RADIATION PARAMETERS
Lecture notes are from the text book (Constantine Balanis).
RADIATION PATTERN
A mathematical function or a graphical representation of the radiation properties
of the antenna as a function of space coordinates.
It is calculated in general in the far- field region.

RADIATION PROPERTIES












Radiation Power density
Radiation Intensity
Field Strength
Directivity
Isotropic, Omni-Directional, Directive Patterns
Gain
Antenna Efficiency
Half-power beam- width (HPBW)
Bandwidth
Polarization
Impedance

Often the field and power patterns are normalized with respect to their maximum
value which are the normalized field and power patterns. Usually the power
pattern is plotted on a logarithmic scale.

SPHERICAL COORDINATES
A convenient 3D Coordinate System for the radiation pattern can be seen in the
figure.

Most of the time radiation pattern of concern is measured on the surface of a
constant radius. The surface of the sphere with radius r is:
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A graph of electric field (or magnetic field) on a constant radius surface is called
an amplitude field pattern. Two dimensional plots of the 3D fields are also useful.
i.e. pattern as a function of  for particular  or vice versa.

ISOTROPIC, OMNIDIRECTIONAL and DIRECTIVE PATTERNS
Isotropic Pattern:
An isotropic radiator is defined as “a hypothetical lossless antenna having equal
radiation in all directions”.

Isotropic Radiation Pattern
In reality this antenna cannot exist. But it is used to compare real antennas to each
other.

Omnidirectional Patterns
An Omnidirectional Antenna is an antenna having uniform radiation in one plane.
i.e. non-directional in the azimuth plane (  
plane (   constant ).


) and directional in the elevation
2

Directional Pattern:
A directional antenna is one “having the property of radiating or receiving
electromagnetic waves more effectively in some directions than in others. Hence,
directional pattern.

RADIATION PATTERN LOBES
Various parts of the radiation pattern are known as LOBES, which are classified as





Main (Major) Lobe
Minor Lobes: The radiation in undesired directions and should be minimised.
Side Lobes
Back Lobes

Figure 2-3(a) shows a three dimensional polar radiation pattern.

Fig. 2.3(b) A linear two-dimensional radiation pattern

Components in the Amplitude Pattern:
The electric field intensity in terms of the spherical components:

E  Er aˆr  E aˆ  E aˆ
In the far field (at distances that are large compared to the size of the antenna
and the size of the wavelength), Er component is vanishingly small.

Near Field:
High content of non-propagating stored energy near the antenna.

Radiating Near Field (Fresnel):
 The distances larger than 0.62 D3 /  and less then
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 Fields do not yet form a spherical wavefront, thus fields vary with distance.
 Region where the near-field measurements are made.
Far Field (Fraundhofer):





Do not vary with distance,
Electric and magnetic fields are in phase,
Real Power,
Propagating energy,

 Far field distances are commonly taken greate than
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from the antenna.

Where D is the maximum distance of the antenna and  is the wavelength.

Variation of the Field patterns of parabolic reflector as a function of radial
distances:

It can be observed that the pattrens are almost identical. (See Balanis for the
reference p.p.34).

Radian and Steradian
The measure of the plane angle is a radian.

The measure of the solid angle is a steradian. One steradian is defined as the solid
angle with its vertex at the center of radius r.

RADIATION POWER DENSITY

Electromagnetic fields are used to transfer information from one point to another
point through wireless medium or a guiding structure. Instantaneous Poynting’s
vector associated with electromagnetic waves is defined as:

W  r ,t   E  r ,t  X H r ,t 

W / m 
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Since the Poynting’s vector is a power density ( W / m 2 ), the total power crossing a
closed surface S is:
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Where  is the total instantaneous power.
For the time-varying fields the average power can be obtained by integrating the
instantaneous Poynting’s vector over a period and dividing by the period.
For time-harmonic variations it is convinient to represent fields by their phasor
representations:

( x, y, z, t )  Re  E  x, y, z  e jwt 
( x, y, z, t )  Re  H  x, y, z  e jwt 
Using the identities:
1
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Since
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The average power density:

1
Wav ( x, y, z )  Re  EXH * 
2

(W / m 2 )

The average power radiated by an antenna can be written as:

Prad  Pav 

1
Re  EXH *  .ds

2S

The observations are made on a large sphere of constant radius extending into
the far field.

RADIATION INTENSITY
Radiation intensity in a given direction is defined as the power radiated from an
antenna per unit solid angle. It is a far field parameter which is mathematically
expressed as:

U  r 2Wrad (W/unit solid angle(steradian))

The radiation intensity is also related to the far-zone electric field of an antenna,
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Where

E  r , ,  : The-far zone electric field intensity of the antenna.

E , E : The far-zone electric field components of the antenna.
 : Intrinsic impedance of the medium.

The total power is obtained by integrating the radiation intensity over the entire
solid angle 4 :

Prad   Ud  
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Where
d  element of solid angle
 sin  d d

For the isotropic source, U will be independent from  and  .
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DIRECTIVE GAIN, DIRECTIVITY, GAIN
Ratio of the radiation intensity in a given direction from the antenna to the
radiation intensity averaged over all directions is directivity or directive gain.
D

U 4U

U o Prad

If the direction is not specified, it implies the direction of maximum radiation
intensity:

Dmax  Do 

U max 4U max

Uo
Pmax

Where,
D : Directivity (dimensionless), directive gain
Do : Maximum directivity (dimensionless)

U: Radiation intensity (W/unit solid angle)
U max : Maximum radiation intensity (W/unit solid angle)
U o : Radiation intensity of the isotropic source (W/unit solid angle)

Prad : Total radiated power (W).

 Half-power beam-width (HPBW or -3-dB beam-width): The angular beamwidth at the half-power level. The half power occurs at those angles  and 
for which E ( , ) 

1
 0.707 .
2

1
( 10log10    3dB )
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 FNBW: The beam-width of the first nulls.

Example: Three and two dimensional patterns (linear patterns) of
U ( , )  cos 2  cos 2 3 are given in the following figure. Show that the HPBW is
28.740 and the FNBW is 60 0 .

Linear-dB

