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Q1. To validate a rectangular sensor prototype that operates in air, you must evaluate
electric field quantities in its operating region.
V =x%y + z% volts
(i) Explain Maxwell’s equations and their physical significance. Using the
given potential function, evaluate the electric field intensity(E) and electric
flux density D.

[11 marks]

(i) Analyse the volume charge density p, and the total charge enclosed(Q)
within the rectangularregion 0 <x<1,0<y<2,0<z<1m
[10 marks]

(iif) Assess the work done in moving a 5 puC charge from point A (1, 2, 1) to
B (0,1,1).
[4 marks]

(Total 25 marks)
Q2. a) Given the magnetic vector potential in a certain region in a space as
A = (4pz)a, + 2p*a, Wb/m

determine the magnetic vector potential(A), magnetic flux density (B),
magnetic field intensity(H) and current density(J) at point P (2, -1,3).
[15 marks]

b) A toroid whose dimensions are shown in Figure Q2 has N turns and carries
current |.

(i) Analyse the magnetic field intensity(H) inside and outside the toroid.

[5 marks]

Question 2 continued over the page....
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Q2 continued...

(i) Given the toroidal core has p, = 10 ¢m and a circular cross section with
a=1cm. If the core is made of Steel ( u = 100y,) and has a coil with 200
turns, determine the amount of current that will produce a flux of 0.5 mWb

in the core.

Figure Q2 a toroid with a circular cross section.
[5 marks]

(Total 25 marks)

Q3. a) In alossless dielectric H = 0.1 cos(wt — z)a, + 0.5 sin(wt — 2) a, A/m and
n =60, u,. = 1. Evaluate ¢, w and E.
[12 marks]

b) Define the Poynting vector and explain its role in representing power flow in
electromagnetic waves. Using the field expression H = 0.2 cos(wt — x)a,
A/m, analyse the corresponding Poynting vector.

[13 marks]

(Total 25 marks)

Please turn the page
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Q4.

a) A transmission line is terminated by a resistive load which is less than the
characteristic impedance and the voltage standing wave ratio (VSWR) on the line
is 2.0. Evaluate,

i) the voltage reflection coefficient of the load. [3 marks]

i) the ratio of the load impedance to the characteristic impedance of the line.

[3 marks]
i) the ratio of the reflected wave to the incident wave (express in decibels).

[3 marks]

b) A coaxial cable with a characteristic impedance of 50 Q is insulated with a
dielectric whose relative permittivity is 2.7. Given that a 1 metre length of this
cable is terminated in a 75 Q resistor, analyse,

i) the wavelength of signals on the line at 500 MHz and 1 GHz.
[8 marks]
i) the input impedance of the cable at frequencies 500 MHz and 1 GHz.

[8 marks]

(Total 25 Marks)

Q5.

a) The transmitting and receiving antennas are separated by a distance of 200\ and
have directive gains of 25 dB and 18 dB, respectively. If 5 MW of power is to be
received, analyse the minimum transmitted power.

[9 marks]

Q5 continued over the page....
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Q5 continued...

b) An antenna in air radiates a total power of 100 kW so that a maximum radiated
electric field strength of 12 mV/m is measured 20 km from the antenna.
Evaluate,

i) Antenna directivity in dB.

[7 marks]
i) Antenna maximum power gain if radiation efficiency h,= 98%.

[2 marks]

c) Analyse the maximum effective area of a A/2 wire dipole operating at 30 MHz.
Also evaluate how much power is received with an incident plane wave of

strength 2 mV/m.

[7 marks]

(Total 25 Marks)

End of Questions

PLEASE TURN THE PAGE FOR EQUATION SHEETS
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EQUATION SHEETS

CIRCULAR CYLINDRICAL COORDINATES (p, ¢, 2)

p=Vi+ q&=tan"£, z=z

X

SPHERICAL COORDINATES (r, 0, ¢)

Vi + -
,.:\/xz+),z+zg, 6 = tan™' 2 }'2: 'i?:tan_‘i

x=rsinflcosdp, y=rsinfsingd, z=rcost

DIFFERENTIAL LENGTH, AREA, AND VOLUME

A. Cartesian Coordinate Systems

1. Differential displacement is given by

dl = dxa, + dya, + dza,

2. Differential normal surface area is given by

dS = dydza,
dxdza,
dxdya,

3. Differential volume is given by

dv = dxdydz
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B. Cylindrical Coordinate Systems

