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Suggestions: Do the "easy” anes first but do try every problem. Partial credit will he
given for good attempts.

1. {a) {10 pta) Ploase fing the eigenvalues and efgenvectors of the matrix

g1 q
Lo 1.
o1 0

(b) (b pta) Please expand and simplify: a x (b xc)+ bx (¢ xa)+ ¢ x [axb)

{€} (5 pte) Please caleulate V. (r~%F). Here £ in the unit vector vfr where r ia the
usual vector with rectangular components (x,y, £} and » = |rl.

{d) (10 pts) For F = [~y + «F)/(x? + 4*)} pleaze calculate
¥ xF and —?( F.dr,
[y

where C is the unit circle #? + 3% =1 in the plane 2 = 3.

2. (a) (8 pta) Please find the Laursnt expansion of flzy={zlr— 1}~ around 24 = 1.
(b). {10 pte) Flease evaluate the following integral using # = e

Ia d&

h= 0 2teosd

{e). (10 pis) Please find the value of the real definite intogral

/+nu d:l:
con 1+

h:.r Teing the residue theorem (with a suitable contour) to evaluate § f[z]dz with

f{z} = 11 + 2%).
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3. The Helmholtz wave equation in eylindrical coordinates (g, #) is given by

Py 18 1y -3"1.!1

Vi 4 kP = o
PR = e Y R e T A

+ k=0 {+)

The solutions te this partial differential equation (PDE) can be found by the technique
of separation of voriebies. '

(a} {10 pts) Assume $(p,,2z) = R{p)B(p)2(r). Substitute into equation (¥} to
obtain 3 separate second order ordinary differentisl equations (ODEs) for R(p]
#(¢), 2(z).

{b) {5 pta} The second order equations for ${ip), Z(z) are very simple, Please give
two linearly independent sclutions for ench of these equations.

Solutions to the second order QDE for R{p) can be found by the series technique
{Frobeniua). Assume a series of the form

[m 4]
- R=g"Y" anp”,

na{l

substitute into the ODE and collect ccefficients of like powers of p. The coefficient of
the lowest power of p yields the indicial equation, which deterrines the possible values
of k. The vanishing of the other coefficients yields a recurrence relation connecting
the aa's,

{€) (10 pte) Please find this recurrence relnlion and indicial eguation.

4. {a) (10 pts) Please find & Fourier series expansion for the ;:eriadi:: sawtooth function:
y=afor —Lj2 < < L2 and yp(z + L) = y(z).

(k) {10 pta) What is the fourier transform of the 2nd order linear ODE {with constant
coefficients)

¥+ ey’ + by = Fpoosand,

where Fy and wy are constanta?
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