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International Comparative Studies101A. Experimental Art and Its Ethics since 1945101C. Anthropology and Film101E. Gender and Culture125. Comparative Approaches to Global Issues (B, D)130A. Culture and Politics in Latin America180BD. Modern ArchitectureLiterature98. Introduction to the Study of Literature and Society100. Introduction to Cultural Studies (DS4)133B. Experimental Art and Its Ethics since 1945162Z. Special Topics in Literature and National Cultures, Ethnicity, Race162ZS. Special Topics in Literature and National Cultures, Ethnicity, Race181A. Marxism and Society181B. Marxism and Culture270. Consciousness and Modern SocietyPolitical Science125. Comparative Approaches to Global IssuesReligion183. Comparative Approaches to Global IssuesRussian149S. Russian Culture in the Era of Terror: A ReexaminationSociology125. Comparative Approaches to Global Issues139. Marxism and SocietySpanish171. Literature of Contemporary SpainWomen's Studies117. Gender and Culture168. Experimental Art and Its Ethics since 1945Mathematics (MATH)Professor Stern, Chair; Professor Pardon, Associate Chair; Professor Allard, Director of Undergraduate Studies; Assistant Professor of the Practice Dong, Associate Director of Undergraduate Studies, Associate Professor of the Practice Blake, Supervisor of First-year Instruction; Professors Aspinwall, Beale, H. Bray, Bryant, Hain, Harer, H. Layton, Morrison, Pardon, Petters, Reed, Rose, Saper, Schaeffer, Schoen, Trangenstein, Venakides, and Zhou; Associate Professors R. Hodel, Kraines, Mattingly, Plesser, and Witelski; Assistant Professors Huber, A. Layton, Maggioni, and Ng; Professors Emeriti Kitchen, Moore, Smith, Warner, and Weisfeld; Associate Professor of the Practice Bookman; Assistant Research Professors Katz, Lee, and McKinley; Adjunct Professors Bertozzi, Howard, Kimbell, Shearer, and Wahl; Lecturers M. Hodel, and Tomberg; Lecturing Fellows C. Bray and Davis; A major or minor is available in this department. 25L. Laboratory Calculus and Functions I. QS A study of functions with applications, and an introduction to differential calculus, with a laboratory component. Topics include a review of algebra and functions, mathematical modeling with elementary functions, rates of change, inverse functions, logarithms and exponential functions, the derivative, graphical interpretations of the derivative, optimization, related rates. Not open to students who have credit for Mathematics 19 or 31 or 31L. Instructor: Staff. One course. 26L. Laboratory Calculus and Functions II. QS A continuation of Mathematics 25L. Topics include zeros of functions, antidifferentiation, initial value problems, differential equations, Euler's method, slope fields, review of trigonometry, modeling with trigonomet-ric functions, Riemann sums, the Fundamental Theorem of Calculus, integration by substitution, integration by parts, separation of variables, systems of differential equations. 
