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(1) (a) Solve the following system of linear equations

3ry —2z9 +z3 = -3
A +3$2 +4$133 =10 .
—21'1 +51'L'2 +2:L'3 =9
| [6 marks]
1 0
(b) Let C = .

0.5 0.5

Find the eigenvalues and corresponding eigenvectors of
C. Hence evaluate

lim C*

n—oo

[9 marks]
T T T
(c) Determine if the vectors [1 2 3] y [O 4 —-2] ) [ 1 -1 ~5] are lin-
early independent. Justify your answer.

[5 marks]
(a) Find the relation between the scalars s and ¢ such that the matrix -
5 3 1
M=]3 -1 2
s t -1
is nonsingular. Find M~ !if s =1and ¢t =0.
[6 marks]
8 8 -8
(b) Le¢ B=| 10 —3 1 |. Find the eigenvalues and the corresponding eigenvec-
10 &5 -7

tors of B. Hence find a nonsingular matrix P and a diagonal matrix D such that
PDP-! =B.

[14 marks]



(3) (a) By the method of variation of parameters, find the general solution of the differ-
ential equation
d2 —2z

d e

[10 marks]

(b) Using the method of undetermined coefficients, find constants A, B, C and D
so that y,(z) = (Az + B) cos 2z + (Cz + D) sin 2z is a particular solution of the
differential equation

d?y .
—= + y = 3sin 2z + x cos 2z.
dz?

Hence, obtain the general solution of the differential equation.

[10 marks]

(4) (a) Solve the first order differential equation

d, (2\, __=
dz z y_:r4+1'

(8 marks]

(b) Use Laplace Transform to find the solution of the initial value problem

d?y .
d—t2' -+ Qy = 3sm2t,

given that y(0) = —1 and y/(0) = 1.
| [12 marks]



(5) (a) The demand functions for products A and B are defined respectively by

50 Yy and 75z

ga = g8 = ——,
Ve 7

where £ > 0 and y > 0 denote the respective prices of products A and B.

094 O0qa Ogm dqp
, , and .

Ox’ Oy’ Oz Oy

Compute the partial derivatives Hence deduce that

- . 0 0
the two products are competitive, that is, 944 > 0 and a5 > 0.

Oy Oz
[6 marks]

(b) Let w = g(u) be a differentiable function of u, and suppose w = g(z? —2zy). Use

the chain rule of differentiation to show that

Pw  S*w

P = h = 1.
972 +6‘x8y 0O when z =y
[6 marks]
(¢) Find all critical points of the function
z3 + 8y°
flag) = T a2y
and determine their nature.
[8 marks]



(6) (a) Use Lagrange Multiplier Method to find the maximum of f(z,y, z) = zyz, where
x>0,y >0, z>0, subject to the constraint z + 2y + 3z = 36.

[7 marks]

(b) The polar and the rectangular coordinates are related by the equations

rcosf—z = 0

rsinf —y = 0

(i) Assuming that z and y are defined as functions of r and 4 by these equations,
8:6 Oy Oz and &Y Ay 5
or’> ar’ 98 6

compute —

(ii) Assuming that r and 6 are defined as functions of « and y by these equations,

Or 068 0O 00
use implicit differentiation to compute — T " and

oz’ 8z’ By By’
or or - Oz Oz

. Oz Oy ar 88
t =

(iii) Verify tha 2 o6 By dy

ox Oy or 06
[8 marks]

(c) Use total differential to approximate
v/1.98% + 2.032.

[5 marks]



Laplace Transform Table

Definition: F(s) = Te““f(t)dt.

Useful Formulas: Suppose F(s)=£2£{f(t)}. Then

(1)  First derivative:  S{f'(t)} = s F(s) — £(0);

(2)  Second derivative:  £{f"(t)} = s F(s) — s £(0) — F'(0);
(3)  Integral: £ { Of f(T)dT} - f-ii);

(4)  Exponential multiplier: £ {e® f(£)} = F(s — a).

Table of Laplace Transform

ft) £(s)
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