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1. (16 marks) Solve the following two problems:

(a) r2 (x; y; t) =
1

�2
@ 

@t
(x; y; t)

(b) r2 (x; y) = �q(x; y)

for 0 < x < �; 0 < y < �, with

(i)  (x; 0) = 0, (ii)  (x; �) = 0, (iii)  x(0; y) = 0, (iv)  x(�; y) = 0

in both cases.

(c) Give physical interpretations in both cases.

2. (14 marks) Solve
r2 (r; z) = 0; 0 � r < b; 0 < z < �

(i)  (r; 0) = 0, (ii)  (r; �) = f(r), (iii)  (b; z) = g(z).

3. (11 marks) Find the potential distribution in the region below:

Hint: Solve r2 (r; �) = 0; 1 < r < e; 0 < � < �.

(i)  (r; 0) = 0, (ii)  (1; �) = 0, (iii)  (e; �) = 0, (iv)  (r; �) = f(r).

Please leave your answer in simplest form.

4. (15 marks) A solid sphere of radius b is cooling into a medium of temperature �Æ. There
is a constant heat generation at the rate Q. The initial temperature is f(r). Find the
temperature at any point inside the sphere after time t.

Please leave your answer in simplest form.

Hint: Solve
1

�2
@ 

@t
�r2 =

Q

K
; 0 � r < b; t > 0.

(i)

"
@ 

@r

#
r=b

= h[T0 �  (b; t)] where h is a positive constant.

(ii)  (r; 0) = f(r), (iii)  (r; t) is �nite for r = 0.
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5. Consider a cube of sides \a" with the x; y; z axes coinciding with the three intersecting
edges of the cube.

(a) (4 marks) Find the moments and products of inertia.

(b) (10 marks) Find the principal moments of inertia and the directions of the principal
axes.

(c) (2 marks) Find the angle, and indicate how to obtain the axis (without performing
detailed calculation for the latter), from the [̂{; |̂; k̂] basis to the principal basis of
inertia.

6. (a) (11 marks) Solve the system of di�erential equations

_x1 =
1

2
x1 �

1

8
x2; x1(0) = 2

_x2 = 2x1 �
1

2
x2; x2(0) = 3

by using the exponential matrix method.

(b) Write down Green's matrix for the system and discuss brie
y its signi�cance.

7. (12 marks) Solve

"
_x1
_x2

#
=

2
4 0 1

�
4

t2
4

t

3
5
"
x1
x2

#
+

"
t

4

#
; t � 1

with X(1) =

"
1
0

#
.

Good Luck!
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