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Students who complete this course can enroll in Mathematics 32L. Not open to students who have credit for Mathematics 31 or 31L. Prerequisite: Mathematics 25L. Instructor: Staff. One course. 31L. Laboratory Calculus I. QS Introductory calculus with a laboratory component. Emphasis on laboratory projects, group work, and written reports. Differentiation, transcendental functions, optimization, differential equations, numerical approximations, Euler's method, the Fundamental Theorem, separation of variables, slope fields, and mathematical modeling. Not open to students who have credit for Mathematics 25L or 26L. Instructor: Staff. One course. 32. Introductory Calculus II. QS Transcendental functions, techniques and applications of integration, indeterminate forms, improper integrals, infinite series. Not open to students who have had Mathematics 32L or 41. Prerequisite: Mathematics 31. Instructor: Staff. One course.32L. Laboratory Calculus II. QS Second semester of introductory calculus with a laboratory component. Emphasis on laboratory projects, group work, and written reports. Methods of integration, applications of integrals, functions defined by integration, improper integrals, introduction to probability and distributions, infinite series, Taylor polynomials, series solutions of differential equations, systems of differential equations, Fourier series. Not open to students who have had Mathematics 32 or 41. Prerequisite: Mathematics 26L or 31L or consent of instructor. Instructor: Staff. One course. 32X. Introductory Honors Calculus II. QS Similar to Mathematics 32, but faster paced and more challenging. Open to students who score at least 750 on the SAT Mathematics Aptitude Test. Instructor: Staff. One course. 41. One Variable Calculus. QS Quickly reviews differential calculus and then covers integral calculus and infinite series. Designed for first-year students who have had a year of calculus in high school and have Mathematics SAT scores of 650 of above, but who have not received advanced placement credit for Mathematics 31. Not open to students who have had Mathematics 32 or 32L. Instructor: Staff. One course. 49S. First-Year Seminar. Topics vary each semester offered. Instructor: Staff. One course. 50. Duke-Administered Study Abroad: Special Topics in Mathematics. Topics differ by section. Instructor: Staff. One course. 61. Perspectives on Science I. STS Weekly seminars showcasing research directions that use quantitative methods. Interviews and library research leading to a web-based report and oral presentation. Projects include a focused quantitative example and an analysis of the broader impact or development of the field including historical developments and impact on society. Emphasis on biological and medical sciences. Open only to students in the ADVANCE Program. Prerequisite: Mathematics 31 and 31L or consent of instructor. Instructor: Staff. Half course. 62. Perspectives on Science II. STS Similar to Mathematics 61, but with emphasis on engineering, physical, and social sciences. Open only to students in the ADVANCE Program. Prerequisite: Mathematics 32 or 32L, or consent of instructor. Instructor: Staff. Half course. 65S. Cryptography and Society. QS, STS, W Introduction to basic ideas of modern cryptography with emphasis on history and mathematics of encryption, applications in daily life, and implications for the individual and society. Topics may include: mathematical tools needed to analyze cryptosystems, including public key and stream ciphers; zero-knowledge protocols; attacks on "real-life" cryptosystems such as Enigma and the Data Encryption Standard; digital signatures, secure web connections; cryptography, free speech and copyright/fair use issues; applications to electronic communications and electronic commerce; privacy, computer security, and law enforcement; limitations and failures of modern cryptography. Instructor: Staff. One course. 
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100. Duke-Administered Study Abroad: Advanced Special Topics in Mathematics. Topics differ by section. Instructor: Staff. One course. 102. Multivariable Calculus. QS Gaussian elimination, matrix algebra, determinants, linear independence. Calculus of several variables, chain rule, implicit differentiation. Optimization, first order conditions, Lagrange multipliers. Integration of functions of several variables. Prerequisite: Mathematics 32, 32L or 41. Not open to students who have taken Mathematics 103. Instructor: Staff. One course. 103. Intermediate Calculus. QS Partial differentiation, multiple integrals, and topics in differential and integral vector calculus, including Green's theorem, the divergence theorem, and Stokes's theorem. Not open to students who have taken Mathematics 102. Prerequisite: Mathematics 32, 32L, or 41. Instructor: Staff. One course. 103X. Honors Intermediate Calculus and Linear Algebra. QS Similar to Mathematics 103, but more theoretical. Students who have taken 32X are encouraged to enroll. Instructor: Staff. One course. 