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Unit 2  

Syllabus: Antenna Fundamentals 

Introduction, network theorems, directional properties of dipole antennas, travelling –wave antennas and 

effect of feed on standing-wave antennas, two –element array, horizontal patterns in broad-cast arrays, 

linear arrays, multiplication of patterns ,effect of earth on vertical patterns, Binomial array, antenna gain, 

effective area.  

 

2.1: Basic Antenna Elements 

The basic antenna elements are as follows: 

1) Alternating Current Element: It is also called Hertzian Antenna. It is basic short linear antenna. It is 

assumed that the current along the length of the antenna is constant. 

2) Short Dipole: It is a li ea  a te a ith a le gth less tha  λ/ . The u e t dist i utio  of sho t dipole 
is assumed to be triangular. 

3) Short Monopole: It is also a li ea  a te a ith a le gth less tha  λ/ , ith a u e t dist i utio  
assumed to be triangular. 

4) Half Wave Dipole: It is a li ea  a te a ith a le gth e ual to λ/ . This a te a is ge e all  e te -fed 

and its current distribution is sinusoidal. 

5) Quarter Wave Monopole: It is a li ea  a te a ith a le gth e ual to λ/ . “u h a te a is fed at o e 
end with respect to ground with sinusoidal current distribution. 

 

2.1.1 Important Properties of Antenna 

Regardless of antennas of any kind, the properties listed below are same for all of them whether they are 

used either as transmitter or receiver. The properties of the antenna are as follows: 

1) An antenna has identical impedance inspite of being used for transmitting or receiving purposes. This 

property is called equality of impedances. 

2) An antenna exhibits identical directional characteristics and patterns whether it is used for 

transmitting or receiving purposes. This property is known as equality, of directional patterns. 

3) An antenna has same effective length inspite of being used for transmitting or receiving purposes. 

This property is called equality of effective lengths. 

 

2.1.2 Isotropic Radiators 

An isotropic radiator is a hypothetical or fictitious radiator, defined as a radiator which radiates energy in 

all directions uniformly. It is also called isotropic source. As it radiates uniformly in all directions, it is also 

called Omni-directional radiator or unipole.  

All the practical antennas are compared with the characteristics 

of the isotropic radiator. Practically all the antennas show 

directional properties i.e. directivity property that means none of 

the antennas radiate energy in all directions uniformly. Consider 

that an isotropic radiator is placed at the centre of sphere of 

radius r as shown in Fig. 2.4.1. Then all the power radiated by the 

isotropic radiator passes over the surface area of the sphere 

given by 4n r2, assuming zero absorption of the power.  

 

Fig. 2.1.5 Isotropic Radiator Placed 

at centre of sphere with radius r 

Then at any point on the surface, the poynting vector P gives the power radiated per unit area in any 

r 

O 
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direction. But radiated power travels in the radial direction. Thus the magnitude of the poynting vector P 

ill e e ual to adial o po e t as the o po e ts i  θ a d φ di e tio s a e ze o i.e. Pθ = Pφ =0. Hence 

we can write, 

 
rP P   …2.1.1 

The total power radiated is given by, 
 

rad rP Pds P ds     
 

 
rP ds   … Pθ=Pφ=0 

Now this redial component Pr is the average power density component which can be denoted as Pavg. 

  2 24 _ 4rad avgP P r where ds surface Area r      
 

 2
2

/
4

rad
avg

P
P W m

r
 … . .  

Where, Prad = Total Power radiated in Watts 

  Pavg = Radial component of average power density in W/m
2 

  R = Radius of sphere in meters 

 

 

2.1.3 Basic Antenna Parameters 

 

(i) Gain (directivity): This is a measure of the degree to which an antenna focuses power in a given 

direction, relative to the power radiated by a reference antenna in the same direction. Units of measure 

are dBi (isotopic antenna reference) or dBd (half- wave dipole reference). The two gain measurements can 

be converted using the following formula: 

dBi = dBd + 2.1 

If the directivity of the transmitting and receiving antennas is known, it is possible to compute the power 

received by the receiving antenna using either of the formulas below: 

When using dB: 

PRECEIVED = PTRANSMITTED + GT + GR + 20log λ  -20log(d) – 21.98 

 

Antenna Gain should be expressed in dBi, wavelength and distances in m and powers in dBm or dBW. 

When using gain ratios and powers in W: 

=
� �2

16�2 2
 

Antenna gains should be expressed as a number, distances and wavelengths in m and powers in W. 

 

(ii) Beam width: the angular separation between the half-point (- dB  poi ts i  a  a te a s adiatio  
pattern. In general, the beam width of the main lobe of the radiation pattern decreases as the directivity 

increases. 

 

(iii) Near field (induction field): Electromagnetic fields created by an antenna that is only significant at 

distances of less than 2D/ from the antenna, where D is the longest dimension of the antenna, are called 

the near fields. 

Near field region: A spherical region of radius 2D/ centered on the antenna. 

 

(iv) Far field (radiation field): Electromagnetic field created by the antenna that extends throughout all 
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space. At distances greater than 2D/ from the antenna, it is the only field. It is the field used for 

communications. 

Far field region: The region outside the near field region, at distances greater than 2D/. 

 

(v) Input Impedance: This is the impedance measured at the antenna input terminals. In general it is 

complex and has two real parts and one imaginary part: 

 

(vi) Radiation resistance: - It represents conversion of power into RF waves (real) Loss resistance – 

represents conductor losses, ground losses, etc. (real) reactance – represents power stored in the near 

field (imaginary). 

 

(vii) Efficiency: It is the ratio of radiation resistance to total antenna input resistance: 

 

=
�

=
�� � +  

  

 

The loss resistances come from conductor losses and losses in the ground. The efficiency of practical 

antennas varies from less than 1% for certain types of low frequency antennas to 99% for some types of 

wire antennas. 

 

(viii) Electrical length: This came up in the section on transmission lines. It is the length or distance 

expressed in terms of wavelengths. 

 

(ix) Bandwidth: These are ge e all  the a ge of f e ue ies o e  hi h the a te a s ste s “W‘ 

remains below a maximum value, typically 2.0 

 

(x) Azimuth and Elevation: These are angles used to describe a specific position in an antenna's radiation 

pattern. Azimuth is a horizontal angle, generally measured from true north. The elevation angle is a 

vertical angle, ranging from 0 degrees (horizon) to 90 degrees (zenith). 

 

(xi) Radiation Pattern: Practically any antenna cannot radiate energy with same strength uniformly, in all 

directions. It is found that the radiation is large in one direction while zero or minimum in other 

directions. The radiation from the antenna in any direction is measured in terms of field strength at a 

point located at a particular distance from an antenna. The field strength can be calculated by measuring 

voltages at two points on an electric lines of force and then dividing by distance between two points. 

