
1

The Graduate School
at the University of Notre Dame

Division of Science

Graduate Program in Mathematics

THE DEPARTMENT OF MATHEMATICS offers a
program of study leading to a PhD degree in
mathematics, with specialization in any of the

following areas: algebra, algebraic geometry, applied
mathematics, complex analysis, partial differential equa-
tions (PDE), differential geometry, logic, and topology.
About 38 graduate students from all parts of the world
work with some 44 regular faculty members and several
visitors.

Designed to help students develop into educated,
creative, and articulate mathematicians, the program
consists of basic training in the fundamentals, more
advanced topics and seminars, and two to three years
of research in close association with a faculty member.
Limited enrollment, the presence of active groups of
strong mathematicians, and a lively schedule of semi-
nars and colloquia provide excellent opportunities for
research. Most students complete the program within
five years, some finish in four, and a few in three.

The department has its own building with a compre-
hensive research library of more than 35,000 volumes
and subscriptions to about 290 current journals. A
graduate student computer cluster is equipped with
high-level Linux, Macintosh, and Sun workstations,
laser printers, and the latest software packages.

All graduate students are provided with comfortable
office space. In the context of a warm and friendly so-
cial atmosphere, students are assured a stimulating and
challenging intellectual experience.

Research Areas

Applied Mathematics
The Department of Mathematics has about a half-
dozen faculty members actively involved in a variety of
areas of mathematics and its applications to physics,
engineering, biology, and problems arising from indus-
try. The research disciplines they are pursuing, often in
conjunction with members of other departments at
Notre Dame, include the following: numerical analysis
of PDE and of polynomial systems, nonlinear dynami-
cal systems and partial differential equations, control
theory, mathematical biology, optimization theory, inte-
rior point algorithms, coding theory, and cryptography.

1. Applied PDE: Partial differential equations arise
from various applications in the real world; the impor-
tant role of mathematical analysis and numerical study
is to provide qualitative and quantitative information
about the system being considered. The objectives are:
to study the existence, uniqueness, convergence, asymp-
totic behaviors of the solution; to establish mathemati-
cal theory about the model; and to study the special
properties of the solution.

There are many exciting examples of such studies where
faculty at Notre Dame are involved.

(a) Free boundary problems (a PDE problem where the
domain is moving) appear in materials with solid and
liquid states, in cell growth problems from biology,
and in semiconductor manufacturing through film
growth.

(b) Homogenization problems. Many systems from
engineering and industry have two or more different
scales that are treated through homogenization tech-
niques.

(c) Blowup problems. In many reaction diffusion sys-
tems with nonlinear source terms, finite time blowup
may occur.

2. Coding and cryptography: In collaboration with
several faculty in the Electrical Engineering Department
we investigate the algebraic properties of block codes
and convolutional codes. Coding theory is concerned
with the storage and transmission of information and
the ability to recover the information as completely as
possible even if some of the data are lost. Good ex-
amples are the genetic code stored in a DNA molecule
or the International Standard Book Numbers (ISBN)
used by book publishers.

Coding theory is widely applied in data communica-
tion, and mathematically it is interconnected with alge-
braic geometry on the algebraic side and with informa-
tion theory on the analytic side.

For about three years, one to two faculty members and
several graduate students have been working on the con-
struction of new oneway trapdoor functions to be used
in the next generation of public key cryptography.
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3. Computation and numerics: One ongoing project,
being carried on with mathematicians and engineers at
other institutions, is the development of the new area of
numerical algebraic geometry. This area is to algebraic
geometry what numerical linear algebra is to linear alge-
bra. Its goal is the development of efficient numerical
algorithms to solve systems of polynomials in several
variables. This amounts to the development of numeri-
cal techniques to manipulate algebraic varieties.

Another project, involving mathematicians, engineers,
and scientists from Notre Dame and elsewhere, is the
development of numerical and analytical techniques for
the solution of free boundary and boundary value prob-
lems.

Such problems arise in fluid mechanics (free surface
fluid flows), biology (tumor and blood vessel growth),
and electromagnetics and acoustics (direct and inverse
scattering of radiation from complicated geometries), to
name just a few. This area of research involves rigorous
mathematical analysis for the justification of the pro-
posed perturbation series coupled with numerical
implementation of these algorithms and large-scale
computational simulations to gain new insight into the
underlying physical models.

4. Mathematical biology: Several members of the de-
partment are participating in an interdisciplinary
biocomplexity program at Notre Dame that is sup-
ported by the National Science Foundation (NSF).

Biocomplexity is the study of the unique complex
structures and behaviors that arise from the interaction
of biological entities (molecules, cells, or organisms).

The biocomplexity group, which consists of researchers
from the Physics, Mathematics, and Computer Science
and Engineering Departments, studies multicellular
aggregates, such as embryonic and mature tissues,
which often share the properties of “excitable media”
and “soft matter” familiar to modern condensed matter
physics and dynamical systems theory. Changes in tis-
sue shape and form during development and repair-
skeletal formation, gastrulation, and segmentation are
well-suited to analysis by physical and mathematical
concepts, particularly in conjunction with modern
knowledge of cells’ adhesive forces and the molecular
composition and rheology of cytoplasm and extracellu-
lar matrix.

5. Optimization: Optimization is an interdisciplinary
area of applied mathematics. There have been recent
breakthrough developments in the area of interior-

point algorithms of optimization that enable one to
solve important large-scale problems in electrical engi-
neering, mechanical engineering, portfolio allocation,
protein folding, and many other areas. Most of the de-
partments in the University have faculty who use opti-
mization as an important tool for solving their prob-
lems.

Algebraic Geometry/Commutative Algebra
The roots of algebraic geometry and commutative alge-
bra are to be found in the 19th-century study of alge-
braic equations in relation to the geometry of their so-
lutions. Such a line of investigation goes back at least to
Descartes and the idea of coordinatizing the plane.
Commutative algebra and algebraic geometry study the
solutions of those equations by forming an algebraic
object, called a ring, given by polynomial functions on
the set of solutions. While commutative algebra deals
with the algebraic structure of such a ring, algebraic
geometry focuses on the geometry of solution sets. Such
sets include parabolas, spheres, Euclidean space, projec-
tive spaces, and a vast array of beautiful and intricate
concrete curves, surfaces, and higher dimensional sets.

For example, to study the set of solutions of the pa-
rabola y=x^2-3x +1 in C^2, we construct the ring
C[x,y]/(y - x^2 + 3x - 1) where C represents the com-
plex numbers. This ring represents polynomial  func-
tions on the parabola. In the same way we study the
solution set of a system of any number of polynomial
equations by relating the algebraic structure of its ring
of polynomial functions to the geometry of the set.

In the Department of Mathematics there is research in
many parts of this subject, including adjunction theory,
Castelnuovo theory, curve theory, various aspects of the
projective classification of varieties, the study of group
actions, liaison theory, minimal free resolutions, Rees
algebras, and the numerical analysis of polynomial
systems. There is also activity in nearby areas dealing
with coding theory, cryptology, and nonlinear partial
differential equations—see the section on applied math-
ematics.

The main areas of focus in research on algebraic geom-
etry and commutative algebra include:

1. Theory of infinitesimals: This study involves using
polynomials to construct the “simplest possible” geo-
metric object obeying certain restraints; for example, a
surface containing certain points and having specified
tangents and curvatures. This has immediate applica-
tion to the study of infinitesimal interpolation in sci-
ence overall, as well as to the analysis of singularities
and deformations in algebraic geometry.
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2. Commutative Noetherian rings: Properties of ideals
in a commutative Noetherian ring R are studied; more
precisely, with invariants associated to an ideal as well as
to structures of various algebras associated to an ideal as
the blowup algebras. These are algebraic constructions
that are related to an essential step in the process of
desingularization, the blowup of a variety along a
subvariety. For example, a curve that has a singular
point (such as the solution set of ~y^2=x^3 in the
plane) may be “treated” by blowing up the point (in
this case, the origin).

3. Liaison theory: This deals with the idea that when
the “union” of two solution sets is especially nice, then a
good deal of information about one may be gleaned
from information about the other.

Several aspects of liaison theory (also called linkage
theory) are studied in our department. It is an old
theory, but developments of the last five years or so
have reestablished it as an exciting area.

4. Minimal free resolutions: The minimal free resolu-
tion of an ideal describes all the generators of the ideal,
all the relations among the generators, the relations
among the relations, etc.

Current interest includes finding the minimal free reso-
lutions for ideals of generic forms and for ideals of fat
points.

