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Question 1

A. The waveform shown in red in figure Q1.A is given by v = 5 cos (%). There

is a phase difference between the red and the other two waves. Write down
the equation describing:

I.  The green wave

[4 marks]
[I.  The blue wave
[4 marks]
v (volts)
Figure Q1.A
B. Transform vector A= X(x+y)+ y(y—x)+ zz from Cartesian to
cylindrical coordinates.
[8 marks]
C. A series RL circuit is connected to a voltage source given by v,(t)=150coswt
V. Find:
i The phasor current
[5 marks]
ii. The instantaneous current i(t) for R=400 Q , L=3 mH and w=10° rad/s.
[4 marks]

Total 25 marks
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Question 2

A.

B.

C.

There are two points in Cartesian coordinates at P1(1,2,3) and P2(-1,-2,3),

Find:

I.  The distance vector P, P,

[3 marks]

.  The angle between vectors E’ and Pj using the cross product between

them

[3 marks]

lll.  The angle that vector E) makes with the z-axis

[3 marks]

Point P = (2\/§,§,—2) is given in cylindrical coordinates. Express P in

spherical coordinates.

Given V = x2y + xy? + xz? , find:
The gradient of V

Evaluate the gradient at (1,-1,2)

[6 marks]

[5 marks]
[5 marks]
Total 25 marks
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Question 3

A. A square plate in the x-y plane is situated in the space defined by —3m <
x <3mand —3m < y < 3m. Find the total charge on the plate if the surface
charge density is given by p, = 4y? uC/m?.

[5 marks]

B. Four charges of 10 uC each are located in free space at points with Cartesian
coordinates (-3,0,0), (3,0,0), (0,-3,0) and (0,3,0). Find the force on a 20
uC charge located at (0,0,4). All distances are in metres.

[10 marks]

C. A horizontal wire with a mass per unit length of 0.2 kg/m carries a current of
4 A in the +x-direction. If the wire is placed in a uniform magnetic flux density
B, what should the direction and minimum magnitude of B to magnetically

lift the wire vertically upward? The acceleration due to gravity is g=-2 9.8 =

[6 marks]

D. A square coil of 100 turns and 0.5 m-long sides is in a region with a uniform
magnetic flux density of 0.2 Tesla. If the maximum magnetic torque exerted
on the coil is 4X10-2 N.m , what is the current flowing in the coil?

[4 marks]

Total 25 marks
Question 4

A. A transmission line of length [ connects a load to a sinusoidal voltage source
with an oscillation frequency f. Assuming the velocity of wave propagation on
the line is c, for which of the following situations it is reasonable to ignore the
presence of the transmission line in the solution of the circuit and for which
condition(s) it is nonnegligible to ignore.

i [ =20cm, f=20kHz
i. [ =50cm, f=60 Hz
ii. [ =20 cm, f=600 MHz
iv. [=1mm,f=100 GHz
[5 marks]

B. A distortionless line has Z, =60 Q, « = 20 Np/m, u = 0.6¢c where c is the speed
of light in a vacuum, Find R, L, C and G at 100 MHz.

[20 marks]

Total 25 marks
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Question 5

A. The electric field phasor of a uniform plane wave is given by E = $10e/%2%
(V/m). If the phase velocity of the wave is 1.5 x 108 m/s and the relative
permeability of the medium is p, = 2.4, find:

I. Wavelength
ii. Frequency
[10 marks]

B. A plane wave in air with an electric field amplitude of 20 V/m is incident normally
upon the surface of a lossless, nonmagnetic medium with ¢,.= 25. Determine the
standing wave ratio in the air medium.

[5 marks]

C. A 50-MHz plane wave with electric field amplitude of 50 VV/m is normally incident
in air onto a semi-infinite, perfect dielectric medium with &, = 36. Determine (a)
I, (b) the average power densities of the incident and reflected waves.