Hence unit of the radiation pattern is volt per meter. Generally the field strength is expressed in milli volts 

per meter. The radiation pattern of an antenna is the important characteristic of antenna because it 

indicates the distribution of the energy radiated by an antenna in the space. 

 

(xii) Directional and Omni-directional Patterns: A radiator acting as a lossless, hypothetical antenna 

radiating equally in all directions is called isotropic radiator.  

An antenna with a property of radiating or receiving the electromagnetic waves more effectively in some 

directions than in others is called directional antenna. The radiation pattern of such antenna is called 

directional pattern. When antenna has maximum directivity greater than that of a half wave dipole is 

known as directional antenna. 

 

(xiii) Field Radiation Patterns: 

The field radiation pattern is a 3-dimension pattern. It requires three dimensional representation to 

represent the radiation for all angles of q, and B. A complete three dimensional field radiation pattern for 

maximum radiation of an antenna is as shown in the Fig. 2.1.6(a). To represent field radiation pattern, a 
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spherical co-ordinate system is most suitable. In the Fig. 2.1.3(a) r indicates the distance from antenna 

located at origin to the distant point P. The field intensity at point P is proportional to the distance r. 

The  field pattern consists main lobe in z-direction 

where θ = 0, then minor lobes on the sides and 

nulls between different lobes indicating minimum 

or zero radiation. The pattern consists a small 

lobe exactly opposite to the main lobe which is 

called back lobe. The field radiation pattern can 

be described completely with respect to the field 

intensity and polarization using following three 

important factors: 
 

i) Eθ θ,ф : The θ o po e t of the ele t i  field as 
a fu tio  of a gles θ a d ф e p essed i  V/ . 
 

ii) Eф θ,ф : The ф o po e t of the ele t i  field 
as a fu tio  of a gles θ a d ф e p essed i  V/ . 
 

ii  δθ θ,ф  o  δф θ,ф : The phase angle of both the 

field components. 

Radiation patterns are plotted in polar plots in two 

planes, normally one containing the antenna and 

other normal to it. 

 

Figure 2.1.3(a) 3D representation of Field radiation 

pattern 

These planes are called principle planes and two plots or patterns are called principle plane patterns. 

When the magnitude of the normalized field strength is plotted versus θ with constant ф, then pattern is 

called E-plane pattern or vertical pattern. When the normalized field strength is plotted versus ф for 

θ=π/ , the patte  is alled H pla e patte  o  ho izo tal patte . 
 

(xiv) Power Radiation Pattern: If the radiation pattern in a given direction is expressed in terms of power 

per unit solid angle, the pattern is called power radiation pattern. 

 

(xv) Radiation Intensity [U θ,ф ]: The radiation intensity of an antenna does not depend on the distance 

from the antenna. It is denoted by U. The radiation intensity is defined as power per unit solid angle. It is 

expressed in W/Sr i.e. watts/steradian. 

The radiation intensity of an antenna is defined as, 

U(θ, ф) = r2Pd(θ, ф) 

Then the total power radiated can be expressed in terms of radiation intensity as, 

     2, , sinrad d d

S S

P P ds P r d d              

 2
2

0 0

, sindP r d d
 

 
    

 
      

Let Ω = Sinθdθdϕ be the differential solid angle in steradian (Sr). Then we can write 

 2

0 0

,radP U d
 

 
 

 
    

Thus the radian intensity U(θ,ф) is expressed in watts per steradian (W/Sr) and it is defined as time 

average power per unit solid angle. The average value of the radiation intensity is given by 
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4
rad

avg

P
U   

Using radiation intensity U(θ,ф) we can also calculate normalized power pattern as the ratio of radiation 

intensity U(θ,ф) to its maximum value U(θ,ф)max and is given by 

    max

,
,

,dn

U
P

U

      

(xvi) Directive Gain and Directivity 

An isotropic antenna is the omnidirectional antenna. If the antenna were isotropic i.e., if it were to radiate 

uniformly in all directions, then the power density at all the points on the surface of a sphere will be same. 

The average power can be expressed in terms of the radiated power as 

2
2

/
4

rad
avg

P
P W m

r  

The directive gain is defined as the ratio of power density Pd(θ,ф  to the average power radiated. For 

isotropic antenna, the value of directive gain is unity. 

2

( , ) ( , )
( , )

4

d d
D

radavg

P P
G

PP
r

    


   

Rearranging the terms 
2( , ).

( , )

4

d
D

rad

P r
G

P
  


    
 

The numerator in the above ratio is the radiation intensity while the denominator is the average value of the 
radiation intensity. Hence the directive gain can be written as, 

( , ) 4 ( , )
( , )D

avg rad

U U
G

U P

         

Thus directive gain can be defined as a measure of the concentration of the radiated power in a particular 

direction ( , )  . 

The ratio of the maximum power density to the average power radiated is called maximum directive gain 

or directivity of the antenna. It is denoted by the GD max or D. 

max
max

24

D
rad

P
D G

P

r
   

Alternatively, the directivity can be defined as, 

max max
max

4
D

avg rad

U U
D G

U P

    

(xvii) Resolution: 

The resolution of an antenna is defined as half of the beam width between first nulls. 

Re
2

FNBW
solution   

(xviii) Power Gain: 

It is defined as the ratio of the power radiated in a particular direction ( , )  to the actual power input to 

the antenna. The power gain of the antenna is denoted by ( , )PG   and is given by, 

( , )
( , ) d

P
in

P
G

P

     

The maximum power gain is defined as the ratio of the maximum radiation intensity to the radiation 
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intensity due to the isotropic antenna. 

 
_ _ int

_ int _ _ _ _PMax

Maximum radiation ensity
G

radiation ensity due to isotropic antenna
  

(xix) Antenna Beam width: 

Basically antenna beam width is the measure of the directivity of the antenna. The antenna beam width is 

an angular width in degrees. It is measured on a radiation pattern on major lobe. 

 

(xx) Antenna Gain: 

Gai  of a  a te a is defi ed as The atio  of aximum radiation intensity in given direction to the 

maximum radiation intensity from a reference antenna produced in the same direction with the same 

input. 

 

 

 

 

 

Where φ m = Max. Radiation from Test Antenna 

φm = Radiation Intensity from lossless isotropic Antenna 

 

(xxi) Antenna Efficiency: 

The efficiency of an antenna is defined as the ratio of power radiated to the total input power supplied to 

the antenna. It is denoted by η. 

