College of Arts and Sciences

MA Mathematics

MA 108R INTERMEDIATE ALGEBRA. 3)
Thiscourseisremedial innatureand coversmaterial commonly foundinsecondyear high school al gebra. Specifictopi csto bediscussed
include numbers, fractions, algebraic expression, simplifying, factoring, laws of exponents, linear equations, simple graphs and
polynomial algebra. Thiscourseisnot avail ablefor degreecredit toward abachel or’ sdegree. Credit not availableonthebasisof special
examination. Prereq: Oneyear of high school algebra. Recommended for studentswith aMath ACTE score of 18 or |ess, or consent
of department.

*MA 109 COLLEGE ALGEBRA. 3
Selectedtopicsinalgebra. Devel opsmanipul ativeal gebrai c skillsand mathemati cal reasoning requiredfor further study inmathematics
anduseinmathematical modeling. Includesbrief review of basicalgebra, quadraticformula, systemsof linear equations, introductionto
functionsand graphing. Thiscourseisnot availablefor credit to personswho havereceived creditin any mathematicscourseof ahigher
number withtheexceptionsof MA 111,112,123, 162, 201 and 202. Credit not avail ableon thebasi sof special examination. Prereq: Two
years of high school algebraand aMath ACT score of 21 or above or aMath 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)
Thisisacoursespecifically designedfor studentsintendingtoenroll inacal culussequence. Topicswill includetrigonometricfunctions,
exponentialsandlogarithms, graphs, pol ar coordinatesand conic sections. Studentsmay not receivecreditfor MA 110and either of MA
109andMA 112. Thiscourseisnot availablefor credit to studentswho havereceived creditinany higher numbered mathematicscourse
except for MA 111, MA 123, MA 162, MA 201 or MA 202. Credit is not available by special examination. Math placement exam
recommended. L ecture, three hours, recitation two hours per week. Prereq: Two yearsof high school algebraand aMath ACT score
of 23or above, or twoyearsof high school algebraandaMath SAT scoreof 540 or above, or appropriate scoreon math placement exam,
oraCinMA 109, or consent of department.

MA 111 INTRODUCTION TO CONTEMPORARY MATHEMATICS. 3
Anintroductionto conceptsand applicationsof mathematics, with examplesdrawn from such areasasvoting methods, apportionment,
consumer finance, graph theory, tilings, polyhedra, number theory, and gametheory. Thiscourseisnot availablefor credit to persons
who have received credit in any mathematics course of ahigher number with the exceptions of MA 112, 123, 162, 201 and 202. This
course does not serve as aprerequisite for any calculus course. Credit not available on the basis of special examination. Prereq: Two
years of high school algebra and aMath 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
trigonometricfunctions. Thiscourseisnot avail ableto personswho havereceived credit for any mathemati cscourseof ahigher number
withtheexceptionof MA 113,123, 132 and 162. Credit not avail able by special examination. Prereg: Twoyearsof high school algebra
and aMath ACT score of 21 or aboveor aMath SAT score of 510 or above; or MA 108R; or appropriate score on the math placement
test.

MA 113 CALCULUS I. 4)
A courseinone-variablecal culus, including topicsfromanalyticgeometry. Derivativesandintegral sof 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 agrade of C or better in MA 109 and
inMA 112, or or agradeof C or betterin MA 110, or appropriate scoreon math placement test, or consent of the department. Students
whoenroll inMA 113 based ontheir test scoresshoul d have completed ayear of pre-cal culusstudy in high school that includesthestudy
of thetrigonometric function. Note: Math placement test recommended.

MA 114 CALCULUS 1. 4)
A second coursein Calculus. Applicationsof theintegral, techniquesof integration, convergence of sequenceand series, Taylor series,
polar coordinates. L ecture, three hours; recitation, two hours per week. Prereq: A gradeof C or betterinMA 113, MA 137 or MA 132.
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MA 123 ELEMENTARY CALCULUS AND ITS APPLICATIONS. 4
Anintroductiontodifferential andintegral cal culus, with applicationsto businessand thebiol ogi cal and physical sciences. Not opento
studentswho have creditin 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 agradeof C or betterin MA 109, or appropriate math placement score, or consent of department. Note:
Math placement test recommended.

