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Question 1

(a) A series RLC circuit is connected to a voltage source given by v_S (t)=150cos
wt V.

Find

(i) the phasor current | and
(i) (i) the instantaneous current i(t) for R=400 Q, L= 3 mH, C=16.67 nF,and
w=10"5 rad/s.
[7 marks]
(b) Two points in a cartesian coordinates are P1(2,3,3) and P2(-1,-5,-1). Find (i)
the distance vector between P1 and P2(ii).the angle between vectors (OP1) ~
and (OP2) ~ using the cross product between-them. (iii) the angle between
vector (OP2) ” and the y-axis.
[12 marks]
(c) Transform vector A=X (x +'y) +9( — x) + Zz from Cartesian to Cylindrical

coordinates. [6 marks]

Total [25 marks]
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Question 2

a) A scalar quantity of V = rz%cos2¢ . Find its directional derivative along the

direction A=7"2 — Z3 and evaluate it at (1,0.5m, 2). [9 marks]

b) Find the divergence and the curl of the given vector A=e~"” (¥ sin3x+ycos3x)
at x=10 and y=1.0. [4 marks]

c) Four charges of 100 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 200 uC

charge located at (0,0,4). All distances are in metres. [12 marks]

Total [25 marks]
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Question 3

(a) The potential difference between two points in volts is numerically equal to the
work in joules per coulomb necessary to move a coulomb of charge between
the two points. A two-wire airline (single-phase system) has conductors of

straight cylindrical bare wires with identical radius of 25 mm+sand spacing of

0.544 m. .
(i) What is the charge on each conductor?; [1 mark]
(i) What is the voltage drop between the two conductor, and [4 marks]

(ii)Find the capacitance of a two-wire airline (single-phase system). Then
calculate the capacitance of each wire to ground. [5 marks]

(b) Briefly explain the operation of the Linear Variable:Differential Transformer

LVDT sensor shown in figure Q3c. [8 marks]
Fi
Poimary coil
Push rod — [
e e Ferromagnetic core
—_—

‘ Secondary coils

(c) A square coil of 200 turns and 0.5 m long sides is in a region with a uniform
magnetic flux density of 0.2 T. If the maximum magnetic torque exerted on the
coilis 4X102 N.m what is the current flowing in the coil? And what is the MMF
produced by the coil? [7 marks]

Total [25 marks]
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Question 4

a) An 11.7 GHz satellite downlink operates from geosynchronous orbit with 25 W of
transmitter output power connected to a 20 dB gain antenna with 2 dB feeder
losses. The earth station is at a range of 38000 km from the satellitecand uses a
15 m diameter receive antenna, with 55% efficiency, feeding a low noise (cooled)
amplifier, which results in a receiver system noise temperature.6f 100 K. If an Eb/No
of 20 dB is required for adequate BER performance, what maximum bit rate can
be accommodated using BPSK modulation, assuming performance is limited by
the downlink, and atmospheric attenuation can be neglected.

[14 marks]

b) For a distortionless line with Z, =509, '@ =20 (mNp/m), u, = 2.5 x 10® (m/s),

determine the line parameters and 4 at. 100 MHz.
[11 marks]
Total [25 marks]
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Question 5

a) Consider a typical satellite communication system that has dual-conversion down

converters with an intermediate frequency (IF) tuning, as shown in Figure Q5.

Input Mixer /770 MHz 1 Mixer 70- ai
from ¥ N 140°MHz IF
LNA BPF ~ BPF ~ BPF

LO LO

fixed tunable {

Figure Q5: Dual-conversion down converters with IF tuning

If the earth station downlink signal received.is at f; =.4080 GHz, what local-oscillator
frequencies f;, are needed to achieve intermediate frequencies (IFs) of 770 and 140
MHz? Assume the local oscillator frequencies. are lower than the received signals.

[5 marks]

b) A 50-Q lossless transmission line.is terminated in a load with impedance Z; =
(30 + j50) Q. The wavelength'is 8 cm. Find the:

i. reflection’coefficient'at the load, [5 marks]
ii. standing-wave ratio on the line, [5 marks]
iii. position of the voltage maximum nearest the load, [5 marks]
iv. position of the current maximum nearest the load. [5 marks]

Total [25 marks]
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Question 6

a) A 2-kHz sound wave travelling in the x-direction in air has a differential pressure
p(x,t) = 10 N/m? at x = 0 and t = 50 us. If the reference phase of p(x,t) is
369, find a complete expression for p(x, t). The velocity of sound.in air is. 330
m/s. [13 marks]

b) A certain electromagnetic wave travelling in seawater was observed to have an
amplitude of 98.02 (V/m) at a depth of 10 m and an amplitude of 81.87 (V/m) at
a depth of 100 m. What is the attenuation constant of seawater?