Complex Analysis
Complex analysis can be rather understatedly described
as calculus applied to functions of one or more complex
variables. Indeed the subject came into its own as a dis-
tinct field of mathematics when Cauchy made appro-
priate sense of differentiation and integration for func-
tions of a single complex variable. However, earlier in-
terest in complex numbers stemmed not from their ap-
peal to mathematicians (many of whom rejected them
entirely) but from their undeniable usefulness in solving
other problems in math and physics. Moreover, math-
ematicians following Cauchy, such as Riemann and
Poincaré, were quick to discover new relationships be-
tween complex analysis and areas as diverse as algebra,
topology, geometry, and partial differential equations.
Departmental research in complex analysis reflects this
long tradition of pursuing complex analysis from a vari-
ety of points of view and in connection with other areas
of mathematics.

It turns out that a function is differentiable in the com-
plex analytic sense if and only if it satisfies the so-called
Cauchy-Riemann equations. These equations provide a

paradigm for an entire class (elliptic equations) of par-
tial differential equations. Some of our research con-
cerns the existence and properties of solutions to the
Cauchy-Riemann equations. Other research directed at
differential equations has employed complex analysis to
give descriptions of certain “singular” sets associated to
various differential equations.

This latter work recently earned a Sloane fellowship for
one faculty member.

In another direction, we consider “asymptotic” aspects
of complex analysis such as complex dynamics and
Nevanlinna theory. Anyone who has used Newton’s
method to try to find the zeroes of a polynomial has
experienced complex dynamics. The basic problem is to
describe the eventual behavior of a point after repeat-
edly mapping it forward by a complex analytic func-
tion.

The answers are surprisingly intricate even for very
simple nonlinear functions. Nevanlinna theory, named
after its originator, is about asymptotics of a different
sort. The goal in this field is to describe singularities of
an analytic function in terms of the way the values of
the function are distributed nearby. One of the pioneers
of Nevanlinna theory for functions of several complex
variables is a longtime member of our department.

Complex geometry is also a departmental specialty. The
basic object of interest in this subject is obtained by
endowing a Riemannian manifold (generalization of a
surface in space) with an additional complex analytic
structure. The result is called a Kähler manifold and
provides a bridge between the two main branches—
algebraic and differential—of modern geometry. Kähler
manifolds have become something of a centerpiece in
late 20th-century mathematics, targets of a variety of
solved and unsolved conjectures and of interest to physi-
cists as well as mathematicians.

Differential Geometry
The striking feature of modern differential geometry is
its breadth, touching so much of mathematics and
theoretical physics. It uses a wide array of techniques
from areas as diverse as differential equations, real and
complex analysis, topology, Lie groups, and dynamical
systems. Activity at Notre Dame covers the following
areas at the forefront of current research:

1. Submanifold geometry: The geometry of a space is
often reflected in its distinguished classes of
submanifolds. Our research in this area includes mini-
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mal submanifolds, surfaces of constant mean curvature,
isoparametric submanifolds, and volume minimizing
cycles. Such submanifolds are themselves of physical
interests (membranes, soap films, soap bubbles, and
supersymmetric cycles). Umbilic points of immersed
surfaces have also been extensively studied. This theory
has connections to compressible plane fluid flow and
general relativity.

2. Global differential geometry: One of the most im-
portant areas of differential geometry is the study of
how curvature influences the topological and analytic
structures of Riemannian or Kähler manifolds. Our
research in this area includes results on the Euler num-
ber of Kähler manifolds, complex surfaces of positive
bisectional curvature, A-genus and metric of positive
scalar curvature, Witten genus and metric of positive
Ricci curvature, spectrum of the Laplace operator, con-
nections between manifolds of negative curvature, dy-
namical systems and ergodic theory, closed geodesics
and marked length spectrum, harmonic functions on
noncompact spaces with Gromov’s hyperbolicity, split-
ting theorems, isoperimetric inequalities, minimal vol-
ume, and CR structures on spaces with nonpositive
curvature.

3. Partial differential equations and Riemannian ge-
ometry: Many geometric problems are equivalent to
problems in the theory of partial differential equations.
Indeed, some properties of partial differential equations
are best interpreted in a geometric way. Prescribing the
curvature of surfaces in three-dimensional space, the
isometric imbedding problem, variational problems in
Riemannian geometry such as the Yamabe problem—
all of these are geometric questions that involve a deep
understanding of nonlinear partial differential equa-
tions.

4. Gromov-Witten invariants and quantum
cohomology: String theory has been a great source of
inspiration for many exciting new developments in
mathematics, one of which is the theory of Gromov-
Witten invariants and quantum cohomology. It has
profound applications in symplectic geometry, algebraic
geometry, and integrable systems. Our research here has
been focused on the generating function of Gromov-
Witten invariants and its relation with the Virasoro al-
gebra.

Algebra (Lie Theory)
The notion of a Lie group had its origins in the study
of the “continuous symmetries” of differential equa-
tions. Lie theory has subsequently become an enor-

mously rich and beautiful theory with fundamental ap-
plications in mathematics (e.g. group theory, differen-
tial equations, topology, harmonic analysis, and differ-
ential geometry), physics, and chemistry.

The algebra group at Notre Dame studies the represen-
tation theory, structure, and geometry of semisimple
Lie groups and Lie algebras, Kac-Moody Lie algebras
and groups, finite and algebraic groups, and quantum
groups, using a variety of algebraic, geometric, and
combinatorial methods.

Our research involves the detailed study of specific rep-
resentations (e.g. constructing and parametrizing repre-
sentations, determining their dimensions, tensor prod-
ucts, extensions, etc.), the study of spaces with Lie
group actions and their connections to representations,
and the study of global properties of representation cat-
egories.

1. Detailed study of representations: The character
table of a finite group provides a rich collection of in-
variants of the group; classically, the “characters” corre-
spond to ordinary (complex) representations. Of
course, modular representations provide even more in-
variants. Some aspects of the classification of finite
simple groups relied on the availability of precise infor-
mation about the nature of representations for the finite
Lie type groups. A finite Lie type group is closely re-
lated to the group of rational points of a simple alge-
braic group over a field of positive characteristic. We
study mainly the “rational” representation theory of
these algebraic groups; one may typically obtain from
such study information on the modular representations
of the corresponding finite Lie type groups.

2. Representation theory and geometry:  One can of-
ten study representations of a group by constructing the
group as the symmetries of a geometrical object, and
considering some class of functions on the object. For
example, the rotation group in three variables may be
regarded as the symmetry group of the two-dimensional
sphere, and the representations of the rotation group
arise from decomposing functions on the sphere ac-
cording to the action of the Laplace operator. In more
sophisticated settings, representations are associated to
geometric objects with singularities, and it is a subtle
and interesting question to understand the relation be-
tween the singularities and the corresponding represen-
tations.

One can also study the reverse problem, and use repre-
sentation theory to study geometrical problems, includ-
ing classical 19th-century intersection theory. In par-
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ticular, a certain kind of geometric structure called a
Poisson structure yields a new approach to intersection
theory problems. The Poisson structure is closely related
to quantum groups.

3. Global structure of Lie representation categories:
There are many important relationships that have
emerged in recent years between categories of finite or
infinitedimensional representations of algebraic groups,
affine Lie algebras, and quantum groups. In all these
theories an important role is played by the Weyl group,
which is a crystallographic Coxeter group. We have ini-
tiated the study of certain representation theories natu-
rally associated to (possibly noncrystallographic)
Coxeter groups. For crystallographic Coxeter groups,
we have begun to study the relationships of such cat-
egories with categories of representation-theoretic or
geometric interest in Lie theory. We have also begun to
study certain very similar representation categories (e.g.
some associated to fans of polyhedral cones) that are
less directly related to classical Lie theory.

Partial Differential Equations
Partial differential equations is a many-faceted subject.
Our understanding of the fundamental processes of the
natural world is based to a large extent on partial differ-
ential equations. Examples are the vibrations of solids,
the flow of fluids, the diffusion of chemicals, the spread
of heat, the interactions of photons and electrons, and
the radiation of electromagnetic waves. Today partial
differential equations have developed into a vast subject
that interacts with many other branches of mathematics
such as complex analysis, differential geometry, har-
monic analysis, probability, and mathematical physics.
The Laplace equation and its solutions, the harmonic
functions, form a link between partial differential equa-
tions and complex analysis since analytic functions are
the solutions to the Cauchy-Riemann equations.
Boundary behavior of analytic functions on a domain is
studied through the Neumann problem, which is a
boundary value problem for an elliptic (Laplace-like)
operator. Furthermore, nonelliptic equations appear as
natural objects in the study of manifolds that are
boundaries of domains. These equations are similar to
the degenerate elliptic equations arising in sub-Rieman-
nian geometry and diffusion processes. Solvability and
regularity of solutions to such equations form an active
direction of research. The methods involved include
subelliptic estimates and microlocal analysis.