MA 132 CALCULUS FOR THE LIFE SCIENCES. 3
Introductiontointegral cal culus, integration of |ogarithmicand exponentia functions. Applicationstothelifesciencesincluding biochemica
ratesand reactionsand radioactive decay. Anintroduction to biological model sand their associated differential equations. Prereq: MA
123 or consent of instructor.

MA 137 CALCULUS | WITH LIFE SCIENCE APPLICATIONS. 4
A first coursein one-variablecalculus. Derivativesand integral sof 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 agrade of C
or betterin MA 109 andin MA 112, or or agrade of C or better in MA 110, or appropriate score on math placement test, or consent of
thedepartment. Studentswhoenroll inM A 137 based ontheir test scoresshoul d havecompl eted ayear of pre-cal cul usstudy inhigh school
that includesthe study of trigonometric functions. Note: Math placement test recommended.

MA 138 CALCULUS Il WITH LIFE SCIENCE APPLICATIONS. 4
A second courseincal culus. Techniquesof integration, introductiontodifferential equations, geometry and differential calculusinseveral
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 applicationsto business, biology, and the social sciences. Linear functions and inequalities, matrix algebra,
linear programming, probability. Emphasis on setting up mathematical modelsfrom stated problems. Prereq: MA 109 or equival ent.

MA 193 SUPPLEMENTARY MATHEMATICS WORKSHOP I (Subtitle required). (1-2)
Laboratory offered (only) asan adjunct to certain mathematicslecturecourses. Offered only onapass/fail basis. Coreq: Set by instructor.

MA 194 SUPPLEMENTARY MATHEMATICS WORKSHORP II: (Subtitle required). 1-2)
Laboratory offered (only) asan adjunct to certain mathematicslecturecourses. Offered only onapass/fail basis. Coreg: Set by instructor.

MA 201 MATHEMATICS FOR ELEMENTARY TEACHERS. 3
Sets, numbers and operations, problem solving and number theory. Recommended only for majorsin 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: acourseinlogic (e.g. PHI 120) or acoursein calculus (e.g. MA 123).

MA 213 CALCULUS III. 4)

A courseinmulti-variablecal culus. Topicsincludevectorsand geometry of space, three-dimensional vector calculus, partial derivatives,
doubleandtripleintegrals, integration on surfaces, Green’ stheorem. Optional topi csincludethe Stokestheoremand the Gaussdivergence
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 V. 3)
MA 214isacourseinordinary differential equations. Emphasisisonfirst and second order equationsand applications. Thecourseincludes
series solutions of second order equations and L aplace transform methods. Prereq: MA 213 or equivalent.

MA 241 GEOMETRY FOR MIDDLE SCHOOL TEACHERS. 3
A coursein planeand solid geometry designed to give middle school mathemati csteachersthe knowl edge needed to teach abeginning
geometry course. Cannot becounted toward the mathematicsminor or major. Prereq: Onesemester of calculusor MA 201 withagrade
of C or better.
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MA 261 INTRODUCTION TO NUMBER THEORY. 3)
Topicsfromclassical number theory, including discussionsof mathematical induction, primenumbers, divisiona gorithms, 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
Heuristicsof problem solving. Practicein solving problemsfromalgebra, number theory, geometry, cal culus, combinatorics, and other
areas. Primarily for middle school teachers. This course may not be counted towards amathematics major or minor. Prereq: MA 123
or MA 113 or MA 137 or consent of the instructor.

MA 310 MATHEMATICAL PROBLEM SOLVING FOR TEACHERS. (©)]
Heuristicsof problem solving. Practicein solving problemsfrom al gebra, number theory, geometry, cal culus, combinatoricsand 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; distributionsof randomvariablesand functionsof randomvariabl es; limit theorems. Prereg: MA 213 or equivalent. (Same
as STA 320.)

