Mathematics
MTH 3001 

Foundations in Mathematics and Theory 



2 QH

The purpose of this course is to provide a prerequisite for the courses:  Analysis of Algorithms and Automata and Formal Languages.  The topics covered are growth of functions, summations, recurrences, sets (relations vs. functions; graphs, trees), counting and probability.  Elementary proof techniques include mathematical induction, pigeon hole principle, contradiction, diagonalization, and propositional logic.  Carries no academic credit towards the Math M.S., M.A.T., or Ph.D. degrees.
MTH 3002 

Modern Algebra    





4 QH

An introduction to linear algebra and group theory, covering: vector spaces, linear maps, matrices and matrix algebra, row and column operations and their application to normal forms, determinants, characteristic subspaces, the characteristic and minimal polynomials, and symmetric groups.

MTH 3003 

Probability for Teachers





3 QH

Focuses on probability functions for finite and infinite spaces; conditional probability and independence; discrete and continuous probability distributions for one or more random variables; expectations, moments, binomial, Poisson and normal distributions, 

Law of Large Numbers, and central limit theorem.  Projects relate course content to the practice of teaching mathematics.  Prereq. MTH 1223 or equivalent.

MTH 3004 

Statistics for Teachers 





3 QH

Focuses on estimation of parameters, confidence intervals, hypothesis testing, regression, sampling distributions.  Projects relate course content to the practice of teaching mathematics.  Prereq. MTH 3003 or equivalent.
MTH 3005 

Number Theory for Teachers                     




3 QH

Introduces the elementary methods of analytic number theory.  Focuses on divisibility, congruences, arithmetical and multiplicative functions, quadratic reciprocity and equivalent formulations of the prime number theorem.  Projects relate course content to the practice of teaching.  Prereq. MTH 1330 or equivalent.
MTH 3006 

Complex Analysis for Teachers




3 QH

Focuses on algebra and geometry of complex numbers, concepts of limit, continuity and derivative in the complex domain; holomorphic functions, series, contour integration and applications.  Projects relate course content to the practice of teaching mathematics.  Prereq. MTH 1351 or equivalent.

MTH 3009 

Fundamentals of Analysis





4 QH

An introduction to real analysis and advanced calculus, covering: topology of metric spaces and Euclidean spaces, numerical sequences and series, limits and continuity, differentiation and integration of functions of a single variable.

MTH 3010 

Basics of Analysis






4 QH

Investigates differential calculus, including topology of metric spaces, compact and connected sets, continuous maps, uniform convergence, differentiable maps, the inverse and implicit function theorems, Riemann integration, and change of variables.  Prereq. MTH 3009 or placement exam.

MTH 3101 

Real Analysis






4 QH

Integration, differentiation, Lebesgue theory, Lp-spaces, linear functionals, Riesz representation theorem, Hilbert space, Radon-Nikodym theorem, product measures and Fubini theorem.  Prereq. MTH 3010 or equivalent.

MTH 3102 

Algebra 1: Linear Algebra





4 QH

Symmetric, Hermitian and unitary matrices, Jordan canonical form.  Quadratic forms, multi-linear algebra, the symmetric, exterior and tensor algebras.  Introduction to group theory.  Prereq. MTH 3002 or placement exam.
MTH 3103 

Complex Analysis






4 QH

Examines complex function theory:  holomorphic and meromorphic functions, calculus of residues, conformal mappings.  Prereq. MTH 3010 or equivalent.

MTH 3104 

Algebra 2: Groups, Rings, and Modules



4 QH

Continuation of group theory: Sylow theory, examples and classifications of groups of small order.  Rings: homomorphisms, ideals, quotient rings, integral domain, extension of rings, unique factorization domain, Chinese remainder theorem, Gauss’ lemma.  Modules: homomorphisms, submodules, quotient modules, exact sequence, structure of matrices and finitely generated modules over a PID, structure theory of finitely generated abelian groups.  Prereq. MTH 3102 or equivalent.

