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Question 1

Q1. a) An electromagnetic wave is propagating in the y-direction in a lossy medium
with attenuation constant @ = 0.5 %. If the wave’s electric-field amplitude is 100 V/m

at y=0. How far can the wave travel before its amplitude will have been reduced to (i)
15 VIm, (i) 1.5 VIm, (iii) 1uV /m. [5 marks]

b) A series RLC circuit is connected to a voltage source given by v¢(t) = 150cos wt V.
Find (i) the phasor current | and (ii) the instantaneous current i(t) for R=400 Q, L= 3
mH, C=20 nF,and w = 10°rad/s. [8 marks]

¢) Two points in a Cartesian coordinates are P1(1,2,3) and P2(-1,-2,3). Find

(i) the distance vector between P1 and P2.
(i) the angle between vectors OP1 and OP2 using the cross product between them.

(i) the angle between vector OP2 and the y-axis.
[12 marks]

Total 25 marks

Question 2

a) a) Transform vector A=X (x + y) + ¥ (y — x) + Z z from Cartesian to Cylindrical
coordinates. [6 marks]

b) A scalar quantity of V = rz%cos2¢ . Find its directional derivative along the
direction A=72 — Z3 and evaluate it at (1,0.57, 2). [9 marks]

c¢) Find the divergence and the curl of the given vector A=e~"Y (X sin3x+ycos3x)
at x=10 and y=1.0. [10 marks]

Total 25 marks

PLEASE TURN THE PAGE....



Page 3 of 11

School of Engineering

BEng (Hons) Electrical and Electronics Engineering
Semester One Examination 2021/2022

Engineering Electromagnetism

Module Number: EEE6012

Question 3

a)

A circular disk sitting at the x-y plane with z=0 is characterised by an azimuthally
symmetric surface charge density that increases linearly with radius r from zero
to 8 C/m? at r=4 cm. Find the total charge present on the disk surface.

[6 marks]

b) Two point charges with q1=3X10"° C and q2=-5X10° C are located in free

c)

space at points with Cartesian coordinates (1,3,-1) and (-3,1,-2) respectively .
Find

i) the electric field E at (3,1,-2) [7 marks]
ii) the force on a 7X10° C charge located at that point. All distances are in
metres. [3 marks]

Derive a formula for the inductance of a cylindrical conductor due to (i) internal
flux and (ii) external flux assuming the conductor is surrounded by air.

[9 marks]

Total 25 marks

Question 4
a) An Ethernet cable has L=0.22 yHm! and C = 86 pFm'. What is the wavelength
at 10 MHz ? [6 marks]
b) Assuming the loss resistance of a half-wave dipole antenna to be negligibly

c)

d)

small and ignoring the reactance component of its antenna impedance,
calculate the standing wave ratio on a 50-W transmission line connected to the
dipole antenna. Note that a half wave dipole has a radiation resistance of 73 Q.

[6 marks]

A transponder with a bandwidth of 400 MHz uses polarization diversity. If the
bandwidth allocated to transmit a single telephone channel is 4 kHz, how many
telephone channels can be carried by the transponder? [4 marks]

A remote sensing satellite is in circular orbit around the earth at an altitude of

1,100 km above the earth’s surface. What is its orbital period? Assume that the

radius of the earth is 6,378 km. [9 marks]
Total 25 marks
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Question 5

A source [I7g =10040°V,Z; = R; = 509, f = 100 MHz] is connected to a lossless
transmission line [L = 0.25uH/m, C=100pF/m, [=10m]. For loads of Z;, = R, =100 Q,
determine the

a) reflection coefficient at the load [6 marks]
b) standing wave ratio [2 marks]
c) input impedance at the transmission line input terminals [7 marks]

d) voltage along the transmission line for load of Z;, = R, = 100 Q. [10 marks]

