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MA 108R INTERMEDIATE ALGEBRA. (3)
This course is remedial in nature and covers material commonly found in second year high school algebra. Specific topics to be discussed
include numbers, fractions, algebraic expression, simplifying, factoring, laws of exponents, linear equations, simple graphs and
polynomial algebra. This course is not available for degree credit toward a bachelor’s degree. Credit not available on the basis of special
examination. Prereq: One year of high school algebra. Recommended for students with a Math ACTE score of 18 or less, or consent
of department.

*MA 109 COLLEGE ALGEBRA. (3)
Selected topics in algebra. Develops manipulative algebraic skills and mathematical reasoning required for further study in mathematics
and use in mathematical modeling. Includes brief review of basic algebra, quadratic formula, systems of linear equations, introduction to
functions and graphing. This course is not available for credit to persons who have received credit in any mathematics course of a higher
number with the exceptions of MA 111, 112, 123, 162, 201 and 202. Credit not available on the basis of special examination. Prereq: Two
years of high school algebra and a Math ACT score of 21 or above or a Math SAT score of 510 or above; or UK 096; or appropriate
MathIndex; or grade of B or better in MA 111. Math placement test recommended.

MA 110 ALGEBRA AND TRIGONOMETRY FOR CALCULUS. (4)
This is a course specifically designed for students intending to enroll in a calculus sequence. Topics will include trigonometric functions,
exponentials and logarithms, graphs, polar coordinates and conic sections. Students may not receive credit for MA 110 and either of MA
109 and MA 112. This course is not available for credit to students who have received credit in any higher numbered mathematics course
except for MA 111, MA 123, MA 162, MA 201 or MA 202. Credit is not available by special examination. Math placement exam
recommended. Lecture, three hours, recitation two hours per week. Prereq:  Two years of high school algebra and a Math ACT score
of 23 or above, or two years of high school algebra and a Math SAT score of 540 or above, or appropriate score on math placement exam,
or a C in MA 109, or consent of department.

MA 111 INTRODUCTION TO CONTEMPORARY MATHEMATICS. (3)
An introduction to concepts and applications of mathematics, with examples drawn from such areas as voting methods, apportionment,
consumer finance, graph theory, tilings, polyhedra, number theory, and game theory. This course is not available for credit to persons
who have received credit in any mathematics course of a higher number with the exceptions of MA 112, 123, 162, 201 and 202. This
course does not serve as a prerequisite for any calculus course. Credit not available on the basis of special examination. Prereq: Two
years of high school algebra and a Math ACT score of 19 or above, or MA 108R, or math placement test.

MA 112 TRIGONOMETRY. (2)
A standard course. Includes trigonometric functions, identities, multiple-angle formulas, laws of sines and cosines, and graphs of
trigonometric functions. This course is not available to persons who have received credit for any mathematics course of a higher number
with the exception of MA 113, 123, 132 and 162. Credit not available by special examination. Prereq: Two years of high school algebra
and a Math ACT score of 21 or above or a Math SAT score of 510 or above; or MA 108R; or appropriate score on the math placement
test.

MA 113 CALCULUS I. (4)
A course in one-variable calculus, including topics from analytic geometry. Derivatives and integrals of elementary functions (including
the trigonometric functions) with applications. Lecture, three hours; recitation, two hours per week. Students may not receive credit
for MA 113 and MA 137. Prereq: Math ACT of 27 or above, or Math SAT of 620 or above, or a grade of C or better in MA 109 and
in MA 112, or or a grade of C or better in MA 110, or appropriate score on math placement test, or consent of the department. Students
who enroll in MA 113 based on their test scores should have completed a year of pre-calculus study in high school that includes the study
of the trigonometric function. Note: Math placement test recommended.

MA 114 CALCULUS II. (4)
A second course in Calculus. Applications of the integral, techniques of integration, convergence of sequence and series, Taylor series,
polar coordinates. Lecture, three hours; recitation, two hours per week. Prereq: A grade of C or better in MA 113, MA 137 or MA 132.
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MA 123 ELEMENTARY CALCULUS AND ITS APPLICATIONS. (4)
An introduction to differential and integral calculus, with applications to business and the biological and physical sciences. Not open to
students who have credit in MA 113 or MA 137. Note: Math placement test recommended. Prereq: Math ACT score of 26 or above,
or Math SAT of 600 or above, or a grade of C or better in MA 109, or appropriate math placement score, or consent of department. Note:
Math placement test recommended.

