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Outline

• Radiation problem for 
extended antennas

• Field regions
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5

Extended antennas

Is it possible to simplify the expressions 
of the fields, possibly via proper 

approximation of the vector potential A?
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When the antennas are small with respect to the wavelength and to the 
distance from the observation point
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For all the antennas, if the distance from the observation point is 
sufficiently large
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Radiation problem for extended 
antennas
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Fraunhofer region

      ˆ
r rj A iw     E r A r r

  

   r̂i  H r E r
 

    ˆ, ,
4

j r

r r

j e
M i

r

w    


    M

Extended antennas & Fraunhofer region

the e.m. field propagates along r̂i

|E| and |H| are proportional through 

|E| and |H| exhibit the decaying factor 1/r

the e.m. field lies on the plane
orthogonal to the propagation direction
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Field regions

• Far-field (Fraunhofer) region is defined as “that region of the
field of an antenna where the angular field distribution is
essentially independent of the distance from the antenna. If
the antenna has a maximum overall dimension D (D>λ), the
far-field region is commonly taken to exist at distances greater
than 2D2/λ from the antenna, λ being the wavelength”.

• In this region, the field components are essentially transverse
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Fraunhofer region
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where

is the input current at the antenna input terminals 
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Field regions

Fresnel region
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Fresnel region
• Radiating near-field (Fresnel) region is defined as

“that region of the field of an antenna between the
reactive near-field region and the far-field region.”

• The inner boundary is taken to be the distance R ≥
0.62 sqrt(D3/λ) and the outer boundary the distance
R < 2D2/λ where D is the largest dimension of the
antenna. (D is meant to be greater then λ)
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Field regions

The space surrounding an
antenna is usually
subdivided into three
regions: (a) reactive near-
field, (b) radiating near-
field (Fresnel) and (c) far-
field (Fraunhofer) regions
as shown in Figure.


