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Course Description (15 weeks) or Outlines
Subject Week

Fundamental parameters of antenna: radiation patterns, field region, radiation power density, radiation intensity. 1

Fundamental parameters of antenna: directivity, gain, HPBW, bandwidth. 2

Linear wire antenna: infinitesimal dipole. 3 

Linear wire antenna: finite length dipole. 4

Array antenna: array theory, two element array.  5

Array antenna: broadside array, end-fire array. 6

Array antenna: N- element array (uniform amplitude & uniform spacing). 7

Array antenna: N- element array (scanning array). 8

Array antenna: multiplication of patterns, non- uniform amplitude array. 9

Broadband antennas: broadband dipole, folded dipole, microstrip antenna  10

Plane wave: normal incidence. 11

Plane wave: oblique incidence 12

Radio wave propagation. ground wave propagation. 13

Radio wave propagation. troposphere wave propagation. 14

Radio wave propagation. ionosphere wave propagation. 15



38Fundamental parameters of antennas

Radiation pattern:- A graphical representation of the radiation 

properties of the antenna as a function of space coordinates.

Field pattern:- A graph of the electric or magnetic field along a constant radius. 

𝒇 𝜽,𝝓 =
𝑬 𝜽,𝝓

ȁ𝑬 𝜽, 𝝓 𝒎𝒂𝒙

𝒇 𝜽,𝝓 normalized field pattern

Power pattern:- A graph of the received power of a constant radius.

𝑷 𝜽,𝝓 = 𝒇(𝜽,𝝓) 𝟐 𝑷 𝜽,𝝓 normalized field pattern



39Isotropic radiator:- A hypothetical antenna having equal radiation in all direction 

Directional antenna:- An antenna having the property of radiating or receiving electromagnetic waves 

more effectively in some directions than others.

Omni directional antenna:- An antenna having a non directional pattern in azimuth and a directional in 

elevation.

Azimuth plane ( 𝑭 𝝓 , 𝜽 = constant)

elevation plane ( 𝒈 𝜽 ,𝝓 = constant) 



40Radiation pattern lobes 

Side lobes:- A radiating lobe in any direction

other than the intended lobe (usually side

lobes is adjacent to the main lobe).

Radiating lobes:- A portion of the radiation

pattern bounded by the regions of relatively

weak direction intensity.

Back lobe:- A minor lobe in the direction

opposite to that of the major lobe.



491- Linear Wire Antenna

Wire Antennas (Linear or Curved) are some of the oldest, simplest, cheapest,

and in many cases the most versatile for many application.

1- Infinitesimal dipole, Short dipole, current element , 𝑳 ≪ 𝝀 , 𝑳 ≤ 𝝀/𝟓𝟎
The current is assumed to be constant and given by:

𝑰(𝒛) = 𝑰𝒐𝒂𝒛 𝑰𝒐 = 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕

Radiated fields it will be required to determine first 𝑨 (magnetic vector potential)

and then find  𝑬 & 𝑯 at Point(P).

P

𝑬 & 𝑯=??

𝒂𝒓 = 𝒄𝒐𝒔𝜽𝒂𝒛 + 𝒔𝒊𝒏𝜽𝒔𝒊𝒏𝝓𝒂𝒚 + 𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝝓𝒂𝒙

𝑨 is given by the following relation:-

𝑨 =
𝝁

𝟒𝝅


𝒗

Ԧ𝑱

𝒓
𝒆−𝒋𝜷𝒓𝒅𝒗

Ԧ𝒋 =
Ԧ𝑰(𝒛)

𝑨
𝒅𝒗 = 𝒅𝒙 𝒅𝒚𝒅𝒛

𝑨(𝒙, 𝒚, 𝒛) =
𝝁

𝟒𝝅


𝒗

Ԧ𝑰(𝒛)

𝒓 ∗ 𝑨
𝒆−𝒋𝜷𝒓𝒅𝒙 𝒅𝒚 𝒅𝒛



2- Finite length dipole 𝑳 > 𝝀/𝟏𝟎 or 
𝑳

𝝀
> 𝟎. 𝟏

1) Assume sinusoidal current distribution. 

𝑰 = 𝑰𝒎 𝒔𝒊𝒏𝜷
𝑳

𝟐
− 𝒛 𝒛 > 𝟎

𝑰 = 𝑰𝒎 𝒔𝒊𝒏𝜷
𝑳

𝟐
+ 𝒛 𝒛 < 𝟎

2) The current is zero at the ends of the dipole> 3) since the current in the 

z direction, the magnetic vector potential  𝑨 is also in the z direction. 