MA 321 INTRODUCTION TO NUMERICAL METHODS. 3)
Floating point arithmetic. Numerical linear algebra: eliminationwithpartial pivotingand scaling. Polynomial and piecewiseinterpolation.
L east squaresapproximation. Numerical integration. Rootsof nonlinear equations. Ordinary differential equations. Laboratory exercises
using software packagesavailableat computer center. Prereg: MA 114 and knowledge of aprocedural computer languageisrequired.
(SameasCS321.)

MA 322 MATRIX ALGEBRA AND ITS APPLICATIONS. 3
Algebraof matrices, elementary theory of vector spacesand inner product spaces, the solution of simultaneouslinear equationsusing
Gaussian elimination and triangular factorization. Orthogonal projections, pseudo inverse and singular value decomposition, least
squares approximation. Determinants, eigenval ues 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 asymmetricinformation areappliedtoavariety of strategicdecisionmaking problemstakenfromeconomics,
computer science, politics, and biology. Prereqg: 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 thedevel opment of mathematics. Topicsmay include: the Egyptiansand Babyl onians, mathemati csof the Greek Classical
Age, Euclid and the Alexandrian School, the Renaissance, Fermat and the beginning of cal culus, the work of Newton and Leibnitz,
nineteenth century geometry, analysisand 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 differenceequationsand differential equations. Studentswill learnto construct, analyze, and simulatemodel sand
interpret theresultswithin their biological context. Prereq: A gradeof B or betterinMA 114 (Calculusll) or MA 138 (Calculusl | with
Life Science Applications) or consent of department. (SameasBIO 337.)

MA 340 APPLICABLE ALGEBRA. 3
Topicsinclude: Euclid’ salgorithm, uniquefactorization moduli arithmetic, Fermat’ sand Euler’ stheorems, Chineseremainder theorem,
RSA publickey encryption, Pollard rhofactoring, pseudo primes, error correcting codes, Hamming codes, polynomial ringsand quotient
rings, field extensions, finitefieldsand BCH codes. Prereq: MA 322 or MA 213. (Same as CS 340.)

MA 341 TOPICS IN GEOMETRY. 3)
Sel ected topi csin geometry including Euclidean and some non-Euclidean geometries. Prereg: MA 261 or consent of instructor.
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MA 351 ELEMENTARY TOPOLOGY I. 3
A beginning course, with parti cular emphasi son poi nt-set topol ogy 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 particul ar emphasison groupsand rings. Prereq: MA 261 or consent of instructor. Coreq: MA 322.

MA 362 ELEMENTARY MODERN ALGEBRA 1. 3
A continuation of MA 361 toincludeadiscussion of fieldsand topicsinlinear algebra. Prereq: MA 361 or consent of instructor.

MA 375 COMMUNICATING MATHEMATICS. 3
A courseintendedto provideunderstanding of and experiencewith contemporary mathematical communicationinamoderninstructional
setting. Primarily intended for, but not restricted to, prospective school and college teachers of mathematics, including studentswho
may intend to enroll in agraduate program and work as a graduate teaching assi stant while pursuing an advanced degree. May not be
counted asan upper division mathematics coursein mathematics degree programs. Lecture, onehour; [aboratory, four hoursper 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 Compositionand Communi cation Reguirement for mathematicsmajors. Prereq: Thestudent must satisfy each of thefollowing
5conditions: (1) MA 213; (2) oneof MA 261 or MA 214; (3) MA 322; (4) oneof MA 321, MA 351, MA 361, or MA 471G; (5) at least
30completed credit hours. ThiscourseisaGraduation Compositionand Communication Requirement (GCCR) coursein certain programs,
and henceisnot likely to beeligible for automatic transfer credit to UK.

MA 398, 399 INDEPENDENT WORK IN MATHEMATICS. (3ea)
Reading coursesfor upper division studentsof high standing. Prereq: M athematicsor mathematical sciencesmajor and astandingof 3.0
inthe department.