MTH 3105 

Topology 1






4 QH

Explores elements of point set topology, including general topological spaces, compactness and connectedness, products, and quotients.  Also considers elements of algebraic topology, including homotopy, fundamental group, and covering spaces.  Provides applications to simplicial complexes.

MTH 3106 

Functional Analysis





4 QH

Analyzes topological linear spaces, normed and Banach spaces, linear functionals, weak topology, linear operators, and Hilbert spaces.  Prereq. MTH 3101.
MTH 3107 

Topology 2: Homology Theory




4 QH

Explores singular homology groups, induced homomorphisms, exact homology sequence of a pair, excision, Mayer-Vietoris sequence, homology of CW complexes, and applications.  Prereq. MTH 3105.

MTH 3108 

Complex Analysis in Several Variables



4 QH

An introduction to complex analysis in several complex variables: integral formulas, domains of holomorphy, pseudoconvexity and plurisufharmonicity, L2 estimates, Stein manifolds and almost complex manifolds.  Prereq. MTH 3010, 3103 or equivalent.
MTH 3222 

Applied Statistics






4 QH

Designed as a basic introductory course in statistical methods for graduate students in Mathematics as well as various applied sciences.  Students will be introduced to the following topics: descriptive statistics, inference for population means, analysis of variance, nonparametric methods and linear regression.  Students will be taught how to use the computer package SPSS doing statistical analysis and interpreting computer outputs.

MTH 3311 

Mathematical Logic





4 QH

Includes propositional calculus and quantificational logic; first order theories and their models; formal arithmetic; the Godel First and Second Incompleteness Theorems.

MTH 3312 

History of Mathematics





4 QH

The course studies mathematics as a living, changing entity through historical eras and across a wide range of cultures.  Some of the mathematical topics considered in depth in their historical-social context are drawn from among the following:  prime numbers, limits, infinite series, the notion of algorithm, the concept of function, engineering applications.  Prereq. MTH 3009 or equivalent.
MTH 3321 

Algebra 3: Galois Theory





4 QH

Studies finite extensions of fields, automorphisms, structure of finite fields, normal and separable extensions, Galois group, Fundamental Theorem of Galois Theory, cyclotomic fields, solvability of equations by radicals, and applications (for example, coding theory). Prereq. MTH 3104 or equiv.

MTH 3326

Topics in Representation Theory




4 QH

Topics in the representation theory of the classical groups, varying according to the interest of the instructor and students.  Some possible topics include:  root systems, highest weight modules, Verma modules, Weyl character formula,  Schur commutator lemma, Schur functors and symmetric functions, Littlewood-Richardson rule. Prereq. MTH 3104.

MTH 3330 

Topics in Algebra






4 QH

Focusing on various advanced topics in algebra, the specific subject matter depending on the interest of the instructor and the students.  Possible topics include:  homological algebra, commutative algebra, representation theory, or combinatorial aspects of commutative algebra. Prereq. MTH 3104 and MTH 3332.

MTH 3332 

Commutative Algebra





4 QH
Covers prime ideals, localization, integral extensions; primary decomposition; Krull dimension; chain conditions, Noetherian and Artinian modules: and additional topics from ring and module theory as time permits. Prereq. MTH 3321 or equiv.
MTH 3341 

Ordinary Differential Equations 1: Perturbations


4 QH

Explores existence and uniqueness, Picard iteration, regular singular points, Bessel’s equation and other special equations, Sturm-Liouville systems, Fourier series, Eigenfunction expansions.
MTH 3342 

Ordinary Differential Equations 2: Dynamical Systems


4 QH

Studies phase flows and vector fields, autonomous and non-autonomous systems, conservative systems with one degree of 

freedom, classification of linear systems, applications to mechanical vibrations and predator-prey problems.

MTH 3343 

Topics in Ordinary Differential Equations



4 QH

Focuses on various advanced level topics in ODE, the specific subject matter depending on the interest of the instructor and students.  Possible topics include: Chaos, Delay Equations, and Hamiltonian Systems.  

