
PROPOSED GRADUATE MATHEMATICS COURSES FOR 2010-2011
(April 2, 2010)

Math 5001: Linear Algebra, Instructor TBA, TR 9:30-10:50PM, CC507 (Fall 2010).

Vector spaces and subspaces over the real and complex numbers; linear independence
and bases; linear mappings; dual and quotient spaces; fields and general vector spaces;
polynomials, ideals and factorization of polynomials; determinant; Jordan canonical form.
Fundamentals of multilinear algebra.

Math 5041: Concepts of Analysis I, Instructor TBA, TR 12:30-1:50PM, CC447
(Fall 2010).

Advanced calculus in one and several real variables. Topics include topology of metric
spaces, continuity, sequences and series of numbers and functions, convergence, including
uniform convergence. Ascoli and Stone-Weierstrass theorems. Integration and Fourier
series. Inverse and implicit function theorems, differential forms, Stokes theorem.

Math 8011: Abstract Algebra I, instructor TBA, TR 2-3:20PM, CC527 (Fall 2010).
Math 8012: Abstract Algebra II (Spring 2011).

Course Description: a year-long, standard, graduate-level introduction to abstract alge-
bra, focusing on groups, rings, fields, and modules. Topics in the first semester include the
Standard Isomorphism Theorems, Sylow Theorems, Fundamental Theorem of Finitely
Generated Abelian Groups, and Jordan-Holder Theorem.

Course Prerequisites: The minimum prerequisite is Math 205 or equivalent. However,
students with a full year of undergraduate abstract algebra, and with at least one semester
of undergraduate linear algebra, are more likely to succeed. Moreover, students in this
course will be expected to have the mathematical maturity and experience to produce
clearly written and well reasoned proofs – or be able to rapidly develop these skills.

Possible Text: Dummit and Foote, Abstact Algebra, 3rd Edition.

Math 8013: Numerical Linear Algebra I, Prof. D. Szyld, TR 3:30–4:50, CC447 (Fall
2010).

This introductory graduate course is directed to any student interested in applied math-
ematics or applied science in general. It concentrates on the study of the solution of
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linear systems of algebraic equations and of eigenvalue problems. These topics are at the
core of many problems in science and engineering, especially the solution of differential
equations. Students learn to solve these problems, to do some computational mathemat-
ics (fundamental in today’s scientific world), and to analyze each possible method with a
critical mind. Topics to be covered include: matrix factorizations and their applications.
Conditioning and stability issues. Basic methods for eigenvalue problems, and for linear
systems.

Prerequisites: working knowledge of a computer language such as MATLAB, under-
graduate linear algebra (matrix analysis, subspaces, etc.), desire to understand the ideas
behind today’s scientific software, and to know when one can believe the computer results
obtained and when to question them.

Textbook: Numerical Linear Algebra, by L.N. Trefethen and D. Bau, III SIAM, 1997

Math 8014: Numerical Linear Algebra II, Prof. D. Szyld (Spring 2011).

This course is a blend of Linear Algebra and of Scientific Computing, and it concen-
trates on the study of the solution of linear systems of algebraic equations. This problem
lies at the core of many problems in science and engineering, including those arising from
the discretization of differential equations.

We will study mostly iterative methods, including the classical Jacobi, Gauss-Seidel,
etc, and more modern Krylov-based method, such as conjugate gradients or GMRES. The
objective is to solve large sparse systems, of the kind that arise in real applications.

We will look at the theory of these methods, as well as details of practical implementa-
tion.

The content of the course is pretty much independent of the first part (8013). The
prerequisites are: a previous course in numerical analysis (strongly recommended, e.g.,
5043, 8013, 8023), or permission of the instructor. You should be familiar with Matlab,
and/or some high level language.

Possible textbook: Yousef Saad, ”Iterative Methods for Sparse Linear Systems”, Sec-
ond edition, SIAM, 2003.

