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Solutions Question 3

Assuming free-space propagation conditions and that the antenna is aligned for
maximum gain throughout

e f =9.4 x10° Hz, therefore,

_ X108 o319
T 94ax100 m
e P, =10x10°W
o G =34dB = 1034 = 2512

Question 3(a)

Gain (G): The ratio of the radiation intensity in a given direction to the radiation
intensity that would be obtained if the power supplied to the antenna were radiated
isotropically. It accounts for ohmic losses in the antenna structure.

Directivity (D): The ratio of the radiation intensity in a given direction (usually the
maximum) to the radiation intensity averaged over all directions. It depends solely on
the shape of the radiation pattern.

Effective Aperture (4.): A measure of the effective area of the antenna for intercepting

incident electromagnetic waves. It relates the received power to the incident power
density (B. =S xA,).

Gain vs Directivity: They are related by the radiation efficiency (e), such that G = e D.
If the antenna is 100% efficient, Gain equals Directivity.

Gain vs Effective Aperture: They are directly proportional via the wavelength (1). The
relationship is

4mA,
Question 3b
GA? 5
Ae = E =0.204m

Physical area of dish, 4, given efficiency of the aperture is 60%:

A, )
A= E— 0.339m
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2
Find diameter d, knowing that the cross-section is a circle, A = & (%)

d =0.66m

Question 3¢

Beam angle estimation. Step 1 Calculate directivity.

G 2512
“e 075
Step 2
Directivity D Isotropic area 4mr? 4mr?
irectivity D = _ _
Beam area 2w (0 . 2 (1 — 5
fo fo rsinfdfrde nr?(1 — cos 6)
_ 2
~ (1—cosH)

N.B. The beam area is estimated as a surface integral over a small portion of the sphere,
limited within the beam angle 26.

cosd=1-2/D
6 = 0.035rad = 1.98°
And the beam angle is 26 = 3.96°

Question 3d

Power density at 12 km

r=12x103m

. PG 10x103x2512 2

Power density S = T = am(zxi0n? 0.01388 W/m
= 13 .88 mW/m?

Electric field E = \/21705 = V2 x 377 x0.01388 = 3.23V/m

Magnetic field H = ni =222 = 0.00858 A/m
0
=8.58 mA/m
Question 3e

Step 1. Assume antenna oriented towards vessel for maximum gain. Received power
density at the vessel, as calculated earlier: S = 0.01388 W/m?2.



Step 2. Total power reflected from the vessel = Pp.or = § X 50 = 0.694 W.
Step 3. This reflected power spreads out isotropically (assumption) as it travels back to
the dish, so Power density at dish Sy;sp, = Z—i’; = 3.84 x 1071° W/m?

Step 4: Antenna captures this power depending on its effective aperture
GA?
Ae = E = 0.204 m2

P. = Sysnde = 7.81 X 10711 W = 71 dBm

Master equation would be:
S x50 GA?

ATr? Am

Question 3f
1c _ 1 3x108

_ .2
As a dipole antenna, length is 2= 27 Z1s0x106

Taking the electrical resistivity of copper to be 1.72 x10® Q/m, as in the databook, skin
depth is:

5= |2 = 1.72 X 10°7 — 539 x 10~5m = 5.39
= |nfu (T x 150 x 106 x 47 x 107 =7 Hm

Resistance is approximately pﬁ =172x 1078 x 27r><0.5><10‘i><5.39><10‘6 =1.010Q

=1m

73
73+1.01

Radiation efficiency = = 98.6%

Solutions Question 4

Question 4a

Capacitance per unit length is approximately (as given in lectures):

w + 2d
C =

d ST 80

Also note

— =— =159 x10%m/s

h
m|"‘
™M

s

q

3

4

R
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assuming y, = 1 as non-magnetic

(1
Inductance per unit length is

1

I =
v2C

)

Combining with (1) and (2) with Z, = \/%

,_b_ |1 _1_v&1 d _ 1 d _ .
07 € (v2C?  vC T ¢ gegwH2d cegE W+ 2d

Solving for w gives

1
W=————2d= — 2 =2mm
Zocgg\er 50 X ¢ X &5 X V/3.55

Question 4b
Z, =75+ j20Q

ZOZSOQ
Z,—Zy 75+ j20-50 25 + j20

T = = =
Z, +Z, 75+ j20+50 125 + j20

= 0.2200 + j0.1248 = 0.259229.6°

RL = 20 log10(0.253) =11.9 dB (could also read this off the Smith Chart)

Students who used the Smith chart method, with Z} yorm = 1.5 + j0.4 Q, obtained

sufficiently accurate numerical answers and were awarded full marks.

Question 4¢

Parti

1. Normalise the impedance to 50 Q, i.e. 0.4 —j 0.8



2. Series Inductor (L): Add series reactance to move from 0.4 — j 0.8 to the circle
where g =1. (or G =1/50 S).

3.Shunt Capacitor (C): Add shunt susceptance to cancel the imaginary part and
reach the centre.

NT (G/Ys

Part ii
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U
0

N

Using the Q-factor method

= |20 1=1.225
Q= 20 o

Required series reactance Xiprq; = Q X Rjoy, = 1.225 X 20 = 24.50Q

Inductor X; = 24.5 — (—40) = 64.5Q therefore L = %’; = 4.19 nH

Required shunt susceptance B = - ¢ % = 0.0245S therefore X, = 40.8Q
high
therefore C = 224° — 159 pF
2nf

Using Smith chart method:

1.Normalise the impedance to 50 Q, i.e. 0.4 —j 0.8

2. Series Inductor (L): Add series reactance to move from 0.4 — j 0.8 to the circle
where g = 1. (or G = 1/50 S). This requires an additional j0.8 + j0.5 of series
reactance.

So, a normalised series reactance of j0.8 +j0.5 = j1.3 must be added.
In terms of actual reactance, it is 50 X 1.3j = 65] Q
In terms of inductance, it is 65 /o = 4.2 nH

3.Shunt Capacitor (C): Add shunt susceptance to cancel the imaginary part and
reach the centre. This requires an additional 1.25j susceptance.

So, a normalised shunt susceptance of 1.22j must be added. This corresponds to 1/1.22 =
-0.82j shunt reactance.

In terms of actual reactance, -0.82j corresponds to 41j Q reactance.

In terms of actual capacitance, it is 1/(41 ®)=1.6 pF.



Question 4d
Match 12.5 Q to 50 Q.
(1)
Zr =V50x 12.5 = 25 Q)

y c 3x108

(i) I=7= 4fVE,  4x245x109V355 16.2 mm

Question 4e

A patch antenna will normally radiate linearly polarised radiation. It is normally
designed to be of dimension 4/2 where the wavelength is that in the PCB material. A
notch allows reflection of propagating waves within the patch at a 90° angle, which
creates the emission of radiation of the opposite polarisation. The phase difference
between the two propagating waves must also be 90° for circularly polarised radiation to
be emitted. The coupling between the two modes must be equal, otherwise the radiation
will be elliptical.
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