
CONFIDENTIAL

'ffi
UNIVERSITI TUN HUSSEIN ONN MALAYSIA

FINAL EXAMINATION
SEMESTER IT

SESSION 2012/2013

COURSE NAME

COURSE CODE

PROGRAMME

EXAMINATION DATE

DURATTON

INSTRUCTION

ELEC'TROMAGNETIC
ENGINEERING

BEF 22903

2 BEF

JLrNE 2013

3 HOURS

ANSWER FIVE (5) QUESTIONS
ONLY

THIS QUESTION PAPER CONSISTS OF THIRTEEN (I3) PACES

CONFIDENTIAL



(alQl

(h)

BStr 2290i

lilectrostatic concept is used in many arcas ofapplication. Describc onc (1) ofthc
applications of electrostatic in computer related industry.

(4 marks)

A unilbrm line charge of density pr =20 nC/mexists at x : 2m. y = - 4m. lf two

uniform sheets of charge with charge density p/ = lO nc/m I and p, = 30 nc/m' lic

in the planes z= - 7 m and y = 2 m respectively. calculate thc electric field

intensity, E at point (-2, -1, 4) due to the three charges distribution.
( 12 marks)

(c) A spherical shell ccntcrcd at thc origin extends between R = 2 cm and R: I cm. Il'

thc volume charge density is given by p,=3RxlO-C/n', Detcrminc the total

charge contained in the spherical shell.
(4 marks)

lhe Causs s law for static electric lield is given b) { ,. ^ 
-t ... uhere D is

the elect c flux density and p",,. is the net ch:trgc in the closed surface, S tJsc

Gauss's la$ to prove that the electric lield in a pcrfect conductor cannot exist and

this finding can be applied to build a facility to protect sensitivc eiectronie

dcvtccs.
(6 marks)

A sphcrical charge distribution is given by

Q2 (a)

(b)

{F";''
, 0</ <4

(1,

(ii)

Calculate the net flux crossing surface r = 3 m and r: 7 m.

Detcrmine D atr=2mand r- 5m.

(5 marks)

(5 marks)
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Consider a thin spherical shell ofradius a carrics a uniform surlace charge

density. p, . Use Gauss's law to dctcrminc thc electric lleld intcnsity, .d al

everywhere,
(4 marks)

The Biot Savan's law enables us to write the general results for the magnetic field
due to an arbitrary curent distribution. [t is an expeimental la\r/ predicted by Biol
and Savart dealing with magnetic field strength at a poinl due to a small current

element. Like Coulomb's law. Biot-Savaft's law is the general law ol'
magnetostatic field.

(o)

(u

(iD

(i)

Dcfine d'le Biot-Savart's law.

Discuss the similarities and differenccs between clcctric field and

magnelic field.

(3 marks)

(3 marks)

(b)

(3 marks)

Consider a circular loop ofradius a lying on x-y plane with a cunent 1in the

+ f direction as shown in Figurc Q3(b). Show that the magnetic field intensity,

,i at point P (0. 0. h) is given by

- t.,'!
H - -,.,: (A m)

2(a' +z')'''
1? marls)

Two parallel circular loops carrying a current of40 A each arc arrangcd as shown

in Figure Q3(c). The first loop is situated in the x-y plane with its center at thc

origin, arrd the second loop's centcr is al z = 2 tf thc two loops have the samc

radius a = 3, determine the magnetic field intensity, t at point P (0, 0, l)
(7 mdrls)

Ampere's law is an alternative formulation to obtain magnetic field intensity,11

and magletic flux density, t by thc relation with cturent.

Define Amperc's circuital law.

Q4
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(iD lly using Ampere's circuital la\\', calculale the magnetic field intensity,

t at point 1'(4, 0, 0) causcd by an infinitely long filamentary current, ,f

along the y-axis as shown in Figure Q4 (a).
(4 marks)

(b) Consider an infinite long wire conductor car es current 6 mA in positivei-
direction is enclosed symmetrically by a cylindrical shell as shown in Figure

Q4(b). The cylindrical shell has inner radius, 4 = 3 cm and outer radius, , : 6 cm

and carrics retum current 4 mA in negative i - direction.

