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SECTION A

Q.1 (a) Find all second partial derivatives of the following functions

(i) z = x2y3 (ii) z = x sin (xy) 8

(b) The surface area of a closed cone is calculated from the formula

S = π r(r + l)

using the measured values of 2m and 3m for r and l respectively.
Find using partial differentiation the maximum error in the area
as calculated if there is a maximum error of 0.2cm in the
measurement of each of r and l. 12
 

Q.2 (a) Evaluate the integrals

(i) ∫ +14 2x

dx
(ii) ∫ −+ 262 xx

dx

(iii) dx
xx

xx
∫ +

+
2sin

2cos
2 12

(b) Find the perimeter of the area bounded by the curve y = coshx,
the x-axis, the y-axis and the line x = ln3. 8

Q.3 (a) Find the general solutions of the differential equations

(i)
212 xexy

dx

dy −=+ (ii) xxyy cossin −=′−′′

12

(b) The vertical motion of a buoy of mass m and cross-sectional area A
floating in water of density ρ  is given by the equation

gz
m

Ag

dt

zd =+ ρ
2

2



Express z as a function of t. 8
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Q.4 (a) Calculate from the definition the Laplace transform of the function

f(t) = 1 - e-2t 4

(b) Use the tables to find the Laplace transform of the functions

(i) f(t) = 2 cosh 2t – 3 cos 3t

(ii) f(t) = e3t sin 5t 4

(c) Find the inverse Laplace transform of the function

F(s) = 
)4(

24
22

32

+
−+

ss

ss
6

(d) Use the Laplace transform to find the solution of the boundary
value problem

teyy −=−′′
2

1
)0( =y 0)0( =′y 6

Q.5 A periodic function f(x) with period 2π is defined by

f(x) = 







<≤−−

≤≤

02

02

x

x

π

π

Sketch the graph of f(x) for ππ 22 ≤≤− x 3
and obtain a Fourier Series expansion of the function. 14

Use the series to find an expression for π . 3
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                                        SECTION B

Q.6 (a) Prove abc is a factor of the determinant

333

222

cba

cba

cba

3

(b) Show the system of linear equations

x + y = 1
y – z = 2
z + x = -1

has an infinite number of solutions and find two solutions. 7

(c) Find the inverse of the matrix

A = 

















−−
−
115

111

113
5

and hence solve the system

3x + y + z = 0
  x + y - z = 2
5x - y - z = 0. 5



Q.7 (a) Define a vector space 4

(b) Show the set of all 2 x 2 diagonal matrices with real entries together
with the operations of matrix addition and scalar multiplication
is a vector space. 4

(c) Show the vectors 1u = (1,2,3), 2u = (2,-1,1) and 3u = (0 1 2) are
linearly independent in R3. 6

(d) Enlarge the set of vectors { })0,2,0(,)1,0,1(  to form a basis for R3.
6
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Q.8 A = 

















− 221

120

221
 is a matrix with an eigenvalue 21 =λ .

Find

(i) the other eigenvalues of A. 6

(ii) the eigenvectors of A corresponding to any one of
its eigenvalues. 6

(iii) the rank and nullity of A. 8



TABLE OF LAPLACE TRANSFORMS

f(t) F(s)
1 1

s

t n n

sn

!
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s

+
+

1
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s a−
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