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Q1

Q2

(a)

(b)

(a)

(b)

(©)

Name FOUR (4) transmission line parameters.
(4 marks)

A transmission line with the characteristic impedance of 50 Q operating at 250 MHz
is terminated by (120 + j40) Q load impedance.

(1) Show by calculation that the line is not matched.
(6 marks)

(ii))  Short-circuited stub matching technique is used to match the line. Using the
Smith chart, find the distance of the stub from the load, and the length of the
stub.

(11 marks)

(iii)  Sketch the transmission line after the short-circuited stub has been added.
Label all relevant parameters.
(4 marks)

Describe the differences between waveguide and the cavity.
(6 marks)

An air-filled waveguide with dimensions 5 cm x 4 cm operating at 10 GHz has:

H, = 20 cos( 60mx) cos( 25my)e /% A/m

Determine:
(i) the propagation constant for the propagation case, and

(7 marks)
(i)  the wave impedance.

(4 marks)

An air-filled rectangular cavity with the width, a, height, 4, and depth, d has the
resonant frequency of 6 GHz for the TM’s lowest mode. Find a, b, and d by taking
into consideration that a =4b = 2d. Note thata > b < d.

(8 marks)
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Q3

A transmission line with the characteristic impedance of 75 Q is connected to a half-wave
dipole antenna at the transmitting station. The length of the transmission line is 2 m. The
system is operating at 100 MHz. The distance between the transmitter and receiver is 14 km.
The half-wave dipole is made of copper and has a diameter of 4 mm. A magnetic field strength
of 15 pA/m is measured at a point of 6 = n/2 at the receiver site. There is a building with a
height of 10 m located 7 km away from the transmitter. Transmit and receive antennas are
reciprocal.

Copper: pc= poand 6. =5.8 x 107 S/m.

(a)

(b)

(©

(d)

(e)

(H

(2)

(h)

(1)

1)

Sketch the scenario for the communication system described above.

(2 marks)
Calculate the length of the half-wave dipole in meters.

(2 marks)
Calculate the antenna’s efficiency (in %).

(4 marks)
Calculate the antenna’s radiated power (in dBm).

(5 marks)
Calculate the antenna’s transmit power (in dBm).

(2 marks)

Calculate the antenna’s Effective Isotropic Radiated Power (EIRP) (in dBm).

(4 marks)
Calculate the power density at the receiver site,

(4 marks)
Calculate the antenna’s received power (in dBm) at the receiver site.

(4 marks)
Calculate the first Fresnel clearance zone.

(4 marks)
With an aid of a suitable diagram, illustrate your answer in part Q3 (i).

(3 marks)
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(k)

™

(m)

(n)

Based on your understanding of the Fresnel zone, explain the effect of the building
present between the transmitter and the receiver on the quality of the system, and
suggest ways to improve the system quality.

(6 marks)
Calculate the free space path loss (in dB) for the system.

(2 marks)
Identify the suitable radio wave propagation mode for the system.

(4 marks)
Conclude what you have learned from your answers in Q3 (a) — (m).

(4 marks)

- END OF QUESTIONS -
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PROGRAMME CODE: BEJ

COURSE NAME : ELECTROMAGNETIC WAVES PROPAGATION COURSE CODE :BEJ31103
Table 1: Transmission line parameters
Parameter Coaxial Two-Wire Parallel-Plate
R’ (Q/m) R, (1 ” 1) 2R, 2R,
2n\a b nd w
7 b h
sk %'" (E) i) 1E 1 1 %
n (d) (d)
G' (S/m) 2no e ow
in(2) in|(3)+ @) -1 s
a "N\d (d)
C' (F/m) Zne i 2
b D Dy? h
In{= e =Y
n(a) n [(d)*'\l(d) 1
where R; = }%
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Table 2: Wave properties for TE and TM modes
TE mode TM mode
5 — Jou (n Y sin (22) Mz | Fy= 2 (M) ycos (2 1Y) gl
E, kg(b)HUCOS( = )sm(b)e Ey 2 (a Eycos )sm(
= _ —jop mr = & _—iB nnyy _j
By~ () Hosin (%) cos (52) e8| By=22 (37) Eysin (727 cos (152) 8-
E,= e RN o~z
z E,= Eocos( )sm 5 )e
- 18 (mn (222 cos (M) etbr | H= L2 (1) Bysi () cos (222) e
iy oz ( = )Hosm cos( e i Eysin = cos( gl L
g =18 (= XY sin (T2 e /B2 H = —iwf( ) (Ex ~jpz
y kg(b)HDcos(a)sm(b)e H, e a)Eocos(a sin b)e
H,= Hycos (ﬂgf) cos (—“y-) e Jpz H. =0
i E » E >
Z =X - 4 -— 1 f}_ — _,E_y — fc
N ) === i)
7

