Syllabus for the Applied Mathematics qualifying exam in Numerical Analysis, Numerical Differential Equations and Optimization
This will be a three-hour exam. The material is organized into three parts, but the questions will not be explicitly separated into those parts. 

Intro to Numerical Analysis
· Fundamental of Matrix Computations: (Trefethen & Bau: Lectures 1-5)
                                                             (Börgers Chp 1, 5,6)
· QR Factorizations and Least Squares:  (Trefethen & Bau: Lectures 6-8, 10, 11)
                                                               (Börgers, Chp 16)
· Condition and Stability: (Trefethen & Bau: Lectures 12,14-19)
   (Börgers Chp 10-13)
· Linear System of Equations: (Trefethen & Bau: Lectures 20-23)
                                  (Börgers Chp 3,4, 17)
· Eigenvalues and SVD: (Trefethen & Bau: Lectures 24-29)
                                     (Börgers Chp 19-24)
Numerical Differential Equations
· Finite Difference Approximations: (LeVeque: 1.1-1.4, 2.1-2.10, 2.12, 2.13, 2.15)
· Initial Value Problems: (LeVeque: 5.1-5.9)
· Stability and Stiffness: (LeVeque: 6.4, 7.1-7.3, 7.4, 7.5, 8.1-8.4)
· Method of Lines for the heat equation and advection equation 
(LeVeque: 9.1-9.4, 10.1-10.4)
Nonlinear Systems and Optimization 
· Nonlinear problems in one variable (Dennis & Schnabel: 2.2, 2.4, 2.5, 2.7)
                                                         (Nocedal & Wright: 2.1, 2.2)
· Newton’s method for nonlinear equations (Dennis & Schnabel: 5.1, 5.2, 5.5)
                                                                  (Nocedal & Wright: 11.1)
· Quasi-Newton Methods (Dennis & Schnabel: 6.1, 6.2, 6.3, 6.4)
                                       (Nocedal & Wright: 2.1, 2.2, 3.1-3.4, 4.1, 4.4) 
· Nonlinear Least Squares (Dennis & Schnabel: 10.1, 10.2, 10.3)
                                         (Nocedal & Wright: 10.1-10.4)
Reference:[footnoteRef:1] [1:  This document was updated during the 2025–2026 academic year and will take effect beginning in the 2026–2027 academic year and thereafter. The sample chapters and lectures are based on the referenced materials. Instructors of courses that prepare students for this exam reserve the right to choose textbooks for their classes. Instructors who choose other textbooks are required to cover the topics listed in the syllabus to the same level of depth.] 
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