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Question # Marks Maximum Marks

1 10

2 12
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Q:1 (a) (5 points) Find Laplace transform L{f(t)} where

f (t) =

{
0 if 0 ≤ t < 1
t2 if t ≥ 1

.

(b) (5 points) Find inverse Laplace transform L−1

{
e−2s

s2(s− 1)

}
.
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Q:2 (12 points) Let F⃗ (x, y, z) =
xi+ yj+ zk

x2 + y2 + z2
and D is the region bounded by the concentric

spheres x2+y2+z2 = 9 and x2+y2+z2 = 4. Use divergence theorem to evaluate
∫∫

S

(
F⃗ · n̂

)
dS.
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Q:3 ( 16 points) Use separation of variables method to find the nontrivial solution of the heat
equation

∂2u

∂x2
=

∂u

∂t
, 0 < x < 1, t > 0

subject to the boundary and initial conditions

u (0, t) = 0, u (1, t) = 0, t > 0

u (x, 0) = 10, 0 < x < 1.
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Q:4 (20 points) Use separation of variables method to find the nontrivial solution of the wave
equation

∂2u

∂r2
+

1

r

∂u

∂r
=

∂2u

∂t2
, 0 < r < 2, t > 0

subject to the boundary conditions

u (2, t) = 0, t > 0

u (r, 0) = 1,
∂u

∂t

∣∣∣∣
t=0

= 0, 0 < r < 2

solution is bounded at r = 0.
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Q:5 (20 points) Find the steady-state temperature u(r, θ) in a sphere of radius 2 by solving
the problem

∂2u

∂r2
+

2

r

∂u

∂r
+

1

r2
∂2u

∂θ2
+

cot θ

r2
∂u

∂θ
= 0, 0 < r < 2, 0 < θ < π,

subject to the boundary

u (2, θ) = 1 + cos(θ), 0 < θ < π.
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Q:6 (15 points) Use Laplace transform to solve the problem

∂2u

∂x2
=

∂2u

∂t2
, 0 < x < L, t > 0

subject to the boundary and initial conditions

u (0, t) = 0, u (L, t) = 0, t > 0

u (x, 0) = 2 sin(
πx

L
),

∂u

∂t

∣∣∣∣
t=0

= 0, 0 < x < L.
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Q:7 (15 points) Use appropriate Fourier transform to solve the problem

∂2u

∂x2
=

∂u

∂t
, x > 0, t > 0

subject to the conditions

u (0, t) = 5, t > 0

u (x, 0) = 0, x > 0.