MTH 3344

Topics in Partial Differential Equations



4 QH
Varying, according to the interests of the instructor and students. Some possible topics include: pseudodifferential operators and applications, spectral theory of elliptic operators, elements of asymptotic methods and scattering theory, potential theory and capacities, elliptic boundary problems, d-bar problem and its applications, non-linear hyperbolic PDE, non-linear geometric PDE.

MTH 3353 

Partial Differential Equations 1      




4 QH

Investigates first-order quasilinear and general non-linear equations; method of characteristics; second-order hyperbolic, elliptic, and parabolic equations;  separation of variables, potential theory, and Fourier transform.  Applications include geometric optics; light, sound, and water waves; electric field theory; heat diffusion.  Prereq. Undergraduate differential equations.

MTH 3355 

Partial Differential Equations 2




4 QH

Studies nonlinear second order partial differential equations, method of successive approximations, hyperbolic systems, local and global existence for nonlinear diffusion equations, variational and fixed-point methods for nonlinear elliptic equations.  Applications may include gas dynamics, simple models of turbulence, and differential geometry.  Prereq. MTH 3353.

MTH 3357

Topics in Analysis






4 QH
Varying, according to the interests of the instructor and students. Some possible topics include: Calculus of variations, Orthogonal polynomials and special functions. Mathematical theory of signal processing, Ergodic theory, theory of distributions.
MTH 3360 

Seminar in Applied Mathematics




4 QH

This course will give students of mathematics the experience of utilizing their skills to study problems that arise in industry and other “real-world” settings.  It will also provide the opportunity to build on exciting industrial experiences that they may had (through Co-op or other employment).  Prereq. MTH 1301 and MTH 1311.
MTH 3361 

Numerical Analysis 1





4 QH

Studies topics such as floating point arithmetic, root finding, divided differences, interpolation and approximation, numerical integration, solution of differential equations, and numerical linear algebra. Students are expected to be reasonably proficient in Pascal, FORTRAN, or C. Requires writing computer programs.

MTH 3364

Morse Theory






4 QH
This course covers basic Morse theory for non-degenerate smooth functions, and applications to geodesics, and topology of Lie groups and symmetric spaces.

MTH 3365

Topology of Complex Hypersurfaces




4 QH
This course is meant as an introduction to the topology of complex hypersurfaces and their singularities. The course begins with the geometric content of the complex implicit function theorem, and moves quickly to the study of the Milnor fibration of a hypersurface singularity. Brieskorn varieties and plane curves will be used as fundamental examples of isolated singularities. The study of non-isolated singularities, such as the Whitney umbrella and discriminantal varieties, will require stratification theory. The basics of stratified Morse theory will be covered and used as a tool throughout the course. The course supposes a certain familiarity with the basic objects of topology, algebra, and geometry, but necessary notions will be reviewed as the need arises.

MTH 3373 

Optimization






4 QH

Convex sets, including polyhedral sets, extreme points, facets and representations; linear programming, including the simplex method, duality, Kuhn-Tucker conditions, and Karmakar’s algorithm; nonlinear programming, including Kuhn-Tucker conditions and Lagrange multipliers.

MTH 3386 

Lie Theory






4 QH

Examines Lie groups and Lie algebras, the exponential map, examples, basic structure theorems, representation theory, and applications. Additional topics vary with the instructor and may include infinite-dimensional Lie algebras, algebraic groups, finite groups of Lie type, geometry, and analysis of homogenous spaces.  Prereq. MTH 3104.

MTH 3400 

Geometry 1






4 QH

This course will cover differentiable manifolds, tangent bundles, tensor bundles, vector fields, Frobenius integrability theorem, differential forms, Stokes’ theorem and de Rham cohomology. Prereq. MTH 3010 and MTH 3102.