MA 415G COMBINATORICS AND GRAPH THEORY. 3)
A basic coursein the theory of counting and graph theory. Topicsin enumerative combinatorics may include: generating functions,
compositions, partitions, Fibonacci numbers, permutations, cycle structure of permutations, permutati ons statistics, Stirling numbers
of thefirst and second kind, Bell numbers, inclusion-exclusion. Topicsin graphtheory may include: Eulerian and Hamiltonian cycles,
matrix treetheorem, planar graphsand the4-col or theorem, chromatic polynomial, Hall’ smarriage theorem, stablemarriagetheorem,
Ramsey theory, electrical networks. Prereq: MA 213 or MA 322. (Same as CS415G.)

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, schedulingandinventory problems, and network algorithms. Prereq: MA 213 or equivalent. (Same
asCS416G.)

MA 417G DECISION MAKING UNDER UNCERTAINTY. 3)
A continuation of MA 416 withtopi cssel ected from stochastic model s, decision making under uncertainty, inventory model swithrandom
demand, waiting timemodel sand decision problems. Prereq: CS/MA 416G and MA/STA 320, or consent of instructor. (SameasSTA
417G.)

MA 422 NUMERICAL SOLUTIONS OF EQUATIONS. 3
Linear equations: Gaussianelimination, special linear systems, orthogonalization, eigenproblem, iterativemethods. Nonlinear equations:
solutionsof equationsinonevariable, solutionsof systemsof nonlinear equations. Optimization. Prereq: MA 261 or consent of instructor.
Coreq: MA 322. (SameasCS422.)
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MA 432G METHODS OF APPLIED MATHEMATICS 1. 3
Partial differentiation, Jacobians,implicit functiontheorem, uniform convergenceof series, lineand surfaceintegral s. Green’ sand Stokes'
theorems. Prereq: MA 213 or equivalent.

MA 433G INTRODUCTION TO COMPLEX VARIABLES. 3)
Elementary complex variabletheory with applications. Complex field, analyticfunctions, Cauchy theorem, power series, residuetheory.
Prereg: MA 213 or consent of theinstructor.

MA 471G ADVANCED CALCULUS I. 3)
A careful andvigorousinvestigation of thecal culusof functionsof asinglevariable. Topicswill includeel ementary topol ogical properties
of thereal line, convergencelimits, continuity, differentiationandintegration. Prereg: MA 213and M A 322; or consent of theinstructor.

MA 472G ADVANCED CALCULUS II. 3
A continuation of MA 471G tofunctionsof several variables. A careful and rigorousinvestigation of the extensions of the concepts of
theonevariable calculusto n-dimensions. Prereq: MA 471G or consent of instructor.

MA 481G DIFFERENTIAL EQUATIONS. 3)
Thefundamental goal isto cover those mathematical theories essential to the study of quantum mechanics (physicsand 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 encompassesthefollowing 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 oscill ation theorems. Separation of variabletechniquesfor the heat, wave, and L aplace’ sequation.
Prereq: Oneof MA 432G, MA 471G or equivalent, or consent of instructor.

MA 483G INTRODUCTION TO PARTIAL DIFFERENTIAL EQUATIONS. 3
MA 483Gisessentially anintroductory courseinpartial differential equationsdesignedto prepareundergraduate mathematicsmajorsfor
seriouswork in partial differential equationsand to provide Ph.D. candidatesin engineering and sciencewith anintroductionto partial
differential equationswhichwill serveasafoundationfor their advanced numerical and qualitativework (e.g., in computational fluid
dynamics.) Thecourseencompassesthefollowingtopics: first order linear equations, characteristics, L aplace’ sequation, waveequation
andheat equation, boundary val ueproblems, Fourier series, Green'’ sidentitiesand Green’ sfunctions, general eigenval ueproblems. Prereq:
Oneof MA 432G, MA 471G, MA 481G, or equivalent, or consent of instructor.

