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INSTRUCTIONS TO CANDIDATES:

CANDIDATES REQUIRE:

There are SIX questions.

Answer ANY FOUR questions.

All questions carry equal
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Marks for parts of questions are
shown in brackets.

Electronic calculators may be used
provided that data and program
storage memory is cleared prior to the
examination.

Formula Sheet (attached).
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QUESTION 1

a) A series RLC circuit is connected to a voltage source given by vg(t) =
150cos wt V. Find (i) the phasor current | and (ii) the instantaneous current i(t) for
R=400 Q, L= 3 mH, C=16.67 nF,and o = 10°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) + 79 (y —&) +Zz from Cartesian to Cylindrical

coordinates. [6 marks]

QUESTION 2
a) A scalar quantity of V = rz#cos2¢ . Find its directional derivative along the direction

A=72 — 73 and'evaluate it'at (1,0.5mx, 2). [9 marks]

b) Find theé divergence and the curl of the given vector A=e~7Y (X 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]
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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 cylindricalbare
wires with identical radius of 25 mm and 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]
(iii) 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 Q3b. [8 marks]
gt

Prmaficuil| ‘
7
Pushfrod

— .
et Ferromagnetic core
—

Secondary coils

Figure Q3b

(¢)-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 coil is
4X102 N.m what is the current flowing in the coil? And what is the MMF produced by
the coil? [7 marks]
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Question 4

(a) State the Faraday’s law of electromotive force (voltage) induced by time-varying

magnetic flux. [5 Marks]

(b) The transformer shown in the Figure Q4 consists of a long wire coincident with
the z-axis carrying a current I = I, cos wt, coupling magnetic_energy to a
toroidal coil situated in the x — y plane and centred at the origin. The toroidal
core uses iron material with relative permeability u,., around which 100 turns of

a tightly wound coil serves to induce a voltage Vemf,"as shown in the Figure Q4.

Iron core with |1,

x P
Figure Q4
i.“Derive an expression for Vemf. [9 Marks]
ii. Calculate Vems for f=60 Hz, u,, =4000,a=5cm,b=6cm, ¢c =2 cm, and
I, = 50A. [5 Marks]
(c) Identify any three types of EMF sensors. [6 Marks]
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Question 5

(a) For a distortionless line, R'C' = L'G', where R’ is the resistance, C’ is_the
capacitance, L’ is the inductance and G' is the conductance. If a represents the

attenuation constant, g represents the phase constant and Z,.denotes, the

characteristic impedance, Show that:
, C! _ _ L
o=R F:\/R’(rf, B=owVLC, Zy = ok

(b) For a distortionless line with Z, = 50 W, a = 20,(mNp/m), u, = 2.5 x 108 (m/s),

[13 Marks]

find the line parameters and | at 100 MHz. [12 Marks]

Question 6
(a) Usually attached to antennas, a duplexer-is useful in satellite communications
because it separates the path of received signal from that of a transmitted signal.
Explain why duplexers are sometimes referred to as transceiver switch.
[5 Marks]
(b) An electric field strength of 10 uV/m is to be measured at an observation point 6 =

/2, 500 km from a half-wave (resonant) dipole antenna operating in air at 50 MHz.

i. Whatis the length of the dipole? [3 Marks]

i Caleulate the current that must be fed to the antenna. [5 Marks]

lii. Find the average power radiated by the antenna. [3 Marks]

iv. Ifa transmission line with Z, = 75 Q is connected to the antenna, determine

the standing wave ratio. [9 Marks]
END OF QUESTIONS

Formula Sheet follows on the next page...
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EEE6012 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(#) and their cosine- i
reference phasor-domain counterparts Z, where z(r) = Re A Ze/“'].

z(1) 7
A cos wt - A
A cos(wt 4+ ¢p) > AelP0
A cos(wr 4+ Bx + ¢p) = Aed (Bx+dn)
Ae %Y cos(wt + Bx + ¢pg) F=> W o X o) (Bx+do)
A sin wt - Ao J7/2
A sin(wt + ¢p) - Al (P0—7/2)
d o~
—(z(1)) > juZ
dr
d _ b0
FIA cos(wt + Pl > jwAe’!
{
] P
fz{r}dr - —7
Jjw
| .
f A sin(wt + ¢g) dt > —— Ac/ (Po—m/2)
Jw
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Summary of vector relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, ¥V, Z ro¢.z R.O0.¢
Vector representation A = XAy +VAy + 24, rA, +$A¢ +ZA,
Magnitude of A [A| = A% + A} + AL JA?+ AL+ A2
Position vector OP| = Xxy + ¥y + 271, rry +7zy,

for P = (x1, y1.21)

