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Question 1

A) Three symmetrical traveling waves X,Y, and Z have the following characteristics:

vy = 5cos4nx Volts.

Waveform First peak Second peak
value(Volts) at value (Volts) at
x=0 metre x=0.5 metre

Waveform X 5 5
Waveform Y 5 3.52
Waveform Z 5 1.01

What expression is applicable to
i) the Y wave?

[4 marks]
i) the Z wave?

[4 marks]

B) An electromagnetic wave is propagating in the z-direction in a lossy medium with

attenuation constant «=0.45 Np/m. If the wave’s electric-field amplitude is 120
V/m at z=0, how far can the wave travel before its amplitude will have been
reduced to

i) 12 VIm

[4 marks]
i) 1.2 V/Im

[2 marks]
i) 1.2 u V/m

[2 marks]

C) An RL series circuit is connected to a single phase supply with instantaneous

voltage of v, = 20 sin(4X10%*t — 30°) Volts. If the resistance is 3 Q and the
inductance is 0.1 mH. Find:

i) vs In cosine form [2 marks]
i) the current | in polar form [4 marks]
iii) the voltage across the inductance in phasor and time domains [3 marks]

Total 25 marks
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Question 2

A) Find the distance vector between Pi1(2,2,-3) and P2(-1,-2,3) in Cartesian
coordinates and its magnitude in centimetres.
[7 marks]

B) Find the angle 8 between vectors L and M of branch A using the cross product
between them.
[12 marks]
C) Find the angle that vector M of branch A makes with the z-axis.
[6 marks]

Total 25 marks

Question 3

A) Four charges of 20 uC each are located in free space at points with Cartesian
coordinates (-4,0,0), (4,0,0), (0,-2,0), and (0,4,0). Find the force on a 40 uC charge
located at (0,0,3). All distances are in metres.

[12 marks]

B) A wire is formed into a square loop and placed in the x-y plane with its centre at
the origin and each of its sides parallel to either the x- or y-axes. Each side is 30
cm in length, and the wire carries a current of 10 Amperes whose direction is
clockwise when the loop is viewed from above. Calculate the magnetic field at the
centre of the loop.

[13 marks]

Total 25 marks



Page 4 of 14
School of Engineering
BEng (Hons) Electrical & Electronic Engineering
Semester One Examination 2018/2019
Engineering Electromagnetism
Module no. EEE6012

Question 4

a) A 10-MHz uniform plane wave is traveling in a nonmagnetic medium with g = o
and er = 9. Find the following parameters:

(i) the phase velocity, [3 marks]
(ii) the wavenumber, [3 marks]
(i) the wavelength in the medium, [3 marks]
(iv) the intrinsic impedance of the medium. [3 marks]

b) The electric field phasor of a uniform plane wave traveling in a lossless medium
with an intrinsic impedance of 188.5 Q is given by E = 10e /4™ 2 (mV/m).

(i) Determine the associated magnetic field phasor [5 marks]
(ii) Find the instantaneous expression for E(y,t) if the medium is nonmagnetic (U=o).

[8 marks]

Total 25 marks
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Question 5
(a) A telephone line has the following parameters:
R=40 Q/m, G=400 pyS/m, L=0.2 yH/m, C= 0.5 nF/m

(i) If the line operates at 10 MHz, calculate the characteristic impedance Zo and
velocity u.

[10 marks]
(ii) After how many metres will the voltage drop by 30 dB in the line ?
[5 marks]
(b) Fig.5(b) shows a lossless transmission line model.
A
6
{ F
Zg ]
2 =500 D 1200
ve (* )
Fig.5(b) lossless transmission line model
(i) Find reflection coefficient ' and standing wave ratio S
[5 marks]
(i) Determine Zin at the generator.
[5 marks]

Total 25 marks
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Question 6

(&) An antenna has a conical radiation pattern with a normalized radiation intensity
F(8) = 1 for 6 between 0° and 45° and zero intensity for 8 between 45° and 180°.
The pattern is independent of the azimuth angle ¢.