(i) Sketch the Amperian path 
^t 

r <a-a<r<bandt> b.
(2 marks)

(iD Calculate magnetic ficld intcnsityll at r<.l,.r<r <handr> h
(8 marks)

(iiD Plot the magnitude of the magnctic field intensity 11 againsl distance R

fiom the center ofthe cylinder. Interyret the results.
(3 marks)

ta, State Maxwcll's equations both in differential and integral form rclated to static

electic and magnetic ficlds.
(4 marks)

A rectangular loop as shown in ligure Q5 (b) lies in thc x-y plane at: = 0. find
the total forcc cxcncd on the rectangular loop located in licc space:

(i) ll thc magnetic flux densitl./r is given hy B= ri+ 2yy r 3zi t

(6 marks)

(ii) lf the magnetic flux density, E is due to an infinitcly long filamcntary wrre

canying current of 5 mA as shown in Figure Q5 (b) (ii).
(10 marks)

(a) Faraday's law states that the induced electromotive force (emf), V"tin any close<l

circuit is equal to the time rate ofchange ofthe magnetic flux linkagc by the

circuit. With an aid ofdiagram, propose an experiment to prove the Faraday's

Law- 
{6 marks)

(b)



(b)

(c)
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A sliding bar as shown in Figure Q6 (b) is located at-t=10t+4tr, and thc

separation between two rails is 40 cm. Ifthe magnetic llux density, E = 0.8r ?:

Tesla, find the voltmeter reading at /:0.8s.
(10 marks)

Considcr a conductor joining thc two eDds ofa resistor as shown in Figure Q6 (c)

The timc varying magnetic field is given by 6=04cos(l20zl) Tesla

Assume that the magnetic field produced by / (l) is negligible. Calculate the

induced electromotive force, Vub(t) in the circuit.
(4 marks)

(a) -lhe propagation ofa plane wave has differences charactcrislic depend the

medium used. Iilaborate the plane wave propagation charactcristic for:

(i) Irree space,
(3 marks)

(l marks)

(3 marks)

E=50cos(101+/x)i V/m

(i) | ind the direction ofuavc propagaliun.
(3 marks)

(iD Calculate the phase constant, pand thg time it takcs to travel a distance of
)./2.

(5 marks)

(iiD Sketch the wave at 1: 0, t = T/4 and | = Tl2.
(3 marks)

Q?

(b)

(i1) I-osslessdielectric,

(iiD Good conductor.

The electric field in fiee space is given by

-END OF QUESTION-
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Gradient

_. Dt" " At"v/= x+ lt+ /' 0x ary' A"

_" 6/" tat" dt"yt : r1 1a.lLz' dr rAQ Az

Ar^ ta{^ | a{
V/ =1R.f l1e +- :: d' AR R A0 Rsin4 66

Divergence

_ ,. at. al, aA.v.A=--6x 6y Az

,. i )la(''t')),Y'q' *a'4"rl 0r rAd dz
_ -/ ^, \I av( rtt) t l"t","tn"t) | d,1,

tl 6R Rsir)rl ie ) R,tnP AA

Curl

_ , (aa. dA \- ta,t. aA r. (dA. DA.\-y^A-r _rrrvr rz

l& a,) tdz dxr \dr Jy)

v . A ,l !d/ dA' 
1;.,. 

d!. d-A 6 . )1d('t,) -aa,. 1'

l/,1@ 6') C: dr" r\ dr ad)

, "' = o;nl&!# #)^. +l*'+ 9}. *[uP - *}
Laplacian

-. - a't d't a' t
ax' dy- dz'

o'r !,1,'4]*19!,4
rdr\ nr) r' Ad' 6:'

vt ld,R'd'r' -' 6,,inr.?'l llrl
R' dR\ dRl R sin4 d0' J0 R :in d[d,r'']
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Cartesian Cylindrical Sph€rical

Coordinatc
paramelers

R. 0. ,l

A,i+A,i+Ai A,i+AcO+A.i ,t,ft + Ao6+,trQ

Magnitude I {i: ' 
),\7 '+A,,' t ,4r'