MTH 3402 

Algebraic Geometry 1





4 QH

Concentrates on the techniques of algebraic geometry arising from commutative and homological algebra, beginning with a discussion of the basic results for general algebraic varieties, and developing the necessary commutative algebra as needed.  Considers affine and projective varieties, morphisms of algebraic varities, regular and singular points, and normality.  Discusses algebraic curves, with a closer look at the relations between the geometry, algebra, and function theories.  Examines the Riemann-Roch theorem, together with its many applications to the study of the geometry of curves.  Studies the singularities of curves.  Prereq. MTH 3104.

MTH 3407 

Geometry 2






4 QH

This course will cover elementary facts about Riemannian metrics and introductin to Lie group and Lie algebra, elementary theory of surfaces in R3, connections and curvatures. Prereq. MTH 3400

MTH 3408 

Representations of Finite Groups




4 QH

Characters, orthogonality relations, the regular representation. Semisimplicity, Maschke’s theorem, Wedderburn’s theorem, decomposition into matrix algebras. Prereq. MTH 3104.
MTH 3410 

Algebraic Number Theory





4 QH

Rings of integers, Dedekind domains, factorization of ideals, ramification, the decomposition and inertia subgroups.  Units in rings of integers, Minkowski’s geometry of numbers, Dirichlete’s unit theorem.  Class groups, zeta functions, and density sets of primes.  Prereq. MTH 3321.
MTH 3411 

Differential Geometry 1





4 QH

Study geometry and topology of surfaces in R3 with emphasis on the global aspects. Topics include minimal surfaces, constant mean curvature surfaces, and Gauss Bonnet theorem.

MTH 3412 

Differential Geometry 2





4 QH

Covers principal bundles, vector bundles, connections on principal bundles and vector bundles, curvatures, holonomy, and Chern-Weil theory of characteristic classes. Prereq. MTH 3407.
MTH 3413 

Topics in Differential Geometry: Geometry of Moment Maps

4 QH

Focuses on various advanced topics in differential geometry, the specific subject matter  depending on the instructor and students.  Possible topics include: symplectic geometry, mathematical aspects of general relativity, complex geometry, geometric aspects of mathematical physics. Prereq. MTH 3400.

MTH 3414

Characteristic Classes





4 QH
This course is an introduction to fiber bundles and characteristic classes. Topics to be covered include: construction of universal bundles, homotopy classification of principle bundles, bundles over spheres, cohomology of classifying spaces, Stiefel-Whitneyclasses, Gysin and Wang sequences, Thom isomorphism, Euler class  obstructions, Chern classes, Pontrjagin classes, vector fields on spheres, cobordism theory, Hirzebruch index formula, exotic spheres.

MTH 3420 

Complex Manifolds





4 QH

An introduction to complex manifolds.  The elementary local theory in several variables will be discussed, including Cauchy’s integral formula, Hartog’s extension theorem, the Weierstrass preparation theorem and Riemann’s extension theorem.  The global theory includes the definition of complex manifolds, sheaf cohomology, line bundles and divisors, Kodaira’s vanishing theorem, Kodaira’s embedding theorem and Chow’s theorem on complex subvarieties of projective space.  Special examples of dimension one and two will illustrate the general theory. Prereq. MTH 3400 and MTH 3103.

MTH 3431 

Probability 1






4 QH

Measure theory is not a prerequisite for this course. Some concepts from measure theory will be introduced as needed. This 

course will cover the following topics: sample space, probability measure, random variables, standard distributions such as the normal, exponential and Poisson, and modes of convergence, independence and dependence of variables, properties of expectation and conditional expectation, and characteristic functions.

MTH 3432 

Probability 2






4 QH

This course covers topics in stochastic processes.  Selected topics may include renewal theory, Markov chains and processes, martingales and Brownian motion.  Prereq. MTH 3431.