 

 

 

2.2: Application of Network Theorems to Antennas: 

The properties of transmitting and receiving antennas are related to each other through various antenna 

theorems. By using the following antenna theorems the properties of the receiving antenna can be 

obtained from its properties as the transmitting antenna and vice versa.  

 

2.2.1 The equity of directional patterns: 

Statement: The directional pattern of an antenna as a receiving antenna is identical to that when used as 

a transmitting antenna. 

Proof: 

To measure the directional pattern of an antenna as a transmitter, the test antenna is kept at a centre of  

of very large sphere and the small dipole antenna is moved along 

the surface of this sphere. A voltage V is connected to the test 

antenna placed at the centre of the imaginary sphere and the 

current I flowing in short dipole antenna is measured using 

ammeter at different positions. This current is the measure of 

the electric field at different positions of the dipole antenna. 

Now using the concept of the reciprocity theorem, the positions 

of the voltage excitation and the current measurement are 

interchanged. 

 
Figure 2.2.1(a) Directional Pattern 

measurement for a transmitting 

antenna 

Now the same voltage V is applied to the terminals of the small dipole antenna which is moved along the 

surface of the sphere and the current I is measured in the test antenna located at the centre. Thus the 

receiving pattern for the test antenna can be obtained. But according to the reciprocity theorem, for every 

location of the dipole antenna the ratio of V to I is same as before obtained for the test antenna as a 

transmitting antenna. Thus the radiation pattern i.e. directional pattern of a receiving antenna is identical 

to that of the transmitting antenna. 

Test 
Anten

Small 
Dipole 
Antenna 

V 

0
0

'mG


0

_ _ _ _ _
( )

_ _ _ _ _ _ _ _ _ _

Maximum Radiation Intensity from test Antenna
Gain G

Maximum Radiation Intensity from a reference Antenna with same power input


r

T

W

W
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2.2.2 Equivalence of Transmitting and receiving antenna impedances: 

Statement: The impedance of an isolated antenna used for transmitting as well as receiving purposes is 

identical. 

Proof: 

Consider two antennas A1 and A2, are widely separated. As the antenna A2 is located away from the 

antenna A1, the self impedance of antenna A1 can be written as, 

Self impedance of A1  =  Zs1  =  V1/I1  =  Z11 …2.2.2.1 

 When two antennas are separated widely, the mutual impedance Z12 of the antenna A1 can be 

neglected if the antenna A1 is used as a transmitting antenna. But if the same antenna A1 is used as 

a receiving antenna the mutual impedance Z12 cannot be neglected as it is the only parameter 

indicating coupling between two antennas. So considering load ZL is connected to the antenna A1 used 

as receiving antenna. 

 Similarly the coupling between A1 and A2 is represented with the help of a mutual voltage Z12 I 2 which 

is due to the mutual impedance Z12 and current I2 in the antenna A2.The equivalent circuit of antenna 

used as a receiving antenna is as shown in the Fig. 2.2.2(a). 

 Since the two antennas are separated with a large distance, the variation in the load impedance ZL 

connected to the antenna A1 will not change the current I2 in the antenna A2. Thus the generator of 

value Z12 I2  can be considered as an ideal generator with zero internal impedance providing constant 

voltage at its output terminals. 

 (a) 

Loaded Condition 
 

(b) Open Circuit Condition 

 
(c) Short Circuit Condition 

Figure 2.2.2 Equivalent circuits of a receiving antenna 

Under the open circuit conditions, the voltage measured across terminals 1-  is gi e   

 oc = Z12I2 …2.2.2.2 

Under the short circuit conditions, the short circuit current flowing from terminals  to  is gi e   

 
sc =

Z12I2

Z11

=  Z11  
…2.2.2.3 

Hence the ratio VOC to ISC is called the transfer impedance and is given by 

 oc

sc

=
(Z12I2)

(
Z12I2

Z11
)

=  Z11  

…2.2.2.4 

Under all the three conditions mentioned above, the generator of value (Z12I2) acts as a generator with 

internal impedanceZ11 . Therefore from equation 2.2.2.4 it is clear that the receiving antenna impedance is 

equal to transmitting antenna impedance. 

 

2.2.3 Equality of effective lengths: 

The effective length of an antenna represents the effectiveness of an antenna as a radiator or collector. It 

is defined as the length of an equivalent linear antenna which has current I(0) along its length at all points 

radiating the field strength in direction perpendicular to the length same as actual antenna. The current 

I(0) is the current at the antenna terminals. For the transmitting antenna, 
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  0   =    2−
2

                    =
1 0    2−

2

 
…2.2.2.5 

 

For the receiving antenna, the effective length can 

be defined as the ratio of the open circuit voltage 

developed at the antenna terminals to the given 

received field strength. 

i.e.   = −  …2.2.2.6 

To show the equality of the transmitting and 

receiving effective lengths, let us apply reciprocity 

theorem in figure 2.2.3.2 (a) and (b). 
 

Figure 2.2.3.1 Representation of effective length 

 
(a) Transmitting Antenna 

 
(b) Receiving Antenna 

Figure 2.2.3.2 Representation of prime and double prime situation of antenna 

First consider an antenna used as transmitting antenna. Let Za be the antenna impedance measured at 

the antenna terminals. Assume that voltage V is applied at the antenna terminals, then the current 

produced at the antenna terminals is given by 

  0 = /   

Similarly the current at any point Z along with the antenna is I(z). This is called prime situation. 

Now consider that the same antenna is used as the receiving antenna as shown in the Fig. 2.2.3.2 (b), and 

an electromagnetic field EZ
i  is incident on it. This induces voltage EZ

i  dz in the element dz. As this induced 

voltage is independent of the current through antenna, it can be indicated as an ideal generator of voltage 

EZ
i  dz in series as shown in figure (b). When the antenna terminals (Terminal 1) are short circuited, the 

ideal generator produces current d ISC in the antenna. This is called double prime situation. 

According to reciprocity theorem,  

 

( )
=

  

 
 . .  =

  
( ) 

 

According to the superposition theorem, the total short circuited current at the antenna terminals is the 

sum of currents produced by all the differential voltages along entire antenna length. Therefore 

 
=

1   ( )   …2.2.2.7 

But a o di g to the The e i s theo e , the ope  i uit oltage at the a te a te i als is gi e  , 
  = −  

 

 ∴ = −   ( )   
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 ∴ = − 1

(0)
  ( )   …2.2.2.8 

The negative sign of equation 2.2.2.8 indicates conventional voltage polarities. 

For the incident field ( = ) along the length of the antenna, we can write, 

 
 = −

(0)
  ( )   …2.2.2.9 

Hence 
= − 1

(0)
 ( )   …2.2.2.10 

Hence from equations 2.2.2.5, 2.2.2.6 and 2.2.2.10 it is clear that the effective length of an antenna used 

for receiving purpose is equal to the effective length if it is used for the transmitting purpose. 