Total 25 marks

Question 6
a) An antenna has a field pattern given by E(8) = cosfcos26 for 0° < 6 < 90°.
Calculate the:

i. half-power beamwidth (HPBW) [7 marks]
ii. beamwidth between first nulls (FNBW) [3 marks]

b) A lossless resonant half-wavelength dipole antenna, with input impedance of 73
Q, is connected to a transmission line whose characteristic impedance is 50
ohms. Assuming that the pattern of the antenna is given by approximately U =
B, sin3 8. Determine the maximum dB gain of this antenna. [15 marks]

Total 25 marks

END OF QUESTIONS
Formula sheet follows over the page....
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Formula sheet

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(7) and their cosine-
reference phasor-domain counterparts Z. where z(t) = Re [z,:,.fwrl

z(1) 7
A cos wt > A
A cos(@t + ¢p) - At
A cos(wt + Bx + ¢g) > Al (Bx+tdo)
Ae™ % cos(wt + Bx +dp) = Ae~ %% ol (Bx+do)
Asinwt > Ae—J7/2
Asin(wt + ¢) > Apl(P0—7/2)

T(Z[f}) > jcuf
dt
d _ b0
FIA cos(wt + ¢p)] > jwAe!
l
| ~
fz{r}dr - —7
Jjw
1 .
f A sin(wt + ¢g) dt > — Ac/ (do—m/2)
Jjw

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 +iA; A, +$A¢ +ZA; RAg +6A9 + $A¢,
Magnitude of A |A| = A% + A} + A2 A7 + A% + A AR+ AY+ A
Position vector OP] = Xy + ¥y +27;, Iry + 77y, RR|,
for P = (x1,y1,21) for P = (r1.¢1.21) for P = (R1.61.¢1)
Base vectors properties X-X=¥V-¥=2-2=1 f"f‘:&'&:i'i:l R-R=0-0=¢-¢=1
R-§y=y2=2-%=0 | F-b=¢-2=2-F=0 R-60=0-6=6¢-R=0
Ix§=1% ixd=1 Rx0=¢
}“’xi:i $Xi=f‘ éx&:ﬁ
ixx=7 ixF=6 dxR=0
Dot product A-B= AxBx + AyBy + AzB; | ArBr + ApByp + Az B; ApBRr + AgBg + Ag By
Xy oz Pz R 6 ¢
Cross product A x B= Ay Ay Ay Ar Ay Az Ap Ay Ay
By By B Br By B Bp By By
Differential length dl = Rdx+Vdy+idz fdr+érdp+2dz | RAR+ORdO+Rsind dp
Differential surface areas dsy =Xdydz dsy =trd¢ dz dsp = RR2sin0 do d¢
dsy=ydxdz dsg =¢ dr dz dsy =ORsind dR d¢
ds; =i dx dy ds, =ir dr d¢ dsg =R dR do
Differential volume dV = dx dy dz rdrdpdz R%sin® dR do d¢
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Coordinate transformation relations.

Transformation

Coordinate Variables

Unit Vectors

Vector Components

Cartesian to

r= x4+ _}-‘2

F=Xcos¢ + ¥ysing

Ap = Aycosg+ Aysing

cylindrical ¢ = tan—! (v/x) $ = —Xsing +ycos¢ Ap = —Ayxsing + Aycos¢
zZ=2 i=1 Ay = A,
Cylindrical to X =rcosg X =Fcos¢ — $sin¢> Ay = Ay cosg — Agsing
Cartesian y =rsing y=rsing + ¢cos¢ Ay = Apsing + Agcos¢
Z=2 i=1 A, = A,

Cartesian to
spherical

R= Yx2+yt+2°
0 =tan~ [ {/x2 + y2/z]

