
• The time average Poynting vector (average power density) does not depend on time, and can be written 
as
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Where, average power density is obtained by integrating the instantaneous Poynting vector over one period and
dividing by the period.

E and H fields represent peak values, complex fields 

Avg=0

Instantaneous Poynting vector represents the energy transfer per unit area per unit time of an 
electromagnetic field.



For Isotropic radiator which radiates equally in all directions(not exist but used as reference  to compared with other 
antenna), the power density equal to
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𝑃𝑟𝑎𝑑 = 𝑊𝑟𝑎𝑑 𝑑𝑠

Average power radiated by an antenna (radiated power)



A hypothetical isotropic antenna is radiating in free pace. 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)

Example 1
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(b) Since isotropic:

Prad = wrad*4πr2

=0.03315*4π*1002 =4165.75 watts

Note E depend on r so prad always const and wrad decrease as r increase
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Radiation intensity: defined as
The power radiated from antenna per unit solid angle U(ѳ,𝜙) 
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Example 3
Compute Beam width, Beam solid angle and the power radiated through HPBW for normalized field pattern Fn=sinθ
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Approximation can not be used here 
As it is not one main lobe
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of Prad



Directivity
is the ratio of radiation intensity in a given direction to isotropic radiation intensity

Example 4



Approximated Directivity (by Kraus)
For antennas with one narrow major lobe and very negligible minor lobes, the beam solid angle is 

approximately equal to the product of the half-power beam widths in two perpendicular planes 
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Example 5 
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Example 6

An ideal omnidirectional antenna would have constant radiation in the horizontal plane (θ =90)
and would fall rapidly to zero outside that plane. if power pattern in the vertical plane is
constant out to ±30o from horizontal. find Directivity.
The power pattern expression is then written as:

Directivity of a Sector Omnidirectional Pattern

𝛳=0

𝛳=60 o

𝛳=120 oSolution:
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Example 7 
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Example 8 
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Solution