 

2.3: Antenna Array: 

 To increase the field strength in a desired direction, group of antennas are excited simultaneously. 

Such a group of antennas are called Array of Antenna.  

 An Antenna Array can be defined as a system of similar antennas directed to get high directivity in the 

desired direction. The antennas connected in the group are called the elements of the Antenna Array.  

 I  ge e al the ele e t i  a  A te a A a  is a λ/  dipole. 
 As the antenna may be used in various configurations, many configurations of antenna array are 

possible. Therefore an antenna array is a radiating system in which individual array elements 

contribute to obtain maximum field strength in a desired direction. 

 

2.4: Point Source: 

 At a sufficient distance in the far field of an antenna, the radiated fields of the antenna are transverse 

and the power flow or Poynting vector (Wm
-2

) is radial as at the point O at a distance R on the 

observation circle in Fig. 2.4.1. 

 It is convenient in many analyses to assume that the fields of the antenna are everywhere of this 

type. In fact, by extrapolating inward along the radii of the circle that the waves originate at a 

fictitious volume less emitter, or point source, at the center O of the observation circle. 

 The actual field variation near the antenna, or "near field," is ignored, and we describe the source of 

the waves only in terms of the "far field" it produces. 

 Our observations are made at a sufficient distance, any antenna, can be represented by a single point 

source. Instead of making field measurements around the observation circle with the antenna fixed, 

the equivalent effect may be obtained by making the measurements at a fixed point Q on the circle 

and rotating the antenna around the center O. This is usually the more convenient procedure if the 

antenna is small. 

 

 
(a)        (b) 

Figure 2.4.1 Antenna and Observation Circle 

 In Fig.(a), the center 0  o f  the antenna is same as the center o f  the observation circle. If the 

center of the antenna is displaced from 0, even to the extent that 0 lies outside the antenna as in Fig. 
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(b), the distance d  between t h e  two centers has a negligible effect on the field patterns at the 

observation circle, provided ≫ , ≫ , ≫ �. However, the phase patterns will generally differ,  

depending on d. If d= 0, the phase s h i f t  around the observation circle is usually a  minimum. 

 As d is increased, the observed phase shift becomes larger. The far field of the point source can be 

satisfactorily specified through the variation of the angle of the power density or the poynting vector 

magnitude i.e. power per unit area from the antenna[  , � ]. In doing so, the vector nature of the 

field can be disregarded, treating the radiation as a scalar quantity. 

 

2.5: Various Forms of Antenna Array: 

Practically various forms of antenna array are used for radiations. Some of the arrays are broadside array, 

End fire array, Co-linear array and parasitic array. 

 

2.5.1 Broad side Array: 

 In broad side array, all the elements are parallel to each other and the direction of maximum radiation 

is always perpendicular to the plane consisting elements as shown in figure 2.5.1(a). 

 A broad side array consists number of identical antennas placed parallel to each other along a straight 

line called Antenna Array Axis. 

 Each of the antennas are perpendicular to the antenna axis and are equall  spa ed  a dista e d  
and all the elements are fed with currents with equal amplitude and same phase. 

 In this arrangement the maximum radiation is in the broadside direction i.e. perpendicular to the line 

of axis of array. The radiation pattern of the broadside antenna array is bidirectional. 

 
(a) Broad side array of antennas 

 

Fig 2.5.1 Broad Side Array Antennas 

 
(b) Broad side array with two isotropic point 

sources with equal amplitude and phase 

 Now consider the two isotropic sources A1 and A2, placed equally around the origin of the co-ordinate 

system with equal amplitude and phase. 

 Let the point P is far away from the origin at a distance r. The wave radiated by the radiator A2 will 

reach to the point P earlier than by A1, because of the path difference. This path difference is given by, 

 
 =  ф …2.5.1.1 

This path difference can be expressed in terms of wavelength as, ∴  = ( /�) ф …2.5.1.2 

The phase angle is defined as the 2� times of the path difference, therefore ∴  = = 2�     

 = 2�[ � ф]  

 =  2��  ф …2.5.1.3 

Now phase shift = =
2�� . Therefore equation 2.5.1.3 can be written as 
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 = ф  …2.5.1.4 

 

2.5.2 End Fire Array: 

 End Fire Array is similar to the Broad Side Array. The difference is in the direction of the maximum 

radiation. In Broadside Array the maximum radiation is in the direction perpendicular to the array axis, 

whereas in End Fire Array, the direction of the maximum radiation is along the axis of the array as 

shown in figure 2.5.2. 

 All the antennas are fed individually with currents of equal magnitudes but their phases vary 

progressively along the line to get the final arrangement unidirectional. Whereas the radiation pattern 

of the broad side array was bidirectional.  

 Therefore the End Fire Array arrangement can be defined as the array with the direction of the 

maximum radiation is same as the direction of the array axis to get the unidirectional radiation. 

 
(a) Top View 

 

 
(b) Front View 

Fig 2.5.2 End Fire Array 

2.5.3 Collinear Array 

 In the collinear array the antennas are arranged co-axially i.e. antennas are arranged end to end along 

a single line as shown in figure 2.5.3. 

 
Axis of Array 

(a) Vertical 

 
(b) Horizontal 

 

Figure 2.5.3 Different types of collinear array 

 In collinear array the individual elements are fed with currents equal in magnitude and phase, as in 

broadside array. In collinear array the direction of maximum radiation is perpendicular to the array 

axis. The radiation pattern of the collinear array has circular symmetry with the main lobe 

perpendicular everywhere to the principal axis, and therefore the collinear array is also called 

omnidirectional array or broadcast array. 

 The gain of the collinear array is maximum if the spacing between the elements is of the o de  of . λ 
to . λ. However this small spacing introduces constructional and feeding problems, therefore the 

elements of the array are operated with their ends very close to each other by connecting the ends by 

an insulator. 

 In collinear array the power gain does not increase in proportion with increase in the number of the 

elements. Therefore a collinear array with more than four elements is not practically used as the 

power gain is not sufficient. Practically two elements collinear array is used as it allows multiband 

operation, known as two half waves in phase. 
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2.5.4 Parasitic Array 

 Parasitic array is the array of the antennas in which the parasitic elements get the power through 

electromagnetic coupling with the driven element which is in proximity with the parasitic element. 

The elements are fed through the radiation from the other nearby antenna. 