MA 132 CALCULUS FOR THE LIFE SCIENCES. (3)
Introduction to integral calculus, integration of logarithmic and exponential functions. Applications to the life sciences including biochemical
rates and reactions and radioactive decay. An introduction to biological models and their associated differential equations. Prereq: MA
123 or consent of instructor.

MA 137 CALCULUS I WITH LIFE SCIENCE APPLICATIONS. (4)
A first course in one-variable calculus. Derivatives and integrals of elementary functions (including the trigonometric functions) with
applications to the life sciences. Lecture, three hours; recitation, two hours per week. Students may not earn credit for MA 113 and
MA 137. Note: Math placement test recommended. Prereq: Math ACT of 27 or above, or Math SAT of 620 or above, or a grade of C
or better in MA 109 and in MA 112, or or a grade of C or better in MA 110, or appropriate score on math placement test, or consent of
the department. Students who enroll in MA 137 based on their test scores should have completed a year of pre-calculus study in high school
that includes the study of trigonometric functions. Note: Math placement test recommended.

MA 138 CALCULUS II WITH LIFE SCIENCE APPLICATIONS. (4)
A second course in calculus. Techniques of integration, introduction to differential equations, geometry and differential calculus in several
dimensions. Students may not receive credit for MA 114 and MA 138. Prereq: Grade of “C” or better in MA 113, MA 132 or MA
137.

MA 162 FINITE MATHEMATICS AND ITS APPLICATIONS. (3)
Finite mathematics with applications to business, biology, and the social sciences. Linear functions and inequalities, matrix algebra,
linear programming, probability. Emphasis on setting up mathematical models from stated problems. Prereq: MA 109 or equivalent.

MA 193 SUPPLEMENTARY MATHEMATICS WORKSHOP I: (Subtitle required). (1-2)
Laboratory offered (only) as an adjunct to certain mathematics lecture courses. Offered only on a pass/fail basis. Coreq: Set by instructor.

MA 194 SUPPLEMENTARY MATHEMATICS WORKSHOP II: (Subtitle required). (1-2)
Laboratory offered (only) as an adjunct to certain mathematics lecture courses. Offered only on a pass/fail basis. Coreq: Set by instructor.

MA 201 MATHEMATICS FOR ELEMENTARY TEACHERS. (3)
Sets, numbers and operations, problem solving and number theory. Recommended only for majors in elementary and middle school
education. Prereq: MA 109 or MA 111 or consent of department.

MA 202 MATHEMATICS FOR ELEMENTARY TEACHERS. (3)
Algebraic reasoning, introduction to statistics and probability, geometry, and measurement. Prereq: A grade of “C” or better in MA
201. Also recommended: a course in logic (e.g. PHI 120) or a course in calculus (e.g. MA 123).

MA 213 CALCULUS III. (4)
A course in multi-variable calculus. Topics include vectors and geometry of space, three-dimensional vector calculus, partial derivatives,
double and triple integrals, integration on surfaces, Green’s theorem. Optional topics include the Stokes theorem and the Gauss divergence
theorem. Lecture, three hours; recitation, two hours per week. Prereq: A grade of C or better in MA 114 or in MA 138 or equivalent.

MA 214 CALCULUS IV. (3)
MA 214 is a course in ordinary differential equations. Emphasis is on first and second order equations and applications. The course includes
series solutions of second order equations and Laplace transform methods. Prereq: MA 213 or equivalent.

MA 241 GEOMETRY FOR MIDDLE SCHOOL TEACHERS. (3)
A course in plane and solid geometry designed to give middle school mathematics teachers the knowledge needed to teach a beginning
geometry course. Cannot be counted toward the mathematics minor or major. Prereq: One semester of calculus or MA 201 with a grade
of C or better.
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MA 261 INTRODUCTION TO NUMBER THEORY. (3)
Topics from classical number theory, including discussions of mathematical induction, prime numbers, division algorithms, congruences,
and quadratic reciprocity. Prereq: Grade of C or better in MA 114 or consent of instructor.

