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Question 1

a) Find the electric field resulting from a given electric potential.
V==6xy—2xz+z
(7’marks)
b) Given that electric flux density
D = zpCos?@ a,C /m>

Calculate the charge density at (1, 1/4,3) and thetotal eharge enclosed by the cylinder
of radius 1m with —2 < z < 2m.
(8 marks)

1 . [
c) If J= - (2 cos cos 6 a,. + Sinsing ag)A/mZ’ calculate the current passing

through a hemispherical shell of radius 20cm, O ;7 7 , 0< @ < 211.
- -2

(5 marks)
d) Given the magnetic vector potential
2
A= TP a,Wh/m
Calculate-the total magnetic flux crossing the surface
@=1/21<p<2m0<z<5m
(5 marks)

Total 25 marks
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Question 2
Find the amplitude of the displacement current density.
i) adjacent to an automobile antenna where the magnetic field intensity of an
FM signal is
H, = 0.15Cos [3.12 (3 + 108t — y)]A/m
(4 marks)
ii) in the air space at a point within a large power distribution transformer, when
B = 0.8 Cos [1.257 » 1070(3 x 108¢t— x)]y'T
(6 marks)

iii) within a large, oil filled power capacitorwhere ¢ =5 and

E = 0.9 Cos [1.257% 107° (3 x 108t — zV/5)]x MV /m
(7 marks)

iv) in a metallic conductarat 60Hz, if ¢ = €0, 1 = [y, 0 = 5.8% 107S/m and
J=sin sin (377t — 117.1z) x MA/m?
(8 marks)

Total 25 marks

Question 3

a) The electric field of an electromagnetic wave is given as

E= Eyj sin T2 cos cos (kx — wt)
Z9

Question 3 continued over...
Please turn the page
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Question 3 continued...

Evaluate the field given above.

(4 marks)

b) An electromagnetic wave propagates along the x direction while the.magnetic field

oscillates at a frequency of 10'° Hz and has an amplitude of 10-5T, acting along the y

direction. Compute the wavelength of the electromagnetic wave and provide the
expression for electric field in this case.
(6 marks)

c) The magnetic field of a plane electromagnetic wave is described as follows
B = Bg.sin sin(kx — wt)j
i) Calculate the wave's wavelength A.

(2 marks)

ii) Compute, the electric field E corresponding to the magnetic field.
lllustrate the direction of the unit vector.
(4 marks)

i) Determine the magnitude and direction of the Poynting vector related to
this wave.
(3 marks)

Question 3 continued over...
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Question 3 continued...

d) Compute the energy intensity of the standing electromagnetic wave given by

E,(x,t) = 2E, cos cos kx coswt and B,(x,t) = 2B, sin sin kx sinwt

(6 marks)
Total.25 marks

Question 4.

a) Consider a lossless transmission line with a_characteristic impedance of 75 Q. The

line is terminated with a load impedance of 100+j150 Q.

i.Calculate the reflection coefficient\at the load, the standing wave ratio on the
transmission line, and the inputimpedance at a distance of 0.4 A from the load.
(7 marks)

ii.Evaluate thevalues obtained in part (i) using smith chart provided in page 7.
Determine the locations of the first minimum voltage and the first maximum
voltage from the load. (10 marks)

i

b)

Z, =30+ 60

. Vi 12
y=0+jB

|- 40 m |

Question 4 continued over...
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Question 4 continued...

The transmission line shown in Figure is 40 m long operating at 500MHz and
has 1, = 15< 0% vims, 7, = 30 +j60Q, and ;= 5 <-48° Vrms, 7 =0. Ifthe line
is matched to the load and Z,= 0. Calculate the propogation constant and
the sending-end current J, . and voltage v,
(8 marks)
Total 25 marks

Question 5

a) An antenna is designed with operating'frequency 7 GHz, featuring a circular
aperture with a diameter of 3 m. The“antenna exhibits a radiation resistance of 70 Q

and a loss resistance of 6 Q.

i.Discuss the factors.influencing the radiated power of the antenna. Given a
current draw is™0 A, calculate the power radiated by the antenna.
(5 marks)

ii. Caleculate key antenna characteristics, including capture area, gain in decibels,
and directivity. Analyse how these metrics collectively contribute to defining the
performance of the antenna.

(7 marks)

ili.Discuss the relationship between Q factor and the antenna's bandwidth and
calculate the Q factor, taking into account the specified bandwidth of 4MHz.
(3 marks)

Question 5 continued over...

