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Q1.

(@) A series RL circuit is connected to a voltage source given by v(t) =
150 coswt V. Find:

(i) The phasor current I; and [3 marks]

(i) The instantaneous current i(t) for R=400 Q , L=3 mH, and f=31.831 kHz.

[5 marks]
(b) Find the directional derivative of V=rz2cos2® along the direction A=#2-2 and

evaluate it at (1,90°,2).

[8 marks]

(c) Find VXA at (2,0,3) in cylindrical coordinates for the vector field
A=710eZcos ®+ 210sin P .

[9 marks]

[Total 25 marks]
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Q2.

(a) The radii of the inner and outer conductors of a coaxial cable are 2 cm and 5 cm,
respectively, and the insulating material between them has a relative permittivity
of 4. The charge density on the outer conductor is 10 C/m. Calculate the total
energy stored in a 40 cm length of the cable.

[10 marks]

(b) A 2-mm diameter copper wire with conductivity of 5.8X107 S/m and electron
mobility of 0.0032 m?/V.s is subjected to an electric field of 20 mVv/m.

mnd I.  The volume charge density of the free electrons; [3 marks]
[I.  The current density; [3 marks]
[ll.  The current flowing in the wire; [3 marks]
IV. The electron drift velocity; and [3 marks]
V. The volume density of the free electrons [3 marks]

[Total 25 marks]
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Q3.

(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 three-wire airline (balanced three-phase system) has conductors of straight
cylindrical bare wires with identical radius of 12 mm and equal spacing of 2.45 m.

(i) What is the charge on each conductor?

[2 marks]
(i) What is the voltage drop between any two conductors ?

[4 marks]
(iii) Calculate the capacitance of each wire to ground.

[4 marks]

(b) 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 be in order to magnetically lift the
wire vertically upward? (The acceleration due to gravity is g = -z 9:8 m/s?)

[8 marks]
(c) 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 40 cm in

length, and the wire carries a current of 5 A whose direction is clockwise when the loop
is viewed from above. Calculate the magnetic field at the centre of the loop.

[ 7 marks]

[Total 25 marks]

Please turn the page
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Q4.

(&) A 10-MHz uniform plane wave is traveling in a nonmagnetic medium with p = po
and ¢r=9. Find

(i) the phase velocity;

(2 marks)
(i) the wavenumber,

(2 marks)
(i) the wavelength in the medium;

(2 marks)
(iv) the intrinsic impedance of the medium.

(2 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= 210 e~*™ (mV/m).

(i) Determine the associated magnetic field phasor.

(7 marks)
(if) Find the instantaneous expression for E(y,t) if the medium is nonmagnetic (U = Mo).
(10 marks)

[Total 25 marks]
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Q5.
(@)

To eliminate reflections of normally incident plane waves, a dielectric slab of thickness d and
relative permittivity er. is to be inserted between two semi-infinite media with relative
permittivities ern= 1 and £rs= 16. Use the quarter-wave transformer technique to select d and
er2. Assume f = 3 GHz.

(10 marks)

(b) A 100 +j150Q load is connected to a 75 Q lossless line. Find:
(i) the reflection coefficient I';

(5 marks)
(i) Zin at 0.4 wavelength from the load,;

(5 marks)
(i) the standing wave ratio s.

(5 marks)

(Total: 25 marks)
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Q6.

(a) A monostatic radar operating at 6 GHz tracks a 0.8 m? target at a range of 250 m.
If the gain is 40 dB, calculate the minimum transmitted power that will give a return
power of 2 yW.

(10 marks)

(b) A 1-m-long dipole is excited by a 5-MHz current with an amplitude of 5 A. At a distance of
2 km, what is the power density radiated by the antenna along its broadside direction?

(7 marks)

(€)

At 100 MHz, the pattern solid angle of an antenna is 1.3 sr. Find (a) the antenna directivity D
and (b) its effective area Ae.

