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ANSWERALL QUESTIONS

Ql (a)

BEB 20303

(b)

Consider-Q charge is evenly distributed on the inner cylinder and +Q on the outer

cylinder of two nested cylindrical conductors as shown in X'igure Ql(a)
respectively. The region in between the cylinders is filled with dielectric material

with relative permittivity of e". Derive the capacitance (C) of this nested cylindrical

conductor in terms of a, b and h where ft is its height, a and 6 are the inner radius

and outer radius of the cylinder respectively. State the assumption you made for the

derivation.

(10 marks)

A dielectric spherical shell has volume charge density, pn (clm3) only at a<R<b.

The p'is 0 otherwise. d represent the inner radius while D represents the outer

radius. on the other hand, a point charge, +Qr is located at the center of the

spherical shell as shown in Figure Ql(b).

(D Find the electric field intensty, E at the region when R<a, a<R<6 and

R>b.

(10 marks)

Plot the magnitude of the electric field intensity, lEl against distance, R

from the center of the spherical shell. Discuss your results.

(5 marks)

(ii)
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Q2 (a) Two infinite lines are carrying identical current in the same direction. These lines

pass through the x-y plane at (-1, l) and (1, -1) location.

(i) Sketch the infinite lines and show the direction of cunent.

(3 marks)

(iD Find the point where the magnetic field, E is equal to zeroby using

Ampere's law.

(6 marks)

(iii) Veriff your answer in Q2 (aXiD by using the right hand rule.

(2 marks)

(iv) Determine the magnetic field, rt at (3,-3,0) if both currents are 3A..

(5 marks)

(v) Based on your answer in Q2(aXrg, determine the effect of distance on the

magnetic field, F at (3, -3, 0).

(2 marks)

(b) A current filament carries a uniform current, /and it produces a magnetic density

F. fne direction of the magnetic flux density around the current filament can be

determined by right hand rule as shown in Figure Q2(a). Justiff your arguments

why the direction of the magnetic flux density does not exist as in Figure Q2(b)

and Figure Q2(c).

(7 marks)
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Q3 (a)

BEB 20303

Faraday's law states that the induced electromotive force (em|, V",,y in any

closed circuit is equal to the rate of change of the magnetic flux linkage by

the circuit. Differentiate between transformer elecfomotive force and motion

electromotive force.

(6 marks)

(b) Figure Q3 (b) shows a rectangular loop with a conducting slide bar located at

x = l}t + 4t3 .The separation between the two rails is 40 cm. Ifthe magnetic flux

density, E = 0.8x2 2 Wb/m2, calculate the volfineter reading at f : I s.

(9 marks)

(c) The rectangular loop shown in Figure Q3 (c) is placed inside a uniform magnetic

field E = 50 x 10*i l{b I m2. The magnetic field is oriented along theydirection.

If the side G-lIof the loop cuts the flux lines at the frequency of 50 Hz and the

loop lies inthey-z plane attime /:0, Calculate

(i) The induced electromotive force (emf) , V"*f at t : I ms.

(ii) The induced current, Ii,a at t - 3 ms

(10 marks)

4 CONFIDENTIAL



CONFIDENTIAL BEB 20303

Q4 (a) List and explain the differential forms of Maxwell's equations for time varying

electric and magnetic fields. Construct an experiment that can describe the

significance of OIttE(l) of the Ma<well's equations.

(6 marks)

(b) The elecfric field phasor of a uniform plane wave in a lossless medium is given by

EO) =l\e-jo'2v 2 ff/m). If the phase velocity of the wave is 1.5 x 108 m/s and the

relative permeability ofthe medium is l+:2.4, Determine

(i) the wavenumber,

(ii) the wavelength,

(iii) the frequeilcy,

(iv) the polarization of the wave,

(v) the relative pennittivity of the medium,

(vi) the magretic field, rt (y,t),

(vii) the average power density carried by the wave.

(viii) Plot the E g,r) and rt g,r) as a function of y att: 0.

(2 marks)

(2 marks)

(2 marks)

(2 marks)

(2 marks)

(3 marks)

(3 marks)

(3 marks)

' .t'_.i :', t'1 ,,ttll: . -,:. dND OF QUESTIONS
' '..i'
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Frgure Q2(c)

Fisure Q3(b)
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Formula

Gradient

vf -q-i+ 
af i + 

af 
LvAxry"0z

vf -q-i+ laf t0+ 
af 

Lv 0r rA0' 0z

vf_afn+rafe+ I af 
6v AR RA0 Rsin?A0 I

Divergence

vo )-+.+*+dxry0z
vo r-Ll@] * LoA, *oA,rl 0r J r A0 0z

vol_aa(n',a-)+ I la(,qrsine)] * I oA,

R2 aR R sin eL ao I R sino aO

CurI

y x r =(+ _ *)r.(+ _ *)u .(* _ +),
Y x A =(:k - *)' .(+ - *)' . :(9 - h)'
Y x A = #1ry - Hl^. +l## - +l^ . +lW - #1,

Laplacian

v'.r =q+.q+.{4ox- oy- oz-

vzr=!a(,q\*L a'f *o'-fu r Ar\ A, ) ,' Ad' Oz'

v'f =!!( ^'g').--l- 
g (,i^e{)+- -l (t!\" R' aR ( AR ) R' sin? 00\ A0 ) R' sin2 elaf, )
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lt