MTH 3441 

Statistics 1






4 QH

Introduces mathematic statistics, emphasizing asymptotics (large samples). Estimation, mean squared error, asymptotics of sample mean, sample median (via Taylor series), maximum likelihood estimation, consistency of MLE. Asymptotic distribution of MLE, Cramer-Rao bound, sufficiency and completeness. Rao-Blackwell theorem.  Prereq. MTH 3431.
MTH 3443 

Statistical Decision Theory





4 QH

This course covers: statistics as a game, loss and utility, subjective probability, priors, Bayesian statistics, minimaxity, admissibility and complete classes, James-Stein estimators, Empirical-Bayes.  Prereq. MTH 3441.

MTH 3444 

Analysis of Variance





4 QH

Discusses one-sample and two-sample tests; one-way ANOVA; factorial and nested designs; Cochran’s theorem; regression; analysis of covariance; and simultaneous confidence intervals.  Prereq. MTH 3441.
MTH 3445 

Topics in Statistics





4 QH

Focuses on various advanced topics in statistics, the specific subject matter depending on the interest of the instructor and students.  Possible topics include: multivariate statistics and clustering; biostatistics; Stein’s paradox and admissibility, foundation; and probabilistic and inferential aspects of reliability theory.  Prereq. MTH 3441.
MTH 3448 

Nonparametric Methods in Statistics




4QH

Presents methods for analyzing the data that is not necessarily normal.  Emphasizes comparing two treatments (the Wilcoxon test, Kolmogorov-Smirnov test), comparison of several treatments (the Kruskal-Wallas test), randomized complete blocks, tests of randomness and independence, and asymptotic methods (the 8 method, Pitman efficiency). Prereq. MTH 3441.
MTH 3450 

Categorical Data Analysis





4 QH

Focuses on the analysis of data in tables, that is, with cross-classified data.  Includes loglinear models (a generalization of analysis of variance methods) and logistic regression.  Includes homework problems involving real data and sometimes focusing on theoretical issues.

MTH 3452 

Time Series






4 QH

A standard course, including analysis of time series in the time domain, the frequency domain and the ARMA models.

MTH 3460 

Pattern Recognition





4 QH

Introduces the methods of pattern recognition:  multivariate normal distribution, linear discriminant analysis, logistic regression, tree structured classification, cluster analysis, jackknifing and bootstrapping and cross-validation.  This course is intended for students interested in computer science or applied statistics.

MTH 3481 

Topology 3: Cohomology Theory




4 QH

Studies homology with coefficients, cohomology groups, cup and cap products, the cohomology ring, Künneth theorem, spectral sequence of a fibration, duality in manifolds, and applications. Prereq. MTH 3107.

MTH 3483 

Topics in Topology






4 QH

Advanced topics in topology; the specific topics vary depending on the interests of the instructor and students.

MTH 3490

Algorithms for Computer Networks




4 QH
Provides an overview of mathematical algorithms which are used today for transport and routing in high-speed packet-switching networks. The first goal of the course is to learn in detail the principal algorithms used in the Internet today. The second goal is to see where opportunities may lie for bright mathematicians to make further contributions.
MTH 3491 

Pseudo-differential Operators  




4 QH

The course contains basics on Sobolev spaces and pseudo-differential operators on manifolds, applications to the theory of elliptic operators: elliptic regularity, Fredholm property, analytic index, Hodge theory. Prereq. MTH 3101, MTH 3106.

MTH 3492 

Index Theory of Elliptic Operators




4 QH

The goal of the course is to explain a proof of the celebrated Atiyah-Singer index theorem with all necessary preliminaries except analytic machinery of elliptic equations and pseudo-differential operators which is covered in MTH 3491. The program includes theory of characteristic classes, K-theory, spinors and spin-structures, Chern isomorphism, Bott periodicity. The Gauss-Bonnet formula, Hirzebruch signature theorem, Riemann-Roch theorem for almost complex manifolds and some Lefschetz type formulas are also covered. Prereq. MTH 3491.

MTH 3526

Mathematical Theory of Quantum Mechanics



4 QH
Topics can include the von Neumann axiomatics of quantum mechanics with measurements, quantization, and calculation of spectra, finite-dimensinal systems and group representations.