Please turn the page
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Question 5 continued...

b) A radar operating in the S-band transmits at a frequency of 5 GHz with a power
output of 400 kW.

i.Calculate the signal power density at distances of 100 and 400 nautical miles,
considering the effective area of the radar antenna to be 12 m?
(7 marks)

ii.Consider a target with an effective area.of 20 m#located at a range of 300
nautical miles. Evaluate the power of the reflected signal received by the radar

from this target.
(3 marks)

Total 25 marks

END OF QUESTIONS

Please turn the page for Equations
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EQUATION SHEET

CIRCULAR CYLINDRICAL COORDINATES (p, ¢, z)

p=Vi+ ¢=ta.n"£, z=2

X

& cos¢p sing 0 1 As
Ay | =|—sind cosd 0] A,
A, 0 0o 1]]4,

Ay cosdp —sing 0|4,
A, | =|sind cosd 0| A,
AL 0 0o 1fla

SPHERICAL COORDINATES (r, 0, ¢

r=\/x1+_yz+_zz, &=w_' ¢ = tan™}

b ]

ey

¥ Z%inﬁ‘sincb, Z=rcosf

sinfcos¢ sinfsing  cosh || A
oscosd cosisind —sinf Ay
in ¢ cos ¢ 0 || A,

sinfcos¢p cosfcosdp —sind || A,
sinfsingg cosfsind cosh || Ay
cos @ —sin @ 0 || Ag

Please turn the page
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DIFFERENTIAL LENGTH, AREA, AND VOLUME

A. Cartesian Coordinate Systems

1. Differential displacement is given by 0
dl =dxa, +dya, +dza, &

2. Differential normal surface area is given by

dS = dydza,
dxdza,
dxdya,

3. Differential volume is given by

dv = dx dy

B. Cylindrical Coordinate Syste

1. Differential displacement is given by

dl a, + pdday + dza,

2. Differential no surface area is given by
dp dza,
pdp dd a,

a ustrated in Figure 3.4,
ifferential volume is given by

dv = pdp dd dz

Please turn the page
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C. Spherical Coordinate Systems

2. The differential normal surface area is

dS = r*sin 0 df do a,

rsin 0 dr d¢ a,
rdrdfa,

3. The differential volume is

d 1aV aVv
\4% + —— —
e BRIV A
aV 10V 1 oV
VW="Ta+=-""a + =
T ral 2" 7eind «qu)a'Eb

Please turn the page
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DIVERGENCE OF A VECTOR

CURL OF A VECTOR

a, a, a,
d d d
VXA=|— — —
dx gy o<z
A, A, A
aZ
d
d
Z
a, ra, rsinfa,
9 9 a9
Asing |or 00 aP

A, 1Ay rsin@ A,
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aA, O0A, 9A,
VA= Fe——si
dx dy iz
1 9 1 0A dA.
V-A=——(pA,) + ~—> + —
P ip p od dz
19 ) 1 40A,
V-A==—(rPA) + —(A,sinf) +
rz&r( ) rsinﬁaﬁ( o in 6) rsin f
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X
Q
= dare,r’ o
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Q= [ pdl for line charge
L

Q= J ps dS for surface charge
s

Q= J, p, dv for volume charg
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E=-VV

electric flux through a surface S is
¥ = J D-ds
§

I=§J-dS= [V-]dv

J=cE
p, = ne
J= cE

D=¢/(1+ x,)E=¢geE

D = eE
£ = g8,
vy = -
&

B=puH

p, = 4m X 107" H/m
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4’=JB-dS
s

fra &XO

fﬂ'dS=J‘V'de=0
s

¥

V-D=p,

V-B=10

VXKE=0

VXH=]

aB
VXE=—
at

E, = I{B
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B = ﬂJV’UJ‘ = w\/lu“nsugr = = V.rcr
C

P=EXH
V= ( B-dS
Jg
w 2
k_ﬁ_w\/pnso_ c - A
_ 1 E:
i‘Jpnw = "RE(E5 X H::] = S %
2 27
A=21T/k
C=fA
C=Eo/Bo
K=w/c
=211
Ex B
§===
Uo

TRANSMISSION/LINES

1 Np= 8.686db

Propagation constant
y=a+jp

[V 47]

Wave velocity, (/= i A
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Wavelength, ) = 2727
BB