() Find the pattern solid angle [5 marks]
(ii) Determine the directivity [2 marks]
(b) The maximum power density radiated by a short dipole at a distance of 1 km is

60 (NW/m2). If 10 = 10 A, find the radiation resistance.
[8 marks]

(c) A 3-GHz microwave link consists of two identical antennas each with a gain of 30
dB. Determine the received power, given that the transmitter output power is 1 kW
and the two antennas are 10 km apart.

[5 marks]

(d) The effective area of an antenna is 9 m2. What is its directivity in decibels at 3
GHz? [5 marks]

Total 25 marks

END OF QUESTIONS

Formula sheet 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(t) and their cosine-
reference phasor-domain counterparts Z, where z(1) = Re [Ze/ 1.

z(1) Z
A cos wt - A
A cos(wt + ¢p) > A/
A cos(wt + Bx + ¢p) > Al (Bx+do)
Ae % cos(wt + Bx + ¢pg) <=> Ae—X pJ (Bx+¢0)
A sin wt > Ac—IT/2
A sin(wt + ¢) > Aol (P0—7/2)
d R
—(z(1)) > w7
dt
d ' :
W [A COS((U’ + (f)())] “ .,(UA("]%
¢
l ~
f z(t) dt > —7
jo
| .
/ A sin(wt + ¢p) dt e ‘_A(,J(¢0—7r/3)
jw
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Summary of vector relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, v, Z r¢.z R0, ¢

Vector representation A =

KAy +FAy + 24,

FA; +0Ay + 74,

RAR +0Ag + Ay

Magnitude of A |A| =

A% + A} + A2

A2 qulf-15 + A2

+/A}‘,+A§+A§

Position vector Of_Jl =

Xx) + ¥y + 221,
for P = (xy,y1.21)

Iry + 27y,

Base vectors properties X*X=y'¥y=2-2=1 f"f‘=$'$=i'iﬂ!=| ﬁ'ﬁ=é'é=$'$=]
X-y=§-i=i-%x=0 | t-¢=6¢-2=2-F=0 R-0=0-¢6=6¢-R=0
ix§=1% Pxé=1 Rx0=9¢
i"xi:i $Xi=f‘ éxci):lhl
ixk=§ ixi=46 dbxR=6
Dot product A-B = AvBy+AyBy+A,B, | A/ B, +Ag4Bs+A,B, | ARBR+ AgBg+ AgBg
A Pod 7 R 6 ¢
Cross product A x B = Ay Ay Ay Ar Ay Az Ap Ag Ay
B By B B By B Br By Bj

Differential length dl =

Xdx+Vdy+1idz

fdr+&rdp+7dz

RdR +6R do +Rsinb d

Differential surface areas dsy =Xdydz dsy =trde dz dsp = RR2sin0 do d¢p
dsy =Vdx dz dsg =0 dr dz dsg =ORsind dR d¢
ds; =7dx dy dsy =ir drdg dsg =$R dR db

Differential volume dV = dxdydz rdrdpdz R%sin® dR do d¢

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

Transformation

Coordinate Variables

Unit Vectors

Vector Components

Cartesian to

cylindrical

r= Jx24+y2

¢ =tan~! (y/x)

F=Xcos¢+ ¥ysing
¢ =—Xsing +Fcos¢

Ap = Aycosg+ Aysing
Ap = —Ayxsing + Aycos¢

=7z i=1 A = A,
Cylindrical to X =rcosg X =TFcos¢ — $sin¢ Ay = Ay cos¢p — Agsing
Cartesian y =rsing ¥y =rsing +¢cos¢ Ay = Apsing + Agcos¢
Z=12 i=1 A, = A,

Cartesian to
spherical

R= Yx?+y*+2z°
0 =tan~ [ Yx2 + y2/z]