Base vectors properties XX=y:¥=2-2=1 | T
X¥y=¥-2=2-%=0 | i-¢

Dot product A-B= Ax By yBy + A, ArBr + Ag By + Ap By
X vV z R 6 ¢
Cross product Ax B = Ax Ay Ag AR Ag Ap
By By B, Br By By

Differential length dl =

vr-r&r dp+2dz | RAR+OR do +Rsin6 do

Differential surface areas dsy =trdp dz dsp = RRZsind do de
dsy =@ drdz dsg =ORsind dR d¢
dSz=irdfd¢ d%:QRdeG

Differential volume dV = rdrdgdz R%sin6 dR db d¢
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Coordinate transformation relations.

Transformation

Coordinate Variables

Unit Vectors

Vector Components

Cartesian to r=

I'=Xcos¢ + Vsing

A

Ap = Aycosg+ Aysing

cylindrical ¢ =tan" ' (y/x) ¢ = —Xsingg +¥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 singd A COS ¢
z=12 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 g

Ap =A,sinfcos ¢

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

F+ Ayeostsing — Ay sind

¢ =tan"1(y/x) $=—isin¢?+§'cosq’: Ap'= —Aysing + Ay cos¢
Spherical to x = Rsinfcos¢ =Rs lnmosqﬁ- Ay = Agpsinfcos¢
Cartesian +0cosh CoSp — asin ¢ + Agcosfcosg — Ag sing
y = Rsinfsin¢ ¥ = Rsin 8 sing Ay = Apsinésing
+6c0&95in¢+$cns¢ + Agcos@sing + Ay cosg
Z = Rcosé 7 = Rcosf —@sin o A; = Apcos — Agsind
Cylindrical to R=1rt+72 R =i:sin 6 + Zcosd Ap = Ay sinf 4+ A, cost
spherical 6 =tan~'(r/2) 0= f.cos@=sin0 Agp = A, cos60 — A, sind
d=¢ o=9¢ Ay = Ay
Spherical to r=Rsing #=Rsind +6coso A; = Agsin® + Ag cosd
cylindrical p=0¢ 6=26 Ap = Ag
z = Rcost i = Rcos® —Osind Az = Apcosf — Agsind
ELECTROSTATICS:
F. = 9.9, F < & O (rory) E-= _J pdl _PsdS _ [Py a
12 T %R, - 3 z 7R - 29R
4wey R Ame) oo |1-_1-k| 47e R’ 47eyR . e
E=5a EL L o 0=¢D.ds= [pvaﬁ-‘, V-D=p, W=-0[ Edl Vy="L=—["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
=V=:[7,D=8E,V-

I JoE-dS
V=P yip_g c=%
£ V

o_-y %
jE-dI'

J:
or

£$E -dS

o,

. W

=Ey. Dy =Dy, =ps. Dy, =
——CV __QV_Q_ C:E:
2C

€, = 8.85X1072F/m , u, = 4nX10~7 H/m

tan &, _&n
t'mb" £,y
2xel 4;
’T ) :Q_ e ?RC:E
b v 1 1 o
In— -
a a b
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MAGNETOSTATICS:
Ll BF KdS o Jdv x I I
= | ?R_ J a RR\ = | k ?R,Hz (cosar, —cosa Ja,. H= a, a,=a, xa,,
4R’ 47R? b 4R Amp - 2ap 0T

I 1
$H-dl=1, VxH=J H=——a, H=_Kxa, B= /M, ¥=[B-dS,§B.dS=0,V-B=0, HZ-VV,,

2ap

~uffI 1, KdS o L Jdv . . _
B=VxA, 4_| = A _j“ |“’—‘__‘P=:|:A-(II,F=Q{E+u><BJ,dF:MxB,B‘NzBZH,
» 47R 2 :
tanf, I Ny N 1 1 >
(H,~H,)xa,, =K H, =H,, =" =22V g =20 o0 gy - B Hay=2fpd dv
T tand, [, I I R I I, 2 2
WAVES AND APPLICATIONS:
B} dw v y _ B - _ _ \
Var === Vay = 1:15 d’I——| — A VxE=-— .V, = LE,,,-(II_i(uxBJ-dI
Vi = §3E dI = —j—ds j:(u/B}d[ Jd—i—I: ,VXH:J+% _.ﬁ:%’,g:aﬂﬂ

