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Bnswer EIGHT questions only. Candidates may choose to answer all
questions in the Malay Language. If candidates choose to answer in the
English Language, it is compulsory to answer at least one question in the

Malay Language.
l.  Prove from the definition A.B= ABcos8 that i.1=1, 1.3=0 and
7.k =0 where 1,]and % are unit vectors along x, y and z axes.

(20/100)

Hence prove that scalar produét with 1 acts as a projection operator
on the x axis, i.e. LA=A_. '
(10/100)

Vector A is equal to A,i+A j+Ak in one set of axes and to
A +AL)+AK In another. By using projection with 1 prove
that A =cg A, +C A, +Cu A, where c_. is the cosine of the

angle between the x and x’ axes and so on.

(30/100)
State the corresponding resuits for Ay and A.. (20/100)
State the transformation between scalars S and S'. (20/100)

2. A= Ax-i' + Ay—j. + AZE is a vector field and ¢ is a scalar field. State the

definitions of V.A,V x A, Vo and V6.
(40/100)
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Prove from the definitions that V.(Vx A)=0 and V x (V$)=0 for any

fields A and ¢. 2016
(20/100)

Calculate V¢ and V2 for the scalar field ¢(F)=r=(x* +y* +2°)*%.

(40/100)
3. Two vector felds are A= 25T + (s~ )] - 3uyak and
E:y3i-—4z]'.+x2z2}2. Evaluate Vx}l,Vxﬁ,Vx(Axﬁ) and 3
V.(A xB).
(100/100)
4. The position of a particle at t is given by
(t) = acos(ot)i + 2 sin(mt)_] + utk , 7

Find expressions for the velocity v(t) and the acceleration f(t).

(20/100)

Describe in words the motion that T(t) represents and suggest a
physical arrangement in which a particle would move in this way.

(50/100)

How would you modify the experimental arrangment to produce the
path

(t) = acos(ot)] + asin(wt)] + (ut + Bt*)k
B (30/100)

5. Calculate the double integral [ f(x,y)dxdy over the square 0 < x < a,
0 <y <awhere

(@ xy)=&-y)° | (30/100)
®d) (xy) =%y ' (30/100)

Calculate the volume integralfv f(f)dV where V is the unit cube
- 0sx<1,0<y<1,0<z<1and ()= sin(mx) sin(my) sin(nz) .
(40/100)
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State Gauss's and Stokes's theorems, defining carefully the terms

you use. .
(60/100)

By using Gauss's theorem or otherwise evaluate f,F.1idS where
F=x*T+y’]+2%k and S is the surface of the cube 0<x<a,0<y <3,

0<z<a.
' (40/100)

Write down the differential form of the equation of continuity
relating the density p of a conserved quantity to the conservation

current J.
(20/100)

Transform the equation into integral form and explain why the
equation does describe continuity.
. (40/100)

Two of Maxwell's equations are V.E=p/e, and VxH=T+¢,0E/2t.

Prove that the equation for continuity of charge follows from these
equations.
(40/100)

Poisson's equation for the gravitational potential ¢ is
V24 = -4nGp

Assume that p is constant and that ¢ is spherically symmetric, ie.

d
depends only on the radial coordinate r, s0 that V¢ = —;g—(rz _di)
r? dr r

Integrate Poisson's equation twice to show that the general solution
is L

_27Gp . Ky |
3 T

¢ = K,

where K; and K; are constants of integration.
(60/100)
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Find the gravitational field F = V6 = (F,,0,0) and explain the meaning
of the two terms in F'.

(40/100)
It is known that one solution of the diffusion equation

2
Qn__zcan
ot ox?

~ is the function

___1____ a2
n(x,t) = (47{Ct)% exp(-x* / 4Ct)

Confirm this by substitution.
(50/100)

Use the standard integral J. exp(—yz)dy=1t% to prove that

.[ n(x,t)dx = 1 for all values of t.

—0

(30/100)
State the physical reasbn for this independence of t. (20/100)

A potential V() satisfied Poisson's equation V2V = 0 and depends
only on r and cos 8, V(f) = {(r) cos 8. By substitution into Poisson's

equation derive the differential -equation satisfied by { (1).
‘ (60/100)

Find the two values of n for which f(r) = r* is a solution of this
equation.

(40/100)

You may assume that

(ZGV 1 6(. av)
1 — | +—5— —! sinB—
o/ rt’sinB & 0
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