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1. (25%) Please derive that the gradient of a scalar, f; and divergence and curl of a vector, A, in a spherical

coordinate (' , 8, @ ), where ¥ is radius, 0 is zenith angle and @ is azimuthal angle, can be stated as follows.

of , 10f5 1 of

vr = ar T ;% +rsin0 acp"’
10 2

V-A = 25 (r A,) + 030 (smBAg) + ~<inf acp Ay)

VxA= 1 (smeA ————-—)] 104, )]§+1[a ‘aAr]fP
rsin6 100 sind ag ¢ rior a0

2. (15%) Find the Fourier series of a periodic step function as follows,

_ [~k if-2<x<0
f(x)‘{ k if0 < x<2

where the period equals to 4

3. (15%) Find the Fourier integral of a pulse function as follows

(1 iflxl<1
fx) = {0 if lx| > 1

4. Find eigenvalues and corresponding eigenvectors of the following matrices.
a. (5 %)
[cos 6 -sinf
sinf cos@

b. (10 %)
2 0 0 0O
1 1 0 O
2 0 3 0
1 4 2 -6
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5. Please find general solutions of the following differential equations.
a. (10 %)
y'+ y = tanx

b. (10 %) ,
x2y" —7xy'+16y =0
c. (10%)

1
w'" + ;W'+k2W=0

where k is a constant and W(r) has the boundary condition of W(R) = 0.