a=o Ii—gl 1+ i} -1, p=o Ii—gl 1+ i} —1],E(z,r:}:Eoe"Ecos{mr—ﬁ:}al.
i I "

| we | we
1 E, -
‘r}‘—ﬁi/_v,. Tani’.ﬁn:i H="¢*= cos(mr—ﬁz—@n]ar,tanb’zi,agxaH=ak
q NS e M \ A, P
1+ —
\we) |
E;
T = o _ 1207 ~ 3770, p(H) =ExH, pm:e(:):éRe[E «H } Daelz)= D‘e""’C cosfa_, P, :j Do - S
50 P 21? 5
E ) — E 2 Eil ™ Hil,, 1+ : .
= ’“’:u;r:—m: e ,.s:| 1|‘““‘:| '|”'”‘: | | k;sin@;, =k, sind,,
Ea’o T+ Er’o T+ |:El|m_]_]_1 |I-11|]_u_]_]_1 1_|r|
.= Ew _Th cos b, — 1), g0s 6, r _fo_ 217, cos «in2 @ :1_»’*’:5‘_//“‘_5:
17 E, ~ nmycos6, +meosGi W\ E, " pycos6, +mcoss, Pl 1 (g/e,)
r - E,, _ 1,c0s6, —17, cos6, / _E, _ 277, cos b, il f. = 1— 1,8,/ 10,6,
= E, 17,8080 +ncosf) . E, n,cosf +1,cos8, B 1—{;;1/;;2)2
w = Bc
S_lvmax|_1+|rl Z; _ZD
Vinm| 1 —1T| =3
Z, +Z,
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Antenna and Radar formula

Dipole
Solid angle:
Q= [[ F(6.,9)dQ
JAAT
Directivity: Shorted dipole Hertzian
monopole
p_in AT e, e [4]

P or

15702 [ 1°
So=—FL( = LA
R A2 1,
Prad = ;!;Rrad

Half —wave dipole

Ey = j 601 COS[(F_/D cos 8] /e kR ,
sin @ R
_ B
By =22
¢ 1o
T!'o!o Ccos (‘;_I’ cos 3)
Eyl = _
s 2qr sin
Io Ccos (‘;E cos 3)
H = "". y
o 27rsin f
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For Transmission line

Propagation Phase Characteristic
Constant Velocity Impedance
y=a+jp up Zp
R+ jolL’
General case y =R 1 jol) G + jwCh) up=w/f  Zo= F((G,Jrijzc,))
Lossless a=0, g=w/elc up=c/Jer  Zo=./L"/C’
(RF=G' =0
Lossless coaxial | @ =0, g =w,/&/c up=c/ e Zop= (60/\/5) In(b/a)
Lossless a=0 f=w/5/c up=c/Jer Zp= (120/\/5]
two-wire SIn[(D7dYW (D) =11
Zo ~ (120f/E)in(2D /d).
if D> d
Lossless a=0, g=w/elc up =c/Jer 4 Zp = (12011/\/5) (hjw)
parallel-plate
Notes: (1) = pp, € = ereg, ¢ = 1/ /oo, and /po/eg = (1200) 2, wherg &, is the relative permittivity of
insulating material. (2) For coaxial line, @ and b are radii@finner and outérConductors. (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 WV LC

Open-citcuitedhline

Emc(d) = V0+ [e/Pd 4 ¢—7Pd) = 21”“+ cos Bd,

25V
= A sin fd,

Vo
/ Zy

+ . .
Fm(d) — ) [(Jjﬂd’ . c,—_,fﬂd]
0

e Voell)
in — %
Toc(l)

—jZycot Bl.
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Short-circuited line

Vie(d) = Vi ePd — ¢=iBd] = 2Vt sin pd,

. vE o ‘ 2V T

I(d) = 2D [e/fd L p=iPdy = 220 (s B4,

se(d) 2 [e/PF + e | 7 cos fBd,
Veeld)

o(d) = =——— = jZytan Bd.

¢ @ et

JwLeq = jZotan pl, if tanpBl > 0

= jZotan Bl, if tan Bl <0

JwCeq
Z, + jZ, tan B¢
Z'nzzuﬁ - J —51
Z, + jZ, tan 34
Z;, + Z tanh y{
zm = zo lt’_f,___.‘]" ¥ }
Z, + Z; tanh y{
V‘, _ Zin a . V.t.'

p— - fn= . L -
Zin '+' Z. s Zi!'l +/"S

b

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

b Gd,cd,.[ )

2
r o P,
4= ] ad

41rr|r2

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

l 2
Freec = ARG Gy (m)

END OF PAPER






