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Electrostatic concept is used in many areas of application. Describe onc (1) of the
applications of electrostatic in computer related industry.
{4 marks)

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

uniform sheets of charge with charge density p, =10 nC/m’and p, =30 nC/m? lic
in the planes z = - 1 m and y = 2 m respectively, calculate the electric field

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

A spherical shell centered at the origin extends between R =2 cmand R =3 cm. If
the volume charge density is given by p, =3Rx107C/m’, Determine the total

charge contained in the spherical shell.
(4 marks)

The Gauss’s law for static electric field is given by c_[ Deds=Q,, where D is

the electric flux density and Q... is the net charge in the closed surface, S. Use
Gauss’s law to prove that the electric field in a perfect conductor cannot exist and
this finding can be applied to build a facility to protect sensitive electronic
devices.

(6 marks)

A spherical charge distribution is given by

g mC/m’, O<r <4
P = ar
0 , otherwise

(1) Calculate the net flux crossing surfacer=3mand r=7 m.
{5 marks)

(ii)  Determine D atr=2mand r = 5m.
{5 marks)
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Consider a thin spherical shell of radius a carrics a uniform surface charge
density, 5 . Use Gauss’s law to determine the electric field intensity, £ at

everywhere.
(4 marks)

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-S8avart’s law is the general law of
magnetostatic field.

(1) Define the Biot-Savart’s law.
(3 marks)

(ii)  Discuss the similarities and differences between clectric field and

magnetic field.
(3 marks)

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

+ ¢ direction as shown in Figure Q3(b). Show that the magnetic field intensity,
f at point P (0, 0, h) is given by

(7 marks)

Two parallel circular loops carrying a current of 40 A each arc arranged as shown
in Figure Q3(c). The first loop is situated in the x-y plane with its center at the
origin, and the second loop’s center is at z = 2. If the two loops have the same

radius @ = 3, determine the magnetic field intensity, H at point 2 (0, 0, 1).
(7 marks)

Ampere’s law is an alternative formulation to obtain magnetic field intensity, H
and magnetic flux density, B by the relation with current.

(1) Define Ampere’s circuital law.
(3 marks)
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(ii) By using Ampere’s circuital law, calculate the magnetic field intensity,
I at point P (4, 0, 0) causcd by an infinitely long filamentary current, /
along the y-axis as shown in Figure Q4 (a).
(4 marks)

Consider an infinite long wire conductor carries current 6 mA in positive y -
direction is enclosed symmetrically by a cylindrical shell as shown in Figure
Q4(b). The cylindrical shell has inner radius, ¢ = 3 cm and outer radius, » = 6 cm
and carries return current 4 mA in negative y - direction.

(i) Sketch the Amperian path atr<a,a<r<bandr>b
(2 marks)

(11) Calculate magnetic ficld intensity /7 atr <a,a <r < hband r > b,
(8 marks)

(iii)  Plot the magnitude of the magnetic field intensity // against distance R
from the center of the cylinder. Interpret the results.
(3 marks)

State Maxwell’s equations both in differential and integral form rclated 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 frec space:

(1) If the magnetic flux density, Bis given by B=x%+2yp+3z2 1.
(6 marks)

(i1) If the magnetic flux density, Bis due to an infinitely long filamentary wire
carrying current of 5 mA as shown in Figure Q5 (b) (ii).
(10 marks)

Faraday’s law states that the induced electromotive force (emf), Venyin 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.
{6 marks)
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A sliding bar as shown in Figure Q6 (b) is located atx =107 + 4¢° . and the

separation between two rails is 40 cm. If the magnetic flux density, B=08x"2
Tesla, find the voltmeter reading at 7 = 0.8s.
(10 marks)

Consider a conductor joining the two ends of a resistor as shown in Figure Q6 (c).

