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INSTRUCTIONS TO CANDIDATES

You should have the following for this examination:

Answer booklet;

Mathematical tables/Non programmable sczentzﬁc calculator.
This paper consists of EIGHT questions.
Answer FIVE questions in the answer booklet provzded
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 5 printed pages.

Candidates should check the question paper to ascertain that all
the pages are printed as indicated and that no questions are missing.
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Giventhat [1 1 1] isan eigenvector of the matrix A=|2 b 2] , determine the:
a 21
(i) values of the constants a and b;
(ii) eigenvaluesof A.
: (11 marks)
A dynamic system is characterized by the vector-matrix differential equation:
= _
- = Az, where A= [ 9 5] and z(t) is the system state vector. Determine the
state transition matrix, ¢( t), of the system (9 marks)
Given the function f(2)=2*+2+1 where 2=z +Jy:
A\
(i)  express f(z) in the form u(z,y)+jo(z, y). 5\3)(
(ii)  Show that:
@ % and v satisfy the Cauchy-Riemann equations;
(II) v is a harmonic function.
(10 marks)
The circle [z|=1is mapped onto the w-plane by the transformation w = — _&2 TR
Determine the:
(i) centre of the circle;
(i)  radius of the image circle.
= (10 marks)
(i)  Show that one root of the equation z*+z — 3 =0 lies between z =1 and
=2
(i1)  Usethe Newton-Raphson method to determine the root in (i), correct to four
decimal places.

(10 marks)

Table 1 represents a cubic polynomial f(z) and an error in one of the entries is
suspected.

Table 1

z Bt ot} 1 23 4 5

fe)f-1l 4 21 2)7]24]50] 118

Use:

(i) a finite differences table to locate and correct the error;
(i)  the Newton-Gregory forward difference interpolation formula to determine
the value of f{1.1).
(10 marks)
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4. (a) Sketch the domain of integratidn, and evaluate the integral

F A it

(6 marks)

- = 1 1 ylz 1
(b)  Change the order of integration, and show that ,£ f ze dzdy= g(e —1).
: , (6 marks)

©) Use a triple integral to determine the volume of the solid bounded by the planes
z+2 =1,z =0 and the parabolic cylinder z = 3. (8 marks)
57 (@)  Afunction f(¢) is defined by

= —nx<t<0
ft)= t, 0<t<nm
f(t+21)

(i)  Sketch the graph of f(¢) in the internal —7 < ¢ < 3.

(i)  Determine the Fourier series representation of f(¢)
(9 marks)

(b)  The charge ¢(¢) on the plates of a capacitor varies with time t as shbwn in Figure 1.
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Fig. 1

Determine:

- (i)  analytical description of ¢(¢):
(i)  Fourier series representation of ¢(¢).
: (11 marks)
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Evaluate the line integral

fxydx+y dy where c is the arc of the circle z? +y = 4 in the first quadrant from

(2 0) to (0, 2). (6 marks)
Determine the work done by the force field F = —y? ¢+2yj in moving an object along
the parabola y = 2? from the point (0, 0) to the point (1 1). (5 marks)

Use Green'’s theorem in the plane to evaluate the line integral;

_i —zy’dr +zdy, where T is the triangle with vertices (0, 0), (1, 1) and (—1,1).
(9 marks)

Determine the surface area of the part of the paraboloid z =1 — 2% — y* that lies above
the zy — plane. (7 marks)

Evaluate the surface integral f / 2z’ ds, given that s is the upper hemiéphere

r+y+2'=12>0. (6 marks)

Use the divergence theorem to evaluate the surface integral f / F.ds where the vector

field F=-2zi+3yj +2k and s is the surface of the sphere 2 +yi+27=4, oriented
by outward unit normals. (7 marks)

A2 x 2 symmetric matrix 4 has eigenvalues A1=4 and /32_:;1_ Given the
eigenvector corresponding to@s {2.1F determine the:

()  eigenvector corresponding to As;
(i)  matrix A.

: (11 marks)
@) Determine the half-range Fourier cosine series of the function

At)=n+t, 0<t<r.

2 0
(i) By setting t = 0 in the result in (i), show that % = Z -(2—72%_-17 ?
S (9 marks)




TABLE OF LAPLACE TRANSFORM FORMULAS

SRR : £ = '
2[!'] = -1 _!_ = 1 l"-l
33
ey —— sz-ls_a]=e‘"~
= a b b
S 5 e e
Llcos af] 2 52 + o < m "= cos a?

First Differentiation Formula

LI} = 5" LUFO] — "I©0) — SFO) — ... — fI0)

| l’[L fu) du] = -i-ff[f(t)] -‘ff’,[:l; F(S)] & L' L F(s)] du
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In .the-follo.wing formulas, F(s) = £L[f(1)] so f(t) = L™'[F(s5)].

 First Shift Formula

Lle"f()] = F(s — a) LFO = AL + ]

Second Differentiation Formula

da® : - n -~ < :
LUFO) = (=17 S L] y:-l[d (Zﬂ e

" Second Shift Formula .

Llu(gt)] = e Ll + @) L7V FO)] = uOf¢ — a)
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