 The simplest form of the parasitic array consists of one driven element and one parasitic element. In 

multi-element parasitic array, there may be one or more driven elements and also one or more 

parasitic elements. Therefore in general the Multi-element parasitic array consist of at least one driven 

element and one or more parasitic elements. The common example of the parasitic array with linear 

half wave dipoles is Yagi-Uda Array or Yagi Antenna. 

 The amplitude and phase of the current induced in the parasitic element depends on the spacing 

between the driven element and parasitic element. 

 To make the radiation pattern unidirectional, the relative phases of the currents are changed by 

adjusting the spacing between the elements, called tuning of the array. For spacing between the 

driven and parasitic element equal to λ/  a d phase diffe e e of π/  adia , u idi e tio al patte  is 
observed.  

 

2.6: Array of Point Sources: 

An array of point sources is the array of isotropic radiators occupying zero volume. For more than two 

point sources, the analysis of the antenna array becomes complicated. Therefore the analysis is done by 

considering the two point sources, separated by a distance d and having some polarization. Then the 

results obtained for two point sources can be further extended to  u e  of poi t sou es. 
Co side  a  a a  of t o poi t sou es, sepa ated ith a dista e of d . The pola izatio  of the t o poi t 
sources is assumed to be the same. Now the following conditions are possible with this antenna array. 

(i) Two point sources with currents of equal magnitudes and with same phase. 

(ii) Two point sources with currents of equal magnitudes but with opposite phase. 

(iii) Two point sources with currents of unequal magnitudes and with opposite phase. 

 

2.6.1 Two point sources with currents of equal magnitudes and with same phase 

Consider two point sources A1 and A2 separated by a 

distance d as shown in figure 2.6.1.1. Current the 

current supplied is equal in phase and magnitude. 

 

Consider that point P is far away from the array, and 

the distance of point P is r1 from A1 and r2 from A2. As 

the point P is far away, 

r1 = r2 = r 

The wave radiated by the point source A2 will reach to 

the point P earlier than by A1, because of the path 

difference. This path difference is given by, 

 
 =  ф …2.6.1.1 

 

Figure 2.6.1(a) Two Element Array 

This path difference can be expressed in terms of wavelength as, ∴  = ( /�) ф …2.6.1.2 

The phase angle is defined as the 2� times of the path difference, therefore ∴  = = 2�     

 = 2�[ � ф]  

 =  2��  ф rad …2.6.1.3 
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but phase shift = =
2�� . Therefore equation 2.6.1.3 can be written as ∴ = ф  rad …2.6.1.4 

Let E1 be the far field at point P due to the point source A1 and E2 due to A2. Then the total field is given by 

the addition of the two. then  

 
1 = 0.

−
2  …2.6.1.5 

and 2 = 0 . 2  …2.6.1.6 

E0 is the amplitude of both the field components as currents are same and the point sources are identical. 

Then the total field at point P is given by 

 = 1 + 2 = 0.
−

2 + 0. 2   ∴ = 0(
−

2 + 2 )  

 
= 2 0

(
−

2 + 2 )

2
 

…2.6.1.7 

By trigonometric identity 
( − + )

2
= .  

Therefore from equation 2.6.7 

 = 2 0
2

 …2.6.1.8 

Substituting the value of  from equation 2.6.1.4,  

 = 2 0cos ф
2

  …2.6.1.9 

The above equation represents the total field intensity at point P due to the two point sources with 

current same in amplitude and phase. The total amplitude is 2 0and the phase shift is 
ф

2
. 

The array factor is defined as the ratio of the magnitude of the resultant field to the magnitude of the 

maximum field. ∴ �. . =
      

But the maximum field is = 2 0 . ∴ �. . =
   2 0 =  � � �  …2.6.1.10 

The array factor represents the value of the relative field as a function of �. It defines the radiation 

pattern in a plane containing the line of the array. 

Maxima Direction 

It is clear from the equation 2.6.9 that the value of the field will be maximum when cos ф
2

  is 

maximum i.e. ±1. Therefore the condition of maxima is cos  ф
2

 = ±1. 

Whe  d=λ/ , a d e k o  that β= π/λ, the efo e βd=π. 
Then the condition of maxima is  

  �
2

� = ±1  ∴ 
�
2

� = −1 ±1 = ± � he e = , , ……..  

If n=0, �
2

� = 0  � = 0  

i.e. � = 900   2700 …2.6.1.11 
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Minima Direction 

It is clear from the equation 2.6.1.9 that the value of the field will be minimum when cos ф
2

  is 

minimum i.e. 0. Therefore the condition of maxima is cos  ф
2

 = 0. 

agai  d=λ/ , a d β= π/λ, the efo e βd=π. 
Then the condition of maxima is  

  �
2

� = 0 …2.6.12 ∴ 
�
2

� = −1 0 = ± 2 + 1 �/2 he e = , , ……..  

If n=0, �
2

� =
�
2

 � = 1  

i.e. � = 00   1800 …2.6.13 

Half Power Point Directions 

When the power is half, the voltage or current is 
1 2

 times the maximum value. Hence the condition for 

half power point is given by cos  ф
2

 = ±
1 2

. 

agai  d=λ/ , a d β= π/λ, the efo e βd=π. 

Then  �
2

� = ±
1 2

. …2.6.1.12 

 

i.e. 

�
2

� = −1  ±
1 2
 =

± 2 + 1 �/4 he e = , , …….. 
 

If n=0, 
�
2

� =
�
4

  

 � = ±
1

2
  

i.e. � = 600   1200 …2.6.1.13 

Figure 2.6.1(b) Field pattern of two point source with spacing 

d=λ/  a d fed ith u e ts e ual i  ag itude a d phase 

The field pattern is drawn with ET agai st φ fo  d=λ/ , the  the patte  is idi e tio al a d it is a figu e of 
8, as shown. If this pattern is rotated by 360

0
 about axis, it will represent doughnut shaped space pattern. 

This is the simplest type of broadside array of two point sources and is called broadside couplet as two 

radiations of point sources are in phase. 

 

2.6.2 Two point sources with currents of equal magnitudes and with opposite phase 

Consider two point sources A1 and A2 separated by 

a distance d as shown in figure 2.6.2. Current the 

current supplied is equal in phase but opposite 

magnitude i.e. phase difference is 180
0
. 

With this condition the total field at point P is given 

by 

= (− 1) + ( 2) … . . .  

Assuming equal magnitudes of currents, the field at 

point P due to the point sources A1 and A2 is 

 
1 = 0.

−
2  …2.6.2.2 

Figure 

2.6.2 Two Element Array 

Downloaded from  be.rgpvnotes.in

Page no: 14 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 Page 15 of 25 
 

and 2 = 0 . 2  …2.6.2.3 
 

Then the total field is given by 

 = − 0.
−

2 + 0 . 2   ∴ = 0(− −
2 + 2 )  

 = ( 2) 0

( 2− −
2 )

2
 

…2.6.2.4 

By trigonometric identity 
( − − )

2
= .  