The timec varying magnetic field is given by §=0.4CDS(12072'1‘) Tesla.
Assume that the magnetic field produced by / () is negligible. Calculate the

induced electromotive force, V (t) in the circuit,
(4 marks}

The propagation of a plane wave has differences characteristic depend the
medium used. Elaborate the plane wave propagation characteristic for:

(1) Free space,

(3 marks)
(ii)  Lossless dielectric,

(3 marks)
(i)  Good conductor.

(3 marks)
The electric field in free space is given by

E=50cos(10%+fx)2  V/m

(i) Find the direction of wave propagation.

(3 marks)

(i)  Calculate the phase constant, Sand the time it takes to travel a distance of
A2,
(5 marks)

(iii) ~ Sketch the wave at 1=0,7=T/4 and 1 = T/2.
(3 marks}

-END OF QUESTION-
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Gradlenl
vr=Z 3 8f
6x fﬁy az
g 14
vi-23.1%4,9;
6:‘ r D¢ crz
T Yo, 1T,
eR R8O  Rsiné ¢
Divergence
- 4
Ved= oA, —14 %4,
o &y o=
- oA
ry or rd¢ oz
v.j:%a(ﬁ'uﬁh 1 [8l4,sin0)] | o,
R° &R Rsing 06 Rsinf o¢
Curl
BA, OA, o4, 04 ). oA, 24, ).
VxA=| ———= X Y| ———-—Z
dy 0Oz 2 ox oy
- 04 olrA
Vei-[10 S, (0 o ] o) o),
r o Oz 5 or rl or 6¢
: alsino 4,) 04,7, 1[ 1 a1, aR4,)]. 1[a(R4,) a4,].
VxA=— — - R+ — - 0+—| —F -—L o
Rsiné o6 ol R|sin8 ¢ OR Ry OR 60
Laplacian
VZf_ a .f a f a 2
ox’ ay“ az’
ORI ANE Y,
ror\ or) r o8¢ &z
L L e L) s
R° OR 3R} R¥sind@ o6 o6¢,) R sin" &\ 0¢

10




BEF 22903

FINAL EXAMINATION

SEMESTER/SESSION  SEMESTER T1722012/2013 PROGRAMME :2 BEF
P COURSE NAME  ELECTROMAGNETIC COURSE CODLE : BEF 22903
ENGINEERING
£
1
Cartesian Cylindrical Spherical
Coordinate
xyz . &, R. 0,
parameters Y réz 0.4
Vector A AR+ A Y+ A3 AF+AH+ A2 AR+ 4,0+ 4,6

Magnitude A

\/A.‘,E A7+ A

JAT+ 4,7+ 4]

JA+ 4,7+ 4,

. | Position X+yy+zZ KF+2Z Rlﬁ
|| vector. OP for point P(x,, ¥, z,) for point P(r, ¢,, z,) for point P(R,. 8., ¢,)
‘ Rek=yey=iez=1 | fei=gop=sez=1 | ReR=0e0=¢e¢p=]
! i.y:y.z:i.i:o f’.(ﬁ:(ﬁ.i:i.i':o R09=90$=¢0R=0
'| Unit vector ixv =3 P =3 Rxb=d
product i }j N i q: i V=0
¥YxZ=X PxZ=r f}x@:ﬁ
IxX=Y LXr=90 (ﬁxli:ﬁ

Dot product
Ae B

AB, +AB + 4B,

AB, +AB,+ A8,

x oy 2 Pop i R 6 ¢
2’055 product A4, A A A4, A A, A, A,
N :
B, B B B, B, B, B, B, B,
Differential . . . . - . A ~ .
tierentia dxX+dvy+dz2 drT+rdgp+dzz dR R+ RdG 0 + Rsin & dgo
length, d¥¢
ds, = dydz ds. = rdg dz dsy = R sin0d0 dg R
Differential _ A . . _ _ .
— ds, =dvdzy dsg =drdz¢ dsg = Rsin0 dR dg 0
surface, ds . - _
ds. = dxdyi ds: = rdr dg dss = RdR dO ¢
i _t' I .
Differential dx dy dz rdrdg dz R®sin@ dR dO dy
volume, dv
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Transformatio | Coordinate Variables Unit Vectors Vector Components
n
Carfcsia-n to ;e m F=Xcosgd+ysing A =4, cosp+A sing
Cylindrical 6= tan"(y/ x) ¢ = —Xsing+ycosg A, =—~Asing+A4, cosp
z=1z L=z A=A
Cylindrical to x=rcos¢g X = rcos¢—@sing A, = A cosp—A,sing
Cartesian y=rsing . y =rsing +¢cosg A :Arsin‘;sz,aj{:j cos g
2=z i |