Another direction of research is devoted to nonlinear
elliptic partial differential equations with emphasis on
second-order equations. Differential geometry provides

a rich source of such equations. Examples are the mini-
mal surface equation and the Monge-Ampere equation.
One important property studied by researchers in this
field is the regularity of solutions, in particular the im-
pact of regularity of coefficients and boundary values
on that of solutions. An active area is the study of prop-
erties of geometric objects associated to solutions, e.g.,
level sets of solutions. Studies are focused on the geo-
metric structure of these sets and methods are from
geometric measure theory.

Yet another direction involves the study of nonlinear
evolution equations arising in mathematical physics
such as the Euler equations of hydrodynamics or vari-
ous infinite dimensional analogues of completely inte-
grable Hamiltonian systems like the Korteweg-de Vries
equation. A large amount of work is devoted to the
study of the corresponding Cauchy problem for such
equations. Recent developments in the area involve the
use of harmonic analysis techniques to establish exist-
ence and uniqueness of solutions under low regularity
initial data.

In fact, there is a very close connection between partial
differential equations and harmonic analysis. These
connections start with Fourier series and the heat equa-
tion and continue with fundamental solutions—the
construction of inverses to elliptic equations relate to
pseudodifferential equations—the solution to wave
equations relate to Fourier integral operators, to spectral
analysis, and asymptotic techniques methods. Har-
monic analysis techniques form a major part of the
modern theory of linear and nonlinear partial differen-
tial equations.

The research of the partial differential equations group
also includes the study of free boundary problems,
reactiondiffusion equations, variational inequalities,
homogenization problems, and other equations arising
from industrial applications.

Logic
The research in mathematical logic at Notre Dame is
mainly in two broad areas: computability theory and
model theory. Computability theory concerns comput-
ability and complexity, often measured by Turing de-
gree. A set is computable if there is a program for com-
puting its characteristic function on an ideal computer
that never crashes. Set A is Turing reducible to set B if
there is a program for computing the characteristic
function of A on a computer equipped with a CD-
ROM giving the characteristic function of B.

Turing reducibility is a partial ordering on the set of
subsets of the natural numbers, and the Turing degrees
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are the equivalence classes of the corresponding equiva-
lence relation. A set is computably enumerable if it is
the range of a computable function, or, equivalently,
the domain of a partial computable function. The set e
of all computably enumerable subsets of the natural
numbers forms a lattice under the operations of union
and intersection.

Soare showed that the collection of “maximal” sets is a
definable orbit in e. There is ongoing work on
automorphisms and the relation between complexity
and structural properties, definable in the lattice.

Well-known theorems may pose interesting problems in
computability. This is true, in particular, for Ramsey’s
theorem, on which there has been recent work. There
has been quite a lot of work on computability and com-
plexity in familiar kinds of mathematical structures;
groups, linear orderings, Boolean algebras, etc. Much of
this work has involved connections between definability
and complexity.

There has also been work on complexity of models of
arithmetic. The standard model, consisting of the natu-
ral numbers with addition and multiplication, is com-
putable; i.e., the operations are computable.

Tennenbaum showed that no nonstandard model can
be computable. A recent result says that for any non-
standard model there is an isomorphic copy of strictly
lower Turing degree.

The other broad area of active work is model theory,
particularly classification theory and o-minimality. In
recent years, methods developed in the context of sta-
bility theory have been used to analyze structures such
as pseudofinite fields, pseudoalgebraically closed fields,
difference fields, and quadratic forms over finite fields.
This research has yielded applications to arithmetic
number theory. Model theorists now have a good un-
derstanding of how these dependence relations fit in a
general framework. Ongoing work generalizes tech-
niques from the geometrical stability theory of
superstable theories to this broader class. This research
is likely to give insight into the model-theoretic proper-
ties of bilinear forms and groups definable in structures
such as those mentioned above.

The standard example of an o-minimal structure is the
field of real numbers. In the early 1980s, it was noticed
that many properties of semialgebraic sets (sets defin-
able in the field of reals) can be derived from a very few
axioms, essentially the axioms defining o-minimal
structures. After Wilkie proved that the exponential
field of real numbers is o-minimal, the subject has

grown rapidly. From a model-theoretic point of view,
these structures resemble strongly-minimal structures,
and many tools and methods of classification theory
can be adapted to o-minimal structures. This remark-
able combination of tools from stability theory and
methods of semi-algebraic and subanalytic geometry
provides elegant and surprisingly efficient applications
not only in real algebraic and real analytic geometry,
but also in analytic-geometric categories (e.g., groups of
Lie type) over arbitrary real closed fields.

Topology
There is a large topology group at Notre Dame, and the
research of its members covers a wide area of currently
active areas. For a more detailed view of our current
research one can consult the departmental Web page
and its information about individual faculty members.

Basic algebraic topology is an active area of research
here. Research continues on various types of homotopy
theory, both stable and unstable, often from an axiom-
atic point of view. One area of application is to the
study of Lie groups by homotopy theoretic methods.
Other problems in homotopy theory under active con-
sideration are problems that elucidate the influence of
topology on differential geometry. A particular interest
is in questions of which manifolds support metrics, the
curvature of which is positive in various senses and of
how many such metrics there are.

Controlled topology is another area of active research.
One direction concerns various aspects of rigidity,
which  loosely means describing the ways that  a dis-
crete group can act on Euclidean space. This problem is
a rich source of inspiration and has lead to ground-
breaking work on stratified spaces by many people, not
just at Notre Dame. Work on various foundational is-
sues in controlled topology  leads to the study of strati-
fied spaces.

Basic geometric topology is an area that overlaps some
of the above. Work not previously mentioned includes
work on how algebraic invariants of a manifold affect
the homotopy type of its group of topological or differ-
entiable symmetries. This leads to further problems in
algebraic topology and in algebra. There is also research
on the classification of various geometrically interesting
manifolds.

Algebraic K-theory is an active area of research as well.
Ongoing research investigates the link between algebra
and topology that lies at the center of K-theory and
much of Williams’ work uses K-theory to get at the
symmetries of a manifold. Contributions have been
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made to the study of L-theory, the quadratic analogue
of K-theory that figures prominently in applications of
topology to the study of manifolds and stratified spaces.

Research in low-dimensional manifolds is yet another
area represented at Notre Dame. Research in gauge
theory is applied to the study of four dimensional
manifolds as well as more traditional techniques applied
to the algebraic topology of four manifolds, their topo-
logical classification, and their differentiable classifica-
tion. There is also research in three manifolds and the
four manifolds they bound using gauge theory, espe-
cially the invariants based on the Sieberg-Witten equa-
tions.

Interdisciplinary Degree in Applied Mathematics
The department also offers an interdisciplinary master
of science in applied mathematics (MSAM) degree pro-
gram.

Admission
Letters of recommendation are required for admission
into the graduate program.  The letters should be de-
tailed and specific about the applicant’s mathematical
training, ability, and promise. The application should
include brief descriptions of the content and level of all
mathematics courses already taken and still to be taken,
and list the textbooks used. In addition to the Graduate
Record Examination (GRE) General Test, all applicants
are required to take the Subject Test in mathematics.
Applicants must submit Test of English as a Foreign
Language (TOEFL) scores if English is not their native
language or was not the language of instruction for
their baccalaureate degree.

Financial Support
Doctoral students receive a full-tuition scholarship, and
virtually all are supported by teaching assistantships or
fellowships. They are expected to complete their doc-
toral studies within four to five years. The department
does not provide support beyond the fifth year.

All first-year students have fellowship status with no
teaching duties. In 2002–2003 they have received a
stipend of $17,500 (in addition to the tuition scholar-
ship). In the second year, they become teaching
assistants.

Several outstanding incoming mathematics graduate
students have been awarded special three- to four-year
fellowships by the Graduate School in University-wide
competition. During the 2002–2003 academic year
these special fellowships carry a $20,000 stipend.

Please note that the request to be considered for financial
support is made on the application for admission, which
must be received by the February 1 deadline. No separate
application is needed.

