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Question 1:                                                                                          [12 M] 
    

i. An antenna has a uniform field E=2V/m (rms) at a distance of l00 m where: 

 
𝝅

𝟔
≤ 𝜽 ≤

𝝅

𝟑
, 𝟎 ≤ 𝝋 ≤

𝝅

𝟐
 with E=0 elsewhere, the antenna terminal current is 3 A (rms), 

suppose antenna operates at l GHz. Find:

a) the directivity of the antenna, 

b) effective aperture and  

c) radiation resistance. 

ii. Show that the directivity for a source with a unidirectional power pattern given by: 

𝑼 = 𝑼𝒎𝒄𝒐𝒔𝒏 𝜽 can be expressed as D = 2(n+l). U has a value only for 

 𝟎 ≤ 𝜽 ≤
𝝅

𝟐
. The patterns are independent of the azimuth angle 𝜑. 

iii. An 875 MHz signal is to be transmitted over a 1 Km distance using antenna with the 

gain of 5dBi (the transmitting and the receiving antennas are identical) the transmitter 

has 1 Watt of power available at the input terminals of the transmitter antenna which 

is perfectly matched. Find the signal strength (Power) at the terminal of the received 

antenna. 

Question 2:                                                                                             [10 M]                     

For the following data: 𝑁 = 3, 𝑑 =
𝜆

3
, 𝛿 =

𝜋

2
 ,find the: 

a) Angles (in degrees) where the nulls of the array factor occur. 

b) Angles (in degrees) where the maximum of the array factor occur. 

c) Angles (in degrees) where the power is half of its maximum. 

d) Angles (in degrees) where the side lobes maxima occur. 

e) Draw the radiation pattern for the array factor. 

Question 3:                                                                                           [10 M]                                         
Estimate the relative field pattern (equation) of an array of two identical isotropic 

point sources along the z axis. where 𝑑 = 𝜆, 𝛿 = 𝜋  

Question 4:                                                                                            [8 M]                                         
Design a rectangular microstrip antenna so that it will resonate at 2 GHz. The 

idealistic lossless substrate (RT/Duroid 6010.2) has a dielectric constant of 10.2 and 

a height of 0.127 cm. Determine: 

a) The practical width that leads to good radiation efficiency. 

b) The effective dielectric constant of the patch. 

c) The effective length of the patch. 

d) The actual length of the patch. 

 

  

(Use:
 𝑼𝒏 = 𝒏ࡱ = ࡱ (𝟏
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Radiation pattern for Question 2: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiation pattern for Question 3: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Radiation intensity
(far field)

U = r 2W

|Directivity
D(θ, φ)

D= U

U0
=4πU

Prad

= 4π

2A

Beam solid angle 2A 2A =
∫ 2π

0

∫ π

0
n (θ, φ) sin θ dθ dφ

n(θ, φ)= U(θ, φ)

| U(θ, φ)| max

Parameter Formula

Infinitesimal area
of sphere

dA = r
2

sin θ dθ dφ Elemental solid
angle of sphere

d2 =sin θ dθ dφ

Average power
density

Wav = 1
2

Re[E ×H∗ ] Radiated
power/average
radiated power

P rad= #
S

Wav · ds = 1
2#

S

Re[E ×H∗ ]· ds

Radiation density
W = Prad

4πr2

Gain G(θ, φ) G = 4πU(θ, φ)

Pin
=e cd

[
4πU(θ, φ)

Prad

]
= e cdD(θ, φ)

P rad = ecdP inAntenna radiation
efficiency e cd

ecd = Rr

Rr + RL

Friis transmission
equation

Pr

Pt

=
(

λ

4πR

) 2

GtGrMaximum
effective areaAem

Aem = ecd

(
λ2

4π

)
D =

(
λ 2

4π

)
G

Aperture
efficiency εap

εap= Aem

Ap
= maximum effective area

physical area

Parameter Formula

Wave impedance
Zw

Zw = Eθ

Hφ

	η = 377 ohms

Parameter Formula Parameter Formula

Infinitesimal Dipole (l ≤ λ/50)

Radiation resistance Rr Rr = η

(
2π
3

)(
l

λ

)2

= 80π2

(
l

λ

)2

HPBW =90 ◦

Small Dipole (λ/50< G ≤ λ/10)

Radiation resistance Rr Rr = 20π2

(
l

λ

) 2

Half-powerbeamwidth HPBW= 90
◦

Half Wavelength Dipole (l =λ/2)

Radiation resistance
Rr

Rr =
η

4π
Cin(2π) 	 73 ohms

Half-power
beamwidth

HPBW = 78
◦

Finite length Dipole (l λ/10)

Electric field intensity

<

Eθ 	jη
I0 e
−

-jβr

2πr


cos

(
βl

2
cos θ

)
−cos

(
βl

2

)
sin θ




Eθ

av

av

U

U

ARRAY FACTOR

amplitude with any phase difference
2 Isotropic Sources with Same 

(E)
n
= cos[ 1

2(βd cos θ +δ) ]

Half-powerbeamwidth

N-ELEMENT LINEAR ARRAY:
UNIFORM AMPLITUDEAND SPACING

where ψ = βd cos θ + δ

(E)
n 	


sin

(
N

2
ψ

)
N

2
ψ




sin
(
N

2
ψ

)
= 0 ➱

N

2
ψ |θ=θn= ±nπ

Nulls

n = 1, 2, 3, . . .

n �= N,2N, 3N, . . .

Maximum

ψ = 0
3 dB point-

N

2
ψ = N

2
(βd cos θ + δ)|θ=θh = ±1 .391

ARRAY FACTOR



Side lobes Maxima
N

2
ψ

(2s+1)
2= ± π

s = 1, 2, 3, . . .

Patch Microstrip Antanna 

𝑾 =
𝒄

𝟐𝒇𝒓

√
𝟐

𝜺𝒓 + 𝟏
 

𝜺𝒓𝒆𝒇𝒇 =
𝜺𝒓 + 𝟏

𝟐
+

𝜺𝒓 − 𝟏

𝟐
[𝟏 +

𝟏𝟐𝒉

𝑾
]

−𝟏
𝟐
 

∆𝑳

𝒉
= 𝟎. 𝟒𝟏𝟐

(𝜺𝒓𝒆𝒇𝒇 + 𝟎. 𝟑)(
𝑾
𝒉

+ 𝟎. 𝟐𝟔𝟒)

(𝜺𝒓𝒆𝒇𝒇 − 𝟎. 𝟐𝟓𝟖)(
𝑾
𝒉

+ 𝟎. 𝟖)
 

 

𝑳𝒆𝒇𝒇 =
𝒄

𝟐𝒇𝒓
√

𝟏

𝜺𝒓𝒆𝒇𝒇
 

𝑳 = 𝑳𝒆𝒇𝒇 − 𝟐∆𝑳 
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Radiation pattern for Question 2: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiation pattern for Question 3: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