1. Differential displacement is given by

dl=dpa, + pdda, + dza,|

2. Differential normal surface area is given by

dS = pdé dza,
dp dza,
pdpdda,

and illustrated in Figure 3.4.
3. Differential volume is given by

dv = p dp d¢ dz|

DEL OPERATOR

d d d
‘F=,—ax+,—a).+-,—az
ax dy 3z
d 1 o 0
ap p d¢ "oz
v d " 1 4 " 1 d
=a—+a,——+a —
aTBr “r oo ® ysin @ dod

v v av
YW=—a t—a +t—d

dx dy dz

aVv 1 aV av
VW=""a+-"a,+a

o pop T 9z
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DIVERGENCE OF A VECTOR

1 1 A AA.
¥-A =——i(pid,J — ==
P dp P dd dz
1 9 1 dAy
V-A=—=—(r*A) + — (A, sin @) + —
rzar( ) rsinﬂaﬂ( g ) rsinf a¢

CURL OF A VECTOR

a, a, a
a a a
NEXA=S|— — =—
dx gy oz
A A, A,
a, Pa, a,
1|d 3| d
VXA=
plap ad a9z
A, Ay A
a, ra, rsinfa,
1 a a d
b4 = — o
ks Fsing [or a0 I

A, 1Ay rsinf A,

fi:A-dSZJV-Adsz
S ,

_ QQ
4me R
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Q

E p—
dire %

Q= J p.dl  forline charge

L

Q= | psdS for surface charge
5

Q= | p,dv for volume charge

ELECTRIC FLUX DENSITY
D=¢kE

Q=ﬁ£D'dS=Jp._,dv
§ v

pr=¥-D ‘

E=-VV |

electric flux through a surface § is

‘P’=JD-dS

)

I=¢J-dS= [V-Jdv
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B

W= _Qf E'dlz QL(AB
A

= Q(VB - VA)

Py
&

ViV = —

F = J p,E dv

% H-dl=1,,
i

(VX H=]

B=uH

‘ p, = 47 X 107" H/m

Ip

mt 70
H, = [

—- >a

2mp P
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= ‘ p,dv
b5

)

—F—
=
&

V-D=p,

=40

]
#

o

|
X

m

|

=1

es)

=

0
-dl = J )-ds

&

B=V XA
1F=JB-dS
5
V-A=0
P—'jgfdle
I
vxE=-2

ot

B = m'\/}.m = m\/ptosua; = t:\/cr
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TRANSMISSION LINES
1 Np= 8.686db

Propagation constant
y=a+jB

Wave velocity,

Wavelength, ) = 27
B

Input impedance

,,,,,,,,,,,,

s +J oshCOSh 2% +cosCoS 2.
tanh tanh \ x + jy -
cosheosh 25 rcoseus 2y

— ¥ (2) — ZoVg'+ Vo)
I5(2) Vo - Vg

in
Voltage and current at any point z
I/;(Z) = Vife " 4 V5 e*
IS(Z) = ‘_2:1 ez - l;l::- ev?
Vi =2 (Yot Zolo)
Vi = % (VO — Zol,)

Sending end current and voltage
|74

10: 4
Zin+ Z,
Z:
Vo=Ziplg= ——— 1V,
i Zin+ Z; 9

Reflection coefficient

I" Z1-7g
L= z,+2,
Standing wave ratio
S = Vinax Inax 1+ |[L|

Vinin Imin T1- |1"L|
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Antenna

Wavelength

| o

Power radiated,

— 72
Prador W= Irms X Rrad

Effective area,

Ae=2D

4

Capture area of a circular aperture,
2 nD?
¢ 4

Radiation Efficiency

T] — Prad — Rrad
Pin Rraa+ Ry

'r’ — Prad _ _Rraa
r Pin Rraa+ R

Directivity

D = 47" Umax
Prad

Unax ™ Radiation intensity

Gain of an Antenna
G=nD
1 - Radiation Efficiency

G=KD
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41T
G=K=—4
)'2
K- antenna factor, 1 if no losses present

Gainin db, Gg,= 101og,,G

Q factor

Q=1
Af
Af - Bandwidth

END OF PAPER