Math 8024: Numerical Differential Equations, Prof. B. Seibold, TR 2:00-3:20PM,
CC617 (Fall 2010)

This course is a continuation of Math 8023, Numerical Differential Equations I, Spring
2010. The topics include, but are not limited to the following. High order shock capturing,
shock tracking methods, particle methods, level set method, Hamilton-Jacobi equations,
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projection approaches for incompressible flows, simulation of multiphase fluid flow, im-
mersed interface and ghost-fluid methods. Prerequisites are multivariable calculus, fun-
damentals of ODE, PDE, and numerical analysis, as well as some basic knowledge of
numerical methods for PDE (such as from 8023 or a similar course or textbook).

Recommended textbooks are:
Randall J. LeVeque, Finite Difference Methods for Ordinary and Partial Differential

Equations - Steady State and Time Dependent Problems, SIAM, 2007;
L.N. Trefethen, Spectral Methods in MATLAB, SIAM, Philadelphia, 2000;
Randall J. LeVeque, Finite Volume Methods for Hyperbolic Problems, Cambridge Uni-

versity Press, 2002;
C.A.J. Fletcher, Computational Techniques for Fluid Dynamics I, Springer;
C.G. Canuto, M.Y. Hussaini, A. Quarteroni, T.A. Zang, Spectral Methods, Evolution

to Complex Geometries and Applications to Fluid Dynamics, Springer, 2007.
The main textbook(s) used will be announced in the first lecture.

1. Math 8031 (Section 001): Probability Theory, Prof. J. Galambos, TR
12:30-1:50PM, BB200 (Fall 2010).

The aim of the course is three-fold:(i) to give a sound foundation of probability the-
ory based on measure theory (ii) to provide applications both within other branches of
mathematics and to applied fields and (iii) to point out the distinction between probability
theory and decisions based on statistical arguments (recent problems in medical proce-
dures). More specifically, we start with the axioms, its consequences, random variables,
independence, unique extension of probability, weak laws, strong laws, the variety of
possible limiting distributions.The applications are spread in the topics covered.

Prerequisite: Math 3031 or permission from Dr. Galambos.
Text: Janos Galambos: Advanced probability Theory, 2nd ed.,1995, Marcel Dekker,

New York.

2. Math 8031 (Section 002): Probability Theory, Prof. J. Mehta, MWF 9-9:50AM,
CC617 (Fall 2010).

Prerequisite: Math 3031, Math 3032 or equivalent.
A student taking this course will be introduced to the topics in mathematics such as

Markov Chains, Exponential Distribution, Poisson Processes, Simulation and Brownian
Motion. These topics will be introduced with special reference to the field of Insurance
and Risk. Each student will be expected to write a short paper on one of the topics covered
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in the course. Alternatively, the student may do some additional reading on a topic to be
determined in consultation with the instructor.

Math 8041: Real Analysis I, Prof. W.-S. Yang, TR 9:30-10:50AM, CC447 (Fall
2010). Math 8042: Real Analysis II (Spring 2011).

The year-long sequence 8041-8042 covers the core areas of analysis. It focuses on the
development of Lebesgue measure and integration theory, differentiation, abstract mea-
sures and integration, Hilbert spaces, and Hausdorff measure and fractals. Emphasis will
be on exercises and problems.

Possible Textbook: Measure and Integral, An Introduction to Real Analysis, by R.
Wheeden and A. Zygmund, Marcel Dekker, 1977, ISBN: 0824764994.

Additional references:
(1) B. Makarov et al., Selected problems in real analysis, Translations of Math. Mono-

graphs, vol. 107, American Mathematical Society, 1992, ISBN: 0821809539. Containing
many beautiful exercises and problems at different levels of difficulty.

(2) Real Analysis : Measure Theory, Integration, and Hilbert Spaces (Princeton Lec-
tures in Analysis III) by Elias M. Stein and Rami Shakarchi, Princeton University Press
(2005), ISBN: 0691113866.

Prerequisites: Basic knowledge of real variables and Euclidean topology, sequences of
functions, Riemann integration.