[12 marks]

Total [25 marks]

END OF QUESTIONS
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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(1) = Re [Zcfj“”l

Z(t) 7
A cos wt -p A
A cos(wt + ¢p) <= DAl PO
A cos(wt + Bx + ¢p) - AL (Bx+o)
Ae %Y cos(wt + Bx + piim, = Ae—x pJ (Bx+do)
A sin wrt - Ao J7/2
A sin(wt + ¢) G Agl(P0—7/2)
T(Z(I)) <= jcuf
ar
d _ ”
FIA cos(wr 4 ¢p)] > jwAc!
L

1 ~
fz{r}n’r - —7
Jjw
1 .
f A sin(wt + ¢p) dt > — Ae/ (do—m/2)
Jjw
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Summary of vector relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates
Coordinate variables X, ¥V, Z ro¢.z

Vector representation A =

XAy +¥Ay +2A,

FA; +0Ap + 24,

Magnitude of A |A| =

JAT + A + AZ

JA?+ AL+ A2

Position vector OP| =

Xxy + ¥y1 + 271,
for P = (x1,¥1.21)

rry +7zy,
for P = (ry,¢1, 21)

Base vectors properties

XX=yV-¥y=2-2=1
Xo¥V=yV-Z=2-x=0

- -y
. .

Dot product A-B= Ax By yBy ARBp + ApBg + Ay By
£ ¥ R 6 ¢
Cross product Ax B = Ax Ay Ap Ag Ay
By B, B¢, B, Br By B¢

Differential length dl =

fdr+&rdp+1idz

RdR +OR d +Rsin6 do

Differential surface areas dsy =trdp dz dsp = RR2sind do deg
dsy =@ drdz dsg =ORsind dR d¢
ds; = ir dr d¢ dsg =R dR do

Differential volume rdrdgdz R%sin0 dR do dep
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Coordinate transformation relations.

Transformation

Coordinate Variables

Unit Vectors

Vector Components

Cartesian to r= vxt+4y? P =Rcos¢+ Vsing Ar = Aycosg + Aysing
cylindrical ¢ =tan~!(v/x) $ = —Xsing +¥cos¢ Ap = —Axsing + Ay cos ¢
=17 i=1 Ay = A,
Cylindrical to X = rcosg X =Fcos¢ — $sin¢ Ay = Ay cosp < Agsin ¢
Cartesian y =rsing y=rtsing + ¢cos¢ Ay = A singg A COs ¢
z=17 1=1 A, = A,

Cartesian to
spherical

R= Yx2+yr+22
0 =tan~ [ {x2 + y2/z]

R = &sinfcos¢

+ ¥sin# sing + Zcos @
0 = X cosd cos ¢

+ Vcos#sing — Zsin @

Ap =A,sinfcos ¢

+ Ay sind sing + Az cosd
Ag'= A, costcosg

F+ Ayeostsing — Az sind

¢ =tan"1(y/x) $=—isin¢+i’cosq’: Ap'= —Aysing + Ay cos¢
Spherical to x = Rsinfcos¢ =Rs lnmosqﬁ- Ay = Agpsinfcos¢
Cartesian +0cosb cosd — @sin g + Agcosf cos ¢ — Ag sing
y = Rsinfsin¢ ¥ = Rsin®dsing Ay = Agsinésin¢
+0cm95in¢+$cas¢ + Agcos@sing + Ay cos g
Z = Rcosé 7 = Rcos# —Bsin o A; = Apcos — Agsind
Cylindrical to R=Vri+ 72 R =i:sin 6 + Zcosd Ap = A,sinf + Az cos@
spherical 6 =tan—Y(r/2) 0=t cos@ —Zsind Apg = A cosf — A sind
d=¢ $=1¢ Ay = Ay
Spherical to r= Rsin# #=Rsind +6coso A = Apsinf + Agcosé
cylindrical p=0¢ 6=26 Ap = Ag
z = Rcost i = Rcos® —Osind Az = Apcosf — Agsind
ELECTROSTATICS:
q Y " dl ds rood
Fu:%“m F = O l;k E— _J Pr _Pglo A :l »0»“ ag
47wey R Ame) o |1- » 1-k| 4re, R? 4meyR 4megR
. . +B B
E=25a EL L o 0=§D.dS=[pdv.V-D=p, W=-0[ E-dl.V, =K=—| E-dt,v=—2
2¢, 27E, P -5 - -4 ’ o 4 Axe,r

1y 1 1
§E-d(:0,VxE:0,E:—VV,WE:EZQka,WE:;jD-Edm-':EHOE‘dv,J:p‘:u,I:LJ-dS,J:oE,
=1 ~ i

B
Rzlz:[i,D=eE,V-
I JoE-dS
V=L viy—g c-=
£ V

9_

ap,
J= . =E,. Dy, — Dy, =ps. Dy, =
or
£$E - dS 1 2
jJ—=WE:_ —_QV_Q C= 2_
jE-dI 2 200 ¥

€, = 8.85X1072F/m , u, = 4nX10~7 H/m
PLEASE TURN THE PAGE
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MAGNETOSTATICS:
Ll BF KdS o Jdv x I I
= | ?R_ J a RR\ = | k ?R,H: (cosa, —cosay Ja,. H= a, a,=a,xa,,
4R’ 47R? b 4R Amp - 2ap 0T