MA 308 MATHEMATICAL PROBLEM SOLVING FOR MIDDLE SCHOOL TEACHERS. (3)
Heuristics of problem solving. Practice in solving problems from algebra, number theory, geometry, calculus, combinatorics, and other
areas. Primarily for middle school teachers. This course may not be counted towards a mathematics major or minor. Prereq: MA 123
or MA 113 or MA 137 or consent of the instructor.

MA 310 MATHEMATICAL PROBLEM SOLVING FOR TEACHERS. (3)
Heuristics of problem solving. Practice in solving problems from algebra, number theory, geometry, calculus, combinatorics and other
areas. Primarily for middle and secondary school teachers. Prereq: MA 123 or MA 113.

MA 320 INTRODUCTORY PROBABILITY. (3)
Set theory; fundamental concepts of probability, including conditional and marginal probability; random variables and probability
distributions (discrete and continuous); expected values and moments; moment-generating and characteristic functions; random
experiments; distributions of random variables and functions of random variables; limit theorems. Prereq: MA 213 or equivalent. (Same
as STA 320.)

MA 321 INTRODUCTION TO NUMERICAL METHODS. (3)
Floating point arithmetic. Numerical linear algebra: elimination with partial pivoting and scaling. Polynomial and piecewise interpolation.
Least squares approximation. Numerical integration. Roots of nonlinear equations. Ordinary differential equations. Laboratory exercises
using software packages available at computer center. Prereq: MA 114 and knowledge of a procedural computer language is required.
(Same as CS 321.)

MA 322 MATRIX ALGEBRA AND ITS APPLICATIONS. (3)
Algebra of matrices, elementary theory of vector spaces and inner product spaces, the solution of simultaneous linear equations using
Gaussian elimination and triangular factorization. Orthogonal projections, pseudo inverse and singular value decomposition, least
squares approximation. Determinants, eigenvalues and eigenvectors, diagonalization. Prereq: MA 114.

MA 327 STRATEGIC DECISION MAKING: AN INTRODUCTION TO GAME THEORY. (3)
The course is an introduction to strategic decision making and game theory. Ideas such as Nash equilibrium, dominant strategies,
evolutionary stability, and asymmetric information are applied to a variety of strategic decision making problems taken from economics,
computer science, politics, and biology. Prereq: A grade of B or better in MA 113 or MA 132 or MA 137 or consent of department.
Students should have a strong background in first semester calculus. (Same as ECO 327.)

MA 330 HISTORY OF MATHEMATICS. (3)
A survey of the development of mathematics. Topics may include: the Egyptians and Babylonians, mathematics of the Greek Classical
Age, Euclid and the Alexandrian School, the Renaissance, Fermat and the beginning of calculus, the work of Newton and Leibnitz,
nineteenth century geometry, analysis and set theory. Prereq: MA 114.

#MA 337 MATHEMATICAL MODELING IN THE LIFE SCIENCES. (3)
This course introduces mathematical modeling in biology and other life science disciplines using discrete and continuous tools and
techniques, including difference equations and differential equations. Students will learn to construct, analyze, and simulate models and
interpret the results within their biological context. Prereq: A grade of B or better in MA 114 (Calculus II) or MA 138 (Calculus II with
Life Science Applications) or consent of department. (Same as BIO 337.)

MA 340 APPLICABLE ALGEBRA. (3)
Topics include: Euclid’s algorithm, unique factorization moduli arithmetic, Fermat’s and Euler’s theorems, Chinese remainder theorem,
RSA public key encryption, Pollard rho factoring, pseudo primes, error correcting codes, Hamming codes, polynomial rings and quotient
rings, field extensions, finite fields and BCH codes. Prereq: MA 322 or MA 213. (Same as CS 340.)

MA 341 TOPICS IN GEOMETRY. (3)
Selected topics in geometry including Euclidean and some non-Euclidean geometries. Prereq: MA 261 or consent of instructor.
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MA 351 ELEMENTARY TOPOLOGY I. (3)
A beginning course, with particular emphasis on point-set topology in Euclidean spaces. Prereq: MA 261 or consent of instructor. Coreq:
MA 213.

MA 352 ELEMENTARY TOPOLOGY II. (3)
A continuation of MA 351, to include a discussion of metric spaces, completeness, general topological spaces, compactness,
connectedness. Prereq: MA 351 or consent of instructor.

