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INSTRUCTIONS TO CANDIDATES

You should have the following for this examination:
Answer booklet;
Drawing instruments;
Mathematical tables/Non-programmable scientific calculator;
Abridged tables of Laplace transform and standard normal distribution table are attached.
Answer any FIVE of the following EIGHT questions in the answer booklet provided.
All questions carry equal marks.
Maximum marks for each part of a question are as indicated.
Candidates should answer the questions in English.

This paper consists of 6 printed pages.
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Evaluate the integral f f x”-)i{-yz dydx . (5 marks)
0 % '

(i) Sketch the region bounded by the curves y = x* and x+y = 2.

(ii)  Hence determine the area using a double integral.
(7 marks)

Use a triple integral to determine the volume of the solid bounded by the surfaces.
z=0,x"+y*=4andx+y+z=3. (8 marks)

) Given that X_is an approximation to root of the equation x*+ kx*—4x—5=0,
show that a better approximation is given by:

Koy = St kxi+5
B kx4
(i) Ifx=1andx,= % determine the root correct to 9 decimal places.
(10 marks)
Table 1 represents the values of a cubic polynomial of f(x).
Table 1
X i Bt L 0 1 2 3 & 5 6

oy =90 331 =6 3 6 15 42 09511951351

Use the Newton-Gregory forward difference interpolation to determine:

B  fx);
(ii) f(10.5).
(10 marks)
Given the function u(x,y) = x’—3xy’+4x+5y+7,
(6)) Show that u is harmonic and hence;
(ii)  determine a harmonic conjugate function v(x,y) such that f(z)=u+jv is
analytic.
(12 marks)
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(b)  Thecircle | z|=2 is mapped onto the w-plane by the transformation w = Zl T-
Determine the:
@) centre;

(ii)  radius of the image circle.
(8 marks)

4. (a)  Use Green’s theorem to evaluate f (2x*—y*+4)dx +(5+x*+ 3y*)dy

where c is the boundary of the region enclosed by the x-axis and the upper half of the
circle x*+y*=36. (8 marks)

(b)  Use the Stoke’s theorem to evaluate f [(x+2y)dx +(x—z)dy +(y —z)dz]

c

where c is the boundary of the plane with vertices (2,0,0), (0,3,0) and (0,0,6) operated in

counterclockwise direction. (12 marks)
5. (a) Use the Divérgence theorem to evaluate f f F.Ads over the entire surface of the

region above the xy - plane bounded by the curve z° = x*+ y* and the plane z = 4

for F =4xzi+ xyz’j +3zk . (11 marks)

(b) Evaluate the surface integral

ff yds where s is the portion of the plane x+y +z =1 lying in the first octant.

(9 marks)
6. (a) Determine the half-range Fourier sine series of the function
6 DSt<E
f(t)= 2 .
|2(x-t) 5 =st=x (6 marks)
(b)  The potential difference in a circuit is given by:
t T
f 0<t< A
wofat=E L
ot)=11- .74 <t<x
v(t+ )
@) Sketch the graph of v(t) in the interval —7 <t < 3% -
(ii) Hence determine its Fourier series expansion.
(14 marks)
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7 (a)

(b)
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Determine the ei genvalues and the corresponding eigenvectors of the matrix
1.2 '
A= [ 1 2] | (9 marks)
A linear time invariant system is characterized by the vector matrix differential
S 0 1 .
equation X Ax where A= 1 —9|’ and x(t) is the system state vector.

Determine the state transition matrix ®(t) of the system. (11 marks)

A 2 x 2 symmetric matrix A has eigenvalues A, = —1 and A, = 3. Given that the
eigen vector corresponding to eigenvalue A, =(1 1), determine:

(1) the eigenvector corresponding to eigenvalue A; = 3.

(ii) matrix A.
(8 marks)

Determine the half-range Fourier cosine of the function f(t)=3t, 0 <t<5.
(12 marks)
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TABLE OF LAPLACE TRANSFORM FORMULAS

n!

glr!l] = e— = -_l- = 1 ==
£ = _.s"] (n — 1)
Ll = — al
= = :
s —a £ e a] &

Plsin at] = —— 3_,_ 1 -‘—'li-r

s* + a? _s2+az--asna
Pcos af] = ————— ey

52 + a? if"Lsz el cos at
First Differentiation Formula
fg[f(")(f)] =_S" Lif] - s"*‘f(()) — s"‘zf'(()) B f(n—l)(o)

ie[J; f(u) du] = %‘i[f(t)]

se‘*‘E F(s)] = L_.SE"'[F(S)_] du

" In the following formulas, F(s) = L[f(1)] s0 f(t) = L~ '[F(s)].

First Shift Formula

Zle”f(] = F(s — a)

Second Differentiation Fermula

- d"
LUFO] =" (=1 — LIf0)

. Second Shift Formula

Llu,(t)eg)] = e~* Llg(t + a)]
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LNF(©$)] = e L F(s + a)

p-i

L e™ “F5)] = u,)f(t — a)

d sﬂ

[d’F(S)] = (_l)utnf“)
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o

z

Normal Probability

Area under the standard normal curve from 0to Z
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