Input impedance
Zin— Z, Z 1+ Zpy tanh yf
o [ Zgt2Zg tanhyf]

sinh 2x . sin2y
cosh2x+cos2y  — 7 cosh2x+cos2y

tanh(x + jy) =

, Vs @ _ Zo(Vi+ Vo)
" L(2) Vi— Vg

Voltage and current at any point z

ViVs(z) = V3§ e 1V 7= + Vg V5 7

+ + Vo Vo
ISIS(Z) == % e_"yzﬂ e_'}lz - _O e'}"z_o e‘}"Z
0

Zy 20 Zy

Ve = %VJr = % (Vo + Zolo)Vo + Zoly)

Vo = %VO_ = % (Vo — Zol)Vo =Zoly)

Sending end current and voltage

V.Q
Ip= —2 =
Z;'ﬂ-I-Z‘9
Ziﬂ
Vo=2Zinlop= -5V
0 into Ziﬂ+Zg g

Reflection coefficient

Ol ZimZ021= 29
T IV ZgZ+Zy
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Standing wave ratio

Vmax _ j[max_ 1+ |FL|

S = = =
Vmin Imin. 1- |FL|

Antenna

Wavelength

A=
7

Power radiated,

Pragor W = I2sPragor W = I2,s X RraaRiad

Effective area,

A4, = ﬁ D

4mdm

Capture area of a circular aperture,
nD?
Ae 771

Radiation Efficiency

n Lo Prad — Rrad — Prad — Ryrad
Pin Rraa+ Re Pin Rrad* Ry
_ Prad _ Ryad
n. = — ___—raa

r Pin Ryqd+ Ry
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Directivity

D= A1 Uy 40 Upnay
Prag Prag

U maxUmax — Radiation intensity

D:A_ZAE

Gain of an Antenna
G=nD

1 — Radiation Efficiency
G = KDKD

G- K¥c = K%AQAQ

K- antenna factor , 1 if no lossesipresent

Gain in db, GgpGap= 10 lOglOGl'.OgmG

Q factor

Q="11x
AfAf
AfAf - Bandwidth

1"nautical mile(nm) =1852m
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Radar power density

P = Gat PragGdr Prad
amr? 4mr?

