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ANSWER ALL QUESTIONS

Q1

Q2

(a)

(b)

(©

(a)

State the procedures or steps for applying Gauss’s law in order to calculate the

Electric field intensity, E of symmetrical charge distributions.
(3 marks)

A dielectric spherical shell is as shown in FIGURE Q1 (a) with volume charge
density, p, (c/m®) for @ < R < b and 0 otherwise. (Inner radius = @ and outer

radius = b). Find the electric field intensity, E inside the spherical shell (R < a),
in the spherical shell (a < R < b) and outside the spherical shell (R > b).

(10 marks)
The centre of dielectric spherical shell similar to FIGURE Q1 (a) with volume
charge density, p, = 2 nC/m?3 is located at (0, 2, -2) with inner radius, a =1 m,

outer radius b = 3m. In addition, a point charge is located at (3,-4, 3) with
Q=12nC. Calculate the total electric field, E at (0, 2, 3) using Gauss’s Law.

(12 marks)

Two infinite lines are carrying identical current in same direction. Both of them
are located at x = -1, y = I and x = I, y = -1, respectively.

(i)  Sketch the infinite lines and show the direction of current.
(3 marks)

(ii) Find the point where the magnetic field is equal to zero by using Ampere’s
law.

(6 marks)

(iii) By using the right hand rule, show that the magnetic field at (0, 0, 0) is equal
to zero.

(2 marks)
(iv) Determine the magnetic field at (3,-3, 0) if both of the current are 3A.
(5 marks)

(v) Based on your answer in Q2(a)(iv), justify the effect of the magnetic field
observed at (3, -3, 0) due to the distance of the infinite lines.

(2 marks)
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Q3

(b)

(a)

(b)

(©

The magnetic field of an infinitely long coaxial transmission line is represented in
FIGURE Q2 (b).

(i) Find the radius of the inner conductor, outer conductor, the thickness of the
outer conductor, and the current flowing on the coaxial transmission line.
(5 marks)

(ii) If this infinite coaxial line is placed in between the parallel line at (0,0,0) as
in Q2 (a), predict what is the additional magnetic field that can be observed

at (3,-3,0).
(2 marks)

Faraday’s law states that the induced electromotive force (emf), Vews in any closed
circuit is equal to the time rate of change of the magnetic flux linkage by the
circuit. Differentiate between transformer electromotive force (emf) and motion
electromotive force (emf). Propose an experiment to prove the Faraday’s Law.

(8 marks)

FIGURE Q3 (b) shows the rectangular loop with a conducting slide bar located
atx = 107 + 41’ . The separation between two rails is 40 cm. If the magnetic flux

density, B = 0.8x*Z Tesla, Calculate the voltmeter reading at ¢ = 0.8s.
(9 marks)

A conductor joining the two ends of a resistor as shown in FIGURE Q3 (c). The
time varying magnetic field is given by B =0.4cos (120z¢) Tesla. Assume that

the magnetic field produced by /() is negligible. Calculate the induced

electromotive force, Vy, (7) in the circuit.
(8 marks)
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Q4

(@)

(b)

©

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

(i) Free space,

(3 marks)
(i)  Lossless dielectric,

(3 marks)
(iii)  Good conductor.

(3 marks)

The magnetic field of a wave propagating in free space is given by

H=0.1cos (2 x 108t — kx) § A/m

i) Calculate the wave number,k, the wavelength, 4 and the period of the

wave, T.
(3 marks)
(ii)  Determine the time t; it takes the wave to travel A/8.
(1 marks)
(iii)  Write the expression of the wave at time t; and sketch the wave.
(4 marks)

A plane wave in nonmagnetic medium has E =50sin (108t + 2z) § V/m

i) Determine the direction of wave propagation.

(1 marks)
(ii)  Calculate the wavelength, A, frequency, / and relative permittivity &;.

(3 marks)
(iii)  Formulate the corresponding magnetic field component, H.

(4 marks)

- END OF QUESTIONS -
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FIGURE Q1 (a)
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FORMULA
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vr=Z5.%.9;
ox oy~ 0Oz
A A
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Cartesian Cylindrical Spherical
Coordinate
parameters %52 .62 R, 6. ¢
Viector A AX+Ay+Az AF+A,p+ A2 AR+ 4,0+ 4 0
Magnitude 4 | A +4,+4, JA4 +47+ 4] JAZ+ 47+ 4.
Position XX+ yy+zZ nr+zz RR
vector, OP for point P(x,, y,, z,) | forpoint P(r, &, z,) for point P(R,, 6,, ¢,)
Rek=Jey=2ei=1 |Fer=gep=2e7=1 1}0{1=P°0=¢°?:1
i09:§’0i220i20 f'o(i):(i)oi:iof':o ROG:OO(’(‘):(EJOR:O
Unit vector ixV =2 ixd =2 o
product A ): R R q: X xX0=¢
YXZ=X OxXZ=r 6x¢:f{
ZXX=Yy ZXFr=Q @Xﬁ:é
Dotproduct | 4 p 4B +AB | AB +A4,B,+AB AyBy + 4,B, + A,B
Z.E xx+yy+zz rr+¢¢+zz RR+00+¢¢
Xy oz S R 0 ¢
C“’S; prgd““ A, 4, 4, A 4, 4, 4, A, A,