Therefore from equation 2.6.7 

 = 2 0sin 
2
  …2.6.2.5 

Substituting the value of phase angle  

 = ф … . . .6 

 = (2 0)sin ф
2

  
… . . .7 

Maxima Direction 

It is clear from the equation 2.6.2.7 that the field will be maximum when sin ф
2

  is maximum i.e. ±1. 

Therefore the condition of maxima is sin  ф
2

 = ±1. 

Whe  d=λ/ , a d e k o  that β= π/λ, the efo e βd=π. 
Then the condition of maxima is  

  �
2

� = ±1 … . . .8 ∴ 
�
2

� = −1 ±1 = ± 2 + 1 �/2 he e = , , ……..  

If n=0, Then 
�
2

� = ±
�
2
  

 � = ±1  

i.e. � = 00   1800 … . . .9 

Minima Direction 

It is clear from the equation 2.6.2.7 that the value of the field will be minimum when sins ф
2

  is 

minimum i.e. 0. Therefore the condition of maxima is 

 sin  ф
2

 = 0. …2.6.2.10 

agai  d=λ/ , a d β= π/λ, the efo e βd=π. 
Then the condition of maxima is  

  �
2

� = 0  ∴ 
�
2

� = −1 0 = ± � he e = , , ……..  

If n=0, 
�
2

� = 0  

 � = 0  

i.e. � = 900   −900 …2.6.2.11 

Half Power Point Directions 

When the power is half of the maximum value, the voltage or current is 
1 2

 times the maximum value. 
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Hence the condition for half power point is given by equation 2.6.2.7 

i.e. sin  ф
2

 = ±
1 2

. …2.6.2.12 

agai  d=λ/ , a d β= π/λ, the efo e βd=π. 

Then  �
2

� = ±
1 2

.  

i.e. 
�
2

� = −1  ±
1 2
 = ± 2 + 1 �/4 he e = , , ……..  

If n=0, 
�
2

� = ±
�
4

  

 � = ±
1

2
  ∴ � = 600   1200 …2.6.2.13 

Figure 2.6.2 Field pattern for two point 

sou e ith spa i g d=λ/  a d fed ith 
currents equal in magnitude but out of 

phase by 180
0
 

  

Thus from the conditions of maxima, minima and half power points, the field pattern can be drawn as 

shown in figure 2.6.2. As compared with the field pattern for two point sources within phase currents, the 

maxima have shifted by 90
0 

along X axis in case of out of phase currents in two phase source array. Thus 

the maxima is along the axis of the array or along the line joining the two points sources.  

 

2.6.3 Two point sources with currents of unequal magnitudes and with any phase 

Consider the figure 2.6.1(a). Let the two point 

sources are separated by distance d and supplied 

by currents which are different in amplitudes and 

with any phase difference say α. Consider that 

source 1 is assumed to be reference for phase and 

magnitude of fields E1 and E2, which are due to 

source 1 and 2 respectively at the distant point P. 

Let us assume that E1 is greater in magnitude than 

 
Figure 2.6.3 Vector diagrams of fields E1 & E2 

E2 in magnitude as shown in vector diagram in figure 2.6.3.  

Now the total phase difference between the radiations by the two point sources at any far point P is given 

by, 

 =
2�� ф +   …2.6.3.1 

Where  is the phase angle with which current I2 leads current I1 .  

If = 00, then the condition is similar to the two point sources with currents equal in magnitude and 

phase. Similarly if = 1800, then the condition is similar to the two point sources with currents equal in 

magnitude but opposite in phase. Assume value of phase difference   0 < < 1800 . Then the 

resultant field at point P is given by, 

 = 1
0 + 2 = 1 + 2 .   
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∴ = 1(1 +
2

1

)  ∴ Let 
2

1
=  …2.6.3.2 

Note that E1>E2, the value of k is less than unity. Moreover the value of k is given by 0 ≤ ≤ 1. 

Therefore from equation 2.6.7 ∴ = 1[1 +  +  ] …2.6.3.3 

The magnitude of the resultant field at point P is given by, 

   =  1[1 +  +  ]   ∴   = 1 (1 + )2 + ( )2 …2.6.3.4 

The phase angle between the two fields at far point P is given by, ∴ = −1(
1 +

) …2.6.3.4 

 

2.7: n-Element Uniform Linear Array: 

Single beam radiation is necessary for point to point communication at high frequencies. Such highly 

directive single beam pattern can be obtained by increasing the point sources in the array from 2 to n. 

An array of n element is said to be linear array if all the individual elements are spaced equally along a 

line. An array is said to be uniform array if the elements in the array are fed with currents with equal 

magnitudes and with uniform, progressive phase shift along the line. 

Consider a general n element linear and uniform array with all the individual elements spaced equally with 

distance d and all elements are fed with currents equal in magnitude and uniform progressive phase shift 

along line as shown in figure 2.7.1. 

 
Figure 2.7.1 Uniform Linear array of n elements 

 

The total resultant field at a distant point P is obtained by adding the fields due to n individual sources. 

Therefore 

 = 0
0 + 0 + 0

2 + ⋯ + 0
( −1)   ∴ = 0[1 + + 2 + ⋯ +  −1 ] …2.7.1 

Here 

=
2�� ф + =total path difference of the fields from adjacent sources calculated at point P. 

= Progressive phase shift between two adjacent point sources, 0 < < 1800. 

If = 0, we get n element uniform linear broad side array, and if = 1800 , we get n element uniform 

linear end fire array. 

Multiplying equation 2.7.1 by , 
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 = 0[ + 2 + 3 + ⋯ + ] …2.7.2 

Subtracting equation 2.7.2 from equation 2.7.1, 

 − = 0 [1 + + 2 + ⋯ +  −1 ] − [ + 2 + 3 + ⋯ + ]  

  1 −  = 0(1 − ) 

∴ = 0  1 −
1 −   …2.7.3 

Simplifying, 

 = 0  2  −
2 − 2  

2  −
2 − 2     

We know that − − = −2 , then 

 = 0  2

2

  −1
2

 
 …2.7.4 

Equation 2.7.4 indicates the resultant field due to the n element array at distant point P. 

The magnitude of the resultant field is given by 

 = 0  2

2

  …2.7.5 

Phase angle  of the resultant field at point P is given by, ∴ =
 − 1 

2
=

 − 1 
2

ф +  …2.7.6 

Array Factor:  

With = 0,i  e uatio  . .  e o es i dete i ate a d he e D  Hospital ule is appli a le, i  hi h 
numerator and denominator are differentiated separately. 