MA 361 ELEMENTARY MODERN ALGEBRA I. (3)
A beginning course, with particular emphasis on groups and rings. Prereq: MA 261 or consent of instructor. Coreq: MA 322.

MA 362 ELEMENTARY MODERN ALGEBRA II. (3)
A continuation of MA 361 to include a discussion of fields and topics in linear algebra. Prereq: MA 361 or consent of instructor.

MA 375 COMMUNICATING MATHEMATICS. (3)
A course intended to provide understanding of and experience with contemporary mathematical communication in a modern instructional
setting. Primarily intended for, but not restricted to, prospective school and college teachers of mathematics, including students who
may intend to enroll in a graduate program and work as a graduate teaching assistant while pursuing an advanced degree. May not be
counted as an upper division mathematics course in mathematics degree programs. Lecture, one hour; laboratory, four hours per week.
Prereq: MA 261 or MA 214; and MA 322; and at least one of MA 351, MA 361, or MA 471G; and consent of instructor.

MA 391 MATHEMATICS: COMPOSITION AND COMMUNICATION. (3)
Undergraduate topics course. The mathematical content will be selected at the discretion of the instructor. The course satisfies the
Graduation Composition and Communication Requirement for mathematics majors. Prereq: The student must satisfy each of the following
5 conditions: (1) MA 213; (2) one of MA 261 or MA 214; (3) MA 322; (4) one of MA 321, MA 351, MA 361, or MA 471G; (5) at least
30 completed credit hours. This course is a Graduation Composition and Communication Requirement (GCCR) course in certain programs,
and hence is not likely to be eligible for automatic transfer credit to UK.

MA 398, 399 INDEPENDENT WORK IN MATHEMATICS. (3 ea.)
Reading courses for upper division students of high standing. Prereq: Mathematics or mathematical sciences major and a standing of 3.0
in the department.

MA 415G COMBINATORICS AND GRAPH THEORY. (3)
A basic course in the theory of counting and graph theory. Topics in enumerative combinatorics may include: generating functions,
compositions, partitions, Fibonacci numbers, permutations, cycle structure of permutations, permutations statistics, Stirling numbers
of the first and second kind, Bell numbers, inclusion-exclusion. Topics in graph theory may include: Eulerian and Hamiltonian cycles,
matrix tree theorem, planar graphs and the 4-color theorem, chromatic polynomial, Hall’s marriage theorem, stable marriage theorem,
Ramsey theory, electrical networks. Prereq: MA 213 or MA 322. (Same as CS 415G.)

MA 416G INTRODUCTION TO OPTIMIZATION. (3)
The course is an introduction to modern operations research and includes discussion of modeling, linear programming, dynamic
programming, integer programming, scheduling and inventory problems, and network algorithms. Prereq: MA 213 or equivalent. (Same
as CS 416G.)

MA 417G DECISION MAKING UNDER UNCERTAINTY. (3)
A continuation of MA 416 with topics selected from stochastic models, decision making under uncertainty, inventory models with random
demand, waiting time models and decision problems. Prereq: CS/MA 416G and MA/STA 320, or consent of instructor. (Same as STA
417G.)

MA 422 NUMERICAL SOLUTIONS OF EQUATIONS. (3)
Linear equations: Gaussian elimination, special linear systems, orthogonalization, eigenproblem, iterative methods. Nonlinear equations:
solutions of equations in one variable, solutions of systems of nonlinear equations. Optimization. Prereq: MA 261 or consent of instructor.
Coreq: MA 322. (Same as CS 422.)
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MA 432G METHODS OF APPLIED MATHEMATICS I. (3)
Partial differentiation, Jacobians, implicit function theorem, uniform convergence of series, line and surface integrals. Green’s and Stokes’
theorems. Prereq: MA 213 or equivalent.

MA 433G INTRODUCTION TO COMPLEX VARIABLES. (3)
Elementary complex variable theory with applications. Complex field, analytic functions, Cauchy theorem, power series, residue theory.
Prereq: MA 213 or consent of the instructor.

MA 471G ADVANCED CALCULUS I. (3)
A careful and vigorous investigation of the calculus of functions of a single variable. Topics will include elementary topological properties
of the real line, convergence limits, continuity, differentiation and integration. Prereq: MA 213 and MA 322; or consent of the instructor.