Math 8051: Functions of a Complex Variable I, Instructor TBA, TR
11AM-12:20PM, CC527 (Fall 2010). Math 8052: Functions of a Complex Variable

II (Spring 2011).

Math 8051 covers: Elementary properties and examples of holomorphic functions; dif-
ferentiability and analyticity, the Cauchy-Riemann equations; power series; conformality;
complex line integrals, the Cauchy Integral Formula and Cauchy’s Theorem; applications
of the Cauchy Integral Formula- power series expansion for a holomorphic function, the
Maximum Modulus principle, the Cauchy estimates, Liouville’s Theorem; Singularities
of holomorphic functions, Laurent expansions, the calculus of residues and applications
to the calculation of definite integrals and sums; zeros of a holomorphic function, the
Argument Principle, Rouche’s Theorem, Hurwitz’s Theorem; conformal mappings.

The material covered in the year long sequence Math 8051-8052 provides the student
with a useful background needed in the study of many areas of mathematics including
number theory, several complex variables, partial differential equations, algebraic geom-
etry and differential geometry.
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Possible Textbook: Functions of One Complex Variable by John B. Conway (Springer-
Verlag);

Additional references:

(1) Function Theory of One Complex Variable by Robert E. Greene and Steven G.
Krantz (Wiley Interscience).

(2) Complex Analysis by Lars V. Ahlfors (McGraw-Hill);
(3) Princeton Lectures in Analysis II, Complex Analysis by Elias M. Stein and Rami

Shakarchi (Princeton University Press).

Prerequisite: Calculus of several variables and an undergraduate level course in com-
plex variables.

Math 8061: Smooth manifolds, Prof. D. Futer, TR 2-3:20PM, CC477

This course will be an introduction to the geometry and topology of smooth manifolds.
We will begin the fall semester with the definitions: what does it mean for a space to
(smoothly) look just like Rn? We will go on to study vector fields, differential forms (a
way to take derivatives and integrals on a manifold), and Riemannian metrics. In the
spring semester, we’ll study the interplay between the geometry of a manifold and certain
ideas from algebraic topology. We will review the idea of the fundamental group and
introduce homology – and then relate these algebraic notions to the underlying geometry.
If time permits, we will talk a bit about hyperbolic manifolds – a family of manifolds
where the interplay between topology and geometry is particularly strong and beautiful.

References and potential textbooks include: Introduction to Smooth Manifolds, by
John M. Lee Algebraic Topology, by Allen Hatcher Three-Dimensional Geometry and
Topology, by William P. Thurston

Prerequisites: concepts of analysis (Math 5041-42) and abstract algebra (Math 8011).

Math 8141: Partial Differential Equations I, Prof. C. Gutiérrez, TR 9:30-10:50AM,
CC617 (Fall 2010). Math 8142, Partial Differential Equations II (Spring 2010).

A partial differential equation (PDE) is an equation involving functions and their partial
derivatives, and since many natural laws can be expressed in terms of rates of changes,
PDEs appear and have applications in an enormous number of questions. For example,
PDEs describe the propagation of sound and heat, the motion of fluids, the behavior of
electric and magnetic fields, and the behavior of financial markets. In the first semester
the course will focus in the study of three second order equations that contain the ideas
and the germ of generality to study more general PDEs: the Laplace equation, the heat
equation, and the wave equation. We will also cover first order equations. The solutions
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of these equations have different qualitative and quantitative properties and their study is
essential to understand elliptic, parabolic and hyperbolic equations. The emphasis will be
on ideas and techniques presented in a way that can be use later to deal with more difficult
situations such us nonlinear equations. These extensions will be the subject of the second
semester.

The course will be useful for students in analysis, applied mathematics, and engineer-
ing.

Textbooks:
Partial Differential Equations, by L. C. Evans, Graduate Texts in Mathematics vol. 19,

American Mathematical Society, 1998, ISBN: 0-8218-0772-2.
Elliptic Partial Differential Equations of Second Order, by D. Gilbarg and N. S. Trudinger,

Springer, ISBN: 9783540411604.
Instructor’s notes.
Prerequisites: Basic concepts of real analysis; knowledge of Lebesgue integration is

useful but not required.

