
Math 211, Fall 2011, Duke University Course summary guide

1 Review of lectures

1. Part 0: Review of linear algebra: eigenvectors, ad-
joints, orthogonality, expansions, solutions of linear
equations (8/29)

2. Inner products, self-adjoint problems, separation of
variables for vector ODEs (8/31)

3. Review of Fourier series and orthogonal functions,
Fourier trigonometric series (9/2)

4. Properties of Fourier series: convergence, Gibbs
phenomenon. Adjoint linear differential operators
(9/5)

5. Part 1: Boundary value problems for ODEs via
eigenfunction expansions, linear differential opera-
tors, boundary conditions, LCC and Cauchy-Euler
equations, general solutions and eigenvalue prob-
lems (9/7)

6. Eigenfunction expansions for 2nd order inhomoge-
neous BVP, 2nd order self-adjoint BVP, Sturm-
Liouville (SL) problems and properties, weighted
inner products (9/9)

7. Sturm-Liouville theory, Rayleigh quotient for eigen-
values, connections to Fourier series, regular SL
problems (9/12)

8. Singular SL problems, existence, uniqueness, non-
uniqueness and the Fredholm alternative theorem
(9/14)

9. Integral equations, separable kernels, Volterra IEs,
Fredholm IEs - first and second kind FIEs (9/16)

10. Solving integral equations, eigenvalue problems, In-
tegral operator theory, adjoint operators, symmet-
ric kernels, Hilbert-Schmidt theory for IE’s (9/19)

11. Mercer’s theorem for the Green’s function, varia-
tion of parameters (9/21)

12. Distribution theory, the Heaviside step function,
the Dirac delta function, the delta-function prob-
lem for the Green’s function, the reciprocity theo-
rem (9/23)

13. Piecewise-defined form of the Green’s function,
jump conditions for the Green’s function, Green’s
function solution for inhomogeneous BVP (9/26)

14. Part 2: Solving PDEs via eigenfunction expan-
sions and separation of variables, three classes of
PDEs, three classes of BCs, non-separable prob-
lems (9/28)

15. Solving inhomogeneous problems: heat equation
problems (9/30)

16. Solving problems for the wave equation, Part 1 of
elliptic PDE BVP - Laplace’s equation, options for
the choice of expansions (10/3)

17. Test 1 (10/5)

18. Laplace’s equation, superposition of solutions, lim-
itations of superposition (10/7)

19. Poisson’s equation, multi-dimensional separable
problems (10/12)

20. Double summation expansions, the heat equation,
the wave equation, multi-dimensional problems:
theory, partially separable problems, the Helmholtz
equation (10/14)

21. Linear operator theory for∇2, adjoints and Green’s
theorem from multi-variable calculus, the Neumann
derivative BC, Sturm-Liouville-like results for the
Laplacian operator, the divergence theorem, the
Fredholm alternative theorem and the solvability
condition (10/17)

22. The Laplacian in polar cylindrical coordinates, sep-
aration of variables for Laplace’s equation, Cauchy-
Euler, superposition, periodic boundary conditions
(10/19)

23. Laplace’s equation with Neumann BC’s, the Fred-
holm alternative, the heat and wave equations
in polar coordinates, axisymmetric problems and
Bessel’s equation of order zero (10/21)

24. The heat equation in polar coordinates, Bessel’s
equation of order m (10/24)

25. Problems in 3D, double summation expansions,
problems in spherical coordinates, spherical Bessel
functions (10/26)

26. Legendre’s equation, spherical harmonics (10/28)

27. Green’s fcns for PDEs: Poisson’s eqn, via Mercer’s
thm, via distribution theory, Green’s second iden-
tity, infinite domain problems (10/31)

28. Part 3: Complex variables, rectangular and polar
coordinates, multi-valued fcns, analytic functions,
the Cauchy-Riemann equations (11/2)

29. Complex integration, review of line integrals and
the connection to vector calculus, Green’s theorem,
Cauchy’s theorem (11/4)

30. Path independence for integrals of analytic func-
tions on open and closed curves, deformation
of contours, singularities, poles, Laurent series,
residues, Cauchy’s integral formula (11/7)

31. Test 2 (11/9)



32. Residues for simple poles, p/q′, the residue theo-
rem, the general Cauchy integral formula, evaluat-
ing real integrals (11/11)

33. Laurent series, trig integrals, Semi-circle contours,
the Jordan curve lemma, sector contour problems
(11/14)

34. Halfline integrals via sectors, logs and branch cuts
(11/16)

35. Indented contours and Cauchy principal value, box
contours (11/18)

36. Part 4: the Fourier transform, solution of a ODE
BVP via a box contour (11/21)

37. Solution of the heat equation via Fourier trans-
forms, contour integration to calculate transforms
(11/28)

38. The Fourier transformation convolution, Green’s
functions, Green’s function for the solution of the
heat equation (11/30)

39. Semi-infinite domain problems, the sine/cosine
transforms, a sine transform example for the
heat equation, introduction to Laplace transforms
(12/2)

40. The Laplace transform convolution, the inverse
Laplace transform via contour integration, solution
of ODE IVP, solution of the wave equation signal-
ing problem via contour integration (12/5)

41. Test 3 (12/7)

42. More Laplace transforms: convolution and Green’s
functions (12/9)

2 Study guide for Part 4: integral transforms

2.1 Fourier transforms: chapter 10

You should be able to use Fourier transforms to solve ODE/PDE problems on −∞ < x < ∞ and compute Fourier
transform integrals via contour integration and residues. Reading from Haberman: Chapter 10.2, 10.3, 10.4.
Typical Problems: 10.4.3a, 10.4.4, 10.4.5, 10.4.9, 10.4.10, pages 469–471.

2.2 Cosine and Sine transforms: chapter 10

You should be able to use Cos/Sine transforms to solve ODE/PDE problems on 0 ≤ x < ∞ and compute transform
integrals via contour integration and residues. Reading from Haberman: Chapter 10.5.
Typical Problems: 10.5.9a, 10.5.10, 10.5.11, 10.5.12, pages 479–481.

2.3 Laplace transforms: chapter 13

You should be able to evaluate Laplace transforms from integral definition or from combinations of rules and table
formulas, invert transforms via algebra and table formulas (see 13.2) or via contour integration and residues (see
13.7), solve ODE IVP via Laplace transforms and convolutions, determine Green’s functions (see 13.3, Lecture 42),
and apply Laplace transforms to PDE IVP (see 13.4, Lecture 40). Reading from Haberman: Chapter 13.2, 13.3,
13.4, 13.7.
Typical Problems: 13.2.3-6, 13.2.7, 13.3.1, 13.3.2, 13.4.1-4, 13.7.1, 13.7.3.

3 About the Final Exam

• Final exam: THURSDAY, December 15, 2010, 9:00am∗–noon, Room 119 Physics.

• Extended office hours: Tuesday (12/13) 11:00am–3:00pm and Wednesday (12/14) 11:00am–3:00pm.

• No calculators or textbooks. You may bring THREE sheets of handwritten notes.

• Cumulative final exam: will include problems similar to problems from Tests 1, 2, 3 and material from Part
4 (integral transforms).

• NOT on the final: Rayleigh quotient, Mercer’s theorem, variation of parameters, Hilbert-Schmidt theory,
spherical coordinates, Legendre’s equation.


