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1(a). Using Green’s theorem, derive the integral formula (8%)

∫

C

∂u

∂n
dS =

∫

D

∫
∇2u(x, y)dxdy

for a twice continuously differential function u, where S denotes arc length on C, ∂u/∂n
refers to the outward normal derivative of u on C and ∇2 = ∂2/∂x2 + ∂2/∂y2.

1(b). Calculate the line integral (5%)

∫

C

(x + y2)dx− xydy

where C is the sides of the square with vertices at (1,0), (0,1),(-1,0) and (0,-1) oriented in
the counterclockwise direction.

2(a). Explain the geometrical and physical meaning of convolution integral.(6%)

2(b). Solve the initial value problem (7%)

y′′ + 2y = r(t), y(0) = y′(0) = 0

where

r(t) =

{
1.0 if 0 < t < 1
0. otherwise

3. Evaluate (10%)

∫ x

1

∫ t

1

ln(z)

z2
dzdt

4. Using the generating function for the Legendre Polynomials Pn(x), show that

(a). (n + 1)Pn+1(x)− (2n + 1)xPn(x) + nPn−1(x) = 0, n = 1, 2, 3...(7%)

(b). nPn(x)− xP ′
n(x) + P ′

n−1(x) = 0, n = 1, 2, 3...(7%)

5. If f(t) is defined by ḟ(t) = δ(t) or

f(t) =

{
0.5, for t > 0,
−0.5, for t < 0,

(a). Find the Fourier transform of f(t) and explain why no real part exists.(5%)
(b). Using (a), find (5%)

∫ ∞

−∞

sin(ω)

ω
dω =?

(c). Using Parseval’s theorem, find (5%)

∫ ∞

−∞
| 1

a + bωi
|2 dω =?, where a, b are constants, i2 = −1



(d). Using residue theorem, find (5%)

∫ ∞

−∞
| 1

a + bωi
|2 dω =?

(e). If the results of (c) and (d) are the same, do you find any physical meaning ? (5%)

6.(a). Explain characteristic line (3 %) and diamond rule. (2 %)
(b). How many methods can be applied to solve the following PDE ? (5%)

utt = uxx, for 0 < x < 1, t > 0

with initial conditions

u(x, 0) = 0, ut(x, 0) = 0

and boundary conditions

u(0, t) = a(t), u(1, t) = b(t), where a(t), b(t) are known

(c). Please give comments on their advantages and disadvantages.(5%)
(d). Go through by one of the methods you can.(10 %)
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