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1. (9%) Let a.b, ¢ be arbitray vectors in three-dimensional (Euclidean) space. They may be linearly independent or may
be linearly dependent,

(n) Are a x b and b x a linearly independent? Why? Does your answer depend upon whether or not a and b are
linearly independent?

(b) Are (axb)xc, (bxe)xa, and (cxa)xh linearly independent? Why? (Prove your answer.) Does your answer
depend upon whether or not a, b, and ¢ are linearly independent?

2. (12%) Let

4 -1 0 0
=1 4 @9 0
= T 4 -1
0 0 -1 4

and Q(xy, 2y, w3, 74) = dof — 2ryry + 423 + 4o} — 2mymy + dad.

(a) Find the eigenvalues and normalized eigenvectors of A.

(b) Discuss whether or not the normalized eigeny caar he
{c) Is Q) w2, vy, 224) always positive or negibive Fe?‘;é,ny T 5.1, T2, 7, w47 Why? (Prove your answer.)

3. (12%) Let f(x) = cosmx be a real-valuec 'iwf?ﬁf . e unifiinterval, 0 < & < 1.

esentatign of
]

(c) Which one of the above two repres

(b) Find the Fourier sine series repr
r f(z) at = =07 Why?

(1) Which one of the above two represe T %(:r) at @ =07 Why?

e

- (18%) Solve the following boundary value problem,

&y  \0f 12
a2 " rar T 12962

=il

Qi =2co80 for r =2,
ar
f=

= Jdrcosf as r — oo,

for the finetion f(r, @) defined in the region 2 < r < 00,0 < 8 < 27 of a plane, for which (7,8) is the polar coordinates.
6. (23%) Let 2, zy be complex variables and f(z) be a complex function.

(a) (15%) Evaluate the integral Jolz=20)"dz, (n = integer), along the circle € with center at zo and rading » describec
in the counterclockwise direction.

(b) {8%) Find [.. f(z)dz if f(z) = k (a constant), z, L Zeinh? z+3coshdz | respectively, where C is any simple closed '

contour having zp = 0 in its interior, and C is taken in the po“sil;ive direction.
7. (11%) Find the extremals for the following functionals:
(a) v(y(r)) = ; 21 = %)zrlm with ¢(2) = 1 and y(3) = 3;
(b) v(y(x), z(z)) = nJ y'2ldx with y(0) = 0, 3/(0) = 1, 2(0) = 0, and 2°(0) = 1.
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