MTH 3527 

Enumeration






4 QH

Introduces various counting techniques such as generating functions, recurrence relations, principle of inclusion-exclusion, 

Polya’s theorem.  Studies various identities involving binomial and multinomial coefficients, Stirling numbers, Euler’s numbers, Fibonacci numbers, etc.

MTH 3528 

Coding Theory






4 QH

Includes algebraic coding, including cyclic codes, Reed-Solomon codes, BCH codes, and Reed-Muller codes.  Prereq. MTH 3102.

MTH 3529 

Graph Theory






4 QH

Examines graphs and subgraphs; trees; connectivity; Euler tours and Hamilton cycles; matchings, edge colorings; independent sets and cliques; vertex colorings; planar graphs; directed graphs; networks.

MTH 3530 

Topics in Combinatorics





4 QH

Focuses on various advanced topics in combinatories; the specific topics vary depending on the interests of the instructor and students.  Includes topics such as advanced graph theory, combinatorial geometry, and algebraic combinatorics. 

MTH 3531 

Topics in Algebraic Geometry




4 QH

Focuses on various advanced topics in algebraic geometry, the specific subject matter depending on the interest of the instructor and students.  Possible topics include:  cohomology theory of algebraic schemes, study of singularities, geometric invariant theory, flag varieties and Schubert varieties.

MTH 3532

Methods of Classical Mechanics




4 QH
Gives an overview of the mathematical formulations of classical mechanics. Topics will include Hamilton’s principle and Lagrange’s equations; solution of the two-body central force problem; rigid body rotation and Euler’s equations; the spinning top; Hamilton’s equations; the Poisson bracket; Liousville’s theorem; canonical transformations.

MTH 3533

Mathematical Methods of Fluid Mechanics



4 QH
Studies some basic mathematical aspects of fluid mechanics: Euler and Navier-Stokes equations, rotation and vorticity, potential flows, boundary layers, characteristics, shocks, combustion waves. 

MTH 3535 

Complexity Theory





4 QH

Analyzes theory of relationships among complexity classes of algorithms.  Covers sequential, deterministic, parallel, non-deterministic, and probabilistic models of computation, and Turing and decision tree models.  Considers the class NP, and questions of completeness, especially NP-completeness, reducibility, and hierarchy of complexity classes.  Prereq. MTH 3529.

MTH 3540

Advanced Analysis






4 QH
Studies selected important topics in analysis which are of importance for applications of analysis in partial differential equations, mathematical physics and probability; integral inequalities, rearrangement inequalities, isoperimetric inequalities, distributions, Sobolev spaces and Sobolev inequalities, potential theory, introduction to the calculus of variations.

MTH 3798 

Master’s Continuation





0 QH

MTH 3799 

PhD Continuation






0 QH

The department offers an assortment of “Readings” and “Seminar” courses.  A readings course is arranged between an individual student and individual instructor on a topic of their mutual choice.  Seminars are arranged at organizational meetings held at the beginning of the quarter; the schedule and content are negotiated at these meetings.  Directed study is also available.
MTH 3804 

Readings in Combinatorics





4 QH

MTH 3806 

Readings in Algebra





4 QH

MTH 3807 

Seminar in Algebra





4 QH

MTH 3808 

Readings in Algebraic Geometry




4QH

MTH 3811 

Readings in Analysis





4 QH

MTH 3812 

Seminar in Analysis





4 QH

MTH 3821 

Readings in Topology





4 QH

MTH 3822 

Seminar in Topology





4 QH

MTH 3824

 Readings in Geometry





4 QH

MTH 3826 

Readings in Statistics and Probability



4 QH

MTH 3827 

Seminar in Statistics





4 QH

MTH 3836 

Seminar in Combinatorics





4 QH

MTH 3849  

Masters Thesis






4 QH

MTH 3850 

Doctoral Dissertation





0 QH

Note: Mathematics students may take graduate courses in the College of Computer Science as required electives with permission of the student’s advisor.