R = &sinfcos¢

+ ¥sinf sing + Zcosd
6 = XcosO cos

+ Ycosfsing — zsind

Ap = Ayxsinfcos ¢

+ Ay sin#sing + Az cosd
Ap = Ay cosfcosgp

+ Aycosfsing — Ay sind

¢ =tan"1(y/x) di} = —Xsin¢ + ¥cos¢ Ap = —Aysing + Aycos¢
Spherical to x = Rsinfcos¢ = Rsin fcos ¢ Ay = Apsinfcos ¢
Cartesian +0cos6 cos ¢ — ¢stn95 + Agcosfcosp — Ay sing
y = Rsinfsing ¥ = Rsinfsing Ay = Apsinfsing
+6u0s9e|n¢+$cns¢ + Agcosfsing + Agcose
z = Rcosd 72 =Rcosd —0Osing A, = Apcosf — Agsind
Cylindrical to R=3rl+22 R = isinf + zcosf Ap = Apsind + A, cosé
spherical 6 =tan—(r/z) 0 =icos@ — zsind Ap = A cosf — A, siné
d=¢ ¢=¢ Ag = Ap
Spherical to r = Rsin# i = Rsin® + 0 cos Ap = Apsinf + Agcos#
cylindrical p=0¢ 6=4¢ Ap = Ag
z = Rcosf i=Rcosh —Bsinp Az = Apcosf — Agsind
ELECTROSTATICS:
F.— 0,0, L0 (r-1y) _F prdl PsdS _ [ Ay
n= T AR = 7= j TR 7z - _l 7R
4reyR dme, oo |1- _1-k| o 47e,R 4meyR 47e R
. . .B B
E=5a BE=_FL o 0=¢D-dS=[pdv.V-D=p, W=-0[Edl Vy="c-["Edl v="L
2, 27E, P -5 - -4 ’ o 4 Ame,r
$E-dl=0 VXxE=0 E=-VV W, =— ZQKVk E:—jD Edv = —|£0E dv.J=pu, I=[3-dS J=cF,
v |E-d ap, tan 6,
:_:.Ji,DZEE)v-J: ;01., :Ejf=Dln_D7n:pS=D1n: an grl
I |oE.as : . " tanf, &,
) £9E-dS 1 1 ? 27l 4re &
v‘V:_pV?sz:o;C:g:L= E:_C'VEZ_QV:Q_)CZEZ il _9_ RC=Z
e v [E.at 2 2 20 Voo 11 o
a a b

, = 8.85X1072F/m , p, = 4nX10~7 H/m
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MAGNETOSTATICS:
- Idl Kds - Jdv I
= | /?R. I ¢ XRR\ =| w(f_'ﬂ; = (cosa, —cosa Ja, H= a,.a,=1a,xa,,
‘L 47R° A7R* < 47R* dmp ' 2mp S
I 1
$H-dl=1, VxH=J H=——a, H=—_Kxa, B=uH ¥=[B-dS §B-dS=0 V-B=0 H=-VV,,
A,q_p. ¢ 2 5
o U IdL 1, KdS o L Jdv . . _
B=V<A A=[200 4 _j“ |;° " W=§A dl. F=Q(E+uxB). dF = IdI~B. B, =B,,.
L anR b azR s ho
\ tan®, 1, 1 Ny y N, 1 1e
(H,-H,)xa,, =K H, =H,, —— =" p=2="F oy =20 o200 gy o~ (B Hav=—| 1 dv
B - ) T tand, [, I I R I, 2 2
WAVES AND APPLICATIONS:
dy v B _—_— B \
Var === Vay = = $E - dl = —| A8 VxE=-— .V, =$E, -dl=§(uxB).dl