[10 marks]

Total 25 marks
Question 6

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

[5 marks]

B. A remote sensing satellite is in circular orbit around the earth at an altitude of
1100 km above the earth's surface and the R, = 6378 km. What is its orbital

period?
[5 marks]
C. Calculate the equation 6a to 2.d.p for A=8.2and T = 85.9.
f Arect (t) pdt 6a
) [5 marks]

D. A geostationary satellite is at a distance of 40,000 km from a ground receiving
station. The satellite transmitting antenna is a circular aperture with a 1-m
diameter and the ground station uses a parabolic dish antenna with an effective
diameter of 20 cm. If the satellite transmits 1 kW of power at 12 GHz and the
ground receiver is characterized by a system noise temperature of 1,000 K,
what would be the signal-to-noise ratio of a received TV signal with a bandwidth
of 6 MHz? The antennas and the atmosphere may be assumed lossless.

[10 marks]

Total 25 marks
END OF QUESTIONS
PLEASE TURN PAGE FOR FORMULA SHEETS
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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(r) and their cosine- .
reference phasor-domain counterparts Z, where z(r) = Re [Ze/“'].

z(1) Z
A cos wt - A
A cos(wt + ¢p) > AP0
A cos(wt + Bx + ¢p) > Al (Bx+tdo)
Ae ¥ cos(wt + Bx + ¢p) => A% o (Bx+d0)
A sin wt > Ae—J7/2
A sin(wt + ¢p) > Agl(P0—7/2)
d o
—(z(1)) > ju/
dt
d _ b0
FIA cos(wt + ¢q)] > jwAe!
{

] e
fz{r}u’: - 7
Jw
| .
f A sin(wt + ¢g) dt > — Ae/ (Po—m/2)
Jjw

PLEASE TURN THE PAGE
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Summary of vector relations.

Cartesian
Coordinates

Cylindrical
Coordinates

Spherical
Coordinates

Coordinate variables

X, V. Z

r,z

R, 0,¢

Vector representation A =

XAy +VAy +2A,

FA; +0Ay + 74,

RAR +0Ag + Ay

A2+ A% + A2

AL + A%+ A2

Magnitude of A [A]| = A% + A} + A2
Position vector Of_j| = Xxp + ¥y + 271, Iry + 27y, ﬁR].
for P = (x1,y1.21) for P = (r1.¢1. 721) for P = (R1.01.¢1)
Base vectors properties ReX=§-§=2-i=1| i-F=¢-¢=i-2=1 R-R=0:-0=0-0=1
X §=¥-2=2-%=0 | F-é=¢-2=2-F=0 R-06=0-¢=6¢-R=0
Ix§=12 Px¢=1 Rx0=9¢
i‘*xi:i $Xi=f‘ éxi):ﬁ
ixk=§ ixi=46 dbxR=6
Dot product A-B= AxBy +AyBy + A,B, | A/B, +ApBy + A, B, ARBR + AgBg + Ag By
X vz Poe i R 6 ¢
Cross product A x B = Ay Ay Ay Ar Ay Az AR Ap Ap
By By B; B By Bz Br By By
Differential length dl = Rdx+Vdy+idz fdr+érdp+2dz | RdR+ORdO+Rsind dp

