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1. (a) (7 marks) Solve
@ 

@t
=
@2 

@x2
+ 3; 0 < x < �; t > 0

(i)  x(0; t) = 0, (ii)  x(�; t) = 0, (iii)  (x; 0) = 5.

(b) (12 marks) Solve
@ 

@t
=
@2 

@x2
+ h(x; t); 0 < x < �; t > 0

(i)  (0; t) = F (t), (ii)  (�; t) = G(t), (iii)  (x; 0) = f(x).

2. (a) (9 marks) Obtain the general solution of Laplace's equation in spherical coordinates
with no � dependence, i.e., r2 (r; ') = 0; 0 � ' � �, with  �nite at ' = 0 and
' = �. Explain carefully all your steps.

(b) (7 marks) Solve
r2 (r; ') = 0; r > a; 0 � ' � �

(i)

"
@ 

@r

#
r=a

= 0, (ii) lim
r!1

[ (r; ')� V0r cos �] = 0 and interpret physically.

3. (14 marks) Solve
r2 (r; �) = 0; 1 < r < e; 0 < � < �

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

Leave your answer in SIMPLEST form. Note e = 2:718:::::

Hint: Find the steady-state temperature

distribution in the shaded region.

4. (12 marks) Solve
r2 (r; z) = �q(r; z); 0 � r < b; 0 < z < �

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

5. (a) (8 marks) Give a necessary and suÆcient condition for the integral
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to converge and derive carefully the simplest value when convergent.

Hint: You may use
Z
1

0
e�x

2

dx =
p
�=2.
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(b) (4 marks) Does Z
1

�1

Z
1

�1

Z
1

�1

e�[2x
2+4y2+6z2�4xy+4xz]dxdydz

converge? If so, evaluate the integral.

(c) (4 marks) Given that

f(x1; x2; x3) = 35� 6x1 + 2x3 + x21 � 2x1x2 + 2x22 + 2x2x3 + 3x23

has an extremum at P (8; 5;�2). Find the nature of that extremum.

6. (a) (7 marks) Solve the system of di�erential equations

_x1 = 2x1 � 2x2; x1(�=2) = �2
_x2 = 4x1 � 2x2; x2(�=2) = 1

by using the exponential matrix method.

(b) (4 marks) Obtain the Green's matrix for the system

_x1 = 2x1 � x2 + f1(t); x1(�=2) = �2
_x2 = 4x1 � x2 + f2(t); x2(�=2) = 1

and write the solution in terms of f1(t) and f2(t). It is NOT necessary to simplify
your answer.

7. (12 marks) Solve
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"
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3t

#
; x1(1) = 2
; x2(1) = 3

Good Luck!
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