 →0
= 0 →0

 2

2

 = 0 →0

2 2
1
2 2

= 0  

Therefore the maximum value of ET is nE0i.e. 

 = 0  When = 0  

The maximum value of E is n times the field from a single source. The normalized field is given by 

 

= =

0  2

2

 
0

 

 

 

=
1

. 2

2

=  �   
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It is also called the normalized array factor AF n . 

 

2.8: Array of n-Elements with Equal Spacing and Currents Equal in Magnitude and Phase- Broadside 

Array: 

Consider the n identical point sources carrying current equal in magnitude and phase. The distance 

between the each of the radiators is d. Therefore the maximum radiation will occur in the direction 

normal to the line of array. Such an arrangement is called Uniform Broadside Array. 

Consider a broadside array with n identical radiators as shown in figure below: 

 
Figure 2.8.1 Uniform Broadside Array 

The electric field produced at point P due to an element A0 is given by 

 0 =
  

4� �0

 2

0

 − 0  …2.8.1 

As the distance d between any two elements is very small as compared to the radial distances of point P 

from A0, A1, … An-1, we can assume that r0, r1, r2, … n-1 are approximately same. 

Now the electric field produced at point P due to an element A1 will differ in phase as r0 and r1 are not 

actually same. Hence the electric field due to A1 is given by 

 1 =
  

4� �0

 2

1

 − 1  

But 1 = 0 − ф 

Therefore from equation 2.8.2 

 1 =
  

4� �0
 2

0
 − ( 0− ф)     as 1 ≈ 0  

 
1 =

  

4� �0

 2

0

 − 0 ф  

 
1 = 0

ф …2.8.2 

Exactly similar, we can write the equation for the electric field produced at point P due to element A2 as, 

 2 =
  

4� �0

 2

2

 − 2  

 2 =
  

4� �0
 2

1
 − ( 1− ф)     as 2 ≈ 1  

 
2 =

  

4� �0

 2

1

 − 1 ф  

 
2 = 1

ф  

From equation 2.8.2, substituting the value of E1 

 
2 =  0

ф ф  

 
2 = 0

2 ф …2.8.3 

Similarly the electric field produced at point P due to element An-1 is given by, 
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 −1 = 0
( −1) ф …2.8.4 

The total electric field at point P is given by, 

 = 0 + 1 + 2 + ⋯ + −1  ∴ = 0 + 0
ф + 0

2 ф + ⋯ + 0
( −1) ф  

Let ф = , then the above equation will be, 

 = 0 + 0ejψ + 0ej2ψ + ⋯ + 0ej n−1 ψ   ∴ = 0[1 + + 2 + ⋯ +  −1 ] …2.8.5 

Multiplying equation 2.8.5 by , 

 = 0[ + 2 + 3 + ⋯ + ]  

Subtracting equation 2.7.2 from equation 2.7.1, 

 − = 0 [1 + + 2 + ⋯ +  −1 ] − [ + 2 + 3 + ⋯ + ]  

  1 −  = 0(1 − ) 

∴ = 0  1 −
1 −    

∴ 
0

=

2  −
2 − 2  

2  −
2 − 2   …2.8.6 

We know that − − = −2 , then equation 2.8.6 can be written as 

 
0

=  2

2

  −1
2

 
 …2.8.7 

The exponential term in equation 2.8.7 represents the phase shift. The magnitude of the electric field can 

be written as 

  
0

 = 2

2

 …2.8.8 

 

2.9: Multiplication of Pattern: 

It a  e defi ed as The total field patte  of a  a a  of o  isot opi  ut si ila  sou es is the 
multiplication of the individual source patterns and the patterns of an array of isotropic point sources 

each located at the phase center of the individual source and having the relative amplitude and phase, 

whereas the total phase pattern is the addition of the phase pattern of the individual sources and that of 

the a a  of the isot opi  poi t sou es.  

Let      = Total Field, 

   Ei(θ,ф) = Field pattern of individual source, 

Ea(θ,ф) = Field pattern of array of isotropic point source, 

Epi (θ,ф) = Phase pattern of individual source and 

Epa (θ, ф) = Phase pattern of array of isotropic point source, 

Then, the total field pattern of an array of non isotropic but similar sources is 
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=  Ei(θ,ф) × Ea(θ,ф) ×  Epi θ,ф + Epa (θ, ф)  

 (Multiplication of field pattern) (Addition of phase pattern) 

…2.9.1 

The angles θ and ф represents the polar and azimuth angles. The principle of multiplication of pattern is 

true for any number of similar sources. For two dimensional case, the resultant pattern is given by 

 = 2 0
2

  

 = 2 1
2

 …2.9.2 

or =   .
2

 …2.9.3 

The total field pattern is multiplication of field pattern known as the primary and 
2

 the secondary 

pattern. 

Using Multiplication of Patterns, the patterns of complicated arrays can be drawn just by inspecting the 

elements. The width of the principal lobe and the corresponding width of array pattern are the same. In 

the resultant pattern the number of nulls is sum of the nulls of individual patterns and array pattern. 

 

2.9.1 Radiatio  Patter  of 4 Isotropic Ele e ts Fed i  Phase, spaced λ/2 Apart. 
Let the 4 elements are in a linear array as shown in fig 2.9.1(a), here the elements are placed at a distance 

of λ/  and are fed in phase i.e. = 0. Two isotropic point sources λ/  apart and in phase provides a 

bidirectional pattern as shown in figure (b). Moreover the radiation pattern of two isotropic sources 

spaced λ apart, fed in phase is as shown in figure (c) 

 

 
 

(a) Linear array of 4 isotropic elements spaced 

λ/  apa t a d fed i  phase 

(b) Field pattern of two 

isotropic elements 

spa ed λ/  apa t a d 
fed in phase 

(c) Field pattern of two 

isotropic elements spaced 

λ/  apa t a d fed i  phase 

Figure 2.9.1 Radiation pattern of four isotropic elements fed in phase and λ/  apart 

 

Now consider elements (1) and (2) as one unit say A and consider it to be placed at the center of the two 

points, similarly (3) and (4) as another single unit say B placed at the center of (3) and (4), as shown in 

figure 2.9.2. These two units will have the same radiation pattern as shown in figure (b). 

The units represented by A and B will be separated by a distance λ. Thus the four elements spaced λ/  are 

now replaced by two units spaced λ. 

