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Remember (Solid angle & Directivity) 
Power density  
Radiation intensity and Radiated power 
Beam efficiency 
Gain 
Radiation Resistance 
Effective and Physical Aperture 
Frris Transmission equation 
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2 - Power density  
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Example (1) 

A hypothetical isotropic antenna is radiating in free-space. At a distance of 
100 m from the antenna, the total electric field (Eθ) is measured to be 5 
V/m. Find the  
(a) Power density (Wrad)  
(b) Power radiated (Prad) 



3- Radiation intensity and Radiated power 



Radiation intensity and Radiated power 
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Example (2) 

The radiation intensity of antenna is given by U=BoCosθ. U exists only in the upper 
hemisphere, Find  

The exact directivity , The approximate directivity , The decibel difference. 

U =Un =Pn =Cosθ. 
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We calculate θmax  (Cosθmax =1) at θmax = 0o , 
We calculate θh  ( Cosθh= 2

1 ) θh=60o 

θHP = 2*|θmax-θh| = 2*|0o -60o | = 120o 
so : Dapprox. = 2)(
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(c) Decibel difference = 10 log 
86.2
4  = 1.46db. 

 



Example (3) 
The power radiated by a lossless antenna is 10 watts. The directional characteristics of 
the antenna are represented by the radiation intensity of  
U=Bocos3θ (watts/unit solid angle) (0≤θ≤π/2, 0≤φ≤2π) 
Find the 
(a) Maximum power density (in watts/square meter) at a distance of 1,000 m (assume 
far-field distance). Specify the angle where this occurs. 
(b) Exact Directivity of the antenna (dimensionless and in dB). 
(c) Exact Gain of the antenna (dimensionless and in dB). 



4- Beam efficiency 



Beam efficiency 



5- Gain 
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Example (4) 

A lossless resonant half-wavelength dipole antenna, with input impedance of 73 
ohms, is connected to a transmission line whose characteristic impedance is 50 
ohms. Assuming that the pattern of the antenna is given approximately by 
U=Bosin3θ. Find the maximum gain and maximum absolute gain of this antenna. 



6- Radiation Resistance 



Radiation Resistance 



Radiation Resistance 

2
4

2

),(2
2

oo

total
rad

rad
I

dU

I
PR

 
 



2 280 ( )radR   For Infinitesimal 
Dipole 

For Short Dipole 2 220 ( )radR   



Example (6) 
An isotropic antenna has a field pattern given by E=10 Io /r V/m, 
where I is the amplitude of current, r is distance (m), find Rr. 
repeat for hemisphere antenna. 
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Example (5) 

Find Rr of a unidirectional pattern of antenna with U=8Sin2θ 
Sin3φ wsr-1, where 0≤ θ ≤ Π & 0≤ φ ≤Π. If Irms=3A. 

Prad=    
0 0

Ud =   

0 0

32 *)8(  ddSinSinSin  = I 2Rr 

Rr = 1.6 Ω 
 



7- Effective and Physical Aperture 
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Example (7) 

If the aperture efficiency of an antenna is 0.7 and the beam 
traveling at 6 GHZ. Calculate the directivity, HPBW, and FNBW                       
(approximately). Given circular aperture of diameter 3 meter. 

D = emA**4
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Example (8) 

What is the maximum effective aperture (approximately) for a 
beam antenna having HPBW of 30º & 35º in perpendicular planes 
intersecting in the beam axis? Minor lobes are small and may be 
neglected. 

D = emA2
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8- Frris Transmission Equation 



Frris Transmission Equation 
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Example (9) 

What is the max? Power received at a distance of 0.5 Km. over 
a free-space 1GHZ circuit consisting of a transmitting antenna 
with 25dB gain and receiving antenna with 20dB gain? The gain 
is with respect to a lossless isotropic source. The transmitting 
antenna input is 150W.  
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C = 3*108/1*109=0.3m. 
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Next Lecture 

Ch(2): Antenna parameters (Cont.) 
Polarization 

Ch (3) : Point Sources 

Dr. Moataz Elsherbini 
motaz.ali@feng.bu.edu.eg 




