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ANSWER ALL QUESTIONS

Q1

(a)

(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 Figure Ql(a)
respectively. The region in between the cylinders is filled with dielectric material
with relative permittivity of &.. Derive the capacitance (C) of this nested cylindrical
conductor in terms of a, b and /4 where 4 is its height, a and b 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, p, (C/m?) only at a<R<b.
The py is 0 otherwise. a represent the inner radius while b represents the outer
radius. On the other hand, a point charge, +Q; is located at the center of the

spherical shell as shown in Figure Q1(b).

() Find the electric field intensity, E at the region when R<a, a<R<b and
R>b.
(10 marks)

(ii) Plot the magnitude of the electric field intensity, IE I against distance, R
from the center of the spherical shell. Discuss your results.

(5 marks)
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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, 1) and (1, -1) location.

G

—

)

(ii)

(iii)

(iv)

v)

Sketch the infinite lines and show the direction of current.

(3 marks)
Find the point where the magnetic field, His equal to zero by using
Ampere’s law.

(6 marks)
Verify your answer in Q2 (a)(ii) by using the right hand rule.

(2 marks)
Determine the magnetic field, H at (3,-3, 0) if both currents are 3A.

(5 marks)
Based on your answer in Q2(a)(iv), determine the effect of distance on the
magnetic field, H at (3, -3, 0).

(2 marks)

(b) A current filament carries a uniform current, 7 and it produces a magnetic density

B. The direction of the magnetic flux density around the current filament can be

determined by right hand rule as shown in Figure Q2(a). Justify 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) Faraday’s law states that the induced electromotive force (emf), Vems in any
closed circuit is equal to the rate of change of the magnetic flux linkage by
the circuit. Differentiate between transformer electromotive force and motion

electromotive force.
(6 marks)

(b) Figure Q3 (b) shows a rectangular loop with a conducting slide bar located at
x = 10¢ + 4¢> . The separation between the two rails is 40 cm. If the magnetic flux

density, B = 0.8x>% Wb/m?, calculate the voltmeter reading at7=1s.
(9 marks)

(c) The rectangular loop shown in Figure Q3 (c) is placed inside a uniform magnetic
field B=50x109 Wb/ m®. The magnetic field is oriented along the y-direction.
If the side G-H of the loop cuts the flux lines at the frequency of 50 Hz and the

loop lies in the y-z plane at time 7 = 0, Calculate
(i)  The induced electromotive force (emf), Vensat =1 ms.

(i)) The induced current, f;»7 at 1 =3 ms

(10 marks)
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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 ONE(1) of the Maxwell’s equations.

(6 marks)

(b) The electric field phasor of a uniform plane wave in a lossless medium is given by
E(y)=10e"°*% (V/m). If the phase velocity of the wave is 1.5 x 10® m/s and the

relative permeability of the medium is z = 2.4, Determine

(i) the wavenumber,

(2 marks)
(i) the wavelength,

(2 marks)
(iii) the frequency,

(2 marks)
(iv) the polarization of the wave,

(2 marks)
(v) the relative permittivity of the medium,

(2 marks)
(vi) the magnetic field, H (y, t),

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

(3 marks)
(viii) Plot the E (y,t) and H (y,t) as a function of y at t = 0.

(3 marks)

- 'END OF QUESTIONS -
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Figure Q1(a).