MA 472G ADVANCED CALCULUS II. (3)
A continuation of MA 471G to functions of several variables. A careful and rigorous investigation of the extensions of the concepts of
the one variable calculus to n-dimensions. Prereq: MA 471G or consent of instructor.

MA 481G DIFFERENTIAL EQUATIONS. (3)
The fundamental goal is to cover those mathematical theories essential to the study of quantum mechanics (physics and mathematics
students) and the qualitative and quantitative study of partial differential equations, especially the partial differential equations of
mathematical physics (engineering graduate students). The course encompasses the following topics: uniform convergence, Picard’s
existence proof, Power series techniques, regular singular point theory, Bessel’s equation, Legendre, Hermite and Chebychev
polynomials, Orthogonal Functions, completeness, convergence in the mean, Sturm-Liouville theory, eigenvalues, eigenfunction
expansions, Sturm comparison and oscillation theorems. Separation of variable techniques for the heat, wave, and Laplace’s equation.
Prereq: One of MA 432G, MA 471G or equivalent, or consent of instructor.

MA 483G INTRODUCTION TO PARTIAL DIFFERENTIAL EQUATIONS. (3)
MA 483G is essentially an introductory course in partial differential equations designed to prepare undergraduate mathematics majors for
serious work in partial differential equations and to provide Ph.D. candidates in engineering and science with an introduction to partial
differential equations which will serve as a foundation for their advanced numerical and qualitative work (e.g., in computational fluid
dynamics.) The course encompasses the following topics: first order linear equations, characteristics, Laplace’s equation, wave equation
and heat equation, boundary value problems, Fourier series, Green’s identities and Green’s functions, general eigenvalue problems. Prereq:
One of MA 432G, MA 471G, MA 481G, or equivalent, or consent of instructor.

MA 485G FOURIER SERIES AND BOUNDARY VALUE PROBLEMS. (3)
An introductory treatment of Fourier series and its application to the solution of boundary value problems in the partial differential equations
of physics and engineering. Orthogonal sets of functions, Fourier series and integrals, solution of boundary value problems, theory and
application of Bessel functions and Legendre polynomials. Prereq: MA 432G or equivalent. This course is open only to graduate students
or undergraduates with engineering standing. (Same as ME 585.)

MA 501, 502 SEMINAR IN SELECTED TOPICS. (3 ea.)
Various topics from the basic graduate courses. Designed as a course for teachers of lower division mathematics and usually offered in
connection with a summer institute. May be repeated to a maximum of six credits. Prereq: Teaching experience in the field of mathematics
and consent of instructor.

MA 506 METHODS OF THEORETICAL PHYSICS I. (3)
The course and its sequel (MA/PHY 507) are designed to develop, for first-year graduate students, familiarity with the mathematical tools
useful in physics. Topics include curvilinear coordinates, infinite series, integrating and solving differential equations of physics, and
methods of complex variables. Work with Green’s functions, eigenvalues, matrices and the calculus of variations are included as a part
of MA/PHY 506 and 507. Prereq: PHY 404G or equivalent. (Same as PHY 506.)

MA 507 METHODS OF THEORETICAL PHYSICS II. (3)
Continuation of MA/PHY 506. Fourier and Laplace Transforms, the special functions (Bessel, Elliptic, Gamma, etc.) are described. Work
with Green’s functions, eigenvalues, matrices and the calculus of variations are included as a part of MA/PHY 506 and 507. Prereq: MA/
PHY 506. (Same as PHY 507.)
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MA 514 COMBINATORIAL STRUCTURES AND TECHNIQUES. (3)
An introduction to fundamental structures and techniques in combinatorics, including such topics as graphs, trees, colorings of graphs,
extremal graphs, bipartite matchings, partially ordered sets, extremal set theory, flows in networks, and the principle of inclusion/
exclusion. Prereq: MA 322 and one additional upper division math course or consent of instructor.

MA 515 LINEAR AND COMBINATORIAL OPTIMIZATION. (3)
Mathematical and computational aspects of linear programming and combinatorial optimization. Linear optimization is introduced by
presenting solution techniques (primal and dual simplex) and studying geometric properties and duality for linear systems of inequalities.
Asics of combinatorial optimization, including trees, paths, flows, matchings, and matroids, and the corresponding algorithms are presented.
Prereq: A course in linear algebra or consent of instructor. (Same as STA 515.)