Teaching Experience
As most of the students in the program are aiming at
academic careers, teaching experience is a part of the
program.

A teaching assistant usually starts in the second year by
conducting problem sessions for freshman and sopho-
more calculus courses (four classroom hours per week).
Ordinarily, every student will have the opportunity to
teach independently several elementary courses.

Courses taught by teaching assistants are visited by fac-
ulty members who may offer feedback and suggestions.
These faculty members are also available to write letters
of recommendation for students who are completing
their degrees.

The balance between teaching, coursework, and re-
search duties is designed to best prepare the student to
enter the faculty ranks at a top-notch institution.

An ongoing graduate student colloquium gives graduate
students the opportunity to lecture to their peers on
advanced topics of their interest.

The Program of Studies
A new graduate student should plan to arrive at Notre
Dame several days before registration. The student will
be assigned an initial adviser. The student should talk
with the Director of Graduate Studies (DGS), with the
initial adviser, and with other faculty members, to get
acquainted with the department and to decide on
appropriate first-year courses.

In the first year, a student registers for four courses
per semester. Four basic courses is a common load, but
students are permitted and encouraged to place out of
basic courses if they arrive with an adequate knowledge
of the material (the procedure for doing this is de-
scribed later). A first-year student not taking four basic
courses is expected to take topics courses and/or reading
courses to bring the course load to four.

Topics courses consist of 500- or 600-level courses
offered by the mathematics department except for the
basic courses below and the reading courses (698
and 699).
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The basic course sequences, each consisting of two
semesters, are as follows:

601–602 Basic Algebra
Standard results in group theory and ring theory; mod-
ules, linear algebra, multilinear algebra; Galois theory;
Wedderburn theory; elements of homological algebra;
introduction to an advanced topic in algebra.

603–604 Basic Real Analysis
Rigorous review of the calculus of several variables,
measure and integration on the real line and in general
measure spaces, Haar measure, Banach spaces, and Fou-
rier series.

605–606 Basic Complex Analysis
Analytic functions, Cauchy’s theorem, Taylor and Lau-
rent series, singularities, residue theory, complex mani-
folds, analytic continuation, conformal mappings,
entire functions, and meromorphic functions.

607–608 Basic Topology
Topological spaces and metric spaces; the fundamental
group and covering spaces, homology theory, and basic
theorems in algebraic topology.

609–610 Basic Modern Logic
Propositional calculus and predicate logic, complete-
ness, compactness, omitting types theorems, results on
countable models; recursive and recursively enumerable
sets, Turing degrees, the Friedberg-Muchnik theorem,
minimal degrees; axioms of ZFC, ordinals and cardi-
nals, constructible sets.

Track Requirements
Students considering a particular track of specialization
should make sure to take (or place out of ) the basic
course sequences required for that track. The require-
ments are as follows.

Algebra: Algebra, Topology, and either Complex
Analysis or Real Analysis.

Algebraic Geometry: Algebra, Complex Analysis, and
Topology.

Complex Analysis: Complex Analysis, Real Analysis,
and either Algebra or Topology.

Partial Differential Equations: Complex Analysis, Real
Analysis, and either Algebra or Topology.

Differential Geometry: Complex Analysis, Real
Analysis, and Topology.

Logic: Logic, Algebra, and any one of Complex
Analysis, Real Analysis, or Topology.

Topology: Topology, Algebra, and either Complex
Analysis or Real Analysis.

For Applied Mathematics, the basic sequences must
have the approval of the adviser.

A first-year student may be able to place out of one or
both semesters of a basic course. To do so, the student
must convince the faculty member teaching the basic
course that he or she has mastered the material on the
syllabus. A student who places out of a basic course
substitutes a readings course or a topics course. Thus,
by placing out of one or more basic courses, the student
may be able to accelerate the process of choosing a
permanent adviser and an area of research.

The selection of a track of specialization normally oc-
curs toward the end of the first year. Students should
explore possible areas of research as soon as possible, by
taking topics and readings courses, attending depart-
ment colloquia and seminars, and talking with various
faculty members.

In the second year, a student normally registers for
three courses per semester, two from among the basic
courses and topics courses, plus a readings course with
an adviser. After the second year, a student normally
registers for one course of research and dissertation with
the adviser, plus further courses of particular interest or
importance.

The third and subsequent years concentrate on thesis
work supplemented by mathematics electives and/or
seminars in related fields.

Foreign Languages
In addition to English, a reading knowledge of one
other approved language is required. The University’s
language departments offer summer courses for gradu-
ate students. For international students, a course in
English as a second language is available through the
Graduate School.

Course Descriptions
The following course descriptions give the number and
title of each course.

Basic sequences 600-610, seminars 671-686, and read-
ing and research courses 698-700 are offered every year.
The courses numbered 512-522 and 621-666 are topics
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courses. Each year topics courses are offered in algebraic
geometry, differential geometry, algebra, partial differ-
ential equations, complex analysis, topology, logic, and
applied mathematics. The particular topics change
(probably never repeating), and the instructors rotate
within groups.

Thus, students are exposed to a variety of topics in
which various members of the faculty have interest and
expertise.

The list below includes the courses offered every year,
plus a typical selection of topics courses. Each course
listing includes:

– Course Number
– Title
– (Lecture hours per week–laboratory or tutorial
   hours per week–credits per semester)
– Instructor
– Course Description
– (Semester normally offered)

513 Coding Theory (Migliore, Rosenthal)
(3-0-3) An introductory seminar with the ultimate goal
of covering the recent developments in algebraic coding
theory involving the interconnection between algebraic
curves over finite fields and Goppa codes.

517 Foundations of Computational Mathematics
(Staff )
(3-0-3) The course is a solid theoretical introduction to
numerical analysis. Topics covered include polynomial
interpolation, least squares, numerical integration, nu-
merical linear algebra, an introduction to numerical
solutions of ordinary and partial differential equations.

521–522 PDE and Applied Mathematics (Hu)
(3-0-3), (3-0-3) Basic estimates, fixed point theorems
and the theory of elliptic second order partial differen-
tial equations. Second semester, these tools are used to
study problems in applied mathematics, such as free
boundary problems and variational inequalities.

521–522 PDE and Applied Mathematics (Hu)
(3-0-3), (3-0-3) Basic estimates, fixed point theorems,
and the theory of elliptic second-order partial differen-
tial equations. Second semester these tools are used to
study problems in applied mathematics, such as free
boundary problems and variational inequalities.

597 Directed Readings (Staff )
(V-V-V)

600 Differentiable Manifolds (Staff )
(3-0-3) This is a new graduate course that will be of-
fered every year. The topics covered will include: differ-
entiable manifolds, vector fields, differential forms, and
tensor analysis; inverse and implicit function theorems,
transversality, Sard’s theorem, Morse theory, integration
on manifolds, Stokes Theorem, and de Rham
cohomology.

601–602 Basic Algebra (Staff )
(3-0-3), (3-0-3) Standard results in group theory and
ring theory; modules, linear algebra, and multilinear
algebra; Galois theory; Wedderburn theory; elements of
homological algebra; and introduction to an advanced
topic in algebra.

603–604 Basic Real Analysis (Staff )
(3-0-3), (3-0-3) Rigorous review of the calculus of sev-
eral variables, measure and integration on the real line
and in general measure spaces, Haar measure, Banach
spaces, and Fourier series.

605–606 Basic Complex Analysis (Staff )
(3-0-3), (3-0-3) Analytic functions, Cauchy’s theorem,
Taylor and Laurent series, singularities, residue theory,
complex manifolds, analytic continuation, conformal
mappings, entire functions, and meromorphic func-
tions.

607–608 Basic Topology (Staff )
(3-0-3), (3-0-3)  Topological spaces and metric spaces,
the fundamental group and covering spaces, homology
theory, and basic theorems in algebraic topology.

609–610 Basic Modern Logic (Staff )
(3-0-3), (3-0-3) Propositional calculus and predicate
logic, completeness, compactness, omitting types theo-
rems, and results on countable models; recursive and
recursively enumerable sets, Turing degrees, the
Friedberg-Muchnik theorem, minimal degrees; and axi-
oms of ZFC, ordinals and cardinals, constructible sets.

611 Geometric Methods for Dynamical Systems
(Alber)
(3-0-3) This class reviews the linear and nonlinear dy-
namical systems, such as Duffing’s, Van der Pol’s and
Lorentz equations, geometry of the phase space, sym-
plectic structures, variational methods, nonlinear
Hamiltonian systems, integrable systems, quasiperiodic
motion, averaging method, discrete dynamical systems,
and the logistic function.

