
Final exam info on Math 3410, Fall 2019

There will be 5 or 6 questions in the final exams (Of course there may be multiple parts for each
question). Homework, quizzes and midterm are good sources for revision.

(1) Power series solution about ordinary point t = t0 (section 10.3) for

A0(t)x
′′ + A1(t)x

′ + A2(t)x = 0 .

All solutions are of the form

x =
∞∑
k=0

ak(t− t0)k .

(2) Series solution about regular singular point t = t0 (section 10.4) for

A0(t)x
′′ + A1(t)x

′ + A2(t)x = 0 .

At least 1 solution is of the form

x = (t− t0)r
∞∑
k=0

bk(t− t0)k .

with b0 6= 0 by the Frobenius theorem. The quadratic indicial equation gives 2 roots r1, r2. r can
always be taken as the larger root r2.

In case r2 − r1 is not an integer, then r can be taken as r2 as well as r1.

(3) Solve ut = c2uxx with initial condition u(x, 0) = g(x) and one of the 4 homogeneous boundary
conditions:
(i) u(0, t) = u(L, t) = 0 for all t;
(ii) u(0, t) = ux(L, t) = 0 for all t;
(iii) ux(0, t) = u(L, t) = 0 for all t;
(iv) ux(0, t) = ux(L, t) = 0 for all t.

It requires the study of eigenvalues and eigenfunctions of

φ′′ + λφ = 0

with boundary conditions on φ induced from the boundary conditions (i) to (iv) on u.

(4) Definition of linearly independence of two functions {f, g}. Definition of Wronskian of scalar and
vector functions.
Relation between Wronskian and linearly independence.

(5) Linear 2nd order constant coefficient non-homogeneous equation

x′′ + ax′ + bx = f(t)

where a, b are constant and f is a given function. General solution x = xp +xh where xp is a partic-
ular solution to the non-homogeneous problem and xh is the general solution to the homogeneous
problem. One can obtain xp by using variation of parameter or undetermined coefficient. (Chapter
5).
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(6) General solution to system of equations (Chapter 7) dx
dt

= Ax with A being a constant 2×2 matrix.

Able to tackle the cases when eigenvalues of A are real and distinct, or when eigenvalues are
complex conjugate of one another. General solutions need to be cast in real form. Pure imaginary
eigenvalues of A gives rise to periodic solution.