MA 522 MATRIX THEORY AND NUMERICAL LINEAR ALGEBRA I. (3)
Review of basic linear algebra from a constructive and geometric point of view. Factorizations of Gauss, Cholesky and Gram-Schmidt.
Determinants. Linear least squares problems. Rounding error analysis. Stable methods for updating matrix factorizations and for linear
programming. Introduction to Hermitian eigenvalue problems and the singular value decomposition via the QR algorithm and the Lanczos
process. Method of conjugate gradients. Prereq: MA 322. (Same as CS 522.)

MA 527 APPLIED MATHEMATICS IN THE NATURAL SCIENCES I. (3)
Construction, analysis and interpretation of mathematical models applied to problems in the natural sciences. Physical problems whose
solutions involve special topics in applied mathematics are formulated, various solution techniques are introduced, and the mathematical
results are interpreted. Fourier analysis, dimensional analysis and scaling rules, regular and singular perturbation theory, random
processes and diffusion are samples of selected topics studied in the applications. Intended for students in applied mathematics, science
and engineering. Prereq: MA 432G or three hours in an equivalent junior/senior level mathematics course, or consent of instructor. This
course is open only to graduate students or undergraduates with engineering standing. (Same as ME 527.)

MA 533 PARTIAL DIFFERENTIAL EQUATIONS. (3)
Elementary existence theorems, equations of first order, classification of linear second order equations, the Cauchy and Dirichlet problems,
potential theory, the heat and wave equations, Green’s and Riemann functions, separation of variables, systems of equations. Prereq: MA
532 and MA 472G or equivalent.

MA 537 NUMERICAL ANALYSIS. (3)
Floating point arithmetic. Direct methods for the solution of systems of linear algebraic equations. Polynomial and piecewise polynomial
approximation, orthogonal polynomials. Numerical integration: Newton Cotes formulas and Gaussian quadrature. Basic methods for
initial value problems for ordinary differential equations. The emphasis throughout is on the understanding and use of software packages
for the solution of commonly occurring problems in science and engineering. Prereq: CS/MA 321 or equivalent or graduate standing
or consent of instructor. Knowledge of a procedural computer language is required. (Same as CS/EGR 537.)

MA 551 TOPOLOGY I. (3)
Topological spaces, products, quotients, subspaces, connectedness, compactness, local compactness, separation axioms, convergence.
Prereq: Consent of instructor.

MA 561 MODERN ALGEBRA I. (3)
Algebraic structures, quotient structures, substructures, product structures, groups, permutation groups, groups with operators, and
the Jordan-Holder theorem. Prereq: Consent of instructor.

MA 565 LINEAR ALGEBRA. (3)
Review of finite dimensional linear algebra, the rank of a matrix, systems of linear equations, determinants, characteristic and minimal
polynomials of a matrix, canonical forms for matrices, the simplicity of the ring of linear mappings of a finite dimensional vector space,
the decomposition of a vector space relative to a group of linear mappings and selected topics of a more advanced nature. Prereq: MA
322 or consent of instructor.

MA 570 MULTIVARIATE CALCULUS. (3)
A self-contained course in n-dimensional analysis, including the general form of Stokes’ theorem. Prereq: MA 432G or equivalent.
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MA 575 PRINCIPLES OF ANALYSIS. (3)
Real and complex numbers, sequences and series, continuity, differentiation, integration, and uniform convergence. Prereq: MA 471G or
equivalent or consent of instructor.

MA 601 TEACHING COLLEGE MATHEMATICS. (1)
A seminar for teaching assistants on the basics of teaching mathematics at the college level as well as use of appropriate technology.
Includes topics such as syllabus construction, lesson planning, grading assignments, web pages, typesetting mathematics with LaTeX.
Required of all new graduate teaching assistants in mathematics. Prereq: Must hold teaching assistantship in mathematics or consent of
the instructor.

MA 611 INDEPENDENT WORK IN MATHEMATICS. (3-9)
Reading course for graduate students in mathematics. May be repeated to a maximum of nine credits. Prereq: Major in mathematics, a
standing of at least 3.0 and consent of instructor.