We also cover bifurcation phenomena and transition to
chaos and theory of patterns. These include Hamilto-
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nian vector fields, normal forms, stable and unstable
manifolds, structural stability, Poincaré maps, Liapunov
exponents, power spectra, Hopf bifurcation, Smale
diffeomorphism, perturbations of nonlinear systems,
the geometric structure of the perturbed phase space,
chaos and nonintegrability in Hamiltonian systems,
KAM theory, perturbation of homoclinic orbits, and
Poincare-Melnikov method (for example, Arnold diffu-
sion, symbolic dynamics, hyperbolic sets, strange
attractors, and numerical route to chaos). Theory of
patterns includes fractals, the Julia and Mandelbrot sets,
lattice-based models, pattern dynamics in physics and
biology, pattern inference, pattern recognition, and
metric pattern theory.

612 Discrete Mathematics (Rosenthal)
(3-0-3) The course will provide an introduction into
different subjects of discrete mathematics. Topics in-
clude: Graph theory: Trees and graphs, Eulerian and
Hamiltonian graphs; tournaments; and graph coloring
and Ramsey’s theorem. Applications to electrical net-
works. Enumerative combinatorics: Inclusionexclusion
principle, Generating functions, Catalan numbers,
tableaux, linear recurrences and rational generating
functions, and Polya theory. Partially ordered sets: Dis-
tributive lattices, Dilworth’s theorem, Zeta polynomials,
and Eulerian posets. Projective and combinatorial ge-
ometries, designs and matroids.

613 Optimization (Faybusovich)
(3-0-3)  Vector spaces and convex sets, Convex hull,
theorems of Caratheodory and Radon, Helly’s theorem,
convex sets in Euclidean space, the Krein-Milman theo-
rem in Euclidean space, extreme points of polyhedra,
applications, the moment curve and the cyclic
polytope, the cone of nonnegative polynomials, the
cone of positive semidefinite matrices, the idea of
semidefinite relaxation,  and semidefinite program-
ming. Cliques and the chromatic number of a graph,
the Schur-Horn theorem, and the Toeplitz-Hausdorff
theorem.

614 Applied Analysis (Hu)
(3-0-3) Laplace equations: Green’s identity, fundamental
solutions, maximum principles, Green’s functions,
Perron’s methods. Parabolic equations: Heat equations,
fundamental solutions, maximum principles, finite dif-
ference and convergence, Stefan problems. First order
equations: Characteristic methods, Cauchy problems,
vanishing of viscosity, and viscosity solutions. Real ana-
lytic solutions: Cauchy-Kowalevski theorem, Holmgren
theorem.

621–622 Topics in Algebraic Geometry (Sommese)
(3-0-3), (3-0-3) Topics from recent years include geom-
etry of compact complex surfaces, complex adjunction
theory, and intersection theory of algebraic schemes.

647–648 Differential Geometry (Staff )
(3-0-3), (3-0-3) This course provides an introduction to
modern differential geometry. Topics include: Rieman-
nian manifolds, connections, parallel translation, geo-
desics, the exponential map, the torsion and curvature,
Jacobi fields, first and second variation of arc length,
cut loci and conjugate locus, and elementary compari-
son theorem.

651–652 Topics in Algebra (Dyer)
(3-0-3), (3-0-3) Basic properties of polytopes and poly-
hedra with an emphasis on counting the numbers of
faces using techniques from commutative algebra and
representation theory.

653–654 PDE Methods in Complex Analysis (Shaw)
(3-0-3) Methods of solving partial differential equations
in complex analysis. Central questions: solutions of
Cauchy-Riemann equations in several variables, regular-
ity of solutions up to the boundary, and solvability and
estimates for tangential Cauchy-Riemann equations on
the boundaries.

655–656 Topics in Complex Analysis (Stanton)
(3-0-3) Complex manifolds. Hermitian and Kähler
manifolds. Connections, curvature, Chern classes on
holomorphic vector bundles, Hodge theorem. Sheaf
theory. Kodaira embedding theorem.

657 Topics in Topology (Dwyer)
(3-0-3) Emphasizes homotopy theory. Dual purpose: to
impart to the student a certain amount of basic infor-
mation (fibre bundles, spectral sequences, cohomology
operations, etc.) and to teach the student how to
grapple with the existing and extensive advanced mate-
rial in an inquiring but skeptical way.

658 Ends of Manifolds and Maps (Connolly)
(3-0-3) The initial solutions of the question as to when
a manifold is the interior of a compact manifold with
boundary (by Browder-Livesay, Levine, and
Siebenman); the recasting of this theory by Quinn with
its far-reaching consequences.

661 Computable Structures and the Hyperarithmetical
Hierarchy (Knight)
(3-0-3) Results connect definability in computable
structures with bounds on complexity. The results apply
to familiar kinds of mathematical structures (vector
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spaces, orderings, Boolean algebras). The proofs involve
priority constructions, arbitrarily nested, and forcing.

662 Topics in Logic-Finite Model Theory (Buechler)
(3-0-3) An overview of the model theory of classes of
finite structures. Fagin’s theorem, Ehrenfeucht games,
0–1 laws, and ultra-products of finite structures.
Generic structures and limits of finite structures are
discussed.

665 Elements of Symplectic Geometry and Nonlinear
Integrable Problems (Alber)
(3-0-3) Methods of symplectic geometry: those which
use interesting examples from the applications of analy-
sis and those which serve as links between geometry
and modern analysis; unexpected results in both pure
and applied mathematics via the application of such
methods to nonlinear Hamiltonian systems.

666 Topics in Differential Geometry (Staff )
(3-0-3) This is an advanced topics course in differential
geometry. The following topics were taught in previous
years: geometry of submanifolds, minimal surfaces,
manifolds of nonpositive curvature, analysis on sym-
metric spaces, sympletic geometry, and complex differ-
ential geometry and spectral geometry.

671–672 Seminar in Algebra (Staff )
(V-0-V), (V-0-V)

673–674 Seminar in Analysis (Staff )
(V-0-V), (V-0-V)

675–676 Seminar in Complex Analysis (Staff )
(V-0-V), (V-0-V)

677–678 Seminar in Topology (Staff )
(3-0-3), (3-0-3)

681–682 Seminar in Mathematical Logic (Staff )
(V-0-V), (V-0-V)

683–684 Seminar in Number Theory (Staff )
(V-0-V), (V-0-V)

685–686 Seminar in Geometry (Staff )
(V-0-V), (V-0-V) The actual topics studied in courses
numbered 671 through 686 will appear on the student’s
transcript when possible.

Other Graduate Courses
697 Directed Readings (Staff )
(V-0-V)

699 Research and Dissertation (Staff )
(V-V-V) Research and dissertation for resident graduate
students.

700 Nonresident Dissertation Research (Staff )
(0-0-1) Required of nonresident graduate students who
are completing their dissertations in absentia and who
wish to retain their degree status.

Faculty
(with PhD-granting institution and a selection of recent
publications)

Mark S. Alber (Pennsylvania 1990), professor
Alber, M.S., R. Camassa, Y. Fedorov, D.D. Holm and

J.E. Marsden, The Complex Geometry of Weak
Piecewise Smooth Solutions of Integrable Nonlinear
PDE’s of Shallow Water and Dym Type,
Commun.Math.Phys.,  221:197-227, 2001.

Alber, M.S. and Yu.N. Fedorov, Algebraic Geometrical
Solutions for Certain Evolution Equations and
Hamiltonian Flows on Nonlinear Subvarieties of
Generalized Jacobians, Inverse Problems, 17:1017-
1042, 2001.

Alber, M.S., G.G. Luther and C. Miller, On Soliton-
type Solutions of the Equations Associated with N-
component Systems, J.Math.Phys., 41:284-316,
2000.

Katrina D. Barron (Rutgers 1996), assistant professor
Barron, K., N=1 Neveu-Schwarz vertex operator

superalgebras over Grassmann algebras and with odd
formal variables, in Representations and Quantiza-
tions: Proceedings of the International  Conference
on Representation Theory, 1998, ed.  by J. Wang and
Z. Lin, China Higher Education Press & Springer-
Verlag, Beijing, 9–36, 2000.

Barron, K., Y.-Z. Huang, and J. Lepowsky, Factoriza-
tion of formal exponentials and uniformization, J. of
Algebra, 228:551-579, 2000.