Position

uector. D
:etx+yty+zl

for point P(-tF l, zr )

\f + zlz

for point P(i, 1,, ',)
R,R

for poinl P(n,. q, /,)

Unit vector
product

i.i=i.i=r.r=l
i.i=i.r=2.i=0

ixi=t
ixr=i
r'i=i

r.f=tQ.9=z.z
f.(Q-9.2=Z.f

rxq=z

=l i.i=6.6=0.0=r
i.d=6.0=0.ri=o

n,6 =0

.i'"R=,i

Dot product

). rj
l,B, +,1,8, + A.B. ,4,8,+AdBr+A"8" A,tRt,+Aolloa,ltBr

Cross product

)"8
:

;",

v
A, :

;'

R0o
AR Ao Aol

B!, Bo tj,|

Dillerential
.';lengln..lr

dx i+ .ly I + dz i dr?+rdlip+dzi, ttRfr,+ Rt106 + Rsin0 tllip

Differential

,urface, I

*,=ayati
i, = dr dzl

i, =a'ayi

4,,

7i. = ,a, aP t

in = n1 sina d0 ddR

iu = ntr"o n aOg

i" = nanaeA

Diffcrential

uolu're. d"
Jx dy Jz rdrdQdz R' sin 0 dlt d0 dO

tl
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Transformatio
n

Coordinate Variables Unil Vectors Vector Components

Cartcsian to
Cylindrical

i=icosl+isinl
0 = isinl+icos/
2=i

A,=A,cos|+4sin|
Ao= -4, sin 0 + A,cost

A,= A-

Cylindrical to
Cartesian y = rsnQ

i=icosl 0sinl
i = isin I +0 cos/
i=i.

A, = A,cost-,4rsind

l, -,1,sin0+ A.cost

,4- = A-

Cartcsian fo
Sphcrical

^ fD

6 =1an'111'+; t"1

d=tant(ylx)

ii = isindcos/
+ i sin dsin I + icos d

6 = icos/cosl
+icosrsind-isind

0 = -isin/+icos/

At = A, sin o cost
+ A, sinesin d.r A" cos0

Ao = A,cos9cosd

+ A, aosesi\d A, sin0

'40 = A,sin0+ A,coso

Sphcrical to
Cartcsian

-lr = Rsin dcosl
y: Rsin dsin I
z = Rcosa

i = R sin dcosl +

0 cos ll cos I -ri sin /
y=Ks r0stnp+

0cosl/sin / + Q cosl

2=Rcosl/-0sinri

^, 
= ARsinocosf

+ /10 cosocos, Aislnd

A, - A^sin0 sin0

+ Aocosq sin 4 + Ao cos!y'

A, = AucosO At,sin0

Cylindrical to
Spherical

R-^t7*7
e =Er '(t I z)

ll=isind+icosd
U = rc(,\f/ ,\ln f/

0=0

AR= A,sinA + A"cosq

Ao = A.cos9 A.sin0

Spherical to
Cylindrical

r =Rsind

z = Rcos,

i = Rsin I
0=0
i = Rcosd

0cosd

6sin d

A,-Ausin0+Aocos9

A.=A,,cos0-Aosrn0

t2
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a = lc,dt
a' lo"ds

a = lo,d,
- 4,0,

E=;

D-eE

o, =v.D
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4',
Id7=j,ds=,7(lv

1n . d( = r,r = )r \d.\

vxa=j

,/,={8.,8 =0

v.E=o
E=t'
E -v xI

" - tt.!!!!-" J q"n

v'7 = -p,J

f =()lf + tltl=m

dF = td{ "E

R,,'

tan20,, =

. ( o\' 't+l I

| \(Dt) )
o

6l
so =8.854x10 Lr nn r

Ito - 4tr xll 1 Hn I

t xarr[,.1f =51",1

W av'
al

rdE ,-

r, = lt,.dS..r,, =9

f.a

r",,,1

{E .,11 ' o

Vxr-0
E= vv
v'v =o

R= 
(

r^t

r = [i .,ts +IFH r,]

.lo'r+l-

tl