MA 613 PROBLEMS SEMINAR IN OPERATIONS RESEARCH. (3)
In this course the student is exposed to the art of applying the tools of operations research to “real world” problems. The seminar is generally
conducted by a group of faculty members from the various disciplines to which operations research is applicable. Prereq: MA 617 and
STA 525 or consent of instructor. (Same as EE/STA 619).

MA 614 ENUMERATIVE COMBINATORICS. (3)
An introduction to the basic notions and techniques in enumerative combinatorics. The material has applications to polytopal theory,
hyperplane arrangements, computational commutative algebra, representation theory and symrnetric functions. Topics include
generating functions, the principle of inclusion and exclusion, bijections, recurrence relations, partially ordered sets, the Mobius function
and Mobius algebra, the Lagrange inversion formula, the exponential formula and tree enumeration. Prereq: A graduate course in linear
algebra or consent of instructor.

MA 622 MATRIX THEORY AND NUMERICAL LINEAR ALGEBRA II. (3)
Numerical solution of matrix eigenvalue problems and applications of eigenvalues. Normal forms of Jordan and Schur. Vector and matrix
norms. Perturbation theory and bounds for eigenvalues. Stable matrices and Lyapunov theorems. Nonnegative matrices. Iterative
methods for solving large sparse linear systems. (Same as CS 622.)

MA 625 NUMERICAL METHODS FOR DIFFERENTIAL EQUATIONS. (3)
Numerical solution techniques for boundary value problems for ordinary differential equations, and for parabolic and elliptic partial
differential equations. Prereq: CS/MA/EGR 537 or consent of instructor.

MA 628 APPLIED MATHEMATICS IN THE NATURAL SCIENCES II. (3)
Continuation of MA/EM 527 with emphasis on special topics and techniques applied to partial differential equations that occur in
various physical field theories. Field equations of continuum mechanics of solids and fluids are reviewed. The method of characteristics,
elliptic functions and integrals, Legendre polynomials, Mathieu functions, integral equations and transforms, and the methods of
potential theory are examples of selected topics studied in introductory applications. Intended for students in applied mathematics,
science and engineering. Prereq: MA/EM 527.

MA 630 MATHEMATICAL FOUNDATIONS OF
STOCHASTIC PROCESSES AND CONTROL THEORY I. (3)
A modern treatment of stochastic processes from the measure theoretic point of view with applications to control theory; the basic notions
of probability theory, independence, conditional expectations, separable stochastic processes, martingales, Markov processes, second
order stochastic processes. Prereq: MA 432G and 670.

MA 633 THEORY OF PARTIAL DIFFERENTIAL EQUATIONS. (3)
A continuation of MA 533. Topics may include hypoelliptic operators and interior regularity of solutions; P(D)-convexity and existence
theorems; regularity up to the boundary; applications of the maximum principle; semi-group theory for evolution equations; perturbation
methods; well-posed and improperly posed problems; equations with analytic coefficients; a symptotic behavior of solutions; nonlinear
problems. Prereq: MA 533.
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MA 641 DIFFERENTIAL GEOMETRY. (3)
Tensor products, exterior algebra, differentiable maps, manifolds, geodesics, metric properties of curves in Euclidean fundamental forms,
surfaces. Prereq: Consent of instructor.

MA 651 TOPOLOGY II. (3)
Embedding and metrization, compact spaces, uniform spaces and function spaces. Prereq: MA 551.

MA 654 ALGEBRAIC TOPOLOGY I. (3)
Homotopy and homology theories, complexes and applications. Prereq: MA 551, 561, 651 or equivalent.

MA 655 ALGEBRAIC TOPOLOGY II. (3)
Singular homology theory and applications, homology of products, singular and Cech cohomology with applications. Prereq: MA 654.

MA 661 MODERN ALGEBRA II. (3)
Rings, fields of quotients, rings of polynomials, formal power series, modules, exact sequences, groups of homomorphisms, natural
isomorphisms, algebras and tensor algebras. Prereq: MA 561 or consent of instructor.