Barron, K., A supergeometric interpretation of vertex
operator superalgebras,  Int. Math. Res. Notices, No.
9, 1996, Duke University Press, 409-430.

Mario Borelli (Indiana 1961), associate professor
Borelli, M.Variedades casi-proyectivas y divisoriales.

Publicationes del Institutlo de Matematicas de la
Universidad Nacional Interamericana, Lima, Peru, in
press.

Borelli, M. The cohomology of divisorial schemes.  Pa-
cific J. Math. 37:1–7, l97l.
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Borelli, M. Affine complements of divisors.  Pacific J.
Math. 3l : 595–605, 1969.

Steven A. Buechler (Maryland 1981), chair and
professor

Buechler, S., and C. Hoover, Classification of small
types of rank w, part I, J. of Symbolic Logic, to appear.

Buechler, S., A. Pillay, and F. Wagner, Supersimple
theories, Journal of the AMS, No. 1, 14:109-124,
2000.

Buechler, S. Lascar strong types in some simple theo-
ries, J. of Symbolic Logic, No. 2, 64:817-824, 1999.

Jianguo Cao (Pennsylvania 1989), professor
Cao, J., and F. Xavier, Kahler parabolicity and the Euler

number of compact manifolds of non-positive sec-
tional curvature, Mathematische Annalen  No. 3,
319:493-491, 2001.

Cao, J., J. Cheeger, and X. Rong, Splittings and Cr-
structures for manifolds with nonpositive sectional
curvature, Inventiones Mathematicae, 144:139-167,
2001.

Cao, J., Cheeger isoperimetric constants of Gromov-
hyperbolic spaces with quasi-pole, Communication in
Contemporary Math., No. 4, 2:511-533, 2000.

Karen Anne Chandler (Harvard 1992), assistant
professor

Chandler, K. A.,  A brief proof of a maximal rank theo-
rem for generic double points in projective spaces,
Trans. Amer. Math. Soc., No. 5, 353:1907-1920,
2001.

Chandler, K. A.,  Higher infinitesimal neighbourhoods,
J. of Algebra, No. 2, 205:460-479, 1998.

Chandler, K. A., Geometry of dots and ropes, Transac-
tions of the Amer. Math. Soc., No. 3, 347:767-784,
1995.

Peter Cholak (Wisconsin 1991),  associate professor
Cholak, P., C. Jockusch and T. Slaman,   The strength

of Ramsey’s theorem for pairs, J. Symbolic Logic,
6:185 -196, 2000.

Cholak, P.,  and L. Harrington,   Definable encodings
in the computably enumerable sets, B. Symbolic
Logic, 6, no. 2, 185-196, 2000.

Cholak, P.  Automorphisms of the lattice of recursively
enumerable sets, Memoirs of Amer. Math. Soc., 113
no. 541, Amer. Math. Soc., 1995, 151 pages.

Francis X. Connolly (Rochester 1965), professor
Connolly, F. X., and D. Anderson: Finiteness obstruc-

tions to cocompact actions on  Sm ¥ Ân. Comment.
Math. Helvetici   68:85-110, 1993.

Connolly, F. X.,  and T. Kozniewski.  Examples of lack
of rigidity in crystallographic groups.

In  Lecture Notes in Mathematics - Algebraic Topology,
Poznan, 1989, vol. 1474, pp. 139–45.  Berlin-
Heidelberg: Springer-Verlag, 1991.

Connolly, F. X.,  and T. Kozniewski, Rigidity and crys-
tallographic groups 1, Inventiones Mathematicae
99:25–48, 1990.

John E. Derwent (Notre Dame 1960), associate
professor

Derwent, J. E.  A note on numerable covers. Proc. Am.
Math. Soc.  l9:1130–32, 1968.

Derwent, J. E.  Inverses for fiber spaces. Proc. Am.
Math. Soc. l9:l49l–94, 1968.

Derwent, J. E. Handle decompositions of manifolds.  J.
Math. Mech.  l5:329–46, l966.

Jeffrey Diller (Michigan 1993), assistant professor
Diller, J., and C. Favre, Dynamics of bimeromorphic

maps of surfaces,  American Journal of Mathematics,
in press.

Diller, J., and M. Jonsson, Topological entropy on
saddle sets in P 2,  Duke Mathematical Journal, No.
2,  103:261-278, 2000.

Barrett, A., and J. Diller, A new construction of Ri-
emann surfaces with corona, Journal of Geometric
Analysis, No. 3, 8:341-347. 1998.

William G. Dwyer (MIT 1973), William J. Hank
Family Professor of Mathematics

Dwyer, W. G., and C. W. Wilkerson, The elementary
geometric structure of compact Lie groups,  Bull.
London Math. Soc.  30:337-364, 1998.

Dwyer, W. G.  Transfer maps for fibrations, Math. Proc.
Camb. Phil. Soc. 120:221–35, 1996.

Dwyer, W. G., and J. Spalinski, Homotopy theories and
model categories, Handbook of Algebraic Topology ,
pp. 73–126, ed. I. M. James. Amsterdam: Elsevier,
1995 .

Matthew J. Dyer (Sydney 1988), associate professor
Dyer, M. J. Representation theories from coxeter

groups, Canadian Math. Soc. Conference Proc.
16:105–139, 1995.

Dyer, M. J.  Bruhat intervals, polyhedral cones and
Kazhdan-Lusztig-Stanley polynomials, Math. Z.
215:223–236, 1994.

Dyer, M. J.  The nil Hecke ring and Deodhar’s conjec-
ture on Bruhat intervals, Inv. Math. III: 571–574,
1993.

Samuel Evens (MIT 1988), associate professor
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Evens, S., and I. Mirkovic.  Fourier transform and the
Iwahori-Matsumoto involution, Duke Math. Journal,
86:435-464, 1997.

Evens, S., and J-H. Lu.  Poisson harmonic forms,
Kostant Harmonic Forms, and the S1-Equivariant
Cohomology of K/T, Advances in Math., 142:171-
220, 1999.

Evens, S., and I. Mirkovic, Characteristic cycles for the
loop Grassmannian and nilpotent orbits, Duke Math.
Journal, 97:109-126, 1999.

Leonid Faybusovich (Harvard 1991), professor
Faybusovich, L. Semi definite programming: a path-

following algorithm for a linear–quadratic functional,
SIAM Journal on Optimization  6(4):1007–24, 1996.

Faybusovich, L.  A Hamiltonian structure for general-
ized affine-scaling vector fields,  Journal of Nonlinear
Science,  5:11–28, 1995.

Faybusovich, L.  On a matrix generalization of affine-
scaling vector fields, SIAM Journal of Matrix Analysis
and Applications   16(3):886–97, 1995.

Michael Gekhtman (Ukrainian Academy of
Science 1990), assistant professor

Faybusovich L, Gekhtman M. 2000. Poisson brackets
on rational functions and multi-Hamiltonian struc-
ture for integrable lattices. Phys Lett A 272 (4):
236–244.

Faybusovich L, Gekhtman M. 2000. Elementary Toda
orbits and integrable lattices. J Math Phy 41:
2905–2921.

Alber, MS, Camassa R, Gekhtman, M, 2000. On bil-
liard weak solutions of nonlinear PDEs and Toda
flows, CRM Proc Lecture Notes

Abraham Goetz (Wroclaw 1957), associate professor
emeritus

Logic. Universal algebras, differential geometry.

Michael Gursky (California Institute of Technology
1991)  associate professor

Gursky, M.J., and J. Viaclovsky, A new variational char-
acterization of three-dimensional space forms,
Inventiones Math., 145:251-278, 2001.

Gursky, M.J., The Weyl functional, deRham
cohomology, and Kahler-Einstein metrics, Annals of
Math., 148:315-337, 1998.

Gursky, M.J., and C. LeBrun, Yamabe invariants and
spin^c structures, Geom. and Funct. Anal.,  8:965-
977, 1998.

Alexander J. Hahn (Notre Dame 1970), professor
Hahn. A. J. The elements of the orthogonal group W

n

(V) as products of commutators of symmetries, sub-
mitted, J. Algebra 184, 927-944, 1996.

Hahn, A. J. Quadratic algebras, Clifford algebras and
arithmetic Witt Groups.  UNIVERSITEXT Series.
Berlin and New York: Springer-Verlag, 1994.

Hahn, A. J. and O. T. O’Meara,  The classical groups
and K-Theory. In Grundlehren der Mathematik, vol.
291,  Berlin and New York:  Springer-Verlag, 1989.