Math 8700: Topics Computer Program, Prof. I. Rivin, MW 5-6:20PM, CC617 (Fall
2010)

For Fall 2010: Introduction to Algorithms.
We introduce basic techniques of design and analysis of algorithms (together with the

required basics of combinatorial mathematics), and give many examples of their use in
mathematics.

Textbook: Cormen, Leiserson, Rivest, Stein.

Math 9000: Topics in Number Theory, Professor M. Knopp, TR 11AM-12:20PM,
CC507 (Fall 2010).

Analytic and algebraic number theory. Classical results and methods and special topics
such as partition theory, asymptotic, Zeta functions, transcendence, modular functions.

Math 9005: Combinatorial Mathematics, Prof. L. Theran, TR 5-6:20PM, CC507
(Fall 2010).

For Fall 2010: Graph Theory.
CONTENT:
This course will be an introduction to Graph Theory. Some of the topics covered will

be:
* Trees, connectivity, and matroids
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* Matchings and 2-factorizations
* Planarity, duality, and graph drawing
* Random graphs
We’ll be using ”Graph Theory” by Diestel as the main course text, with supplements

from more specialized monographs (e.g., ”Matching Theory” by Lovasz & Plummer,
”Matroid Theory” by Oxley) as necessary.

BACKGROUND:
The intent is that this course is largely self-contained, but students should be comfort-

able with:
* Basic counting
* Linear algebra
* Discrete probability
Additionally, since this is a graduate level course, students should be comfortable read-

ing and writing proofs.

Math 9041: Functional Analysis, Prof. I. Pesenson (Spring 2011).

Content:
1. Linear spaces; normed spaces; Banach spaces. Basic examples.
2. Hilbert spaces and orthonormal bases. Fejer’s Theorem and Fourier series in L2[−π, π].
3. Bounded linear operators in Banach spaces. Banach- Steinhaus and Banach theo-

rems.
4. Linear functionals, dual spaces and the Hahn-Banach theorem. Examples of linear

functionals in basic function spaces.
5. Compact operators.
6. Self-adjoint bounded operators and their spectral decomposition.
7. Unbounded self-adjoint and symmetric operators and their spectral decomposition.
8. Basics of distributions and distributional Fourier transform.
9. The scale of Sobolev spaces H s(Rn),−∞ < s < ∞, with applications to elliptic

differential operators with constant coefficients.
Prerequisites: Real Analysis 8042.
Text:
1. Lusternic, Sobolev, Elements of Functional Analysis.
2. W. Rudin, Functional Analysis.
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Math 9100: Topics in Algebra I, Prof. M. Lorenz, TR 9:30-10:50AM, CC527 (Fall
2010). Math 9110: Topics in Algebra II (Spring 2010.)

For 2010-2011, 9100-9110 will be a year-long course in Representation Theory.
Representations of groups, finite or infinite, feature in many areas of mathematics be-

sides algebra: they are indispensable tools in topology, combinatorics and advanced anal-
ysis, for example, and they are even heavily used outside mathematics, e.g., in chemistry
and in theoretical physics.

Initially, the emphasis in this course will be on representations of finite groups over the
complex numbers. Certain infinite groups (Lie groups) and Lie algebras will be consid-
ered later in the semester or in a possible sequel to this course in the following semester.
The graduate algebra sequence Math 8011/8012 will provide sufficient background; all
additional material will be explained as needed.

Textbook: William Fulton and Joe Harris: Representation Theory, A First Course.
Graduate Texts in Mathematics Vol. 129, Springer-Verlag, New York ISBN: 978-0-387-
97495-8.

Math 9300: Seminar in Probability I, Prof. W.-S. Yang , TR 3:30-4:50PM, CC507
(Fall 2010). Math 9310: Seminar in Probability II (Spring 20100).