MA 485G FOURIER SERIES AND BOUNDARY VALUE PROBLEMS. 3
Anintroductory treatment of Fourier seriesanditsapplicationtothesol utionof boundary valueproblemsinthepartial differential equations
of physicsand engineering. Orthogonal setsof functions, Fourier seriesand integral s, solution of boundary value problems, theory and
applicationof Bessel functionsand Legendrepolynomials. Prereq: MA 432G or equivalent. Thiscourseisopen only tograduatestudents
or undergraduates with engineering standing. (SameasME 585.)

MA 501, 502 SEMINAR IN SELECTED TOPICS. (3ea)
Varioustopicsfrom the basic graduate courses. Designed asacoursefor teachersof lower division mathematicsand usually offeredin
connectionwithasummer ingtitute. M ay berepeated toamaximum of six credits. Prereq: Teaching experienceinthefield of mathematics
and consent of instructor.

MA 506 METHODS OF THEORETICAL PHYSICS I. 3
Thecourseanditssequel (MA/PHY 507) aredesignedtodevel op, for first-year graduatestudents, familiarity withthemathematical tools
useful in physics. Topicsinclude curvilinear coordinates, infinite series, integrating and solving differential equationsof physics, and
methodsof complex variables. Work with Green’ sfunctions, el genval ues, matricesand the cal culusof variationsareincluded asapart
of MA/PHY 506 and 507. Prereq: PHY 404G or equivalent. (SameasPHY 506.)

MA 507 METHODS OF THEORETICAL PHYSICS II. 3)
Continuationof MA/PHY 506. Fourier and L aplace Transforms, thespecial functions(Bessel, Elliptic, Gamma, etc.) aredescribed. Work
with Green'’ sfunctions, eigenval ues, matricesand thecal culusof variationsareincluded asapart 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
Anintroductiontofundamental structuresand techniquesin combinatorics, including such topicsasgraphs, trees, coloringsof 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 aspectsof linear programming and combinatorial optimization. Linear optimizationisintroduced by
presenting sol utiontechniques(primal and dual simplex) and studying geometric propertiesand duality for linear systemsof inequalities.
Asicsof combinatorial optimization, includingtrees, paths, flows, matchings, and matroids, andthecorresponding al gorithmsarepresented.
Prereq: A coursein linear algebraor consent of instructor. (Same as STA 515.)

MA 522 MATRIX THEORY AND NUMERICAL LINEAR ALGEBRA I. 3)
Review of basiclinear algebrafromaconstructiveand geometric point of view. Factorizationsof Gauss, Chol esky and Gram-Schmidt.
Determinants. Linear | east squares problems. Rounding error analysis. Stablemethodsfor updating matrix factorizationsandfor linear
programming. Introductionto Hermitian eigenval ueproblemsand thesingul ar val uedecompositionviathe QR a gorithmandthe L anczos
process. Method of conjugate gradients. Prereg: MA 322. (Sameas CS522.)

MA 527 APPLIED MATHEMATICS IN THE NATURAL SCIENCES I. 3
Construction, analysisandinterpretation of mathematical model sappliedto problemsinthenatural sciences. Physical problemswhose
solutionsinvolvespecial topi csinapplied mathemati csareformul ated, varioussol utiontechniquesareintroduced, and themathematical
results are interpreted. Fourier analysis, dimensional analysis and scaling rules, regular and singular perturbation theory, random
processesand diffusion aresampl esof sel ected topicsstudiedin theapplications. Intended for studentsin applied mathematics, science
andengineering. Prereq: MA 432G or threehoursinan equival ent junior/senior level mathematicscourse, or consent of instructor. This
courseisopen only to graduate students or undergraduates with engineering standing. (SameasME 527.)

MA 533 PARTIAL DIFFERENTIAL EQUATIONS. 3)
Elementary existencetheorems, equationsof first order, classification of linear second order equations, the Cauchy and Dirichlet problems,
potential theory, theheat and waveequations, Green’ sand Riemann functions, separati on of variables, systemsof equations. Prereg: MA
532and MA 472G or equivalent.

