for J-holomorphic curves, symplectic topology viatheory of
holomorphiccurves, Floer homol ogy theory. Applicationsof holomorphic
curvestolow dimensional topol ogy. Gromov-Witteninvariants, quantum
cohomology, and associated algebraic structures. Symplectic field theory
and itsapplications.
3units, Aut (Milanov, T)
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MATH 269B. Fredholm Theory in Polyfoldsand Symplectic Field
Theory |—Fredholm theory in the new class of spacescalled polyfolds,
with applicationsto Gromov-Witten theory and more generally to sym-
plectic field theory. May be repeated for credit.

3 units, Win (Hofer, H)

MATH 269C. Fredholm Theory in Polyfoldsand Symplectic Field
Theory I
3units, Spr (Hofer, H)

MATH 270. Geometry and Topology of Complex M anifolds—
Complex manifolds, Kahler manifolds, curvature, Hodge theory, L ef-
schetztheorem, Kahler-Einsteinequation, Hermitian-Einsteinequations,
deformation of complex structures. May be repeated for credit.

3units, Win (Li, J)

MATH 282A. L ow Dimensional Topology—Thetheory of surfacesand
3-manifolds. Curves on surfaces, the classification of diffeomorphisms
of surfaces, and Teichmuller space. The mapping class group and the
braid group. Knot theory, including knot invariants. Decomposition of
3-manifolds: triangulations, Heegaard splittings, Dehn surgery. Loop
theorem, spheretheorem, incompressi blesurfaces. Geometric structures,
particularly hyperbolic structures on surfaces and 3-manifolds.
3 units, not given thisyear

MATH 282B.Homotopy Theory—Homotopy groups, fibrations, spec-
tral sequences, simplicial methods, Dold-Thomtheorem, modelsfor loop
spaces, homotopy limitsand colimits, stable homotopy theory.

3units, Win (Carlsson, G)

MATH 282C. Fiber Bundlesand Cobor dism—Possibletopics: princi-
pal bundles, vector bundles, classifying spaces. Connectionson bundles,
curvature. Topol ogy of gaugegroupsand gaugeequival enceclassesof con-
nections. Characteristic classesand K-theory, including Bott periodicity,
algebraic K-theory, and indices of elliptic operators. Spectral sequences
of Atiyah-Hirzebruch, Serre, and Adams. Cobordismtheory, Pontryagin-
Thom theorem, cal culation of unoriented and complex cobordism. May
berepeated for credit.
3units, Spr (Cohen, R)

MATH 283. Topicsin Algebraic and Geometric Topology—May be
repeated for credit.
3units, Win (Cohen, R)

MATH 286. Topicsin Differential Geometry—May be repeated for
credit.
3units, Win (Schoen, R), Sor (White, B)

MATH 290B. Finite Model Theory—(Same as PHIL 350B.) Classi-
cal model theory deals with the relationship between formal languages
and their interpretation in finite or infinite structures; its applications to
mathematics using first-order languages. The recent development of the
model theory of finite structures in connection with complexity classes as
measures of computational difficulty; how these classes are defined within
certain languages that go beyond first-order logic in expressiveness, such
as fragments of higher order or infinitary languages, rather than in terms
of models of computation.
3 units, not given thisyear

MATH 292A. Set Theory—(Same as PHIL 352A.) The basics of axi-
omatic set theory; the systems of Zermel o-Fraenkel and Bernays-Godel .
Topics: cardinal and ordinal numbers, thecumulativehierarchy andtherole
of the axiom of choice. Models of set theory, including the constructible
sets and model s constructed by the method of forcing. Consistency and
independence resultsfor theaxiom of choice, the continuum hypothesis,
and other unsettled mathematical and set-theoretical problems. Prerequi-
sites: PHIL160A,B, and MATH 161, or equivalents.
3units, Aut (Staff)
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MATH 292B. Set Theory—(Same as PHIL 352B.) The basics of axi-
omatic set theory; the systems of Zermel o-Fraenkel and Bernays-Godel.
Topics. cardinal and ordinal numbers, thecumul ativehierarchy andtherole
of the axiom of choice. Models of set theory, including the constructible
sets and model s constructed by the method of forcing. Consistency and
independenceresultsfor the axiom of choice, the continuum hypothesis,
and other unsettled mathemati cal and set-theoretical problems. Prerequi-
sites: PHIL160A,B, and MATH 161, or equivalents.
3units, Win (Saff)

MATH 293A. Proof Theory—(SameasPHIL 253A/353A.) Gentzen's
natural deduction and sequential calculi for first-order propositional and
predicate logics. Normalization and cut-elimination procedures. Rela-
tionships with computational lambda calculi and automated deduction.
Prerequisites: 151, 152, and 161, or equivaents.