104. Linear Algebra and Applications. QS Systems of linear equations and elementary row operations, Euclidean n-space and subspaces, linear transformations and matrix representations, Gram-Schmidt orthogonalization process, determinants, eigenvectors and eigenvalues; applications. Not open to students who have taken Mathematics 107. Prerequisite: Mathematics 32, 32L, or 41. Instructor: Staff. One course. 104X. Honors Intermediate Calculus and Linear Algebra. QS Similar to Mathematics 104, but more theoretical. Instructor: Staff. One course. 105. Vector Calculus. QS Partial differentiation, multiple integrals, and topics in differential and integral vector calculus, including Green's theorem, Stokes's theorem, and Gauss's theorem for students with a background in linear algebra. Not open to students who have taken Mathematics 102 or 103. Prerequisite: Mathematics 104. Instructor: Staff. One course.107. Linear Algebra and Differential Equations. QS Systems of linear equations, matrix operations, vector spaces, linear transformations, orthogonality, determinants, eigenvalues and eigenvectors, diagonalization, linear differential equations and systems with constant coefficients and applications, computer simulations. Intended primarily for engineering and science students. Prerequisite: Mathematics 103. Not open to students who have had Mathematics 104. Instructor: Staff. One course. 108. Ordinary and Partial Differential Equations. QS First and second order ordinary differential equations with applications, Laplace transforms, series solutions and qualitative behavior, Fourier series, partial differential equations, boundary value problems, Sturm-Liouville theory. Intended primarily for engineering and science students. Prerequisite: Mathematics 107. Not open to students who have had Mathematics 131. Instructor: Staff. One course. 121. Introduction to Abstract Algebra. QS Groups, rings, and fields. Students intending to take a year of abstract algebra should take Mathematics 200 and 201. Not open to students who have had Mathematics 200. Prerequisite: Mathematics 104. Instructor: Staff. One course.123S. Geometry. QS, R Euclidean geometry, inverse and projective geometries, topology (Möbius strips, Klein bottle, projective space), and non-Euclidean geometries in two and three dimensions; contributions of Euclid, Gauss, Lobachevsky, Bolyai, Riemann, and Hilbert. Research project and paper required. Prerequisite: Mathematics 32, 32L, 41, or consent of instructor. Instructor: Staff. One course. 124. Combinatorics. QS Permutations and combinations, generating functions, recurrence relations; topics in enumeration theory, including the Principle of Inclusion-Exclusion and Polya Theory; topics in graph theory, including trees, circuits, and matrix representations; 
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applications. Prerequisite: Mathematics 32, 32L, 41 or consent of instructor. Instructor: Staff. One course. 126. Introduction to Linear Programming and Game Theory. QS Fundamentalproperties of linear programs; linear inequalities and convex sets; primal simplex method, duality; integer programming; two-person and matrix games. Prerequisite: Mathematics 104 or equivalence. Instructor: Staff. One course. 128S. Number Theory. QS, R Divisibility properties of integers, prime numbers, congruences, quadratic reciprocity, number-theoretic functions, simple continued fractions, rational approximations; contributions of Fermat, Euler, and Gauss. Prerequisite: Mathematics 32, 32L, 41, or consent of instructor. Individual research paper required. Instructor: Staff. One course. C-L: Information Science and Information Studies 131. Elementary Differential Equations. QS First and second order differential equations with applications; linear systems of differential equations; Fourier series and applications to partial differential equations. Additional topics may include stability, nonlinear systems, bifurcations, or numerical methods. Not open to students who have had Mathematics 107 or Mathematics 108. Prerequisite: Mathematics 103; corequisite: Mathematics 104. Instructor: Staff. One course. 132S. Nonlinear Ordinary Differential Equations. QS, R Theory and applications of systems of nonlinear ordinary differential equations. Topics may include qualitative behavior, numerical experiments, oscillations, bifurcations, deterministic chaos, fractal dimension of attracting sets, delay differential equations, and applications to the biological and physical sciences. Research project and paper required. Prerequisite: Mathematics 107 or 131 or consent of instructor. Instructor: Staff. One course. 133. Introduction to Partial Differential Equations. QS Heat, wave, and potential equations: scientific context, derivation, techniques of solution, and qualitative properties. Topics to include Fourier series and transforms, eigenvalue problems, maximum principles, Green's functions, and characteristics. Intended primarily for mathematics majors and those with similar backgrounds. Prerequisite: Mathematics 108 or 131 or consent of instructor. Instructor: Staff. One course. 