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PART — A: Answer ALL QUESTIONS in this part

Question 1

i). A geostationary satellite is usually subject to two forces, these forces are

a) Centripetal force

b) Centrifugal force

c) Gravitational force

d) Directional force

Select any Two correct ones [2 Marks]

ii). For a satellite to be stationary, the two opposing forces must be

a) measureable

b) equal in magnitude

c) complementary

d) rotational

Select any One correct answer [2 Marks]

iif). For a satellite to remain stationary with respect to the Earth’s surface, the satellite’s
angular velocity must be the same as that of the Earth’s own angular velocity around

its own axis, i.e. w = 2?” where T'is the period of the sidereal day. How long is 7' ?

a) 23 hours 56 minutes 4.1 seconds
b) 23 hours 56 minutes 41 seconds
c) 23 hours 41 minutes 5.6 seconds

d) 23 hours 41 minutes 56 seconds

Select any One correct answer [3 Marks]

Question 1 continues over the page

PLEASE TURN THE PAGE....
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Question 1 continued....

iv). As an entrant communication engineer to Inmarsat UK, you are required to provide
advice on how to optimize the power consumption of a satellite communication system.

When considering the transponder, which module of the transponder system would be
your first priority ?

a) Duplexer

b) Low Noise Amplifier
c) High Power Amplifier
d) Bandpass filter

Select any One correct answer [3 Marks]

v). A Radar System operates by shinning its own electromagnetic energy on objects
and receiving responses. The echoes are usually received through the principles of

a) Echoing
b) Reflection
c) Doppler effect

d) lllumination

Select any One correct answer [3 Marks]

vi) In radar communication systems, Doppler Effect happens twice for any signal
transmitted by the moving source to a stationary observer, identify where

a) from radar to the target
b) from target to the radar
c) inside the radar system

d) in the transponder
Select any Two correct answer [3 Marks]
Question 1 continues over the page....

PLEASE TURN THE PAGE....
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Question 1 continued....

vii) A far-field observer observes an electromagnetic wave as a resolvable plane wave
given as

E(R) = Eye’?
where E, and ¢ are the magnitude and phase of the electromagnetic field received at

distance R, identify which part of the wave is affected by Doppler shift ?
a) amplitude

b) distance
c) phase
d) magnitude

Select any One correct answer [3 Marks]

viii) At the receiver of a satellite system, which of the following significantly affects the
frequency of the signal received

a) frequency of the transmitted signal
b) Doppler effect

c) phase

d) magnitude

Select any One correct answer [3 Marks]

Question 1 continues over the page....

PLEASE TURN THE PAGE....
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Question 1 continued....

ixX) Which of the following is NOT the role of a duplexer ?
a) allow signals to travel in one direction
b) separate the path of transmitted signal from that of received signal
c) increase the amplitude of received signals

d) makes it possible to connect a single antenna to transmitter and receiver
simultaneously

Select any One correct answer [3 Marks]

Total 25 marks
END OF PART A

PART — B: Answer ANY THREE (3) questions in this part

Question 2

a) The electric field of a traveling electromagnetic wave is given by

(> T
E(x,t) = 10 cos (a)t +E+E) V/m

Determine:

1. The direction of wave propagation; [5 marks]
2. lts wavelength A and [5 marks]
3. Its phase velocity and phase number. [5 marks]

Assuming the wave frequency 0.5x107Hz.

b) A series RL circuit is connected to a voltage source given by v, = 150coswt V.
Find:

1. The phasor current | and [4 marks]
2. The instantaneous current i(t) assuming R=400 Q , L=3 mH, and f=15.916
kHz. [6 marks]

Total 25 marks
PLEASE TURN THE PAGE....
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Question 3

a) GivenV = x%y + xy? + xz? find
1. The gradient of V and [3 marks]
2. Evaluate the gradient at (1,-1,2). [2 marks]

b) Find VxA at (2,0,3) in cylindrical coordinates for the vector field

A =710e"?"cos¢ + 210sing [7 marks]

c) Derive a formula for the capacitance per unit length of the coaxial cable shown in
figure Q2 below [13 marks]

| ! |

ﬂ_ + E+I+ +I-I'|:_“ +l+ +H; +l+':

_ﬂr

Inner conductor

Dielectric material £

e =
+IE +|+ +IE +1+ +IE +1+ +-

— Outer conductor

Figure Q2 Coaxial cable length=I, applied voltage=V, inner and outer radii are a,
and b.