Differential surface areas

dsy =Xdydz

dsy =trde dz

dsgp = RR?sin0 do d¢

dsy =3 dx dz dsy = dr dz dsg =ORsin® dR d¢
ds; = i dx dy ds; =ir dr d¢ dsg =R dR do
Differential volume dV = dxdydz rdrdddz 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 r= vxr4+y? I'=Xcos¢ + ysing Ap = Aycosg+ Aysing
cylindrical ¢ =tan"1(y/x) b= —Xsing +Fcos¢ Ap = —Ayxsing + Aycos¢
ZI=7Z i=1 A=A,
Cylindrical to X =rcosg X =TFcos¢ — $sin¢r x = Ay cos¢ — Agsing
Cartesian y =rsing V=rising +dcosg Ay = Apsing + Ay cos¢
Z=2 i=1 Az = Ay
Cartesian to R = &sinfcos¢ Ap = Ayxsinfdcos¢
spherical + ¥sin# sing + Zcosd + Aysinfsing + Az cos @
O =tan~ [ ¥x2 + v2/z] 0= Xcosdcosg Ap = Ay cosfcosg
+ Vcos@sing — zsind + Aycosfsing — A, siné
¢ =tan" ! (y/x) JJ-: —Xsing + ¥cos¢ Ap =—Aysing + Aycos¢
Spherical to x = Rsinfcos¢ = Rsind cos ¢ Ay = Apsinfcos¢
Cartesian +0cos6 cos ¢ — @ sing + Ag cosfcosp — Ag sing
y = Rsinfsing ¥ =Rs mHsmqb Ay = Apsinfsing
+6L0‘,9¢.1n¢+¢ms¢ + Agcosfsing + Ay cose
z = Rcosd 7 =Rcosd —0Osind A, = Apcosf — Agsind
Cylindrical to R=Vrt+2z2 R = #sind + icosd Ap = Apsind + A, cosf
spherical 6 =tan~(r/2) 0 =ricos@ — zsind Ap = A, cosfl — A, sind
p=9¢ $=¢ Ap = Ag
Spherical to r = Rsin# i = Rsind + 0 cos ¥ A = Apsind + Agcosé
cylindrical p=0¢ 6=4¢ Ap = Ag
Zz = Rcosf i =Rcosd —Osinb Az = Apcos@ — Agsind
ELECTROSTATICS:
N
5 T F dl ds ¢ d
F, = 0.0, a, F= Y O, (x lqk))E:_ j Pr A, E= Ps 4“RsE:| ~2av ag
T AmgRT T 4rey o |1- - 1-k|‘ o 47e,R 4re R° 47e,R*
. . B 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 -5 - 4 ’ o M ey

1y 1 1
$E-d(=0 VXE=0 E=-VV W, =207, . s ::jD-Ed'.-':E|£0E‘dv, J=pu I=[J-dS J=cE,
k=1 ~ i

v .E-G’I do. ¢ 8
R:—z:li,D=€E,V.J: ’0‘, =E,.D, -D, =ps.D, = anv, &y
I | oE -dS ot ) ) “tanf, £,
) £$E-dS 1 1 2 el L
v‘V:_p*'?VQV:():C:g:LJ ,WEz—C‘sz—QF’:Q ’CZEZ T : :Q i _\RCZE
£ 7 [E.ar 2 2 T N D AU =
a a b

, = 8.85X10"12F/m , u, = 4nX10~7 H/m
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MAGNETOSTATICS:
o IdI % KdsS - Jdv I I
= | /?R_ I @5 > A g =| w(?R,H: (cosay —cosay Ja, H= a, a,=a, xa_,
I anR? 47R? b 4nR? Amp - 27p P
I 1
$H-dl=1, VxH=J H=——a, H=—_Kxa, B=uH ¥=[B-dS §B-dS=0 V-B=0 H=-VV,,
270 3 s
il 1, KdS 1o Jd ¢ . .
B:VxA,A=|'°( A j’(" JA= “’ Y .¥=9A-dl.F=Q(E+uxB), dF =Id1xB . B, =B,,.
L L 47R 2 2
tanf, 1, 1 Ny ., N, 1 1 )
(H,~H,)xa,, =K H, =H,, =" =22V oy =20 -8 gy o~ [ Hayv=—[ uHdv
) T tand, [, I I R I, 2 2
WAVES AND APPLICATIONS:
dy B
j o=—— 'V E-dl=- —dS NxE=-— V__.=0E -di=¢(uxB)-dl
emf dt emf 1J l » ot > Y emf § m I_( J
mf—nga’I —j—ds 1>u/B )- dI Jd—i—I: ,VxH:J+% =22 y-a+jp

lLE T LE o \ -
a=o = 1+ —| -1. pf=o = 1+ —| +1| Elz.t)=Eje™ coslor - f)a,
| we [ 2 | we

