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Q1

a) Given point P(- 2, 6, 3) and vector A=yax+ (x+ z) ay:

(i) Express P and A in cylindrical and spherical coordinates.
(4 marks)
(ii) Evaluate A at P in the Cartesian, cylindrical, and spherical systems.
(5 marks)
Two point charges 4 nC and -3 nC are located at (1, 0, 4) and (-3, 0, 2),
respectively.
(i) Determine the force on a 1 nC point charge located at (1, 2, -6).
(7 marks)
(i) Find the electric field E at (1, 2, -6).

(1 mark)
b) A point charge of 30 nC is located at the origin, while plane y = 3 carries charge
10 nC/m?. Find D at (0, 4, 3) and at (1,3,2).

(8 marks)
Total 25 marks
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Q2

a) Find H at (-3, 4, 0) due to the current filament shown in Figure 1.

o= (10 marks)

3A

Figure 1

Q2 continues over the page....

PLEASE TURN THE PAGE.....
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Q2 continued...

b) The solenoid shown in Figure 2 has 2000 turns, a length of 75 cm, and a radius

of 5 cm. If it carries a current of 50 mA along at ae, find H at

i) (0,0,0)

(3 marks)
ii) (0, 0, 75 cm)

(2 marks)
i) (0, 0, 50 cm)

(2 marks)

Figure 2

c) Acircular loop located on x? + y? = 9, z = 0 carries a direct current of 10 A along

as. Determine magnetic field intensity H at (0, 0, 4) and (0, 0,-4).
(8 marks)

Total 25 marks

PLEASE TURN THE PAGE.....
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Q3.

a) The electric field (E) and magnetic field (H) in free space are given by the

following expressions

E= ?605(10% + Bz)asV/im H = %cos(lﬂﬁt + fz)a,A/m
By expressing them in phasor form, determine and analyse
i) Value of constant B such that the fields satsify Maxwell’'s equations.
(5 marks)
i) Value of constant Ho in the given field H to satisfy Maxwell’s equations
(5 marks)

b) In a medium characterized by =0, y=po,e=4¢€0, and E= 20 sin(108t- Bz)ay V/m
Calculate 8 and H.
(10 marks)
c) Given that A=10 cos(10%t-10x+60°)a. and Bs=(20/j)ax+10 e?™3ay, express A in
phasor for, and Bs in instantaneous form.
(5 marks)
Total 25 marks

PLEASE TURN THE PAGE.....
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Q4.
a) An electric field in free space, E = 50cos(10%t + Bx)a,V/m
(i) Find the direction of wave propagation.
(1 mark)
(ii) Calculate B and the time it takes to travel a distance of A/2.
(3 marks)
(iii) Sketch the wave at time t= 0, T/4/T/2.
(6 marks)
b) In free space H=0.2 cos(wt-Bx) az A/m. Find the total power passing through:
(i) A square plate of side 0.1m on plane x+y=1
(2 marks)
(i) A circular disk of radius 0.05 m on plane x=1.
(2 marks)
c) A certain transmission line 2m long operating at w = 10°rad/s has a = 8 dB/m,
B =1 rad/m, and Zo = 60 + j40 Q. If the line is connected to a source of 10 L 0°
V, Zg = 40 Q and terminated by a load of 20 + j50 Q.
Determine
(i) The input impedance (4 marks)
(i) The sending-end current (2 marks)
(iii) The current at the middle of the line (5 marks)

Total 25 marks

PLEASE TURN THE PAGE.....
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Q5.

a) Assume that a rectangular waveguide is operating in
an isotropic, homogeneous dielectric with negligible magnetic properties in--
TM13 mode for which a=0.015 m, b= 0.008 m, 6 =0, y = po and € = 4eo, Hx = 2
Sin(mx/a) Cos(3my/b) Sin(10"'nt — Bz) A/m. Determine

(i) Cut off frequency and phase constant,3

(6 marks)
(i) Propagation constant y and intrinsic wave impedance n

(4 marks)

b) A standard air-filled rectangular waveguide with dimensions a = 8.636 cm, b =
4.318 cm is fed by a 4 GHz carrier from a coaxial cable. Determine whether a
TE10 mode will be propagated. If so, calculate the phase velocity and the group
velocity.