A =4,

Cartesian to
Spherical

R=yJx"+y*+2° R = &sinfcosg

8 = tan™'( fxz+yz /2) +ysinfsing +zcos@

ézicosﬂcosgﬁ

A, = A, sin@cos¢
+ A, sinfsing+ A, cos@ |
A, = A4, cosdcos¢

$=tan"'(y/x) , ,
+ ¥V cosfsing —Zsing +4, cosdsing— A4, sin8
¢ = -Xsing +ycosg Ay =—A,sing+ A, cosd
Spherical to x = Rsinfcosg % =Rsinfcosg+ A, = A, sinfcosg
Cartesian y=Rsinfsing ﬁcos()cos;émtﬁsingb +A,cos0cosg— A, sing ?
2= Reost ¥ =Rsin@sing + A, = A, sinFsing
écosf)singﬁﬂﬁcosgﬁ + Agcosfsing + A, cos¢
7 =Rcos@-0sing A = A, cosf = A,sind
Cylindrical to Renrt szt R =fsin@+7cosd A, = A sin0+ A4 cos@
Spherical . — ;
P 6 =tan” (r/2) 8 =Fcosf—isind Ay = A,cos6— 4, sin6
p=¢ b=¢ A =4
Spherical to r=Rsind t=Rsing+0cosd A4, =A,sin8+ A,cosé
Cylindrical _ A _
y ¢=¢ o=9 A, = A,
z=Rcos¢ z = Rcos6—0Bsin @ A, = A, cos0 - 4,sinf
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¢ = ‘[p;d{", dif = ldix R F = M, d_gl X(d?Z Xd“u)
_ 47R’ ' a4g R’
e dS, _ = - 1LY 2
Y .[’O-‘ Idt=JdS=Jdv P
Q = J.,opdv (j.ﬁ.d? = [m‘_ = J‘j.\ldS ‘q‘ _ /8
I
F,, _ Q1Q dw VxH=J o 2 |4
T 4z, R - 1+
F v, = IB o 45 wE
FL
Q o w. =Lf§-d§=0 fan 26 —g
= . . 3
£ e, R Vo =ddedt tang == = 2>
- we S,
. ,O,df Vel =0
B . prlh B — uH 5_..!,_
47z, R B =uf o
E-[L® B=Vxd 5, =8.854x10"% P’
4?:&:;{ A= Hold?t i, =4z x107 Hm™
= pav 4R
k= 4me,R* " VA =-u,J
_ Ho - J‘ dx X
D=k = I iy 2 = af 2 2
gj F:Q(E-FIJXB):"??I: (x“+c"‘ ’ (;'(:c'+c')]2
w. = |DedS _ o _
dF = Idix B | xdx = ! .
_ _ _ 2 2 22
Q.. =qDedS T rxFemaB (42" (v +e?)
p.=VeD m =1ISa, Jlidx = ={'n(x + v x? icz)
w oy (x‘ ich)l
g IL'“” 0 " a s H
0 & +c?) ¢
e =i 2 )
et V= J(ﬁx[))od_ﬁ (+e?)
' drer ) xdx IR
” = oD ————— =X +c
4[?051?.’ =0 1= .[‘]-i'dS"’(d "o '[(r +02)] )
VxE=0 y=a+jps
E=-VV T ]
o |2 R
v =0 =05 H_wJ ]
et S
A UE o
- =0 |—| J1+|—i +1
I= J.Joa’S o 2 _ms}
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