


Spherical coordinates
Infinitesimal area on a sphere of radius r 



Plane angle and Solid Angle

One radian defined as plane angle with
Its vertex at center of circle of radius r
And subtend an arc whose length is r

One steradian defined as solid angle with
Its vertex at center of sphere of radius r
And subtend by spherical surface area
Equal to r2

-Number of steradian in sphere=4𝜋
-since dA= r2  sinѳ. dѳ. d𝜙
so      d𝛺= dA/ r2 = sinѳ. dѳ. d𝜙



Fundamental Parameters of Antennas
1- Radiation Pattern  2- Beam-width  3- Radiation Power Density  4- Radiation Intensity 
5- Directivity  6- Antenna Efficiency and Gain    7- Polarization
______________________________________________________________________ 
Some of antenna design factors are the strength of the radiated fields in different 
directions(radiation pattern), total power radiated compared to driven power(radiation 
efficiency), the antenna impedance to be matched to T.L. from feed, bandwidth.

1- Radiation Pattern 
An antenna radiation pattern is defined as a mathematical function or a graphical 
representation of the radiation properties of the antenna as a function of space coordinates.

•Radiation patterns are conveniently represented in spherical
coordinates.
•Defined for the Far Field Region
It is drawn as:
•Field patterns : Normalized |E| |H |

•Or Power patterns: Normalized power |E|2 vs. spherical 
coordinate position.
( normalized with respect to their maximum value).



All three patterns yield the same angular separation between the two half 
power points, ± 38.64, referred to as HPBW

HPBW is the angle between two directions  having radiation intensity equal to 
one half of the beam maximum (measured at plane contains beam maximum)

FNBW   is the angle separated between first nulls in the patterns.



•In most radar systems, low side lobe ratios are very important to minimize false target   
indications through the side lobes.
Minor Lobe - any radiation lobe other than the major lobe. usually represent radiation in 
undesired directions, and they should be minimized. 
Side Lobe - lobes, radiates in unwanted directions. Side lobes are normally the largest of the 
minor lobes.
Back Lobe - the radiation lobe opposite to the main lobe.(occupy hemisphere in direction 
opposite to major lobe)



• Isotropic, Directional, and Omni-directional Patterns

• Definition 1 (Isotropic Radiator). A hypothetical lossless antenna having equal 

radiation in all directions.

• Definition 2 (Omni-directional Radiator). An antenna having an essentially non directional

pattern in a given plane (e.g., in azimuth) and a directional pattern in any orthogonal plane.

• Definition 3 (Directional Radiator). An antenna having the property of radiating

or receiving more effectively in some directions than in others. 



Example 1 For Infinitesimal Dipole

Radiation pattern U/Umax =sin2θ

•To Draw at X-Y plane ( θ= π/2 ,  φ=0-2 π )

Radiation pattern=sin2(π/2 )=1 for all φ values.

•To draw at X-Z plane  (φ=0, θ=0-π then φ=180, θ=0-π)

θ 0 30 45 60 90 120 135 150 180

sin2θ 0 .25 .5 .75 1 .75 .5 .25 0 HPBW=900

FNBW=1800



Example 2

Cos𝜃h   .Cos3𝜃h =√.5
.5 (Cos4𝜃h + Cos2𝜃h )= .707
.5 ( 2Cos22𝜃h -1+ Cos2𝜃h )= .707
LET Cos2𝜃h =X  solve equation  THEN X=.876  so Cos2𝜃h =.876
2𝜃h  =28.74⁰
HPBW= 28.74⁰=.5 radians

Same for nulls  .5 ( 2Cos22𝜃n -1+ Cos2𝜃n)= 0
Cos22𝜃n -.5+ .5Cos2𝜃n= 0   solve   2𝜃n =60⁰ or 180⁰  take the 
smallest for first null.  FNBW= 60⁰=𝜋/3 radians





• 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

Radiation intensity: defined as
The power radiated from antenna per unit solid angle U(ѳ,𝜙) 



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



+

Beam solid Angle:
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 

For radiation intensity
U(𝜃,𝜙) = B0 cos n (𝜃) at 0<𝜃 < 𝜋/2, 0< 𝜙 <2 𝜋 and 0 elsewhere

Kraus’ formula is more accurate for small values of n 
(broader patterns)  (let us take it as n <10 according to table 2.1)

while Tai & Pereira’s is more accurate for large values of n 
(narrower patterns).





First null occurred at 90 max at 0 ,for beam solid angle  𝜃
Changes from 0 to 90 and 𝜙 0-360 to cover 3D beam angle





Antenna efficiency

efficiency is very close to:
• 100% (or 0 dB) for dish, horn antennas, 
or half-wavelength dipoles  with no lossy materials around them
•20%- 70% for Mobile antenna(microstrip) ,losses due to material surround antenna,
and dielectric losses



Gain
• Defined as ratio of radiation intensity in a given direction to radiation 
intensity obtained if accepted power where radiated isotropic.

• Gain does not account for losses arising from impedance mismatches

Absolute Gain
Take into account losses arising from impedance mismatches



example



Bandwidth

defined as the range of frequencies where performance of antenna(antenna 
characteristic as input impedance ,pattern, polarization ,gain, radiation efficiency,…) 
conforms to specific standards (according to antenna application). 



Polarization
defined as trace of the radiated electric field vector (linear, circular, elliptical) along 
the direction of  propagation.