8 B, B, B, B, B, B, B, B, B,
Differential . R - x N ~ ~ .
length,a dcx+dyy+dzz drr+rdg@+dzz dRR + RdO O+ Rsin 0 dgop

ds =dydz X ds, =rdpdz ¥ dsg = R*sin0d0dg R
Differential — ) — N — i 2
surface,zs fy:wﬁy f,;:drdzq) d:g:RsdeRd¢0

ds: =dxdyi ds: =rdrdgz ds¢ =RdRdO ¢
Differential

st dx dy dz rdrdgdz R’sin@dRdOd¢
volume, dv
8
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Transformation | Coordinate Variables Unit Vectors Vector Components
Cartestan o r:\/xTJ:y‘2 r=Xcosg+ysing A, =4, cosp+ A, sing
Cylindrical ¢=tan" (y/x) ¢ =—Xsing+ycosg A, =—A,sing+ A4, cosg

! Z=Z 7=2 A=A
Cylindrical to X =rcos¢ X =Fcosg—@sing A, =4, cosg—A4,sing
C . }’:rsin¢ A:f'Sil’l¢+(bCOS¢ Ay:A,Sin¢+A¢COS¢

artesian s e = W4

Cartesian to

R=\x*+y*+7*
0=tan (Y2 +)* /2)

R =xsinfcos ¢
+ysinfsing+Zcosb

0 =Xxcosfcosg

Ap = A, sinfcos ¢
+4,sinfsing+ A4, cos&
A, =A, cosBcos¢

Spherical A : X
pherica b= tan (/%) +§cosfsing—zsin@ | +4,cosOsing—4, sind
¢ =—Xsing+ycos¢ A, =—A,sing+ 4 cosg
% = Rsinfcos g+ A = A, sinfcosg
. x = Rsinfcos¢ 0cosfcosg—Psing + 4, cosfcosg— A, sing
Spherical to ) ) . . .
y = Rsinfsin ¢ ¥ =Rsinfsin g+ A, = Ap sin@sin g
Cartesian A .
z=Rcosl 0 cos@sing+pcos g + 4, cosfsing+ A4, cosp
Z=Rcos#—0sind A4, =Agcosf—4,sin
o R=Ar*+7? R =rsind+zcosd A, = A sin@+ A, cosf
Cylindrical to R .
. f=tan"'(r/z) 0 =rcosf—zsinf A, =4, cosf— A4, sind
Spherical . 4 -4
¢=¢ ¢=9 ¢
. r=Rsin@ £ =Rsind+0cosd A, = Aysinf+ 4, cosb
Spherical to o
. p=¢ =9 4,=4,
ylndrica z=Rcosé 7 =Rcos@—0sind A =A,cos@—A4,sinb
9
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0=[p.d.
Q = jpst’
0=|p,av
00 .
2 4z ,R*
E=L,
o
E-—2 5
4z, R’
= ¢ pda .
4z, R®
T~ _ pst A
4ze,R*
E_ — pvdv2 A
4re,R
D=¢E
v, :IBOd—
Q,. =§DedS
p,=VeD

dﬁ_ldfx3R.

47R
IdzsjstEjdv
§Hedi=1,, =[Jds
VxH=J
v, :j§0d§

v, =§§od§:0
v, :§20dz

Vo = [(@x B)edE
I, _jJ ds,J, _aD
ot

y=a+jp

a=w 2 | Z
2 K25

peo | il

de, xd[ xaR )

i
A
(]

tan 2(9,7 =

| =

N

o
wE

s

tan@ =

o

we J,
s=1
a

£, =8.854x10"* Fm™
4, =4zx107 Hm™

I dx _ X

(x2 +c? )3/2 c? (x2 +cz)1/2
-“ xdx _ -1

(x2 +c? )3/2 (x2 +c? )1/2
:ln(x+Vx2 icz)

dx

I(;z%:?):%tanl(ij
Im %ln(x +c)
J‘(—va—z—_ x*+c?

X
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