Vs = jEEa’I —j—ds 1>u/B )- dI Jd—i—I: VxH= J+% :,Szzfl—jT,Z:a+j'ﬁ

a=o g[ 1+ i} -1, p=o ?[ 1+ i} —1]__}':(_‘.3‘:}:;509_02 coslar — fa,
I -

2 | ws | we

‘ ‘—L‘/E_U_ ‘ra112t9;?=i H—E—e' cos(;{ar—ﬁ:—ﬁn)a].,tanb’zi,agxaH=ak
- { (o) we I : ws
1+ —
\we) |
M= [0 21200 ~377Q p() =ExH, p,,(-)=~RelE, H".). p,, ()= 20 e costn.. Prp=[ DS
£g & 2E 5
) 2n, E, H, . 1+T
r:Em ’r? ‘r?l T:&: ,??_ =3:| 1|u..5.x:| -|1.1..:Lx: | |.\ kfsinﬁr.:f(!sin@!__
Ea’o  + !‘?1 Er’o Uy + T |E1|]_m_]_1 |I_]1|]_u_]_,_1 ]_|r|
I _E, _Mmcosb,—n, cosﬁir . _E, _ 217, cos b, sin 6, _1—;{ 6/;{5
I E, 1,cos6, +1 cosé, I E, 1,c0s6, +1,cos6, I 1-(g/&,)
E, 1nycosf —n cosB, E, _ 27, cos b, 1— 1,8,/ 10,6,
I = === - LT, = = , sin” 6'3_—7_' -
E, 1n,cosB, +1 cosé, E, 1,cos0,+7,cos6, IV,
w=fBc
_ Vinax| 1411
|Vmin| 1- |F|
P= Z, -1,
_a/“ ;
Z, +Z, yv(x,t) = Ae  “' cos(wt — Bx + ¢p)
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Antenna and Radar formula

Dipole
Solid angle:
Qp— [[ F(6.6)dQ
M
Directivity:
4A,
D == 4—x D = _JL
P or A

Half —wave dipole

Ey = j 601y COS[(?T_/Z) cosf]) [e kR |
sin @ R
- E
Hy==-".
no
N1, cos (g Ccos a)
E,| = _
Ea 27rsin 6
Iu C(]S (‘:E COS 9)
H" = "'" y
e 27rsin 0

Shorted dipole Hertzian
monopole
, [dt]?
R \A )
Prad = ; !.-) Rrad
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Lossless
(R=G"=0)

Lossless coaxial

Lossless
two-wire

Lossless
parallel-plate

a=0 =w/55/c
a=0, f=w/i/c
a=0, f=w/i/c
a=0, f=w/¢/c

Propagation Phase Characteristic
Constant Velocity Impedance
y=a+jp Uup Zy
- - (R'+ jol')
General case = (R + joL) G+ joC’ Up = o= | ————
Y = J )1t J ) p /B 0 ‘/(C’Jrjcoc’)

up = c/ /e
up = c/ /e
up = ¢/ /er
up = c/ e

Zo = (60/ /&) In(b/a)

Zp = (120/ /%)
-n[(D/d) +V/(D/d)* — 1]
Zo == (120/ /er) In(2D/d),
irnDsd

Zp = (1207 / /&) (h/w)

Notes: (1) p = pg. &= g0, ¢ = 1/ /pogo. and /uo/ep = (1207) Q, where & is the relative permittivity of
insulating material. (2) For coaxial line, ¢ 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

vy = VRG+VLC

Open-circuited line

i“;m(n’) = ‘.”J[("wd + {,—jﬁd] =2 V[?‘ cos fd,

V +

fuc((” = _i[(‘jﬂd — (,—fﬂffj —
Zo
Vel

n = -vOC( ) = —jZycotfl.
IUL'(;)

2Vt
Q sin Bd ,
Zo
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Short-circuited line

Vie(d) = Viel#d — ¢=iBd] = 2V sin pd,
N vk : 2vF
To(d) = =O[e/Pd L p=iPdy — 220 s Bd.
se(d) 2 [e/F" + 7 /P4 Ze cos fd,
Vee(d
Zy(d) = I;C((d)) = jZptan fd.

SC

JwLeq = jZptan Bl, if tan Bl = 0

: = jZptan Sl, if tanBl <0
Ja)Ceq

7. -7 {zi__ + jZ, tan B¢ 1

Z, + jZ, tan 34

Z, + Z,tanh y¢
zm = Lo | ST o
Z, + Z; tanh y{

z’in v}.'
‘fn — - Ve 0= 5 .
Zin + Zg' ' Z;n + .IZA.

V, = V,_e”’

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

P,— — GdfGr!r l: A

2
o P,
4m ] o

47rry

For a monostatic radar, ry = r, = rand G; = G,.

l E
Pmt — PLGIG]' (m)

END OF PAPER
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