(8 marks)

(Total: 25 marks)

END OF QUESTION
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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(t) = Re [Zel*').

z(1) Z
A cos wt - A
A cos(wt + ¢p) > Ae/P0
A cos(wt + Bx + ¢p) > Al (Bx+do)
Ae % cos(wt + Bx + ¢pg) <=> Ae—%X o] (Bx+60)
A sin wt > AcI7/2
A sin(wt + ¢g) > Ael(P0—7/2)
d .
—(z(1)) > w7
dt
d . ;
F[A cos(wt + ¢p)] < .,(UA(,J‘!’U
¢
.
z(t)dt R i —Z7
jo
. P o
/ A sin(wt + ¢g) dt e __A(,J(d)o 7/2)
jw

Formula sheet continues over the page
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Formula Sheet continued...

Summary of vector relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, v, Z rg.z R.0.¢
Vector representation A = XAy +VAy +2A, A, +$A¢ +ZA; RAg +6A9 + $A¢,
Magnitude of A |A| = A% + A3 + A2 A7 + A% + A AR+ AF+ A
Position vector OP] = Xy + ¥y +27;, Iry + 77y, RR|,
for P = (x1,¥1.21) for P =(r1.¢1.21) for P = (Ry1.01.¢1)
Base vectors properties $eX=9-F=2-2=1| i-F=¢-6=2-2=1 R-R=0-0=¢-¢=1
$-§y=§-2=2-X=0 | F-¢6=¢-2=2-F=0 R-6=0-¢6=6¢-R=0
Ix§=1% ixd=1 Rx0=¢
}“’xi:i $Xi=f‘ éxi):ﬁ
ixx=7 ixF=6 dxR=0
Dot product A-B = AxBx +AyBy+ A;B, | ArBy +AgBp + A, B, ARBRr + ApBo + Ay By
£ v i T S R 6 ¢
Cross product A x B= Ay Ay Ay Ar Ay Ay Ap Ay Ay
Differential length dl = Rdx+Vdy+idz fdr+érdp+2dz | RAR+ORdO+Rsind dp
Differential surface areas dsy =Xdydz dsy =ftrdg dz dsp = RRZsin6 do d¢p
dsy=ydxdz dsg =¢ drdz dsg =ORsind dR d¢
ds; =i dx dy ds, =ir dr d¢ dsg =R dR do
Differential volume dV = dx dy dz rdrdddz R%sin® dR do d¢

Formula sheet continues over the page
Please turn the page
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Formula Sheet continued...
Coordinate transformation relations.