𝑬 & 𝑯=??

H=
𝑳

𝟐

𝑨𝒛 =
𝝁

𝟒𝝅


−𝑯

𝑯

𝑰𝒆−𝒋𝜷𝑹

𝑹
𝒅𝒛

R = ( r-z cosθ)    for phase     

R = r  for amplitude 

R=r-z cosθ

R = r 

58



Effective aperture :- 66
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𝒁𝑳TV

TL

EMW

Electromagnetic waves

Receiving antenna 

analysis~
𝒁𝑨

𝒁𝑳

𝑹𝑳+j 𝑿𝑳

𝑹𝒓𝒂𝒅+𝑹𝒍𝒐𝒔𝒔

𝑹𝑨+j 𝑿𝑨

emf=V

The aperture A of the antenna can be defined as the ratio of  Received power to the power density of 

incident wave.

Aperture



69Array Theory :-

In many application it is necessary to design antennas with very directive characteristic (very high gain) to meet

the demand of long distance communication.

Antenna array is used when greater directivity is required.

* Assume P is remote from the antenna system 

* for amplitude  
𝟏

𝒓𝟏
=

𝟏

𝒓𝟐
=

𝟏

𝒓

𝑟1& 𝑟2≫ 𝑑* for phase 𝒓𝟏 = 𝒓 −
𝒅

𝟐
𝒄𝒐𝒔𝜽

𝒓𝟐= 𝒓 +
𝒅

𝟐
𝒄𝒐𝒔𝜽

1)  Two element array :-



N-Element linear Array 

(Uniform amplitude and Uniform Spacing):-

• Assume all the element have identical amplitude.

• The progressive phase is 𝜶.

• Assume all the elements are isotropic. 

“ far-field geometry of N-element array of   isotropic sources 

positioned along Z-axis”

Uniform Array:-

An array of identical elements all of identical

amplitude and each with progressive phase is referred

to as a uniform array.

𝑨𝑭 = 𝟏 + 𝒆𝒋𝝍 + 𝒆𝒋𝟐𝝍 + ∙∙∙∙∙∙ +𝒆𝒋(𝑵−𝟏)𝝍

where   𝝍 = 𝜷𝒅𝒄𝒐𝒔𝜽 + 𝜶

A𝑭 = 𝒆 𝒋(𝒏−𝟏)𝝍
N

n=1

=
𝒔𝒊𝒏

𝑵𝝍
𝟐

𝒔𝒊𝒏
𝝍
𝟐

𝑨𝑭𝒏 =
𝟏

𝑵

𝒔𝒊𝒏
𝑵𝝍
𝟐

𝒔𝒊𝒏
𝝍
𝟐

80



97Binomial Array (non uniform amplitude)

For some application a single narrow lobe without minor lobes is desired. It is possible to obtain a pattern with high

directivity and no minor lobes if the amplitude of the sources in the array correspond to the coefficients of Binomial

series. These coefficients are displayed by Pascal's triangle.



105Broad Band Antenna  

The radiation characteristic (such as pattern , impedance , gain …..) are very sensitive to frequency. The degree to which

they change as a function of frequency depends on antenna bandwidth.

For applications that require coverage of a broad range of frequencies such as television reception of all channels, wide

band antenna as are needed.

1- Biconical Antenna

One simplest configuration that can be used to achieve broad band characteristic is the biconical

antenna formed by placing two cones of finite extent together.

The application of a voltage 𝑽𝒊 at the input terminals will produce out going 

spherical  waves, which in turn produce a current I along the surface of the cone.

and voltage V between the cones.

Input impedance.

𝒁𝒊𝒏 =
𝜼

𝝅
𝒍𝒏 𝒄𝒐𝒕

𝜶

𝟒

For free space medium 𝒁𝒊𝒏 = 𝟏𝟐𝟎 𝒍𝒏 𝒄𝒐𝒕
𝜶

𝟒

𝑽𝒊



113Microstrip Antenna (MSA)

Micro strip antenna consist of very thin ( t ≪ 𝝀𝒐 ) metallic strip (patch) placed 

a small fraction of a wavelength ( 𝝀 ≪ 𝝀𝒐 ) above a ground plane.

There are numerous substrates. Their dielectric constants are usually in the range of 𝟐. 𝟐 ≪ 𝜺𝒓 ≪ 𝟏𝟐