R = &sinfcos¢

+ Vsinf sing + Zcosd
6 = Xcosf cos

+ Vcos@sing — zsind

Ap = Aysinfcos ¢

+ Aysin@sing + Az cosé
Ap = Ay cosfcosg

+ Ay cos@sing — A, sind

¢ =tan 1 (y/x) ti}: —Xsing + ¥cos¢ Ap =—Aysing + Aycos¢
Spherical to x = Rsinfcos¢ = Rsin fcos ¢ Ay = Apsinfcos ¢
Cartesian +0cos6 cos ¢ — $sin ¢ + Ag cosfcosp — Ag sing
y = Rsin#sing¢ ¥ =Rs masinqb Ay = Apgsinfsing
+6c0595in¢+¢c05¢ + Agcosfsing + Apcose
7z = Rcosd Z=Rcost —0Bsind A, = Apcosf — Agsind
Cylindrical to R=3Yrl+22 R = isinf + Zcosf Ap = Apsind + A, cosé
spherical 6 =tan~1(r/z) 0 =ricos@ — zsind Ag = Apcosf — Agsind
p=0¢ ¢=¢ Ap = Ag
Spherical to r = Rsin# f = Rsin# +0cosd A = Apsinf + Agcosd
cylindrical p=0¢ 6=4¢ Ap = Ag
z = Rcosf i=Rcosf —Osind Az = Apcosf — Agsind
ELECTROSTATICS:
F. - 0,0, a _ Yo, (r-r) E- —_[ pLd'f _PsdS Py
P ae,RPR Azey £ Jr _1-k|3 47e,R* 47e,R* n ! 4ze,R* 2
. . B ]
E-L5a E=—fL o 0=¢D-ds=[pdv.V-D=p, W=-0[E-dl Vy=L=—["E.at v=—2
2¢, 27E, P -8 - 4 ’ o A Ay

1y 1 1
$E-d(=0 VXE=0 E=-VV W, =220 :;jD-de.':EuoE‘dv, J=pu I=[J-dS J=cE,
=1 - i

v .E-GrI ap. t 9 &
:_:.Ji,D=€E,V-J=— ,0}, :Ejf:Dlﬂ_D)n:pS:Dln: = rl
I |oiE-dS or ‘ ‘ " tan 8, Erz
2 £fE-ds 1 : 27el 47
'\?"V:_PV?VEV:O;CZQZL;WE:—. :—QV—Q c=2 L _9_ 47 po_ %
£ v jE-dI 2 2 v b v 1.1 o
a a b

, = 8.85X1072F/m , u, = 4nX10~7 H/m
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MAGNETOSTATICS:
Wicl BF KdS = o Jav I
= | ?R. j ke B | = | k aR = (cosay —cosay Ja,. H= a, a,=a, xa,.
‘L 4xR- 47R" v AgR° 4o ' 27 ' )

7

SEH-GI:J VxH=J H=

enc

1
a, H=_Kxa, B=/H. ¥=[B.dsS §B-dS=0 V-B=0 H=-VV,,

2mp
~ unHI 1, KdS o My Jdv ¢ . .
B=VxA A= ‘ j” |;° 1__‘P:r|:A-d"I,F:Q[E+u><BJ,aT:Id"IxB,B‘n:Bn_,
& AzR Iz : :
\ tan 6 : 1 Ny b, N, 1 1 )
(H,-H,)xa,, =K H, =H,, =20 =22V oy =20 -0 gy o~ [ Hay=—[ uidv
B - ) T tand, [, I I R 3 2 2
WAVES AND APPLICATIONS:
dw v 7 _ B b — — !
g == Vg = = §E - dl = —| - @S VxE=-— .V, =§E, dl=§(uxB).dl
) oD 27
E-dl=— —dS uxB)-dl J,=— VxH=J+"— f="2_y=a+j
emf' § I 1’ d dt 2 dt ; 1L f;ﬁ