MA 537 NUMERICAL ANALYSIS. 3)
Floating point arithmetic. Direct methodsfor thesol ution of systemsof linear algebrai c equations. Polynomial and piecewisepolynomial
approximation, orthogonal polynomials. Numerical integration: Newton Cotesformulas and Gaussian quadrature. Basic methodsfor
initial valueproblemsfor ordinary differential equations. Theemphasi sthroughout isontheunderstanding and use of softwarepackages
for the solution of commonly occurring problemsin science and engineering. Prereq: CS/MA 321 or equivalent or graduate standing
or consent of instructor. Knowledge of aprocedural computer languageis 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 . (©)]
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 finitedimensional linear algebra, therank of amatrix, systemsof linear equations, determinants, characteristic and minimal
polynomial sof amatrix, canonical formsfor matrices, thesimplicity of thering of linear mappingsof afinitedimensional vector space,
the decomposition of avector spacerelativeto agroup of linear mappingsand sel ected topics of amore advanced nature. Prereq: MA
322 or consent of instructor.

MA 570 MULTIVARIATE CALCULUS. 3)
A self-contained coursein n-dimensional analysis, including thegeneral form of Stokes' theorem. Prereq: MA 432G or equivalent.
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MA 575 PRINCIPLES OF ANALYSIS. 3
Real and complex numbers, sequencesand series, continuity, differentiation, integration, and uniformconvergence. 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 aswell as use of appropriate technology.
Includestopicssuch assyllabusconstruction, lesson planning, grading assignments, web pages, typesetting mathematicswith LaTeX.
Required of all new graduateteaching assistantsin mathematics. Prereg: M ust hold teaching assi stantshi pinmathematicsor consent of
theinstructor.

MA 611 INDEPENDENT WORK IN MATHEMATICS. (3-9)
Reading coursefor graduate studentsin mathematics. May berepeated to amaximum of ninecredits. Prereg: Major in mathematics, a
standing of at least 3.0 and consent of instructor.

MA 613 PROBLEMS SEMINAR IN OPERATIONS RESEARCH. 3
Inthiscoursethestudentisexposedtotheart of applyingthetool sof operationsresearchto” real world” problems. Theseminarisgeneraly
conducted by agroup of faculty membersfrom the variousdisciplinesto which operationsresearchisapplicable. Prereq: MA 617 and
STA 525 or consent of instructor. (Same as EE/STA 619).

MA 614 ENUMERATIVE COMBINATORICS. 3
Anintroduction to the basic notions and techniquesin enumerative combinatorics. The material has applicationsto polytopal theory,
hyperplane arrangements, computational commutative algebra, representation theory and symrnetric functions. Topics include
generatingfunctions, theprincipleof inclusionand exclusion, bijections, recurrencerel ations, partially ordered sets, theM obiusfunction
and Mobiusalgebra, theL agrangeinversionformul a, theexponential formulaandtreeenumeration. Prereq: A graduatecourseinlinear
algebraor consent of instructor.

MA 622 MATRIX THEORY AND NUMERICAL LINEAR ALGEBRA L. 3
Numerical solutionof matrix el genval ueproblemsand appli cationsof eigenval ues. Normal formsof Jordan and Schur. V ector 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 techniquesfor boundary value problemsfor ordinary differential equations, and for parabolic and elliptic partial
differential equations. Prereq: CSYMA/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 partia differential equations that occur in
variousphysical fieldtheories. Field equationsof continuummechani csof solidsandfluidsarereviewed. Themethod 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. Prereg: MA/EM 527.

MA 630 MATHEMATICAL FOUNDATIONS OF

STOCHASTIC PROCESSES AND CONTROL THEORY I. 3
A moderntreatment of stochastic processesfromthemeasuretheoretic point of view with applicationsto control theory; thebasicnotions
of probability theory, independence, conditional expectations, separabl e stochastic processes, martingal es, Markov processes, second
order stochastic processes. Prereq: MA 432G and 670.