135. Probability. QS Probability models, random variables with discrete and continuous distributions. Independence, joint distributions, conditional distributions. Expectations, functions of random variables, central limit theorem. Prerequisite: Mathematics 102, 103, or 105.. Instructor: Staff. One course. C-L: Statistics and Decision Sciences 104, Information Science and Information Studies 136. Statistics. QS One course. C-L: see Statistics and Decision Sciences 114; also C-L: Information Science and Information Studies 139. Advanced Calculus I. QS, W Algebraic and topological structure of the real number system; rigorous development of one-variable calculus including continuous, differentiable, and Riemann integrable functions and the Fundamental Theorem of Calculus; uniform convergence of a sequence of functions; contributions of Newton, Leibniz, Cauchy, Riemann, and Weierstrass. Not open to students who have had Mathematics 203. Prerequisite: Mathematics 102,103 or 105. Instructor: Staff. One course. 149S. Problem Solving Seminar. QS Techniques for attacking and solving challenging mathematics problems and writing mathematical proofs. Course may be repeated. Consent of instructor required. Instructor: Staff. Half course. 150. Topics in Mathematics from a Historical Perspective. QS Content of course determined by instructor. Prerequisite: Mathematics 139 or 203 or consent of instructor. Instructor: Staff. One course. 151S. Advanced Problem Solving. QS Challenging problem sets focused on Putnam Mathematics Competitions. May be repeated. Consent of instructor required. Instructor: Staff. Half course. 
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160S. Mathematical Numerical Analysis. QS, R Development of numerical techniques for accurate, efficient solution of problems in science, engineering, and mathematics through the use of computers. Linear systems, nonlinear equations, optimization, numerical integration, differential equations, simulation of dynamical systems, error analysis. Research project and paper required. Not open to students who have had Computer Science 150 or 250. Prerequisites: Mathematics 103 and 104 and basic knowledge of a programming language (at the level of Computer Science 6), or consent of instructor. Instructor: Staff. One course.181. Complex Analysis. QS Complex numbers, analytic functions, complex integration, Taylor and Laurent series, theory of residues, argument and maximum principles, conformal mapping. Not open to students who have had Mathematics 212. Prerequisite: Mathematics 103 and 104 or consent of instructor. Instructor: Staff. One course. 187. Introduction to Mathematical Logic. QS Propositional calculus; predicate calculus. Gödel completeness theorem, applications of number theory, incompleteness theorem, additional topics in proof theory or computability; contributions of Aristotle, Boole, Frege, Hilbert, and Gödel. Prerequisite: Mathematics 103 and 104 or Philosophy 103. Instructor: Staff. One course. 188. Logic and Its Applications. QS Topics in proof theory, model theory, and recursion theory; applications to computer science, formal linguistics, mathematics, and philosophy. Usually taught jointly by faculty members from the departments of computer science, mathematics, and philosophy. Prerequisite: a course in logic or consent of instructor. Instructor: Staff. One course. C-L: Computer Science 148, Philosophy 150 191. Independent Study. Directed reading in a field of special interest under the supervision of a faculty member, resulting in a substantive paper or written report containing significant analysis and interpretation of a previously approved topic. Consent of instructor and director of undergraduate studies required. Instructor: Staff. One course. 192. Research Independent Study. R Individual research in a field of special interest under the supervision of a faculty member, the central goal of which is a substantive paper or written report containing significant analysis and interpretation of a previously approved topic. Consent of instructor and director of undergraduate studies required. Instructor: Staff. One course. 193. Independent Study. Same as Mathematics 191, but for seniors. Consent of instructor and director of undergraduate studies required. Instructor: Staff. One course. 194. Research Independent Study. R Same as Mathematics 192, but for seniors. Consent of instructor and director of undergraduate studies required. Instructor: Staff. One course. 196S. Seminar in Mathematical Modeling. QS, R, W Introduction to techniques used in the construction, analysis, and evaluation of mathematical models. Individual modeling projects in biology, chemistry, economics, engineering, medicine, or physics. Students must write at least one substantial paper on their project. Prerequisite: Mathematics 108 or 131 or consent of instructor. Instructor: Staff. One course. 197S. Seminar in Mathematics. QS, R Intended primarily for juniors and seniors majoring in mathematics. Required research project culminating in written report. Prerequisite: Mathematics 103 and 104. Instructor: Staff. One course. 199S. Honors Seminar. QS, R Topics vary. Consent of instructor and director of undergraduate studies required. Instructor: Staff. One course. For Seniors and Graduates200. Introduction to Algebraic Structures I. QS Groups: symmetry, normal subgroups, quotient groups, group actions. Rings: homomorphisms, ideals, principal ideal domains, the Euclidean algorithm, unique factorization. Not open to students who have had Mathematics 121. Prerequisite: Mathematics 104 or equivalent. Instructor: Staff. One course. 
