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Q1 (a)

(c)

(a)

BEE2263IBE]{20m3

Electrostatic concept is used in many areas of application. Describe ONE of the
applications of electrostatic in computer related industry.

(4 marks)

A uniform line charge of density, p, = 20 nC/m exists at x : 2m, y = - 4m. If two

uniform sheets of charge with charge density p, =10 nC/m')and p,=30 nC/mz

lie in the planes z = - 1 m and, y = 2 m respectively, calculate the electric field
intensity, E at point (-2, -1, 4) due to the three charges distribution.

(12 marks)

A spherical shell centered at the origin extends between i = 2 crn and R : 3 cm. If
the volume charge density is given by p" =3Rxl04C /nf , Determine the total

charge contained in the spherical shell.
(4 marks)

An important application ofthe fact that the electric field intensity in a perfect
conductor cannot exist , E : 0 is in electrostatic screening. Explain the principle
ofan electrostatic screening using Gauss's law.

(5 marks)

A spherical charge distribution is given by

ftsl:imC/m3,0<r<4p" = 1r'
| 0 , otherwise

(D Calculate the net flux crossing surface r =3 mandr:7 m.
(6 marks)

(ii) Determine D atr=2mandr=5m.
(6 marks)

Consider a thin spherical shell of radius, a carries a uniform surface charge

density, p" . Use Gauss's law to determine the electric field intensity, ^6 at

everywhere.
(3 marks)

o)

Q2

(b)

(d)
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The Biot Savart's law enables us to write the general results for the magnetic field
due to an arbitrary current distribution. It is an experimental law predicted by Biot
and Savart dealing with magnetic field strength at a point due to a small current
element. Like Coulomb's law, Biot-Savart's law is the general law of
magnetostatic field.

(i) Define the Biot-Savart's law.
(3 marks)

(ii) Discuss the similarities and differences between electric field and
magnetic field.

(3 marks)

Consider a circular loop of radius a lying on x-y plane with a current 1in the

positive / direction as shown in Figure Q3(b). Show that the magnetic field

intensity, a at point P (0, 0, i) is given by

E= 2 (Nm)
2(a2 + h2 )3/2

(7 marks)

(c) Two parallel circular loops carrying a current of40 A each are arranged as shown
in Figure Q3(c). The first loop is situated in the r-y plane with its center at the
origin, and the second loop's center is al z = 2. If the two loops have the same

radius a = 3, determine the magrretic field intensity, 11 at point P (0, 0, | ).
(7 marks)

(b)

la'
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Ampere's law is an altemative formulation to obtain magnetic field intensity,.E
and magnetic flux density, .d by the relation with current.

(r) Define Ampere's circuital law.
(3 marks)

(ii) By using Ampere's circuital law, calculate the magnetic field intensity,
.d at point P (4,0, 0) caused by an infinitely long filamentary current, 1
along the y-axis as shown in Figure Q4 (a).

(2 marks)

Consider an infinite long wire conductor carries current 6 mA in positive

! direction is enclosed symmetrically by a cylindrical shell as shown in Figure

Qa 0). The cylindrical shell has inner radius, a : 3 cm and outer radius, b = 6 cm
and carries retum current 4 mA in negative j direction.

(i) Sketch the Amperian path at r < a,a<r<b andr> b.
(2 marks)

(ii) Calculate mapetic field intensity fr atr <a,a<r< b andr> b.
(10 marks)

(iii) Plot the magnitude of the magnetic field intensity, .F against distance R
from the center ofthe cvlinder. Intemret the results.

(3 marks)

(b)
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State Maxwell's equations both in differential and integral form related to static
electric and magnetic fields.

(4 marks)

A rectangular loop as shown in Figure Q5(b) lies in the x-y plane at z = 0. Find the
total force exerted on the rectangular loop located in free space:

(i) If the magnetic flux density, ,Eis given by B=xi+2yy+322 T.
(6 marks)

(ii) If the magnetic flux density, E ir du" to an infinitely long filamentary wire
carrying current of 5 mA as shown in Figure Q5 (b) (ii).

(10 marks)

Faraday's faw states that the induced electromotive force (emf), V" yin any closed
circuit is equal to the time rate of change of the magnetic flux linkage by the
circuit. With an aid of diagram, propose an experiment to prove the Faraday's
Law.