In this course we will focus on current issues of research in classical and quantum
probability theory. The background topics cover martingales, Brownian motion, sto-
chastic integral, diffusion processes, stochastic differential equations, the Ito formula,
the Feynman-Kac functional and the Schrödinger equation, the Black-Scholes equation,
mathematical finance, and the principles of quantum probability and quantum computing.
The advanced topics will be then selected from areas of mathematical finance, stochastic
calculus, quantum computation and quantum information, depending on the interests of
students and the instructor. Rigorous probability theory, stochastic processes and quan-
tum information will be developed throughout the course. This course will give students a
solid foundation for their researches in the areas and also provide opportunities for general
students to learn probabilistic methods.

Prerequisites: graduate level real analysis, graduate level probability theory or permis-
sion by the instructor.

Text:
1. Wei-Shih Yang: Lecture Notes in Stochastic Calculus, 2009.
References:
1. Durrett, R., Probability: Theory and Examples, 2nd Edition, Duxbury Press, 1995.
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2. Durrett, R., Stochastic Calculus: A Practical Introduction, 2nd Edition, Probability
and Stochastics Series, CRC Press, 1996.

3. Ruth Williams ” Introduction to the Mathematics of Finance”, American Mathemat-
ical Society, 2006

4. Classical and Quantum Computation, by A. Yu Kitaev.
5. Quantum Computation and Quantum Information, by Michael A. Nielsen and Isaac

L. Chuang (Paperback - September 2000).

Math 9400: Topics in Analysis, Prof. I. Pesenson, TR 12:30-1:50PM, CC617 (Fall
2010)

For Fall 2010: Applied Harmonic Analysis
Content:
1. The L2-Fourier transform. The short-time Fourier transform. The Discrete Fourier

transform. The Fast Fourier transform.
2. Time-frequency analysis and the uncertainty principle.
3. Paley-Wiener theory of band-limited functions. Shannon sampling of band-limited

functions.
4. Discrete and continuous wavelet transform and multiresolution analysis.
5. Existence and structure of Gabor frames in L2(Rn).
6. Zak transform methods.
7. General Hilbert frames.
8. The Heisenberg group, its Schrödinger representation and their role in time-frequency

analysis.
9. Applications to Pseudodifferential operators.
10. Applications to signal processing.
Prerequisites. At least one of the following : Real Analysis, 8042, or Functional Anal-

ysis, 9042.
Textbook: Grochenig, Karlheinz, Foundations of time-frequency analysis. Applied and

Numerical Harmonic Analysis. Birkhäuser Boston, Inc., Boston, MA, 2001. xvi+359 pp.
ISBN: 0-8176-4022-3

Math 9410: Topics in Functional Analysis, Mendoza, TR 11AM-12:20PM, CC447
(Fall 2010). Math 9410: Topics in Functional Analysis (Spring 2010).

We plan a two semester sequence on linear partial differential operators. The first se-
mester will be primarily devoted to the general theory of pseudodifferential and Fourier
integral operators. The course will begin with an introduction to distribution theory, the
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Fourier transform, and Sobolev spaces, and continue with an analysis of singularities of
distributions (wave-front set). The theory of pseudodifferential operators will then be
presented and extended to Lagrangian distributions (from which the theory of Fourier
integral operators follows). Other technical topics will include continuity of pseudodiffer-
ential operators. Among the applications of pseudodifferential operators we will discuss
boundary value problems, and local (and microlocal) solvability. Applications of Fourier
integral operators include the Cauchy problem fro hyperbolic operators.

The second semester will be devoted to the analysis of certain classes of differential
operators on noncompact manifolds.

Textbook or the first semester: Notes by the instructor and selected sections of the
references below.

References:
– Duistermaat, J., Fourier integral operators.
– Chazarain, J. and Piriou, A., Introduction to the theory of linear partial differential
equations.
– Hörmander, L., The analysis of linear partial differential operators. Vol. I. Distribution
theory and Fourier analysis.
– Treves, F., Introduction to pseudodifferential and Fourier integral operators. Vol. 1:
Pseudodifferential operators; Vol. 2: Fourier integral operators.
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