1fe -
‘ ‘—;7/_ tan 26, zi__ Hzﬂef‘7C cos(mf—ﬁ:—ﬁﬁh].; tan@zi, Apxag =a,
- { Ce VT we I ‘ o o
i+ —| | -
\we) |
E;,
7y = o _ 1207 ~3770, p()=ExH, pm:g{:]zéRe[E «H's). p.(2)= ﬁe""r cosf,a_. P, =I Doy - A8
50 & 2]}! 5
E = E 277, Eilpe  Hifp 140 : :
= m:’r?; ‘r?1=1_:_ro: ’??_ ,S:| 1|u.1x:| -|1.1.a.x: | |.\ f(fsnlﬁr.:f(!sm@,__
Ea’o 1 Er’o T+ |E1|]_m_]_1 |I_]1|]_u_]_,_1 ]_|r|
1_":Em :qzcosﬁr—rﬁlcosﬁir r":Em B 217, cos b, i 6'3" 1—;{6/;{5
E, 1,cos6, +1 cosé, E, 1n,cosf, +n,cos6, 1-(g/&, )
E, n,cosf, —1 cosb, E, 2n, cosd, .2 1— 1,6,/ 1156,
I = === - LT, = = = csin" g, =——=t~ ==
E, 1,cosB +1 cosé, E, 1n,cos0, +1, cosb, 1=y s )
w=Bc
o Wnarl _ 14111
|Vmin| 1- |F|
_ Z, -4,
Z, +Z,
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Antenna and Radar formula

Dipole
Solid angle:
Qp — [[ F(6.6)dQ
S AT
Directivity:
D 4n D— 47A,
Qp 2
or

Half —wave dipole

Ey = j 601, {cos[(n_/Z) cos 6] (e—ij) |
sin & R
~ Ea
H, = —
v no
noIo Cos (";'. COS 6)
E,| = :
Ea 27rsin 0
I(r cos (‘125 Ccos 8)
H,| = .
e 27r sin 0

Shorted dipole

Hertzian

1572 (1\?
So = ¢ (—

R2

Rrad = 8072 (

P

| —

monopole

L [at]?
Ry = 80x° [I:|

1,
Pr:ld = ElaRrad
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For Transmission line

Lossless a=0, =w/¢/c
(R'=G"=0)

Lossless coaxial | @ =0, g = w,/e/c
Lossless a=0 f=w/f&/c
two-wire

Lossless a=0 g= w\/a/c

parallel-plate

Propagation Phase Characteristic
Constant Velocity Impedance
y=a+jp Uup Zy
. - - [ (R'+ jol))
General case Yy =vVR + jol' NG + joC")  up=w/p Zp = m

—

up=c/ i Zo=TC’

up = ¢/ & Zo = (60/ /%) In(b/a)
up=c/F Zo=(120//7)

-In[(D/d) +/(D/d)? — 1]

Zg =~ (120/ /2r) In(2D/d),
if D»>d

up=c/Jer  Zp= {1209’:/@) (h/w)

Notes: (1) p = up, € =erep, ¢ = 1/ /mocp, and /o /ep == (120) 2, 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

Y=V RG+J wvVLC

ZOZ E

e~ =
D

7

Open-circuited line

Voe(d) = V'[P + e 7P4] = 2V;F cos B,

2o

_ v : 2V,
Ioc(d) = ,L[(‘Jﬁd - (’_Jﬁd] = A sin Bd,
Zo
Vel
ﬁ:' = Hoc( ) = —jZycot Bl.
Toc(l)
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Short-circuited line

Vie(d) = Vi /P4 — 7 7P = 2j V" sin .,

. v ‘ v+
Le(d) = =[P4 4 o7 7Bd) = 0 cos Bd,
) Z() Z() ﬁ
Vie(d
Zy(d) = ~C( ) = jZptan fd.
I (d)

JwLeq = jZotan I, if tan Bl > 0

= jZotan Bl, it tanpBl <0

joCa
7. =7 EZ; +jZL_,tM]
in “i0» Zp + ;zf tan ﬁ{
ZIn = Z‘_’ lt—éf'_+ila"h "‘rf}
Zy + Z; tanh -}.(
V =— Zin Vx

—V, =t
Zin + Zi' & zin + "{.‘\'

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

" 47

— GdfGrIr l: k ]2 o P
47ryry rad

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

2

l -
Frec = RG(Gy (m)

END OF FORMULA SHEET
END OF PAPER