 

 
Figure 2.9.2 a   isot opi  ele e ts spa ed λ/  
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Figure 2.9.2 (b) Two Unit Array spaced λ apa t 

Now according to the pattern multiplication theory, the resultant pattern can be obtained by multiplying 

the radiation pattern of individual elements to the array of two units spaced λ as shown in figure 2.9.3. 

 

× 

 

= 

 

(a) Unit pattern due to two 

individual elements 

(b) Group Pattern due to 

array of two sources 

 (c) Resultant Pattern 

Figure 2.9.3 Resultant radiation pattern of 4 elements by pattern multiplication 

  

2.10: Effect of Earth on Vertical Pattern: 

When an antenna is not isolated and is close to the earth, the earth has considerable effect on the 

radiation patterns of antenna. The magnitude and phase of the induced currents depends on the 

frequency, the conductivity and permittivity of the earth. Horizontal and vertical antennas situated at the 

earth are shown in figure 2.10.1. 

Figure 2.10.1 Image 

charges & currents 

replace the charges & 

currents induced in the 

conducting plane. 

 
 

The boundary conditions to be satisfied at the surface of perfectly conducting plane are that the 

tangential components of    and the normal component of     must vanish. This implies that    is normal 

and     is tangential at the surface. Charges distribute themselves and current will flow on the earth in such 

a way that these boundary conditions are satisfied. The total electric and magnetic fields are not due to 

the charge and currents on the antenna but due to these induced charges and currents. Thus the fields of 

these antennas are the resultant of the actual and image antenna. The image principal can be used to 

obtain the resultant field. Therefore as far as electric and magnetic fields in the region above the 

conducting plane are concerned, the same result can be obtained with the conducting plane removed and 

replaced with a suitably located image charges and currents as shown in figure 2.10.1. 

The image charges will be the mirror image of the actual charges, but will have opposite sign. The currents 

in actual and image antennas will have same directions for vertical antennas but opposite directions for 

horizontal antennas. 
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As shown in figure 2.10.2 the resultant field is 

made up of direct wave and reflected wave. The 

image antenna is the virtual source of reflected 

wave. The vertical component of electric field for 

incident wave is reflected without phase reversal. 

The horizontal component is assumed to have 

180
0
 phase reversal. 

In image principal the earth is replaced by an 

image antenna situated at height 2h below the 

actual antenna, where h is the height above the 

ground of actual antenna. The field of this image 

antenna is added to the actual antenna to give the 

resultant pattern as shown in figure 2.10.3. When 

a vertical antenna is above the earth its image is 

created by the earth i.e. earth is replaced by an 

image antenna. 

 
Figure 2.10.2 Image antennas as virtual sources for 

the reflected waves 

 

 
(a) Vertical pattern of a horizontal antenna above the earth, obtained by considering the pattern of the 

antenna and its negative image. 

 
Figure 2.10.3 (b) Vertical pattern of a vertical antenna above the earth, obtained by the principle of 

images and the principle of multiplication of patterns 

For vertical antennas, the point source radiators have the same phase and for horizontal antennas 

opposite phase. 

 

2.11: Binomial Array: 

To increase the directivity the array length needs to be increased, however with increase in the length, 

side lobes appears in the pattern. In some special cases side lobes need to be eliminated completely. Such 

pattern can be achieved if the broadside array radiate more strongly from the centre than from the edges. 

Consider the array of two identical point sources spaced �/2 apart as shown in figure 2.11.1. Then the far 

field pattern is given by 

 =  �
2

  …2.11.1 

This pattern has no minor lobes as shown in figure 2.11.1. In case of uniform four element array, the 

resultant pattern shows four side lobes. The secondary lobes appear in the resultant pattern, because the 

elements producing the group pattern have a spacing greater than one half wavelength. 
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So in 4-element array, the elements producing 

pattern are spaced a full wavelength apart. So if we 

reduce the spacing between the two elements to 

one half wavelength then only the primary lobes 

are obtained. The resultant pattern can be 

obtained by using the concept of multiplication of 

patterns. The arrangement is as shown in Figure 

2.11.2 (a). In this arrangement, two 2-element 

arrays are spaced �/2 apart from each other. Such 

array produces increased radiation pattern with no 

secondary lobes. 

 
Figure 2.11.1 Field pattern for two point sources 

with equal amplitude in-phase current 

Here antenna 2 and 3 coincide at the centre as shown in figure (a), therefore it can be replaced by a single 

element carrying double current compared with other elements. Thus as shown in figure(b), the resultant 

array consists three elements with current ration 1:2:1. 

  
(a) 4-elements with �/2 spacing (b) Pattern for 2-element array & 4-element array 

Figure 2.11.2 Array of 4-elements with spacing �/2 producing no secondary lobes 

 

The same concept can be extended further by considering three element array as a unit with a second 

similar array spaced half wavelength from it. This results in 4-element array as shown in figure 2.11.3. In 

this array, the current ratio is 1:3:3:1. 

 
 

Figure 2.11.3 Four Element Array 

If we continue this process, we can obtain the pattern with arbitrarily large directivity and without minor 

lobes. But it is necessary to adjust the magnitudes of the currents, which corresponds to the coefficients 

of the binomial series. This concept was first introduced by John Stone in 1929. The secondary lobes or 

side lobes can be eliminated completely, when the amplitude of the currents in the radiating sources are 

proportional to the coefficients of the binomial series. The coefficients are displayed elo   Pas al s 
triangle, for different number of sources i.e. n in an array. 

 

 

Ta le .  Pas al s t ia gle displa i g oeffi ie ts of the i o ial se ies 

1 n=1 

1 1 n=2 

1 2 1 n=3 

1 3 3 1 n=4 

1 4 6 4 1 n=5 

1 5 10 10 5 1 n=6 

1 6 15 20 15 6 1 n=7 
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In general, the pattern for the binomial array is given by, 

 = −1  �
2

  …2.11.2 

Where n= Number of sources in the array. 

 

2.12: Effective Area or Effective Aperture or Capture Area: 

The concept of Effective area or aperture is best understood by considering an antenna to have an 

effective area or aperture over which it extracts electromagnetic energy from the travelling EM waves. It 

may be defined as the ratio of power received at the antenna load terminal to the poynting vector (Power 

density) in Watts/metre
2
 of the incident wave. 

Thus  

  �    � =
 

    
 

Or � = ≡ �  = � 

Where W = Power received in Watts. 

 P = Poynting vector of incident wave in Watts/m
2
  

 A = Effective Area or Effective aperture in m
2
. 

Let the receiving antenna be placed in the field of plane polarized travelling waves having an effective 

area A and the receiving antenna is terminated at a load impedance 

= +  

If I be the terminal current, then received power 

= 2   

Where  is the load resistance in Ω and =    

Then Effective area A is, 

A = =
2  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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