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201. Introduction to Algebraic Structures II. QS Fields and field extensions, modules over rings, further topics in groups, rings, fields, and their applications. Prerequisite: Mathematics 200, or 121 and consent of instructor. Instructor: Staff. One course. 203. Basic Analysis I. QS, W Topology of Rn, continuous functions, uniform convergence, compactness, infinite series, theory of differentiation, and integration. Not open to students who have had Mathematics 139. Prerequisite: Mathematics 104. Instructor: Staff. One course.204. Basic Analysis II. QS Differential and integral calculus in Rn. Inverse and implicit function theorems. Further topics in multivariable analysis. Prerequisite: Mathematics 104; Mathematics 203, or 139 and consent of instructor. Instructor: Staff. One course. 205. Topology. QS Elementary topology, surfaces, covering spaces, Euler characteristic, fundamental group, homology theory, exact sequences. Prerequisite: Mathematics 104. Instructor: Staff. One course. 206. Differential Geometry. QS Geometry of curves and surfaces, the Serret-Frenet frame of a space curve, Gauss curvature, Cadazzi-Mainardi equations, the Gauss-Bonnet formula. Prerequisite: Mathematics 104. Instructor: Staff. One course. 215. Mathematical Finance. QS An introduction to the basic concepts of mathematical finance. Topics include modeling security price behavior, Brownian and geometric Brownian motion, mean variance analysis and the efficient frontier, expected utility maximization, Ito's formula and stochastic differential equations, the Black-Scholes equation and option pricing formula. Prerequisites: Mathematics 103, 104, 135 or equivalent, or consent of instructor. Instructor: Staff. One course. C-L: Economics 225 216. Applied Stochastic Processes. QS An introduction to stochastic processes without measure theory. Topics selected from: Markov chains in discrete and continuous time, queuing theory, branching processes, martingales, Brownian motion, stochastic calculus. Prerequisite: Mathematics 135 or equivalent. Instructor: Staff. One course. C-L: Statistics and Decision Sciences 253 217. Linear Models. QS One course. C-L: see Statistics and Decision Sciences 244 218. Introduction to Multivariate Statistics. QS One course. C-L: see Statistics and Decision Sciences 245 219. Introduction to Stochastic Calculus. QS Introduction to the theory of stochastic differential equations oriented towards topics useful in applications. Brownian motion, stochastic integrals, and diffusions as solutions of stochastic differential equations. Functionals of diffusions and their connection with partial differential equations. Ito's formula, Girsanov's theorem, Feynman-Kac formula, Martingale representation theoerm. Additional topics have included one dimensional boundary behavior, stochastic averaging, stochastic numerical methods. Prerequisites: Undergraduate background in real analysis (Mathematics 139) and probability (Mathematics 135). Instructor: Staff. One course. 221. Numerical Analysis. QS, R One course. C-L: see Computer Science 250; also C-L: Statistics and Decision Sciences 250 224. Scientific Computing I. QS Structured scientific programming in C/C++ and FORTRAN. Floating point arithmetic and interactive graphics for data visualization. Numerical linear algebra, direct and iterative methods for solving linear systems, matrix factorizations, least squares problems and eigenvalue problems. Iterative methods for nonlinear equations and nonlinear systems, Newton's method. Prerequisite: Mathematics 103 and 104. Instructor: Staff. One course. 225. Scientific Computing II. QS Approximation theory: Fourier series, orthogonal polynomials, interpolating polynomials and splines. Numerical differentiation and integration. Numerical methods for ordinary differential equations: finite difference methods for initial and boundary value problems, and stability analysis. Introduction to 