MA 633 THEORY OF PARTIAL DIFFERENTIAL EQUATIONS. 3
A continuationof MA 533. Topicsmay includehypoelliptic operatorsandinterior regul arity of solutions, P(D)-convexity and existence
theorems; regularity uptotheboundary; applicationsof themaximum principl e; semi-grouptheory for evol ution equations; perturbation
methods; well-posed andimproperly posed problems; equati onswith anal ytic coefficients; asymptotic behavior of solutions; nonlinear
problems. Prereq: MA 533.
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MA 641 DIFFERENTIAL GEOMETRY. 3
Tensor products, exterior algebra, differentiablemaps, manifolds, geodesi cs, metric propertiesof curvesinEuclidean fundamental forms,
surfaces. Prereg: Consent of instructor.

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

MA 654 ALGEBRAIC TOPOLOGY I. 3)
Homotopy and homol ogy theories, complexesand applications. Prereq: MA 551,561, 651 or equival ent.

MA 655 ALGEBRAIC TOPOLOGY lII. 3)

Singular homol ogy theory and applications, homol ogy of products, singular and Cech cohomol ogy 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
Thisgraduatecourseisacontinuationof MA 661. Topicsincludemodul esover principal ideal domains, localization, primary decomposition,
associ ated primeideal s, classesof ringsand modul essuch asNoetherian ringsand Dedekind domains, tensor and exterior products, exact
sequencesand resolutions, ideal sand varieties, Hilbert’ sNullstellensatz. Prereq: MA 561 and MA 661 or consent frominstructor.

MA 667 GROUP THEORY. 3
A study of homomaorphismsfor groups, finitegroups, solvablegroups, nil potent groups, freegroups, and abeliangroups. Prereq: MA 661.

MA 671 FUNCTIONS OF A COMPLEX VARIABLE I. 3
Differentiationandintegration, contour integration, polesand residues. Taylor and L aurent series, and conformal mapping. Prereq: MA
575 or consent of instructor.

MA 672 FUNCTIONS OF A COMPLEX VARIABLE ILI. 3)
A continuation of MA 671 toincludethe Riemann Mapping theorem, Dirichlet problem, multipleval ued functions, Riemann surfaces
and applications. Prereq: MA 671.

MA 676 ANALYSIS I. (©)]
Sequences and series of real and complex numbers, sequences of functions. Riemann-Stieltjes integration, L ebesque 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 spacesincluding the Hahn-Banach separati on theorems, principle of uniform boundednessand 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 amaximum of nine credits. Prereq: Consent of theinstructor.

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

MA 732 SELECTED TOPICS IN DIFFERENTIAL AND INTEGRAL EQUATIONS. 3
Advancedtopicsintheory of differential (ordinary of partial) andintegral equationssuchastopol ogical dynamics, amost periodicsolutions,
stochasticdifferential equations, integro-differential and differential -differenceequations, generalized functionsassol utions, non-linear
partia differential equations, singularintegral equations.
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MA 748 MASTER’'S THESIS RESEARCH. ©)
Half-timetofull-timework onthesis. May berepeated to amaximum of six semesters. Prereq: All coursework toward the degree must
becompleted.

MA 749 DISSERTATION RESEARCH. ()]
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. (3ea)
Prereq: MA 651.
MA 764, 765 SELECTED TOPICS IN ALGEBRA. (3ea)

Reportsand discussiononrecent advancesingrouptheory, ringtheory, andhomol ogical agebra. Prereq: MA 661 and consent of instructor.

MA 767 DISSERTATION RESIDENCY CREDIT. (2)
Residency credit for dissertation research after the qualifying examination. Studentsmay register for thiscoursein the semester of the
qualifying examination. A minimum of two semestersarerequired aswel | ascontinuousenrolIment (Fall and Spring) until thedissertation
iscompleted 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 berepeatedindefinitely.

MA 773 SELECTED TOPICS IN ANALYSIS. 3

May be repeated to amaximum of six credits. Prereg: Consent of instructor.

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

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