Total 25 marks

PLEASE TURN THE PAGE....
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Question 4

a) Two point charges with q1=2X10"° C and q2=-4X10" C are located in free space
at points with Cartesian coordinates (1,3,-1) and (-3,1,-2) respectively. Find:

1. The electric field E at (3,1,-2) and [5 marks]
2. The force on a 8X10° C charge located at that point. All distances in metres.
[5 marks]
b) 1. Derive a formula for the inductance of the coaxial cable shown in figure Q3
below [8 marks]
[ z [
} X }
1
1
1
— . ----- l
® O : I @ @ ]
1 1
1 ;
© OlhWf® @] -5
1 1
o 1| =
Ht—r_
® o|h[[® @,
Lo 1] il
1
Outer — ® & - : 0 ™ : Outer
conductor B L conductor
1
Inncr/ 1
conductor

Figure Q3 Cross-sectional view of a coaxial cable
2. Then calculate the magnetic energy stored in this cable. [7 marks]

Total 25 marks

PLEASE TURN THE PAGE....
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Question 5
a) State the reciprocity theorem of an antenna [4 Marks]
b) Identify any three properties of an antenna [6 Marks]

c) The British Telecom (BT) is planning to expand its network coverage to include the
evolving 5G standard that will operate on the 3.6GHz frequency. In order to bypass a
river and shadowing caused by a forest, BT plans to station two microwave antennas
on top of hills 1.3x10%m apart. If the effective area of the antenna is 26x103m?,
calculate the

i) received power that maximizes the transmit power [2 marks]
ii) Operating wavelength of transmitted signals [3 Marks]
iif) Transmit antenna gain [5 marks]
iv) Received antenna gain [5 Marks]

assume that c=3x108m/s.
Total 25 marks

Question 6
a) What is a transmission line ? [2 Marks]
b) Give three examples of transmission lines. [6 Marks]

c) Given that the reflected voltage of a transmission line is

Z,— Z
v-:( )v+
0 Z,+27,)°

where V' is the incidence voltage, Z, is the characteristic impedance and Z; is the
load impedance. If the normalized load impedance is Z; = % show that the reflection
0

coefficient is

[12 Marks]
Question 6 continues over the page....

PLEASE TURN THE PAGE....
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Question 6 continued....

d) A 100Q transmission line is connected to a load consisting of a 50Q) resistor in

series with a 10-pF capacitor. Find the reflection coefficient at the load for a
100MHz signal if the characteristic impedance is (0.5-j1.59)Q.

Covert your answer to polar form [5 Marks]

Total 25 marks

END OF QUESTIONS

FORMULA SHEETS OVER THE PAGE....

PLEASE TURN THE PAGE....
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These equations are given to save short-term memorisation of details of derived
equations and are given without any explanation or definition of symbols; the student
is expected to know the meanings and usage.

Time-domain sinusoidal functions z(#) and their cosine- .
reference phasor-domain counterparts Z, where z(r) = Re [Ze/“'].

z(1) 7
A cos wr - A
A cos(wr + ¢p) > AP
Acos(wt + Bx + ¢p) > Apl(Bx+tdo)
Ae™ ¥ cos(wt + fx 4+ dp) =>  Aeel (Bx+do)
A sin wt > Ae—J7/2
Asin(wt + ¢) > Apl(P0—7/2)

fd

'cu?
dt )

!