Transformation Coordinate Variables Unit Vectors Vector Components
Cartesian to r=yxr4+y2 I'=Xcos¢ + Vsing Ap = Aycosg + Aysing
cylindrical ¢ =tan~!(y/x) ¢ = —Xsing +ycos¢ Agp = —Axsing + Aycos¢
Z=12z i=1 Ay = A,
Cylindrical to X =rcosg X=Trcos¢ — ¢sm¢> Ay = A cos¢ — Agsing
Cartesian y =rsing ¥y =rtsing +¢cos¢ Ay = Apsing + Agcos¢
Z=2 i=1 Az = A,
Cartesian to R= Yx2+y2+22 R = ksin 0 cos ¢ Ap = Axsinfl cos ¢
spherical + ¥sinf sing + Zcos# + Ay sin@sing + A, cosé
0= tan_'[ Vx? + )‘z,fz] 0 = Xcosfcos¢ Ap = Ay cosfcos¢
+ Vcos@sing — zsind + Ay cosfsing — A, sind
¢ =tan—1(y/x) ¢-= —Xsing + ycos ¢ Ap =—Aysing + Aycos¢
Spherical to x = Rsinfcos¢ = Rsin fcos ¢ Ay = Agsinfcos ¢
Cartesian +0cosfcosd — Psing + Agcosfcosp — Ag sing
y = Rsin#sing ¥ =Rs sin# sin ¢ Ay = Apsinfsing
+6L0s9¢.1n¢+$cosq{: + Agcosfsing + Agcose
Z = Rcost 7 =Rcos# —0Osing Ay = Apcostl — Agsind
Cylindrical to R= Jrt+2z2 R = fsinf + Zcosé AR = Arsin@ + A, cosf
spherical 6 =tan~l(r/z) 0 =rcos# — zsind Ag = Apcos — A, sind
d=4¢ o=1¢ Ag = Ay
Spherical to r = Rsin# i = Rsind +0cosd A = Apsind + Agcosd
cylindrical ¢=4¢ b=¢ Ay = Ag
Z = Rcost 7=Rcosd —Bsino Ay = Apcosd — Agsind
ELECTROSTATICS:
2,0, 0 J0or-r) F P df PsdS [Py
Fu:l—gak.. JF= - ; CE=— _j . p— 7R > _|—23R
dze,R™ 7F d7e, i3 |1- _1-k| o 41e R 47elR * 4re R
. . B B
E:ﬁan, E=_*L a,.0=¢D-dS=|pdv.V-D=p, W=-0| E-dl Vy =E=—| E-dl V= Q
2, 27E, P -5 - 4 ’ o 4 Ame,r
$E-dl=0 VxE=0 E=-VV W,=— ZQKVk E:—jD Ed'.——|£0Ed1 J=pu. I1=[3-dS J=cE,
v E.dl ép, tand, €
R:—Z.‘li,D=eE,V-J: P E. =E,. D, D, =ps. D, = = 1l
I |oiE-dS or ‘ ‘ t'mb" Erz
) £GE - dS 1 ! 2wel dxe £
V‘V:—"’V,vgrfzo,c.*:gzL W, =—CV ——QV—Q c=2.27 _9_ rRC=%
£ Vo [E-ar 2 2 vy 11 o
a a b

€, = 8.85X1072F/m , u, = 4nX10~7 H/m

Formula sheet continues over the page, Please turn the page
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Formula sheet continued..

MAGNETOSTATICS:
o Idl % s KdS o Jdv 1
= | /?R_ j 4o X Ag = | 1><?R, = (cosar, —cosa, Ja, H= a, a,=a, xa,,
T 4nR? 47R> b 4R’ 4mp : mp
1
$H-dl=1, VxH=J H=- a, H=_Kxa, B=/H, ¥=[B-dS §B-dS=0 V-B=0 H=-VV,,
270 S
A HI 1, KdS 1, Jd ; . .
B=VxA A=[7 ‘ j’{" A= ¢ _§{A.dl F=Q(E+uxB). dF =Id1<B.B, =B,
N am s L
\ tan & ; i Ny dy  NWp, 1 1 3
(H,~H,)xa,, =K H, =H, =20 =22V 3 20 W0 g~ = (B Hayv=—[ u’dv
B i ) T tand, [, I I £ I, 2 2
WAVES AND APPLICATIONS:
dy ¢B |
Ve =——— .V E-dl=—| —-dS ,VxE=-—— V_.=¢E, -dI=9(uxB)-dl
emf df emf 1J l s af > Y emf § m §( J
cD cD 27
E-dl=—| —-dS+¢p(uxB).dl J,=— VxH=J+— = y=a+
Vor =4; j 8. T dr a P i
a=o P2 1y 2| 1, B=0 Ao e 2 1] E(er)= Eye® coslor — Ba,
2 | we [ 2 | we
1fe E, -
‘0‘2;7/__. tan 26, zi H="C¢ cos({af—ﬁ:—ﬁn)a]., tan@zi, A XA, =a,
- 2% o I ‘ o we
1+‘—|
\ 0 )
;‘JD 2 - 1 E[i 2oz
My = J=-=1207 ~377Q, p() =ExH, p,,(z)=—Re e[E, xH":). p,.(z)= ﬂe cos@,a.. F,, =me=e -dS
50 o AJr:rl 5
E 5 E 2n, E,| H, 1+|T
1—-: ro ’?? ‘??1 r:_ro: ’??_ ,S:| 1|u.1x :| -|1.1.a.x: | |.\ kaiIlgr-:k!Sllllgl_.
Ea’o 'r?; _!?1 Er’o 02 +f?1 |E1|]_m_]_1 |I—]1|]_u_]_,_1 ]_|r|
E ,cos6, — G, E, 27, cos b, .3 1-
1—‘": rg :f?ACOS ¢+ —Th cos J.-r": o _ T, cosb; ,5111_63"— ;{6/11££
E, 1,cos6, +n cosb. E, 1,cos0, +1, cos0, 1-(g/&)
r - E, _ 10086, —1 cost, . _E, _ 21, cos 6, nl e _1- L&, ] 11,
* E, ncosb,+ncosf, - E, 1,cos6, +1,cosb, B 1= (11, )
w = Bc
o Vo _ 14111
Vinin| 1 =T
_ Z, -4,
Z, +Z,