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finite element methods. Prerequisite: Mathematics 224 and familiarity with ODEs at the level of Mathematics 107 or 131. Instructor: Staff. One course. 226. Numerical Partial Differential Equations I. QS Numerical solution of hyperbolic conservation laws. Conservative difference schemes, modified equation analysis and Fourier analysis, Lax-Wendroff process. Gas dynamics and Riemann problems. Upwind schemes for hyperbolic systems. Nonlinear stability, monotonicity and entropy; TVD, MUSCL, and ENO schemes for scalar laws. Approximate Riemann solvers and schemes for hyperbolic systems. Multidimensional schemes. Adaptive mesh refinement. Prerequisite: Mathematics 224, 225, or consent of instructor. Instructor: Staff. One course. 227. Numerical Partial Differential Equations II. QS Numerical solution of parabolic and elliptic equations. Diffusion equations and stiffness, finite difference methods and operator splitting (ADI). Convection-diffusion equations. Finite element methods for elliptic equations. Conforming elements, nodal basis functions, finite element matrix assembly and numerical quadrature. Iterative linear algebra; conjugate gradients, Gauss-Seidel, incomplete factorizations and multigrid. Mixed and hybrid methods. Mortar elements. Reaction-diffusion problems, localized phenomena, and adaptive mesh refinement. Prerequisite: Mathematics 224, 225, or consent of instructor. Instructor: Staff. One course. 228. Mathematical Fluid Dynamics. QS Properties and solutions of the Euler and Navier-Stokes equations, including particle trajectories, vorticity, conserved quantities, shear, deformation and rotation in two and three dimensions, the Biot-Savart law, and singular integrals. Additional topics determined by the instructor. Prerequisite: Mathematics 133 or 211 or an equivalent course. Instructor: Staff. One course. 229. Mathematical Modeling. QS Formulation and analysis of mathematical models in science and engineering. Emphasis on case studies; may include individual or team research projects. Instructor: Staff. One course. 231. Ordinary Differential Equations. QS Existence and uniqueness theorems for nonlinear systems, well-posedness, two-point boundary value problems, phase plane diagrams, stability, dynamical systems, and strange attractors. Prerequisite: Mathematics 104, 107 or 131, and 203 or 139. Instructor: Staff. One course. 232. Introduction to Partial Differential Equations. QS Fundamental solutions of linear partial differential equations, hyperbolic equations, characteristics, Cauchy-Kowalevski theorem, propagation of singularities. Not open to students who have taken the former Mathematics 297. Prerequisite: Mathematics 204 or equivalent. Instructor: Staff. One course.233. Asymptotic and Perturbation Methods. QS Asymptotic solution of linear and nonlinear ordinary and partial differential equations. Asymptotic evaluation of integrals. Singular perturbation. Boundary layer theory. Multiple scale analysis. Prerequisite: Mathematics 108 or equivalent. Instructor: Staff. One course. 236. General Relativity. NS One course. C-L: see Physics 292 241. Real Analysis. QS Measures; Lebesgue integral; Lp spaces; Daniell integral, differenti-ation theory, product measures. Prerequisite: Mathematics 204 or equivalent. Instructor: Staff. One course. 242. Functional Analysis. QS Metric spaces, fixed point theorems, Baire category theorem, Banach spaces, fundamental theorems of functional analysis, Fourier transform. Prerequisite: Mathematics 241 or equivalent. Instructor: Staff. One course. 245. Complex Analysis. QS Complex calculus, conformal mapping, Riemann mapping theorem, Riemann surfaces. Prerequisite: Mathematics 204 or equivalent. Instructor: Staff. One course. 248. Topics in Analysis. Harmonic analysis, dynamical systems, geometric measure theory, or calculus of variations. Prerequisite: Mathematics 241 and 245 or equivalents. Instructor: Staff. One course. 
