
RADIATION PATTERNS 

















ISOTROPIC, DIRECTIONAL & 
OMNIDIRECTIONAL 





Fix 𝜃𝜃 = 𝜋𝜋
2
 :  

Non-Directional 
 
Fixed 𝜙𝜙: 
Directional 
 
Net: Omni-
directional 

E-plane: plane 
containing E-field 
vector & direction 
of max radiation.  
 
Also, H-plane 



ANGLES IN 2D & 3D 







RADIATION INTENSITY 
.. it is the power radiated from the antenna 
per unit solid angle 

𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 = ∯𝑈𝑈 𝑑𝑑Ω = ∯𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑑𝑑𝑑𝑑 
𝑑𝑑𝑑𝑑 = 𝑟𝑟2 sin𝜃𝜃 𝑑𝑑𝜃𝜃 𝑑𝑑𝜙𝜙 
⇒ 𝑈𝑈 = 𝑟𝑟2 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 

 

Radiation intensity for an 
isotropic source? 𝑈𝑈0  

Units? 



RADIATION INTENSITY 
.. it is the power radiated from the antenna 
per unit solid angle 

𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 = ∯𝑈𝑈 𝑑𝑑Ω = ∯𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑑𝑑𝑑𝑑 
𝑑𝑑𝑑𝑑 = 𝑟𝑟2 sin𝜃𝜃 𝑑𝑑𝜃𝜃 𝑑𝑑𝜙𝜙 
⇒ 𝑈𝑈 = 𝑟𝑟2 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 

𝑈𝑈 =
𝑟𝑟2

2𝜂𝜂
 𝐸𝐸 2 

 Compute HPBW, FNBW 
for 𝑈𝑈0 = sin3(4𝜃𝜃) 



DIRECTIVITY 

.. the ratio of the radiation intensity in a given direction from 
the antenna to the radiation intensity averaged over all 
directions.  





DIRECTIVITY OF HERTZ DIPOLE 
𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 = �̂�𝑟 𝑆𝑆𝑟𝑟 = 𝑑𝑑0 sin2 𝜃𝜃 /𝑟𝑟2 

 
So, 𝑈𝑈 = 𝑟𝑟2𝑆𝑆𝑟𝑟 = 𝑑𝑑0 sin2 𝜃𝜃 
 
Max radiation along 𝜃𝜃 = 𝜋𝜋

2
, so 𝑈𝑈𝑚𝑚𝑟𝑟𝑚𝑚 = 𝑑𝑑0 

 
So, 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 = ∯𝑈𝑈 𝑑𝑑Ω = 𝑑𝑑0

8𝜋𝜋
3

  
 
Giving max directivity as 𝐷𝐷0 = 4𝜋𝜋 𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚

𝑃𝑃𝑟𝑟𝑚𝑚𝑟𝑟
= 3/2 

 
In general then, directivity as a function of angle is 
𝐷𝐷 = 𝐷𝐷0 sin2 𝜃𝜃 