MA 665 RINGS AND MODULES. (3)
This graduate course is a continuation of MA 661. Topics include modules over principal ideal domains, localization, primary decomposition,
associated prime ideals, classes of rings and modules such as Noetherian rings and Dedekind domains, tensor and exterior products, exact
sequences and resolutions, ideals and varieties, Hilbert’s Nullstellensatz. Prereq: MA 561 and MA 661 or consent from instructor.

MA 667 GROUP THEORY. (3)
A study of homomorphisms for groups, finite groups, solvable groups, nilpotent groups, free groups, and abelian groups. Prereq: MA 661.

MA 671 FUNCTIONS OF A COMPLEX VARIABLE I. (3)
Differentiation and integration, contour integration, poles and residues. Taylor and Laurent series, and conformal mapping. Prereq: MA
575 or consent of instructor.

MA 672 FUNCTIONS OF A COMPLEX VARIABLE II. (3)
A continuation of MA 671 to include the Riemann Mapping theorem, Dirichlet problem, multiple valued functions, Riemann surfaces
and applications. Prereq: MA 671.

MA 676 ANALYSIS I. (3)
Sequences and series of real and complex numbers, sequences of functions. Riemann-Stieltjes integration, Lebesque measure and
integration. Prereq: MA 575 or consent of instructor.

MA 677 ANALYSIS II. (3)
Continuation of MA 676. Absolutely continuous functions on the real line, Lebesque spaces, beginning theory of Banach spaces
including the Hahn-Banach, closed graph, and open mapping theorems. Prereq: MA 676 or consent of instructor.

MA 681 FUNCTIONAL ANALYSIS I. (3)
General theory of normed linear spaces including the Hahn-Banach separation theorems, principle of uniform boundedness and closed
graph theorem. Dual spaces and representation theorems for linear functionals. Abstract measure theory and Riesz representation
theorem for C(X). Prereq: MA 677 or consent of instructor.

MA 714 TOPICS IN DISCRETE MATHEMATICS (Subtitle Required). (3)
Review of recent research in discrete mathematics. May be repeated to a maximum of nine credits. Prereq: Consent of the instructor.

MA 721 SELECTED TOPICS IN NUMERICAL ANALYSIS. (3)
Review of current research in numerical analysis. May be repeated to a maximum of nine credits. Prereq: Consent of instructor.

MA 732 SELECTED TOPICS IN DIFFERENTIAL AND INTEGRAL EQUATIONS. (3)
Advanced topics in theory of differential (ordinary of partial) and integral equations such as topological dynamics, almost periodic solutions,
stochastic differential equations, integro-differential and differential-difference equations, generalized functions as solutions, non-linear
partial differential equations, singular integral equations.
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MA 748 MASTER’S THESIS RESEARCH. (0)
Half-time to full-time work on thesis. May be repeated to a maximum of six semesters. Prereq: All course work toward the degree must
be completed.

MA 749 DISSERTATION RESEARCH. (0)
Half-time to full-time work on dissertation. May be repeated to a maximum of six semesters. Prereq: Registration for two full-time
semesters of 769 residence credit following the successful completion of the qualifying exams.

MA 751, 752 SELECTED TOPICS IN TOPOLOGY. (3 ea.)
Prereq: MA 651.

MA 764, 765 SELECTED TOPICS IN ALGEBRA. (3 ea.)
Reports and discussion on recent advances in group theory, ring theory, and homological algebra. Prereq: MA 661 and consent of instructor.

MA 767 DISSERTATION RESIDENCY CREDIT. (2)
Residency credit for dissertation research after the qualifying examination. Students may register for this course in the semester of the
qualifying examination. A minimum of two semesters are required as well as continuous enrollment (Fall and Spring) until the dissertation
is completed and defended.

MA 768 RESIDENCE CREDIT FOR THE MASTER’S DEGREE. (1-6)
May be repeated to a maximum of 12 hours.

MA 769 RESIDENCE CREDIT FOR THE DOCTOR’S DEGREE. (0-12)
May be repeated indefinitely.

MA 773 SELECTED TOPICS IN ANALYSIS. (3)
May be repeated to a maximum of six credits. Prereq: Consent of instructor.

MA 777 MATHEMATICAL SEMINAR. (3)
May be repeated once to a total of six credits. Prereq: Consent of instructor.

MA 778 MATHEMATICAL SEMINAR. (3)
May be repeated once to a total of six credits. Prereq: Consent of instructor.