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250. Computation in Algebra and Geometry. QS Application of computing to problems in areas of algebra and geometry, such as linear algebra, algebraic geometry, differential geometry, representation theory, and number theory, use of general purpose symbolic computation packages such as Maple or Mathematica; use of special purpose packages such as Macaulay, PARI-GP, and LiE; programming in C/C++. Previous experience with programming or the various mathematical topics not required. Corequisite: Mathematics 251 or consent of instructor. Instructor: Staff. One course. 251. Groups, Rings, and Fields. QS Groups including nilpotent and solvable groups, p-groups and Sylow theorems; rings and modules including classification of modules over a PID and applications to linear algebra; fields including extensions and Galois theory. Prerequisite: Mathematics 201 or equivalent. Instructor: Staff. One course. 252. An Introduction to Commutative Algebra and Algebraic Geometry. QS Affine algebraic varieties, Groebner bases, localization, chain conditions, dimension theory, singularities, completions. Prerequisite: Mathematics 251 or equivalent. Instructor: Staff. One course. 253. Representation Theory. QS Representation theory of finite groups, Lie algebras and Lie groups, roots, weights, Dynkin diagrams, classification of semisimple Lie algebras and their representations, exceptional groups, examples and applications to geometry and mathematical physics. Prerequisite: Mathematics 200 or equivalent. Instructor: Staff. One course. C-L: Physics 293 254. Topics in Algebra. QS Algebraic number theory, algebraic K-theory, homological algebra, or other topics. Prerequisite: Mathematics 251. Instructor: Staff. One course. 261. Algebraic Topology I. QS Fundamental group and covering spaces, singular and cellular homology, Eilenberg-Steenrod axioms of homology, Euler characteristic, classification of surfaces, singular and cellular cohomology. Prerequisite: Mathematics 200 and 205 or consent of instructor. Instructor: Staff. One course. 262. Algebraic Topology II. QS Universal coefficient theorems, Künneth theorem, cup and cap products, Poincaré duality, plus topics selected from: higher homotopy groups, obstruction theory, Hurewicz and Whitehead theorems, and characteristic classes. Prerequisite: Mathematics 261 or consent of instructor. Instructor: Staff. One course. 263. Topics in Topology. QS Algebraic, geometric, or differential topology. Consent of instructor required. Instructor: Staff. One course. 267. Differential Geometry. QS Differentiable manifolds, fiber bundles, connections, curvature, characteristic classes, Riemannian geometry including submanifolds and variations of length integral, complex manifolds, homogeneous spaces. Prerequisite: Mathematics 204 or equivalent. Instructor: Staff. One course. 268. Topics in Differential Geometry. QS Lie groups and related topics, Hodge theory, index theory, minimal surfaces, Yang-Mills fields, exterior differential systems, harmonic maps, symplectic geometry. Prerequisite: Mathematics 267 or consent of instructor. Instructor: Staff. One course. 272. Riemann Surfaces. QS Compact Riemann Surfaces, maps to projective space, Riemann-Roch Theorem, Serre duality, Hurwitz formula, Hodge theory in dimension one, Jacobians, the Abel-Jacobi map, sheaves, Cech cohomology. Prerequisite: Mathematics 245 and Mathematics 261 or consent of instructor. Instructor: Staff. One course. 273. Algebraic Geometry. QS Projective varieties, morphisms, rational maps, sheaves, divisors, sheaf cohomology, resolution of singularities. Prerequisite: Mathematics 252 and 272 or consent of instructor. Instructor: Staff. One course. 274. Number Theory. QS Binary quadratic forms; orders, integral closure; Dedekind domains; fractional ideals; spectra of rings; Minkowski theory; fundamental finiteness theorems; valuations; ramification; zeta functions; density of primes in arithmetic 