Power of the reflected signal at the radar

p. = Ae O-derad
i [4mr2]2

END OF PAPER
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	INSTRUCTIONS TO CANDIDATES:            There are FIVE questions on this paper.
	Answer ANY FOUR questions.
	All questions carry equal marks.
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	Question 1
	a) Find the electric field resulting from a given electric potential.
	𝑉=6𝑥𝑦−2𝑥𝑧+𝑧
	(7 marks)
	b) Given that electric flux density
	𝐷=𝑧𝜌,𝐶𝑜𝑠-2.Ø ,𝑎-𝑧.𝐶/,𝑚-2.
	Calculate the charge density at (1, Π/4,3) and the total charge enclosed by the cylinder of radius 1m with −2≤𝑧≤2𝑚.
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	d) Given the magnetic vector potential
	𝐴=,,−𝜌-2.-,4-.. ,𝑎-𝑧.𝑊𝑏/𝑚
	Calculate the total magnetic flux crossing the surface
	Ø=𝛱/2,1≤𝜌≤2𝑚, 0≤𝑧≤5𝑚
	(5 marks)
	Total 25 marks
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	Question 2
	Find the amplitude of the displacement current density.
	i) adjacent to an automobile antenna where the magnetic field intensity of an FM signal is
	,𝐻-𝑥.=0.15 𝐶𝑜𝑠 ,3.12 ,3∗ ,10-8.𝑡−𝑦..𝐴/𝑚
	(4 marks)
	ii) in the air space at a point within a large power distribution transformer, when
	𝐵=0.8 𝐶𝑜𝑠 ,1.257∗ ,10-−6.,3∗,10-8.𝑡−𝑥..,𝑦 .𝑇
	(6 marks)
	iii) within a large, oil filled power capacitor where  ,𝜖-𝑟.=5 and
	𝐸=0.9 𝐶𝑜𝑠 ,1.257∗ ,10-−6 .,3∗ ,10-8.𝑡−𝑧 ,5...,𝑥 . 𝑀𝑉/𝑚
	(7 marks)
	iv) in a metallic conductor at 60Hz, if 𝜖=,𝜖-0. , 𝜇=,𝜇-0., 𝜎=5.8∗ ,10-7.𝑆/𝑚 and
	𝐽=,𝑠𝑖𝑛.𝑠𝑖𝑛 (377𝑡−117.1𝑧) ,𝑥  .𝑀𝐴/,𝑚-2.
	(8 marks)
	Total 25 marks
	Question 3
	a) The electric field of an electromagnetic wave is given as
	,𝐸.=,𝐸-0.,𝑗. 𝑠𝑖𝑛 ,𝛱𝑧-,𝑧-0..,𝑐𝑜𝑠.𝑐𝑜𝑠 (𝑘𝑥−𝜔𝑡)
	Question 3 continued over…
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	Question 3 continued…
	Evaluate the field given above.
	(4 marks)
	b) An electromagnetic wave propagates along the x direction while the magnetic field oscillates at a frequency of 1010 Hz and has an amplitude of 10−5T, acting along the y direction. Compute the wavelength of the electromagnetic wave and provide the e...
	(6 marks)
	c)  The magnetic field of a plane electromagnetic wave is described as follows
	,𝐵.=,𝐵-𝑂.,𝑠𝑖𝑛.𝑠𝑖𝑛 (𝑘𝑥−𝜔𝑡 ),𝑗.
	i) Calculate the wave's wavelength λ.
	(2 marks)
	ii) Compute the electric field E corresponding to the magnetic field. Illustrate the direction of the unit vector.
	(4 marks)
	iii) Determine the magnitude and direction of the Poynting vector related to this wave.
	(3 marks)
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	d)  Compute the energy intensity of the standing electromagnetic wave given by
	,𝐸-𝑦.,𝑥,𝑡.=2,𝐸-0.,𝑐𝑜𝑠.𝑐𝑜𝑠 𝑘𝑥 𝑐𝑜𝑠𝜔𝑡  and  ,𝐵-𝑍.,𝑥,𝑡.=2,𝐵-0.,𝑠𝑖𝑛.𝑠𝑖𝑛 𝑘𝑥 𝑠𝑖𝑛𝜔𝑡
	(6 marks)
	Total 25 marks
	Question 4.
	a) Consider a lossless transmission line with a characteristic impedance of 75 Ω. The line is terminated with a load impedance of 100+j150 Ω.
	i. Calculate the reflection coefficient at the load, the standing wave ratio on the transmission line, and the input impedance at a distance of 0.4 λ from the load.
	(7 marks)
	ii. Evaluate the values obtained in part (i) using smith chart provided in page 7. Determine the locations of the first minimum voltage and the first maximum voltage from the load.                                                                       ...
	iii.
	b)
	Question 4 continued over…
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	The transmission line shown in Figure is 40 m long operating at 500MHz and
	has ,𝑉-𝑔. = 15< 0  vrms, ,𝑍-0. = 30 + j60Ω, and ,𝑉-𝐿.= 5 <-48  Vrms, ,𝑍-𝑔. = 0. If the line
	is matched to the   load and ,𝑍-𝑔. = 0. Calculate the propogation constant and
	the sending-end current ,𝐼-𝑖𝑛. and voltage ,𝑉-𝑖𝑛..
	(8 marks)
	Total 25 marks
	Question 5
	a) An antenna is designed with operating frequency 7 GHz, featuring a circular aperture with a diameter of 3 m. The antenna exhibits a radiation resistance of 70 Ω and a loss resistance of 6 Ω.
	i. Discuss the factors influencing the radiated power of the antenna. Given a current draw is 10 A, calculate the power radiated by the antenna.
	(5 marks)
	ii. Calculate key antenna characteristics, including capture area, gain in decibels, and directivity. Analyse how these metrics collectively contribute to defining the performance of the antenna.
	(7 marks)
	iii. Discuss the relationship between Q factor and the antenna's bandwidth and calculate the Q factor, taking into account the specified bandwidth of 4MHz.
	(3 marks)
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	Please turn the page
	Question 5 continued…
	b)    A radar operating in the S-band transmits at a frequency of 5 GHz with a power output of 400 kW.
	i. Calculate the signal power density at distances of 100 and 400 nautical miles, considering the effective area of the radar antenna to be 12 m²
	(7 marks)
	ii. Consider a target with an effective area of 20 m² located at a range of 300 nautical miles. Evaluate the power of the reflected signal received by the radar from this target.
	(3 marks)
	Total 25 marks
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