(5 marks)
(c) A brass waveguide ( oc = 1.1 X 107 S/m) of dimensions a = 0.042 m, b = 0.015
m is filled with Teflon ( er= 2.6, = 10"'® S/m). The operating frequency is 9
GHz. For the TE10 mode:
(i) Calculate ad and ac
(5 marks)
(i) Find the loss in decibels in the guide if it is 0.40 m long.
(5 marks)
Total 25 marks

END OF QUESTIONS
PLEASE TURN PAGE FOR FORMULA SHEETS.....
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EQUATION SHEET
Constants: £0= 8.852* 10 ">F/m, yjo=4 = * 10 " H/m

Co-ordinate systems:

Capacitors:
C1 = aeoenl / 2303 log1o (r/r1)

Cz = asoeel / 2.303 log1o (ra/r)
V1=VCz (C1+ C2)
V2 =VCi/ (C1+ C2)

r=+(p2+z%

8 = tan(p/z)

SinB=p/(p2+2z3
CosB=2z/+(p2 + 2%

A } [ sinf@ cos @ E]'_!, lrr".,.

A, 0 0 l .Ilf"lﬁ-
A. | |cos@ —sinf 0][A,

Electrostatics: Q= 45513 - dS = f p,dv
E,EA ’
C = N (
e GG 4oy it v~ mf
= C1 + C2
0-cv Bl
q
- @
Q= { ps dS
D -
| SN
0Er Q
. (I'—r’) V(r) _47T£0|r—l"|
V@) =t
Amrey|r — r'|3
L

PLEASE TURN THE PAGE.....
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Magnetostatics:

I
H= yr (cosa, — cosay)ag

Ampere circuital law :

_ldl xag
"~ 47R?

A NY

11

B, = ulp/2ma? (for0 <=p <=a)
B, = ul/2np(fora <= p <=Db)

Maxwell’s Equations
V.Es=0

V .Hs =0

V x Hs = jweoEs

V x Es = -jwpoHs

EM wave propagation and Transmission lines

Er= B2/ (w?po pr £0)
n="(ue)
Paw=ExH

Ptotal = [ Pavg .dS
y=a+jp

) (Z; + Z, tanh 7?)
le\ : ‘f{“ P ] B
Z, + Z,; tanh £

Jn:={]}=?—4 7

H
( Ip
23 0sp=a
I
2mp 09 <p<sb
=9 2mp 2 4=P
I 2 _ bz
T
-2 b<p<b+t
27Tp [ t2 + 2bt ¢> p
. 0, p=b+t
ay =ap,XxXa,
w/B = CI (urer)
Eo/Ho= V (MoMr/€ogEr)
harge density,0 = ¥-D= - - (D)4 - o2 4 P
charge density,p = == ) = D.
v" = 2I-[l"nn
1‘: = ;“‘V“ 4 xujr”}
Ve =2 (V= 21
o ) 2 ¥ L ali]
.I'. = {f1] = —";l ¥Z __ Fl: I
dm - B . Zn L ZGJ
hase velocit y=2 =L
S N ™
v Ir:-=——=_ —
XE=—=r=—t >

PLEASE TURN THE PAGE.....
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Waveguides and Optical Fibres:

u' /m n*
= — 4 + S
Je. 2 Na u'
) 1 fe = 2a
W =-—=
Ve -
' g
3=m\1p£\jl—[%} ‘Jﬁ
—
v =B 0. O
= For the TE od
n-|-_'\.'E|.”. =N \'I ] f o, = —.tr—-’
- ) | -r'r -
o1 - 4]
For the TEH]. mode \! S
— W: o = L] + {!‘_.
' [} P, = (Py+ P)e ™

Numerical aperture, NA = Sin 6a = V (n12 — n2?)
V = 1d V (n12 — n22)/A

No: of modes, N = V?/2

a¢ =10 log1o[P(0)/P(¢)]

T=21/w

A=Nt

B=211/A

END OF FORMULA SHEETS

END OF PAPER
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