a=o g[ 1+ i} -1, f=o E[ 1+ i} —1]__}':(_‘.3‘:}:;509_02 coslar — f)a,
|

2 | ws 2 | we
uje o E, / o
‘ ‘—7_1; tan26, =—, CH="U= cos(mf—ﬁ:—ﬁnh” tanf =—, ay xay =a,
- o VT O |;;r‘ ) o e
1+ —
\wg ) |
_;‘JD_ 2 _T. __1 E[i 2oz A . —
M= [—2=120r~377Q2, p()=ExH, pm:g{_)—:Re[E «H's). po.(z)=—Le cos@a_. B, —j Doy - AS
50 y 2]}! 5
E ) E 27, Eflua _ il 14T : :
= re ,r}r ‘r?l I_:_rca: ’??_ ,S:| 1|u.1x:| -|1.1.a.x: | |.\ kfsnlﬁr.:f(!sm@,__
Ea’o  + !‘?1 Er’o Uy +I?1 |E1|]_m_]_1 |I_]1|]_u_]_,_1 ]_|r|
\ _ ] 2 . -
r,- E,, _1,c086, -1 cosé, - E, _ 217, cos b, sin?0y _1 1€, //u &
E, 1,cos6, +1n cosb, E, 1ycos06, +1j, cosb, 1-(g/& )
r - E,, _Mcost —icosf, _E, _ 27, cosb, Csinl@. = 1— 1,6,/ 156,
* E, n,cos6,+ncosb, - E, 1n,cos6, +7,cos6, B 1= (gt 11, )
w =fc
o Wl 14101
|Vmin| 1- Irl
_ Z, -4,
Z, +Z,
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Antenna and Radar formula

Dipole
Solid angle:

Qp = [[ F(6,6) dQ
NAEY o
Directivity:

Hertzian monopole

S[atl?
Rl'ild = 80x° [I:|

|
|
—
=
=
B
(-9

Prad_
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Half —wave dipole

By = joop [T} (<0
sin @ R
B
Hy==—".
¢ o
N1, COS (*27[ coS 6)
Ey | = -
1B 27r sin 6
T
I, cos (E cos 6)
H -
[Hes 2xrsin 0

For Transmission line

Propagation Phase Characteristic
Constant Velocity Impedance
y=a+ jB Up Zo
R'+ joL'
General case Y =V (R + joL’) (G + joC’) up =w/f 7o = f((GF‘I*i;:;C"))
Lossless a=0, p=we/c up=c/er Zop=,/L'/C’
(RR=G"=0)
Lossless coaxial | a =0, f =w,/g/c up=c/ /e Zp= (60;’\/§) In(b/a)
Lossless a=0, f=w/f/c up =c/ & Zo=(120/ /)
two-wire ‘In[(D/d)+ /(D/d)? — 1]
Zo ~ (120/ /&) In(2D/d),
itD>»d
Lossless a=0, f=w/&/c up = c/ & Zo=(120m/ /%) (h/w)
parallel-plate
Notes: (1) u = o, & = &rep, ¢ = 1/ /upen. and /pp/eg = (120r) 2, where g; 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.

PLEASE TURN THE PAGE....
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Distortionless line

Y= W+J~\fLC
L

E = E ZO = |~

L C ¢

Open-circuited line

Voe(d) = Vi [P + e=3P4] = 25+ cos Bd,

. vk : 27 Vyh
Ioc(d) = -2 [e/Pd — ¢=7Pd) = =L 0_in Bd,
ocl& Z() [‘t € ] Z() 5 ﬂf
Vol
0c — focl) _ — jZocot Bl.
Toc(l)

Short-circuited line

Vie(d) = Vi el — ¢ 147 = 2 Vit sin Bd,

Vo' o ipa a2V

—L /P4 4 eI = L cos Bd,
Z() Z()

Vield

Zse(d) = I;C(d) = jZptan fd.

SC

isc(d) -

JwLeq = jZotan pl, if tan Bl =0

_ = jZotan Bl, if tanpl <0
JwCeq

+ jZ, tan 3¢
7. =7 EZL_ JTZ,_tde 1
Z, + jZ, tan 3{

Z; + Z,tanh y{
z. Z‘,[ Z, + Z,tanh y }

Z, + Z; tanh {

PLEASE TURN THE PAGE....
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7 V.
"{u — él" — Vg Lr = —F -
Zin + zg' ' Zin + /:.‘\'

Va = Vl.eja

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

G, 2
Pr — Gd{ dr l: A i o Pmd

4w |darinr,

For a monostatic radar, ry = r, = rand G, = Gy,

l 2
Fec = RG(Gy (m)

END OF PAPER



