KRB 1048 55 A M3RE2 4 94 £33

A3 ;4 A =54 SERD WoE - S

cosf@ e sinf
1. Consider the Hermitian matrix A4 = o :
et® sin —cos @

(a) Find the eigenvalues and the corresponding eigenvectors of A. [12%)]
(b) Find the inverse matrix of A. [8%]

2. For the Cartesian vector field a = (z%(y + 2),y%(z + z), 2%(z + y)), evaluate
respectively (i) V-a, (ii) V(V-a), (iil) V?a, (iv) V x a, and (v) V x (V x a).
[20%)]

3. Consider the following linear differential equation

d*y _dy
— 242 Ly —en,
dx? * dz ty=e

(a) Find y.(z) (the complementary solution, i.e., the general solution of y" +
2y' +y =0). [8%]

(b) Find the complete solution of this equation with the associated boundary
conditions: y(0) = 1 and 3/(0) = 0. [12%)]

4. Consider the Fourier representation of a non-periodic function given by f(z) =
z, 0 <z <1. It can be made periodic with period 2 by continuing this func-
tion outside the range as either an even function

fe(z) = { /@), Osz<l, or an odd function
fe(—z) = fe(x +2), for all z,

fo(x):{ f(QS), 0<z <1,
—fo(—z) = fo(z +2), for all z.

(a) Find the Fourier cosine series for f,(z). 18%]
(b) Find the Fourier sine series for f,(z). [8%]
(c) Which of these two series will be better for numerical evaluation? (State

your reasoning based on the relevant periodic continuations or the con-
vergence rate of the Fourier coefficents.) [4%]

5. The generating functions for the Chebyshev polynomials of the first kind and
for the Hermite polynomials are, respectively, given by G;(z, h) = _1__12%
= Y neo Tn(2)h™ and Gy(z, h) = e2*h—h* — S0, Helglpn o |h| < 1.

n=0 n!

(a) Find the functions Tp(z), Ty (z), T5(z), and Ts(x). [1+24+-3+4%]
(b) Find the functions Hy(z), Hy(x), Ha(z), and H3(z). [142+43+4%]