Properties common to TE and TM modes

u m\%  rn\2
=2 T+ T e

a Vi

2
IRC
s S0

B_m

L fey’
“g‘dT/d_m""”“Ji‘(T)
ki =k*-p*=w’pe — ?
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Table 3 (i): List of equations

4 2
7 = (R" + jwl") ﬁ’:T: w.fus
07 [(G'+ joC")
v =JR" +jol) (G + jwC’) o
14 |T| L'C"=pue
SWR =
S =T
_ 1w _ G’ g
w=rc B PTTTE
R Zy= 27,
Ver
T = W] Ziy = Zinlz,=0 = jZotan B 1
=0 Zo + jZ,tanBl
Z V+i2
ot = S0 _ 1Y — T2
= itangl Fave = 27, (d=Ir2
9[-/1 ni 1 % .
Amax = 4 T2 Fave = ERE( ExsHys — EysHys)a,
n=12,. iffr<0 , )
{n=0, 1,2,.. if6:-=0 _ |Exsl? + |Eys A
=2 z
A A 21
' R D | T S
Apin = 4 4 = f Pype - dS
min — ;{ . a = ave
dmax_zn lfdmaxzz & B . 2
_ J‘ f |Exsl® + |yl
2n 4
x=0y=0
Q abd(a® + d?) N
= _Upp
T " 8la (d+ 2b) + ¥(a + 2D)] fmnp =2 1(Z) +(3) +(3)
e VT f101He0¢
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Table 3 (ii): List of equations

Hertzian dipole

o Jlolkn, (e kR
AL ”"( )sina

4 R
_ B
Hy =—
% Mo

G4(6,¢) = 1.5sin?9
l 2
Rrad = 807? (I)
[ 2
Proa = 40m?1y° (I)

1861, ¢18*
= (3)

a="Re \71

Half-wave dipole

£, = 601, cos [(12{) cosB] (e—jkﬂ)

sin @ R
_ E
Mo
T
cos?(5cos @)
2
G4(6, =164 ——————
@) =1 sin% @
Rraa =730
Proq = 36.61,2
151,°
4= R?

General equations

n __EE_Prad_ Rrad
J Ga P; Rrad + Rigss
— L mfuc
where R, = | &

_ PraaGq _ Pt'nGp — ]Esl2 - PTUTAT

47 4nR? T 4mRZ 27 RZA?

2Pssa
Rrqa = TT:_
0
p. = PryrArngpAg
R R2)2

PR—G " ( A )2
Py~ T"R\4nR

81N
k = 1—75"
ferit =9\/Nmax

MUF = fcrit
cosH;

322 ;
A, = e (for short dipole)

A = ED (for any antenna)
EIRP = Py, Gy = PrgyGy
Lp =324+ ZOngka + ZOIngMHZ

dim =J2ht(m) +J2hr(m)

Amay (km) = Jl7ht(m)+ J 17hr (my

Lz (v) = =201 ! 201 wlaiec
kg\V) ® —zUlog——== —20log

UV 2 v

. h 2(d1 + dz) = Zdldz
we Adid, O A(d, + dy)

_ nﬂ.dldz
Ll
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