Formula sheet continues over the page
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Formula sheet continued..

Antenna and Radar formula

Hertzian monopole

|

L [at?
Rl'ild - 807-_ |7Ij|

L

1,
Prad = ;!SRrad

Half —wave dipole

Ey = j 601l { cosl(x/2) cos 0] } (efkR) |
in® R
~ EH
A, =2
¢ nNo
T’n]c) COs (; COS 6)
Eyl = :
o 27rsin
I, cos (% cos 8)
H,| = 2
He 27rsin
15712 /1"
So = —=0 (_)
R- .Aa
4n 72
D= A — A-D

Formula sheet continues over the page
Please turn the page
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Formula sheet continued..
For a bistatic radar (one in which the transmitting and receiving antennas are sepa-
rated), the power received is given by

Gd(Grfr ‘: >‘ ]2
p, = P,
4w | d7wrir 7 Frad

For a monostatic radar, r, = r, = rand G; = Gg,.
For Transmission line

Propagation Phase Characteristic
Constant Velocity Impedance
y=a+jp Up Zo
R+ joL'
General case Yy =V R + jol') (G + joC') up=w/p Zo = II((C’—I—ijfa;C’))
Lossless a=0, 8=ow/e/c up=c/Jer Zop=,/L'/C’
(RRF=G6"=0)
Lossless coaxial | a =0, f =w./e/c up=c/fer  Zop= (60/\/5) In(b/a)
Lossless a=0, f=w/&/c up =c/ & Zo=(120/ /%)
two-wire -In[(D/d) + /(D/d)? — 1]
Zy >~ (120/ /Z) In(2D/d),
ifD>d
Lossless o =0, f=w/e/c up =/ Zo= (120m/ /%) (h/w)
parallel-plate
Notes: (1) p = pg, & = gep, ¢ =1/ /upeg, and /po/eg = (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 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 (PR, LC

, Formula sheet continues over the page
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Formula sheet continued...

Open-circuited line

Voe(d) = VT [e/P4 + =P = 2V cos Bd,

. vy : 2jVgh
Toc(d) = 2 [P — e P = 20 in B,
ocl( Zo [( € ] Zo 5 ﬂf
Vel
0 — foc(®) = —jZgcot Bl.
Loc (1)

Short-circuited line

Ve(d) = Vi e — 714 = 2Vt sin Bd,

- vt ) T

Fotd) = 2O 1piBd o p=ifdy — 200 (g4

se(d) 7 [e/7 + e | 70 cos fd,
Vi (d

Zi(d) = Tbc((d)) = jZ() tan ﬁd

sSC

JwLeq = jZptan Bl, if tan Bl >0

= jZotan I, if tanpBl <0

JwCeq

For Tranmission line

; {ZL& jZL_.taanl
o "LZy + jZ, tan B

P {é‘_+ Z, tanh -,rff}
w0 Z, + Z tanh (£

Zin v}.'
o = — -V In = -
‘u Z;n + Zk. £ zin + ZR

V,=Ve"
END OF FORMULA SHEET