SEH-d[:I VxH=J H=

ene

I 1
a, H=-Kxa, B=uH ¥=[B-dS {B-dS=0 V-B=0 HZ-VV,,
A,q_’[) ¢ 2 5

o HIdl 1, KdS o L Jdv . . _
B=VxA, 4_| ‘ -_j“ |;j—_ﬁ;__‘{’:r|:LA-(II,F:Q[E+u><BJ,dF:IdeB,B,“:BZ,,,
¥V 47 -
tanf, 1, i Ny N 1 1 >
(H,-H,)xa,, =K H, =H,, =20 p=2="F =20 o200 g = I8 Heyv =2t dv
T tand, [, I I R I I, 2 2
WAVES AND APPLICATIONS:
d B :
\..vm,:__d‘f g = GE L= —|—d‘> VXE__;_r Vay =$E,, -dI=§@xB)- I
éD aD 2%
Vi = $E-dl =~ —ds uxB)-dl J,="— VxH=J+— =3 a+
- ﬂ‘; ,[ 1’( i o i L y=a+jp

UE e | 1E o \ -
a=o = 1+|—| -1, B=o (= 1+ —| +1|8lst)=Eye ™ coslort - f)a,
2 | we [ 2 | we

& E, -
‘r,?‘— # - Tani’.ﬁn:i H="C¢*" cos(mr—ﬁz—@n]ar,tanb’zi,agxaH=ak
4 o 2T e M \ A, P
1+ —
\we) |
M= JE2 21207 ~ 3770, p() =ExH, p,(-)22RelE, <H".). p,,(5) =" e cosb,a,. Py, = [ ppe S
50 P 21? 5
E = E 2 Eil e’ Hilp  1H0 . :
= ’“’:u;r:—m: e ,.s:| 1|‘““‘:| '|”'”‘: | | k;sin@;, =k, sind,,
E, mon | B, fentimpl. . 1
r- E,, _1,c086, -1, 0056, e A, _ 277, cos b, sin’ 6, = ]—;{26“_/‘14":(52 _
E, 1n,cos@, +Mcosb; E, T1,cos6, +1 cos@ 1—{51/52'}‘
r Ew_ cos @, — 17, cosy N - E, _ 277, cos b, sin? 6, = 1—;{‘_52/;{3(51
- E, 1,050 +ncosO, E, 1,cosf +17,cos6, Tl )
w = Bc
¢ Winaxl' 1+ 1T1
[Vininl” 1 =T
_ Z;_ _Zn
Z, +Z,
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Antenna and Radar formula

Dipole
Solid angle:

= [[ F(6.9)a0
JA4
Directivity:
4r 4rA,
D= — _=
Qp b Al
or

Shorted dipole

15012 /17
Sp = 01—

S TN
RradZSDJT_ (I) .

Hertzian monopole

, [dt?
R(i:d - 8075 [-k_‘|

Prad = %!iRrad

Half. —wave dipole

Ej = j 601, COS[(FT_/z)CosB] e—JkR |
sin @ R
~ Eq
Hy==2
¢ o
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NI, COs (g cos B)

E.s ] -
[Essl 27rsin 8

I, cos (g cos 8)
Hys| = : :
IHa 27rsin 0

For Transmission line

parallel-plate

Propagation Phase Charaeteristic
Constant Velocity Impedance
y=a+ jp up Zo
[(R"+ joL'
General case Yy =R + jol )G+ joC')  up=awff Zo= ((G”Jrij::)C’))
Lossless a=0, B=wle/c up =efy/er  Zo=,/L'/C’
(RF=G"=0)
Lossless coaxial | @ =0, 8 =w./s/c up =c/ /& Zp= (60/\/5) In(b/a)
Lossless a=0, f=w/i/c p = c/ & Zo = (120//%r)
two-wire -In[(D/d) + /(D/d)? — 1]
Zy =~ (120/ /%) In(2D/d),
iftD>»d
Lossless a Z0, = o ferfc up =c/&r  Zo = (120n//%) (h/w)

h = separation between the plates.

Notes: (1) pu =g, & = greg. ¢ = 1/ /1pe0, and /pg/eqg = (120) €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«iameter and D = separation between wire centers. (4) For parallel-plate line, w = width of plate and

Distortionless line

Y= \/RG"'J.-:Z'-., VvLC

Z,= |z

e~ =
D
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Open-circuited line

Voc(d) = V' [e?4 + e8] = 25+ cos Bd,

N v, : 2Vt
foc(d) = z—‘i)[efﬂd _emibdy = 2170 o ga,

Voell) .
zo0 = % _ _jiZocotBl.
"= T e &

Short-circuited line

Vie(d) = Vi [e/P? — ¢ 1P = 2V sin Bd,

- /AN . 2V.F
Iio(d) = Zi[efﬁﬂ' + e /B = Z—O cos Bd,

0 0
Vield)
Zeold) = ——— = j7Z d.
se(d) T otan B
JowLeq = jZptan B, if tanBL > 0
: = jZotan Bl, if| tan BI\<.0
JwCeq

Z;
V
in __V ! -—_ &
n+zg ¢ ! zin+zn.'
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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,

_ GuG, [ A
4=

2
0Py
47”'1"2

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

2 2
Fec = RGiGy (m)
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