(z(1))

j:uﬂﬂj‘f’”

!

d
—[A cos(wr + ¢p)]
dt

1 ~
/Z{I}d’! - 7
Jjw
I :
fA sin(wt + ¢g) dt - A/ @07/
Jw

PLEASE TURN THE PAGE....
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Summary of vector relations.

Cartesian Cylindrical Spherical

Coordinates

Coordinates

Coordinates

Coordinate variables

X, V. Z

rg,z

R.0.¢

Vector representation A =

XAy +VAy + 24,

FA; +0Ay + 24,

RAR +0A9 + Ay

Magnitude of A |A| =

A% + A} + A2

A2+ A% + A2

AL + AT+ A2

Position vector Of_Jl =

Xxp + ¥y + 274,

rry + 7zy,

for P = (xy, y1.21) for P = (r1.¢1,21)

Base vectors properties X'X=V'¥V=2-2=1 f'-f‘=$'6=i'i=| ﬁ'ﬁ=é'é=$'$=]
R-§=§-2=2-%=0 | t-¢=0¢-2=2-F=0 R-6=0-¢=6¢-R=0
Ix§=12 Pxé=1 Rx0=¢
VXZ=X $Xi=f‘ éx&:ﬁ
ixk=¥ ixi=4¢ dbxR=6
Dot product  A-B= AxBx +AyBy +A;B; | ArBy +AgBy + Az B, ARrBr + ApBg + Ay By
SO S Poe i R 6 ¢
Cross product Ax B = Ay Ay Ay Ay A¢ Az Ap Ay A¢
By By B; B By By Br By By

Differential length dl = Rdx+Vdy+idz fdr+érdp+2dz | RdR+ORdO+Rsind dg

Differential surface areas dsy =Xdydz dsy =Ttrd¢ dz dsp = RR2sin0 do d¢
dsy =Vdxdz dsg = dr dz dsg =ORsin® dR d¢
ds, =7 dx dy ds, =ir dr d¢ dsy =R dR do

Differential volume dV = dx dy dz rdrdpdz R%sin® dR d6 d¢

PLEASE TURN THE PAGE....
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Coordinate transformation relations.

I Transformation Coordinate Variables Unit Vectors Vector Components
Cartesian to r= vxr4+y? F=Xcos¢ + ¥ysing Ap = Aycosg+ Aysing
cylindrical ¢ =tan~(y/x) ¢ =—Xsing +¥cos¢ Ap = —Axsing + Aycos¢
=7 i=1 A=A,
Cylindrical to X =rcosg X =TFcos¢ — $sin¢> Ay = Arcosg — Agsing
Cartesian y =rsing y=rtsing + ¢cos¢ Ay = Apsing + Agcos¢
Z=2 i=1 A, = A,
Cartesian to R= Yxt+y2422 R = %sinfcos ¢ Ap = Aysinfcos ¢
spherical —|— Vsiné sing + Zcos @ + Ay sin#sing + Az cosd
0 =tan~ [ ¥x2 + v2/z] 0= Xcosdcosg Ap = Ay cosfcosg
+ Ycos@sing — zsind + Aycos@sing — A, siné
¢ =tan1(y/x) $= —Xsing + ¥cos¢ Ap = —Aysing + Aycos¢
Spherical to x = Rsinfcos¢ = Rsin® cos ¢ Ay = Apsinfcos ¢
Cartesian +0cos6 cos ¢ — ﬁsin ¢ + Ag cosfcosg — Ag sing
y = Rsinésing¢ ¥ = Rsinfsing Ay = Apsinfsing
+6c0598in¢+$c05¢ + Agcosfsing + Agcose
z = Rcosd Z=Rcost —0Bsind A, = Apcosf — Agsind
Cylindrical to R=73Yr2+22 R = isinf + zcosf Ap = Apsind + A, cosé
spherical 6 =tan~(r/z) 0 =icos# — zsind Ap = A, cosf — A_sinf
p=¢ v=¢ Ap = Ay
Spherical to r = Rsin# i = Rsin® + 0 cos o Ap = Apsinf + Agcosd
cylindrical b=0¢ 6=4¢ Ap = Ag
Zz = Rcost Z=Rcos# —0Osin0 Ay = Apcos@ — Agsind
ELECTROSTATICS:
F.— 0.0, a F= 0 J0or-r) E—E j p}.d“’ PsdS _ | Py
2 — 3 L - 3 El - - 3 -
. 4re,R” R 4mey va |1- - 1-k|‘ Q 47y R 47e R’ Ax 47&,R’ A
. . B W B
E=L5a E=—fL a 0=¢D-dS=[pdv.V-D=p, W=-0[ E-dl Vy=L=—["E-at v=—2
2, 27E, P -5 - -4 ’ o 4 Ame,r