(5 marks)

A sliding bar as shown in Figure Q6 (b) is located atx =lOt +4f , and the

separation between two rails is 40 cm. If the magnetic flux density, E = 0.8x'72
Tesl4 find the voltrneter reading at t: 0.8s.

(8 marks)

Consider a conductorjoining the two ends ofa resistor as shown in Figwe Q6 (c).

The time varying magnetic field is given by E = 0.4 cos ( 120 tr t) Tesla. Assume

that the magnetic field produced by (t) is negligible. CaJculate the induced
electromotive force, V"6Q) in the circuit.

(7 marks)

(b)

Q6 (a)

(b)

(c)
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Q7 (a) The propagation ofa plane wave has differences characteristic depend the
medium used. Elaborate the plane wave propagation characteristic for:

(D Frce space,
(ii) Losslessdielectric,
(iiD Good conductor.

(9 marks)

(b) The electric field in free space is given by

E-50cos(lott+fx)2 V/m

(i) Find the direction of wave propagation.
(l mark)

(ii) Calculate the phase constant, B and the time it takes to travel a distance of
M2.

(4 marks)

(iii) Sketch the wave at t: 0, t : T/4 al:,d t = Tl2.
(6 marks)
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Formula

Gradient

af^ af^ af^Yl =--:-t+--:-v +:z' Ax Ay' Az

af^ taf" af^vl =-Lr+---o+ ":-z' ar rA0' Az

vf=Vfi+tq€t* | ff6
" AR R Ae Rsn4 00'

Divergence

v.i=oA' aoA' *oA'Ax Ay Az

v. A = Ll a(,A,)l+ LaAt + 
aA"

rl 0r ) r0( Az

,.7=t_a(n',q^)* r la(,q"sne)l* | aA,

R" AR Rsin9l ae I Rsin9 0S

v, t =( 94, _ 
a_L\ J A- _ a.\" J ui, 

_ ga,)u

[a/ az) \az Axf lar q)
o - ; =( !4. -a4\, *( 

a4 -a4\ *L( a?e,) 
- 

ae,y
Val az) \az Ar)' r\ ar Ai)

o,1- t la(sine 4)_rr,lfr*!f t aA, _a(M)h+ll{ne,l _a,q-1^
Rsinal ae a0 I Rlsina 0S aR I RL aR ae J'

y,s=4!*4!*4!- ax' Ay' Az'

,'f =!?(,y).+*.U- rA\ 0r) r' 0g' Az2

v, r =\!( n, 4f,')*_.r gr,i"aal). - L_rq'l)- R' AR\ AR ) R' sin4 00\ Ae ) R' sin'0\052 )

II
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Cartesian Cllindrical Spherical

Coordinate
parametefs

x,y,z r,6,2 R"e,o

Vector I A,i+ A"9 + A"f; A,i+ Ar$+ A,i A^R + ArO + ArQ

Magnitude I A,t +Ar2 +A"2 '+A"'+Art

Position

vector, d
xrx+ yrlt + zp

for pointP(x,, y,, z,)
\f + zrz

for pnt P(r, f, z,)
R'R

forpintP(Rr,0r, {r)

Unit vector
product

i.i=f.i =2c2=l
iof=foi=ioi=0

ixi =f;
jx2=i
ixi =j

ioi=rffr$ =i.oi=l
ioS=$oi=ioi=0

ixrff =2
0xi=i
ixi=6

fi..ft =e.e =0.0 = r

fr..$ =$.,6 =,6.fl = 6

f,re =.fl

e",6 =n
0*R =6

Dot product

,e. E
A,B,+AlBy+A"8" A,B,+4Bt+A"8" ArB"+A"8"+ArB,

Cross product

7"8

t^ ^ ^lI' v zl

lA. Ay a"l

lB, Bl B"l

t^^^ll" I 'l
lu' n, A'l

lB, B, B,l

lfrool
lA^ ,t" Arl

lB, B, B4

Differential

lengr/r,, Ti
&i+dyj+dzi dri+rd(Q+dzi dRR+ MQQ + Rslne dg$

Differ€ntial

surface, E

a", = ay a"l
&,=**j
ds, =edyii

ds, = rdf dz i
&r=*a,6
ds" =rclrdQi

&, = R'z sin? dg d|ft
&" = n"neanal6
dt = RdRdo'Q

Differential

volume, F edy dz rdrd{dz R2 sin? dRd| dd
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