Brian Hall (Cornell 1993), associate professor
Hall, B.C.,  Harmonic analysis with respect to heat ker-

nel measure, Bull. Amer. Math. Soc.,  38:43-78, 2001.
Hall, B.C., Geometric quantization and generalized

Segal-Bargmann transform for Lie groups of compact
type, Commun. Math. Phys., in press.

Hall, B.C., The Segal-Bargmann “coherent state” trans-
form for compact Lie groups, J. Functional Analysis,
122:103-151, 1994.

Qing Han (Courant 1993), assistant professor
Han, Q.  Singular sets of Solutions to Elliptic Equa-

tions, Indiana J. of Math.,  43:983-1002, 1994.
Han, Q.,  R. Hardt, and F.-H. Lin,  Geometric measure

of singular sets of elliptic equations,  Comm. Pure
Appl. Math.,  51:1425-1443, 1998.

Han, Q.  On the Schauder estimates of solutions to
parabolic equations,  Annali Sculo Di Pisa, 27:1-26,
1998.

A. Alexandrou Himonas (Purdue 1985), professor
Himonas, A.A., and G. Misiolek, Global Well-

Posedness of the Cauchy problem for a shallow water
equation on the circle.  Journal of Differential Equa-
tions, 161:479-495, 2000.

Himonas, A.A., and G. Petronilho,  Global
hypoellipticity and simultaneous approximability,
Journal of Functional Analysis, 170:356-365, 2000.

Cordaro, P.D., and A.A. Himonas. Global analytic
hypoellipticity for sums of squares of vector fields.
Trans.  Am.  Math. Soc. 350(12):4993-5001, 1998.

Richard Hind (Stanford 1997), assistant professor
Hines R, Burns D,. Symplectic geometry and the

uniqueness of Grauert tubes.  Geom Funct Anal
11(1), 1-10, 2001

Hind, R., Holomorphic filling of RP3, Comm. In
Contemp. Math., 3:349-363, 2000

Hind, R., Filling byholomophic disks with weakly
pseudoconvex boundary conditions, J. Geom, and
Funct. Anal., 7:462-495, 1997

Alan Howard (Brown 1965), professor
Beltrametti, M.C., A. Howard, M. Schneider, and A.J.

Sommese.  Projections from Subvarieties, in Com-
plex Analysis and Algebraic Geometry:  A Volume in
Memory of Michael Schneider, de Gruyter, 2000.
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Chandler, K.A.,  A. Howard, and A.J. Sommese.  Re-
ducible Hyperphase sections I, J. Math. Soc. Japan,
51(4):887-910, 1999.

Howard, A., and A. J. Sommese, On the theorem of
DeFranchis.  Ann. Scuola  Norm. Sup. Pisa
10(3):429–436, 1983.

Bei Hu (Minnesota 1990), professor
Friedman, A., B. Hu and J.J.L. Velazquez, The evolu-

tion of stress intensity factors in the propagation of
cracks in elastic media, Arch. Ration. Mech. Anal,
152:103-139, 2000.

Friedman, A., and B. Hu, Head-media interaction in
magnetic recording, Archive for Rational Mechanics
and Analysis 140:79-101, 1997.

Hu, B. and H.-M. Yin, The profile near blowup time
for solutions of the heat equation with a nonlinear
boundary condition, Transactions of the American
Mathematical Society    346(1):117-135, 1994.

Julia F. Knight (California at Berkeley 1972), Charles L.
Huisking Professor of Mathematics

Knight, J. F.,  True appoximations and models of arith-
metic, to appear in Logic Colloquium ’97, ed. by Coo-
per and Truss.

Knight, J. F., Coding a family of sets, Annals of Pure
and Applied Logic   94:127-142, 1998.

Knight. J. F., and B. Luense, Control theory, modal
logic, and games, Hybrid Systems IV, ed. by Antsaklis,
et. al., 1997, pp. 160-173.

Francois Ledrappier (Univ. Paris VI 1975), professor
Ergodic properties of linear actions of 2 x 2 matrices

(with Mark Pollicott), to appear Duke Math. J.
Geodesic paths and horocycle flow on Abelian covers

(with Martine Babillot), in Proceedings of the Interna-
tional Colloquium on Lie Groups and Ergodic Theory,
Mumbai 1996, Narosha Pub. House, New Dehli
(1998), 1-32

Harmonic measures and Bowen-Margulis measures,
Israel J. Math., 71 1990), 275-287.

Xiaobo Liu (Pennsylvania 1994), associate professor
Heintze, E. and X. Liu,  Homogeneity of infinite di-

mensional isoparametric submanifolds, Annals of
Mathematics, 149:149-81, 1999.

Liu, X., and G. Tian, Virasoro Contraints for Quantum
Cohomology, J. Differential Geom.,  50:537-91,
1998.

Liu, X., Volume minimizing cycles in compact Lie
groups, American Journal Of Mathematics, 117:1203-
48, 1995.

Cecil B. Mast (Notre Dame 1956), associate professor
emeritus

Applied mathematics. Differential geometry, relativity.

George McNinch (Oregon 1996), assistant professor
McNinch, G. Dimensional Criteria for Semisimplicity

of Representations,  Proc. London Math Soc., 76:95-
149, 1998.

McNinch, G. Semisimplicity of Exterior Powers of
Semisimple Representations of Groups, J. Algebra,
225, 2000.

McNinch, G.  Filtrations and Positive Characteristic
Howe Duality,  Mathematische Zeitschrift, to appear.

Juan C. Migliore (Brown 1983), professor
Kleppe, R.M., J. Migliore, R. Miro-Roig, U. Nagel and

C. Peterson,  Gorenstein Liaison, Complete Intersec-
tion Liaison Invariants and Unobstructedness, Mem-
oirs of the Amer. Math. Soc., Vol. 154, 2001.

Migliore, J., U. Nagel and C. Peterson, Buchsbaum-
Rim sheaves and their multiple sections, J. Algebra,
219:378-420, 1999.

Migliore, J.  Introduction to Liaison Theory and Defi-
ciency Modules,  Birkhauser, Progress in Mathematics
Vol. 165, Boston 1998.

Gerard Misiolek (SUNY Stony Brook 1992), associate
professor

Himonas, A., and G. Misiolek, The Cauchy problem
for a shallow water type equation, Commun. P.D.E.
23(1&2):123-139, 1998.

Misiolek, G., The exponential map on the free loop
space is Fredholm,  Geom. Funct. Anal.  7:954-969,
1997.

Misiolek, G., Conjugate points in  D
µ
(T2), Proc. Am.

Math. Soc. 124:977-982, 1996.

David P. Nicholls (Brown 1998), assistant professor
Craig, W., and D. P. Nicholls, Traveling Two and Three

Dimensional Capillary Gravity Water Waves, SIAM
Journal on Mathematical Analysis, No. 2, 32:323-359,
2000.

Nicholls, D. P., and F. Reitich, A New Approach to
Analyticity of Dirichlet-Neumann Operators, to ap-
pear in Proceedings of the Royal Society of
Edinburgh: A.

Nicholls, D. P., and F. Reitich, A Stable High-Order
Perturbative Method for the Computation of
Dirichlet Neumann Operators, Journal of Computa-
tional Physics, No. 1, 170: 276-298, 2001.

Liviu Nicolaescu (Michigan State 1994), assistant
professor

Nicolaescu, L., Adiabatic limits of the Seiberg-Witten
equations on Seifert manifolds, Comm. Anal. and
Geom. 6:301-362, 1998.
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Nicolaescu, L., Generalized symplectic geometries and
the index of families of elliptic problems, Mem.
A.M.S.  128, No. 609, 1997.

Nicolaescu, L.,  The spectral flow, the Maslov index and
decompostions of manifolds, Duke. Univ. J. 80:485-
534, 1995.

Timothy O’Meara (Princeton 1953), Univeristy pro-
vost, and Rev. Howard J. Kenna Professor Emeritus
of Mathematics

Algebraic number theory, integral linear groups,
quadratic forms.

O’Meara T, Hahn AJ. 1989. The classical groups and
K-theory. In: Grundlehren Math, vol. 291. Berlin
and New York: Springer-Verlag.

Richard Otter (Indiana 1946), professor emeritus

Claudia Polini (Rutgers 1995), assistant professor
Corso, A., C. Polini, and B. Ulrich, The structure of

the core of ideals, Math. Ann., 321:89-105, 2001.
Polini, C., and B. Ulrich, Necessary and sufficient con-

ditions for the Cohen-Macaulayness of blowup alge-
bras, Composition Math., 119:189-211, 1999.