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progressions. Prerequisites: Mathematics 201 or 251 or consent of instructor. Instructor: Staff. One course. 277. Topics in Algebraic Geometry. QS Schemes, intersection theory, deformation theory, moduli, classification of varieties, variation of Hodge structure, Calabi-Yau manifolds, or arithmetic algebraic geometry. Prerequisite: Mathematics 273 or consent of instructor. Instructor: Staff. One course. 278. Topics in Complex Analysis. QS Geometric function theory, function algebras, several complex variables, uniformization, or analytic number theory. Prerequisite: Mathematics 245 or equivalent. Instructor: Staff. One course. 281. Hyperbolic Partial Differential Equations. QS Linear wave motion, dispersion, stationary phase, foundations of continuum mechanics, characteristics, linear hyperbolic systems, and nonlinear conservation laws. Prerequisite: Mathematics 232 or equivalent. Instructor: Staff. One course. 282. Elliptic Partial Differential Equations. QS Fourier transforms, distributions, elliptic equations, singular integrals, layer potentials, Sobolev spaces, regularity of elliptic boundary value problems. Prerequisite: Mathematics 232 and 241 or equivalent. Instructor: Staff. One course. 283. Topics in Partial Differential Equations. QS Hyperbolic conservation laws, pseudo-differential operators, variational inequalities, theoretical continuum mechanics. Prerequisite: Mathematics 281 or equivalent. Instructor: Staff. One course. 287. Probability. QS Theoretic probability. Triangular arrays, weak laws of large numbers, variants of the central limit theorem, rates of convergence of limit theorems, local limit theorems, stable laws, infinitely divisible distributions, general state space Markov chains, ergodic theorems, large deviations, martingales, Brownian motion and Donsker's theorem. Prerequisites: Mathematics 241 or Statistics 205 or equivalent. Instructor: Staff. One course. C-L: Statistics and Decision Sciences 207 288. Topics in Probability Theory. QS Probability tools and theory, geared towards topics of current research interest. Possible additional prerequisites based on course content in a particular semester. Prerequisites: Mathematics 135 or equivalent, and consent of instructor. Instructor: Staff. One course. C-L: Statistics and Decision Sciences 297 295. Special Topics. QS Instructor: Staff. One course. 298. Special Readings. QS Instructor: Staff. One course. THE MAJORThe Department of Mathematics offers both the A.B. degree and the B.S. degree. Students who plan to attend graduate school in mathematics or the sciences should consider working toward the B.S. degree, which requires at least eight courses in mathematics numbered above Mathematics 107. The A.B. degree requires at least seven courses in mathematics numbered above Mathematics 107. At least half of the major/minor courses numbered above 103 should be taken at Duke. In particular, Mathematics 121 (or 200) and 139 (or 203) should be taken at Duke. The specific requirements for each degree are listed below.The director of undergraduate studies can be consulted for additional information and advice on course selection. The Handbook for Mathematics Majors and Minors, published by the department, can be used as a guide in developing a coherent program of study consistent with professional goals. For the A.B. DegreePrerequisites. Mathematics 31 or 31L or an equivalent course (Advanced Placement allowed); Mathematics 32 or 32L or 41 or an equivalent course (Advanced Placement allowed); Mathematics 103 and Mathematics 104 or equivalent courses. (Many upper-level mathematics courses assume programming experience at the level of 