1y 1 1.
$E-dl=0 VxE=0 E=-VV T, =207 . s =;jD-Ed1.'=E|gOE‘dv, J=pu I=[3-dS J=cE,
k=1 ~ i

v .E-dI apo. tané,
R:—z:li,D=€E,V.J: ’0‘, =E,.D, -D, =ps.D, = anb, &y
I | oE -dS ot ) ) “tand, ¢,
) £$E-dS 1 1 2 el L
V‘V:—p}'?sz:();C:g:ijj =WEz_c'];fz=_QV=Q_)C=2_ T p:g: e ,RC—E
£ Vo [E-dl 2 2 2 v b v 11 -
a a b

o = 8.85X10°YF/m , u, =4nX10"7 H/m

PLEASE TURN THE PAGE....



Page 13 of 17

School of Engineering

B.Eng (Hons) Electrical & Electronics Engineering
Semester One Examination 2019/2020
Engineering Electromagnetism

Module No. EEE6012

MAGNETOSTATICS:
- Idl %5 Kds - Jdv I I
= | /?R_ j @5 > a = | w(?R,H: (cosa, —cosa Ja, H= a, a,=a, xa_,
L anr? 47R* b azR? Amp - 27p 70
I 1
$H-dl=1, VxH=J H=——a, H=—_Kxa, B=uH ¥=[B-dS §B-dS=0 V-B=0 H=-VV,,
2mp 2 s
o U IdL 1, KdS o L Jdv ¢ . :
B=Vx<A A=[200 A= Ry =|;° " W=§A dl. F=Q(E+uxB). dF = IdI<B. B, =B,,.
L 47R S 47R b 47R s mo
\ tand, 1, I Ny D AT 1 le s
(H,~H,)xa,, =K H, =H, =" =22V g =20 -0 gy o [ Hav=—[ i dv
B - ) T tand, [, I I R I, 2 2
WAVES AND APPLICATIONS:
B} dw _ cB . _ _ \
g ==L Vo = = §E. (.?I——|—(!S VrE=-— Ny =$E,-dl=§ (uxB)-dl
D &b 27 _
Ve = §E-dL= —j—ds § (uxB)-aI Jg=— VxH=J+—" f= y=a+)p

lE o] | UE o1 \ :
a=o = 1+ —| -1, p=o ("= 1+ —| +1| Elzt)=Ee ™™ coslor— f)a,
| ws [ 2 | we

1fe E, -
H_;i/-lf ‘r5111219;?:i H="C¢" cos({ar—ﬁ:—ﬁn]a].,tané’:i,agxaH:ak
— p L2 ME ) o we
{ (o) i
1+ —
e ) |
Hy 2 - 1 JE—“[:IJ 2oz
Mo = |20 =120 ~377Q. p()=ExH. p,.(z)=—RelE, xH".). p,,(c)= e c0sf,a.. Py, = P, dS
50 y 2(7 5
E ) E 277, Eilps _ Ml 14T : :
r=—= _hTh T=—2 = LP ,s=| 1|”‘“=| '|”‘”‘= || k;sinB, =k, sinf,,
Ea’o M+ !‘?1 Er’o M + ™ |E1|]_m_]_1 |I_]1|]_u_]_,_1 ]_|r|
I _E, n,cosf, —n, cosb, . _E, _ 217, cos b, ein’ @ 16 /16,
I E, 1n,cos6, +m,cos6,” V' E,  15,c0s6, +7, cosb,” El 1-(g/e,)
E, 1nycosf —n cosB, E, 27, cos b, 1— 1,8,/ 10,6,
I = === - LT, = = , sin” 6'3_27,' =
E, 1,cosf, +n cosd, E, r;hcos@ +1n,cosb, 1= (e, /1ty )
w = Bc
¢ o Vinaxl _ 14171
|Vmin| 1- |F|
L; =2
L 0
e — |
Z, +2Z,