Polini, C., and B. Ulrich, Linkage and reduction num-
bers, Math. Ann.,  310:631-651, 1998.

Barth Pollak (Princeton 1957), professor emeritus
Algebra and number theory.

Joachim Rosenthal (Arizona State 1990), professor
Marcus, B., and J. Rosenthal, Codes Systems and

Graphical Models, IMA, Vol. 123 in Mathematics
and its Applications, series published by Springer
Verlag, 2001.

Rosenthal, J., and R. Smarandache.  Maximum distance
separable convolutional codes,  Applicable Algebra in
Engineering, Communication and Computing, No. 1,
10:15-32, 1999.

Rosenthal, J., and X. Wang.   The multiplicative inverse
eigenvalue problem over an algebraically closed field,
SIAM Journal Matrix Analysis and Applications, No.
2, 23:517-523, 2001.

Mei-Chi Shaw (Princeton 1981), professor
Michel, J., and M.-C. Shaw,  C∞ – regularity of solu-

tions of the tangential  CR–equations on weakly
pseudoconvex manifolds, Math. Ann.  147-162,
1998.

Michel, J., and M.-C. Shaw,  The   problem on do-
mains with piecewise smooth boundaries with appli-
cations.  Trans. Amer. Math. Soc., 311:4365-4380,
1999.

Chen, So-Chin, and M.-C. Shaw, Partial Differential
Equations in Several Complex Variables,  to be pub-
lished by AMS International Press 2000.

Michael Sigal (Tel Aviv Univ. 1976), professor

Brian Smyth (Brown 1966), professor
Smyth, B., and F. Xavier, Real solvability of the equa-

tion ∂w = pg and the topology of isolated umbilics,
Journal of Geometric Analysis  8:655-671, 1998.

Smyth, B. and F. Xavier. Eigenvalue estimates and the
index of Hessiau fields.  Bull. London Math. Soc 32:1-
4, 2000

Smyth, B, The geometry and equilibrium of an aniso-
tropic membrane, Preprint

Dennis M. Snow (Notre Dame 1979), professor
Snow, Dennis M., and J. Winkelmann.  Compact com-

plex homogeneous manifolds with large automor-
phism groups, Inventiones Math.  134:139-144,
1998.

Snow, Dennis M. and Manivel, L.  A Borel-Weil theo-
rem for holomorphic forms. Compositio Math.
103:351-365, 1996.

Snow, Dennis M. The nef value of homogeneous line
bundles and related vanishing theorems. Forum
Math., 7:385-392, 1995.

David Reed Solomon (Cornell Univ. 1998) visiting as-
sistant professor

Andrew J. Sommese (Princeton 1973), Vincent J.
Duncan and Annamarie Micus Duncan Professor
of Mathematics

Sommese, A.J., J. Verschelde, and C.W. Wampler,  Nu-
merical decomposition of the solution sets of polyno-
mial systems into irreducible components, SIAM
Journal on Nuerical Analysis, 38:2022-2046, 2001.

Morgan, A., A.J. Sommese, and C.W. Wampler, A
product-decomposition bound for Bezout numbers,
SIAM Journal on  Nuerical Analysis 32:1308-1325,
1995.

Kebekus, S., T. Peternell, A.J. Sommese, and J.A.
Wisniewski, Projective contact manifolds, Inventiones
Mathematicae 142:1—15, 2000.

Nancy K. Stanton (MIT 1973), professor
Stanton, N. K. Spectral invariants of pseudoconformal

manifolds. Proc. Symo. Pure Math. 54(2):551–57,
1993.

Stanton, N. K. The Riemann Mapping non-theorem,
Math. Intelligencer  14:32–36, 1992.

Stanton, N. K.  A normal form for rigid hypersurfaces
in C2,  Am. J. Math. 113:877–910, 1991.
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Sergei Starchenko (Novosibirsk 1987), associate
professor

Starchenko S, Miller C. 1998. The growth dichotomy
for o-minimal groups. Trans Am Math Soc.

Starchenko S, Peterzil Y. 1998. A trichotomy theorem
for o-minimal structures. Proc Lond Math Soc.

Wilhelm F. Stoll (Tübingen 1953), Vincent J. Duncan
and Annamarie Micus Duncan Professor Emeritus

Stoll W, Ru M. 1991. The Cartan conjecture for
moving targets. Proc Symp Pure Math.

Stoll W, Ru M. 1991. The second main theorem for
moving targets. J Geom Anal.

Stoll W. 1989. On the propagation of dependences.
Pacific J Math.

Stephan A. Stolz (Mainz 1984), Rev. John A. Zahm
Professor of Mathematics

Stolz, S.,  Multiplicities of Dupin hypersurfaces, Inv.
Math. 138:253-279, 1999.

Stolz, S., A conjecture concerning positive Ricci curva-
ture and the Witten genus, Math. Ann. 304:785-800,
1996.

Stolz, S., Simply connected manifolds of positive scalar
curvature. Ann.Math.  136:511–40, 1992.

Laurence R. Taylor (California at Berkeley 1971),
professor

Hughes, B.,  L. R. Taylor, S. Weinberger and B. Will-
iams.  Neighborhoods in Stratified Spaces with Two
Strata.  Topology,  39:873-919, 2000.

Hambleton, I.,  and L. R. Taylor. A Guide to the Cal-
culation of Surgery Obstruction Groups.  “Surveys
on Surgery Theory Volume I”,  (Ed. by: S. Cappell
and A. Ranicki and J. Rosenberg) Annals of Math.
Studies 145, Princeton U. Press (2000) pp.225-274.

Taylor. L.R.,  Smooth Euclidean 4-spaces with few sym-
metries. Geometry and Topology Monographs 2, Pro-
ceedings of the Kirbyfest,,  (Ed. by: J. Hass and M.
Scharlemann ) pp.563-569, 1999.

Vladeta Vuckovic (Belgrade 1953), associate professor
emeritus

E. Bruce Williams (MIT 1972), professor
Williams, B., Bivariant Riemann Roch Theorems, Ge-

ometry and Topology:Aarhus, 258:377-393, 2000.
Weiss, M., and B. Williams, Automorphisms of mani-

folds, Ann. of Math Stud., 149:165-220, 2001.
Dwyer, W., M.Weiss, and B.Williams, A parametrized

index theorem for the algebraic K-theory Euler class,
Acta Math.

Pit-Mann Wong (Notre Dame 1976), professor
Wong, P.-M. Holomorphic Curves into Spaces of Con-

stant Curvature.  In Complex Geometry, eds.  G.
Komatsu and Y. Sakane. New York:  Marcel Dekker,
1992.

Wong, P.-M. Diophantine Approximation and the
Theory of Holomorphic  Curves.  In  Proc. Symp. on
Value Distribution Theory in Several Complex Vari-
ables, Notre Dame Mathematics Lectures  12:115–56,
ed W. Stoll, 1992.

M. Ru and P.-M. Wong, Integral Points of Pn -{2n+1
hyperplanes in general  position}, Inventiones
Mathematicae  106:195–216, 1991.

Warren J. Wong (Harvard 1959), professor emeritus
Wong WJ. 1994. Bilinear and quadratic maps, and

some p-groups of class 2. J Alg 163(2):516–537.
Wong WJ. 1990. Rank 1 preservers on the unitary Lie

ring. J Aust Math Soc (Series A) 49:399–417.
Wong WJ. 1989. Powers of a prime dividing binomial

coefficients. Am Math Monthly 96:513–17.

Frederico J. Xavier (Rochester 1977), director of
graduate studies and professor

Xavier, F.J., Embedded, simply connected, minimal
surfaces with bounded curvature, to appear in GAFA.

Xavier, F.J., and S. Nollet, Global Inversion via the
Palais-Smale condition, to appear in Discrete and
Continuous Dynamical Systems, Series A.

Xavier, F.J., and V. Nitica, Schrodinger operators and
topological pressure on manifolds of negative curva-
ture, Proc. Symposia in Pure Mathematics, AMS
2001.

Online Application
Applicants may complete and submit the application
for graduate admission online. The URL for the Gradu-
ate School's online application is www.nd.edu/
~gradsch/applying/appintro.html.

Further Information
For further information please contact:

Attn: Director of Graduate Studies
University of Notre Dame
Department of Mathematics
Notre Dame, IN 46556–4618

Telephone: (574) 631–7245
E-mail: mathgrad@nd.edu
World Wide Web: www.science.nd.edu/math
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