Cartesian Cylindrical Spherical

Coordinate
parameters

A.?+ Ay|,+ A,2 A,I+Aotfr+ A,2 /^rt *Are* Arg

Magnitude

x,i * ltf + zrt for

point P(xr, lr, zr)

rri + zrt

for point P(rr, 0, , z r)

RtR

for point P( R, , 0r, 0r)

Unit vector
product

ioi-foi-2o2:I
ioi-fo2-2oi:0

ixi'=2
vx2=*..l

Lxi=y

A,\/\itof -qrqr -2o2:I
i.0-0o2:2.?-0

i'0 -2
Qx 2=?
}xi :0

R.ii-0.6-Qo0=l
R.6-0.0-tfroR:0

n"0-6
A,t\

0x0:R
tfrxfl.-e

Dot product
A,B* + AyBy + A,B, A,B,+AoBo+A,8, A*B*+AeBe+AoBo

Cross product

2"8

lr.,A^

l* Y z

l'a, Av A-

la. By B-

lrt e .o
I

lo^ Ae Ao

lB^ Be Bo

Differential
---}

length, d(,
dx?+dyf + dzt dr?+rdQQ+ dzf,: dRR+ Rd00+^Rsin0dfrp

Differential

surface. ds

-dydz*
- dx d, j,

-dxdyi

&,
+

ds,

&,

A, - rd.$ dz ?
+

dso-drdt0
&, -rdrdOL

7t 
^ - rR2 sin e d0 ddfrl

+A

dse-Rsin0dRd00

&, -R dRdoy

Differential

volume, d, rdrdQdz
^R2 sin e dR d0 d0
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Transformation Coordinate Variables Unit Vectors Vector Components

0-tan-'(ylx)
,-.a-L

Cartesian to

Cylindrical

i-icosQ+fsin/
0 - -isin Q +y cos|
2:2

A, : A, cos Q + A, sin{

Ao - -A, sin Q + A, cos{

A,: A,

Cylindrical to

Cartesian

x - r cosQ

!:rsin4
t, 

- 

F'
t-t

-H

i-icos0-Qsin/
f-isinQ+tflcos/
2:2

A, : A, cos 0 - A, sin{
Ay = A, sin Q + A, cosf

A-_A-

Cartesian to

Spherical e -tan-r Gl .\ y' L)
0 -tan-r (y I x)

- isin 0 cosQ

+f sindsin Q +2c;os0

- icos 0 cosQ

+f cosdsin 0-2sin0
--isinQ+ycos{

R

e

0

AR : A* sin 0 cos/
* Arsindsin Q+ A,cos?

Ao : A* sos 0 cosf
* A, cos d sin 0 - A, srn?

Ao - -A, sin Q + A, cosf

Spherical to

Cartesian

x-Rsin0cosf
y - Rsin ?sinQ

z - Rcosd

i-RsindcosQ+

6 tor d cos O -tfr sin /
f - Rsindsin Q+

6ro1 1sin|+Qcos/

2-fl.ror 0-0sind

A, : An sin 0 cosf
* A, cos I cos 0 - A, sin{

Ay : A^ sin 0 sin4

* A, cosdsin Q+ ArcosQ

A, : Ao cos e - A, sin?

Cylindrical to

Spherical
R-Jr'+z'
e - tan-r (r I z)

0:Q

R-isin0+2cos0

6 - icos e -2sin0
,\A

9:9

AR = A, sin 0 + A, cos0

Ae:Arcose-Arsin?
Ao=Ao

Spherical to

Cylindrical

r - Rsind

0:Q
z - Rcosd

0+

0-

6cosd

0sind

i - Rsin
,ara

9:Q
2 -fl.rot

A, = Ansin 0 + Arcos?

Ao: Ao

A,: A^cos 0 - Arsin?
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Q - !o,dt,
Q - [ o,ds,

Q - Ir,au

E,_ QrQr_A,
'L 4neoRt ^r2

E-
0

E- a A

4reo( 
o^

E -f&at A

J +rrfl^
E -lnas A

r +orfl^
E - l-&a' A

J +o"fl*
D -eE
v":JD'dS
e,,,: fp- - ds

Pu-VtD
B

Vnu:-J E.dV -ryAA

dH _ Id(,x R
4nR3

IdV=J,dS:jAv

ftr.dV:r,n,:Ji,dS
VxH-j
v*:{B'dS

w*:fB.dS-o
rt-

V*-9Aod[
Vo B -0
E-E
B -YxZ
7 - lPoIdVJ 4nR

v2 A : -prj

dF - IdV*E
T -FxF -mxE
n-$4,

aty
V

emJ

;_:_f#.ds
V,^r=Jfu-"E).dV

Id=J Jd.ds,Jo =*
y - a + jp

F -A@ +i'B) =ffi+
dt

d(rrd^,,

d=1
a

to - 8.854 x l0-r2 Fm-r

lto - 4n x 10-7 Hm-r

tdxx
l_rw-w
I xdx -1l_r(vq-w
r+_,,6.JW)
r (*'!r')

lt,tur l -'[l)J@=;tan \c/
I t :tu \: + h(x' *,')J (r' +t') 2""Y'

+c'
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