PLEASE TURN THE PAGE....
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Antenna and Radar formula

Dipole
Solid angle:

Qp— [[ F(0.6)dQ
JSAT
Directivity:

4r 4mA
D _ — = —
Qp b Az
or

Shorted dipole

15212 /1
Sy = 01—

S\
RdeSD}T_ (I) .

Hertzian monopole

,[dll?
Rlud - 8075 [I:|

L

1,
IF'r:u:l = -_,_!;Rrad

Half —wave dipole

Es = j 601, cos[(/2) cos ] o—JkR |
sinf R
~ EH
H, = — .
¢ no
nOIu cos (g‘ COS 8)

27rsin 8

PLEASE TURN THE PAGE....
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I, cos (g cos 8)

27rsin 0

|Hdm| =

For Transmission line

Propagation Phase Characteristic
Constant Velocity Impedance
y =a+jp up Zo
R'+ joL'
General case Yy =R + jol')(G' + joC') upy=n/f 7o = II((G”Jrij:::C’))
Lossless a=0, p=we/c up=c/Jer Zo=,/L'/C’
(RR=G"=0)
Lossless coaxial | a =0, f =w./g/c up=c/fer  Zgp= (6(){\/5) In(h/a)
Lossless a=0. B=w/&/c up =c/ & Zo = (120/ /%)
two-wire ‘In[(D/d) + /(D/d)* — 1]
Zy >~ (120/ /Z) In(2D/d),
ifD>d
Lossless o =0, f=w/e/c up =/ Zo= (120m/ /%) (h/w)
parallel-plate
Notes: (1) p = pg, & = gep, ¢ =1/ /pupen, and /pg/eg = (120) €2, where ¢ is the relative permittivity of
insulating material. (2) For coaxial line, a and b are radii of inner and outer conductors. (3) For two-wire line,
d = wire diameter and D = separation between wire centers. (4) For parallel-plate line, w = width of plate and
h = separation between the plates.

Distortionless line

Y=V RG+J wNLC

~|
[
D
N
[}
|
t
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Open-circuited line

Voe(d) = Vg [e/P4 + e=iP] = 2Vt cos Bd,

. viE o : 27 V"
Ioc(d) = =L [¢/Pd — ¢=IBd) = 220 _in Bd,
Zo Zo
Voell
0 — Vo) _ — jZycot Bl.
Loc(l)

Short-circuited line

Vie(d) = ViePd — e=iPd] = 2jV+ sin pd,

. 7N ‘ 2V
[(d) = 29 [eifd L p=ifdy — 220 s Bd.
seld) 7o [e +e ] Zo cos Bd,
Vield)
Z.. d = —= = Z tan L[.
sc( ) 7 (d J£0 /j

SC

JwLeq = jZotan I, if tanBl > 0

1
JwCeq

= jZotan fl, if tanpl <0
7 = EZL_ + jZ, tan B¢ 1
" Y Z, + jZ, tan BL

, - [é‘_wL Z, tanh -yff}
m T Z, + Z tanh (€

R s
Zn+Z, Zin + Z,

V, = V,‘em
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For a bistatic radar (one in which the transmitting and receiving antennas are sepa-
rated), the power received is given by

p, = GaGi [ )

2
oP,
4 ] ad

4Trr|r2

For a monostatic radar, r, = r, = rand G4 = Gy ,.

A 2
Pmc — PLG[GJ' (m)

END OF PAPER
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