Figure Q1(b)
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Figure Q3(b)
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Cartesian Cylindrical Spherical
Coordinate
parameters %Y, 2 n 2 R, 6 ¢
Vector A AX+Ay+A42 AF+A,¢+A.2 AR+4,0+ 4,6
Magnitude 4 JA +47+ 47 JA + 4747 JA 4,7+ 4.
Position vector, | x,X+ ),y +z,Z for nE+z2 RR
OP point P(xla Vi Z]) for pointP(r,, ¢1’ Zl) for pointP(Rl, 91’ ¢1)
Xex=yey=7ezi=1 | fer=gep=202=1 ReR=0e0=¢ep=1
Xey=yei=20%=0 | fep=(ei=5eF=0 | ReO=0ep=¢eR=0
Unit vector $x¢=3 ixd =2 N
product A ):_ = Rx0=9¢
xi- pxi=i dxj-R
ZXX:y ZXr:q) ("\)xﬁzé
Dot product
s A.B, +A4,B,+A4.B, A,B, + A,B, + A.B, AxBy + 4,B, + 4,B,
. ; X 0y 2 Poe 2 R 0 ¢
ross  product
ix B 4, A, A, 4, 4, A, Ay 4, 4,
B. B, B, B, B, B, B, B, B,
Differential ekt v+ dsd B bt rdd 6+ dos . .
— X +dzz rr+r +dzz i 0
length, 2/ Yy 0] dR R+ RdO 0O + Rsin O dp
ds. = dy dz % ds, =rdg dz ¥ dsr = R>sin0d0 dg R
Differential . . . . . ) .
surface, ds fy =dvdzy fif¢ =drdz¢ dje =Rsin@dRd¢p 0
ds: =dxdyz ds: =rdrdgz dss =RdRdO ¢
Differential 2 .
— dxdy dz rdrdgdz R°sin@ dR db d¢
volume, dv
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Transformation | Coordinate Variables Unit Vectors Vector Components
Cartesian to = 2 + 3?2 r=Xcosg+ysing A, =4, cosg+4,sing
Cylindrical ¢ =tan” (y/x) ¢ =—Xsing+ycosg A, =—-A sing+ 4, cosg

zZ=z L=z A.’.’ = AZ
Cylindrical to X =rcos¢ X =rcos¢—@sing A, =4, cosp—A4,sing
Cartesian y=rsing y =rsing+@cosg A, =4, sing+ A4,cosg
z2=2z i = i A: = AZ
Cartesian to R= /x2+y2+zz ﬁ:f(sinﬁcosgﬁ A, = A sinfcosg
Spherical 0 = tan”" (m/z) A +ysinfsing +zcosé + A, sin@sing + 4, cosd
— tan-! 0 =Xxcosfcosg A, = A, cos@cosg
g=tan (y/x) . .
+ycosfsing —zsind +4,cosfsing — A, sin@
¢ = —Xsing +ycos¢ A, =4, sing+ A4, cosg
Spherical to x=Rsinfcosg %= ﬁsin@cos¢ + A, = A, sinfcos ¢
Cartesian Y =Rsinfsing écosecos¢ —sing + Ay cosfcosg — A4, sin g
= Rcosf . R
7 reos y =Rsinfsing + A, = 4, sinBsing
écosesin¢+¢cos¢ + A4, cosfsing + 4, cos ¢
z=Rcosf—0sind 45 = Ay CO36 = 4, 3ind
Cylindrical to R=+r? 17 R =fsinf@+zcosd A, =A,sinf+ A4, cosd
Spherical 0 =tan™'(r/z) 0 =Fcos@—2sind Ay =4, cos0~ 4, sinf
p=9 =9 4 =4,
Spherical to r=Rsinf f=RsinO®+0cosd A, = A, sin@+ 4, cos 6
Cylindrical ¢=¢ ¢=¢ A,=4,
Z = Rcose z=Rcosf—0sind 4, = 4, cos— 4, sin0
12
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Idl = J dS = Jdv

§HudZ=gm=ji¢s
VxH=J

dH =

IBodS
§B.ds 0
:§A-dz
VeB =0
B=ufl
B=VxA4
e woldr
47R
V2Z¥:—ﬂm7
— = _ = du
F = +UxB)=m—
o J=m®
dF =1d/x B
T=Fxf=mx§
m = ISa,
I/emf:—@—l'”
ot
0B
Emf_J'E.dS
Vows = [(@@x B)o d
[/,.dS,7 oD
ot
y=a+jp
gr ro_Z ]
a=o0 |2 L+——}—1
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dr, x(d?, xaR )

L2 21

=8.854x10™" Fm™
Uy =47 x107 Hm™

dx B X
I@2+c2ym-_c%k2+c2y2
xdx B -1
I&2+cﬁm__@2+cﬁm

I(7i§;——:h4x+Vx2icz)

1/2
xi&)

1

Ieaye(3)
Im = %ln(xz +c2)

2

J‘m= x2 +c
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