3units, not given thisyear

MATH 295. Computation and Algorithmsin Mathematics—Use of
computer and algorithmic techniquesin various areas of mathematics.
Computational experiments. Topics may include polynomial manipula-
tion, Groebner bases, computational geometry, and randomness. May be
repeated for credit.

3units, not given thisyear

MATH 299. M athematicsof theBrain—Computational model sof neu-
ronsand neural networks. Ensembles of membrane proteinsasstatistical
molecular computers; extension of the Hodgkin and Huxley theory. The
wholebrainasadynamical symbolicsystem. Context-sensitiveassociative
memory, working memory, and computational universality. Program-
mabl e and learning neurocomputers.

3units, Spr (Eliashberg, Y)

MATH 355. Graduate Teaching Seminar—Required of and limited to
first-year Mathematics graduate students.
1 unit, Win (Smon, L; White, B)

MATH 360. Advanced Reading and Resear ch
1-9 units, Aut, Win, Spr, Sum (Staff)

MATH 361. Research Seminar Participation—Participationin a
faculty-led seminar which has no specific course number.
1-3 units, Aut, Win (White, B), Spr (Kerckhoff, S), Sum (Saff)

MATH 380-389. Graduate Seminars—By arrangement. May be
repeated for credit.
MATH 380. Seminar in Applied M athematics
1-3 units, Aut, Win, Spr (Staff)
MATH 381. Seminar inAnalysis
1-3 units, Aut, Win, Spr (Staff)
MATH 384. Seminar in Geometry
1-3 units, Aut, Win, Spr (Staff)
MATH 385. Seminar in Topology
1-3 units, Aut, Win, Spr (Staff)
MATH 386. Seminar in Algebra
1-3 units, Aut, Win, Spr (Staff)
MATH 387. Seminar in Number Theory
1-3 units, Aut, Win, Spr (Staff)
MATH 388. Seminar in Probability and Stochastic Processes
1-3 units, Aut, Win, Spr (Staff)
MATH 389. Seminar in Mathematical Biology
1-3 units, Aut, Win, Spr (Staff)

MATH 391. Research Seminar in Logic and the Foundations of
M athematics—(Same as PHIL 391.) Contemporary work. May be
repeated atotal of threetimesfor credit.

1-3units, Aut, Wn, Spr (Mints, G; Feferman, S

MATH 395. Classicsin Geometry and Topology—Original papersin
geometry and in algebraic and geometric topology. May be repeated for
credit.

3units, Win, Spr (Saff)



MATH 396. GraduateProgress—Resultsand current research of gradu-
ate and postdoctoral students. May be repeated for credit.
L unit, Aut, Wn, Spr (Staff)

MATH 397. Physicsfor M athematicians—Topics from physics es-
sential for students studying geometry and topol ogy. Topics may include
quantum mechanics, quantum field theory, path integral approach and
renormalization, stati stical mechanics, and string theory. May berepeated
for credit.

1 unit, Aut, Wn (Saff)

COGNATE COURSES

PHIL 151/252. First-Order Logic
4 units, Win (Pauly, M)

PHIL 152/252. Computability and L ogic
4 units, Spr (Pauly, M)

PHIL 162/262. Philosophy of M athematics
4 units, Spr (Feferman, S)

STATS116. Theory of Probability
3-5 units, Aut (Donoho, D), Spr (Wong, W), Sum (Staff)

STATS310A. Theory of Probability
2-4 units, Aut (Dembo, A)

STATS310B. Theory of Probability
2-4 units, Win (Segmund, D)

STATS310C. Theory of Probability
2-4 units, Spr (Lai, T)

This file has been excerpted from the Stanford Bulletin, 2007-08, pages
530-537. Every effort hasbeen madeto ensure accuracy; post-press
changesmay havebeen madehere. Contact theeditor of thebulletin
at arod@stanford.edu with changes or corrections. Seethebulletin
web siteat http://bulletin.stanford.edu for additional infor mation.
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