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How can an antenna be made 

more intelligent?

(1) Adding more elements .

(2) Design to shift signals at each of the
successive elements .

This basic hardware and software concept is
known as the phased array antenna.
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Antenna Arrays

After completion of this chapter we will

be knowing the
ÁAntenna arrays and types

ÁWith different possible configurations

ÁN-element array and its AF

ÁCharacteristics of arrays

ÁBinomial array 

ÁPhased Arrays



Antenna Arrays 
ü Introduction:

ÁArrays, types of arrays

ÁFactors influencing the antenna parameters

ü 2-element array: different cases

ü Principle of pattern multiplication:

ÁExamples

ü N-Element uniform linear isotropic arrays:

ÁBroad side

ÁEnd-fire & EFA with increased directivity

ÁDerivation of characteristics

ÁDirectivity & Design relations (no derivations)

ÁProblems on Antenna arrays

ü Concept of Scanning or phased arrays 

ü Binomial arrays

ü Arrays with Parasitic Elements:

ÁYagi-Uda Arrays, (3-elements, 5 -elements)

ü Folded Dipoles and their characteristics



Five-hundred-meter Aperture Spherical Telescope 

(FAST)



üWith a single dish measuring about 30

soccer fields in area nestled in the remote

mountains of Guizhou province ,

üThe five -hundred -metre aperture spherical

telescope (FAST) will not only grant access

to hitherto unseen parts of the cosmos, but

also pick up extremely faint radio signals

generated by intelligent life in outer space

if it reaches out to make contact .







Antenna Arrays - Introduction
ÅAntenna arrays are a

configuration of multiple

radiating elements in a

geometrical order .

ÅAntenna arrays are an

efficient way to freely change

the pattern of an antenna,

making it more directive and

therefore increasing the gain .

ÅElectronically adjusting the

excitation of individual

elements leads to a phased

(scanning) array, which

enables greater degrees of

freedom .



Antenna arrays

Á Array or group of elements (isotropic or non-isotropic,
identical or non-identical, similar or dissimilar antennas)
oriented similarly or dissimilarly to get enhanced or
improved parameters by the phenomenon called
electromagnetic wave interference

Á Individual antennas are called elements and the
combination is an array

Á Antennas or elements can be combined to achieve
desired ( or improved) directional characteristics at the
same operating conditions

Á Individual antennas are called elements and the
combination is an array

Á Allows shaping of radiation pattern

ðNarrow beam

ðLow side lobe

ðHigher gain & directivity



Factors that can alter the shape of resulting radiation pattern

In an array of identical elements, there are five controls that

can be used to change the shape of the resulting radiation

pattern :

ÁThe geometrical configuration of the overall

array( ie.,linear, circular, rectangular or spherical)

ÁThe relative displacement between the elements

ÁExcitation magnitude of the individual elements

ÁExcitation phase of the individual elements

ÁThe relative pattern of the individual elements



Arrays classification
Antenna arrays can be

Antenna 

arrays

Non-Linear 

Antenna 

arrays

Linear 

Antenna 

arrays

Uniform 

Linear 

Antenna arrays

Non-Uniform 

Linear 

Antenna arrays

Uniform 

Non-Linear 

Antenna arrays
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Non-Linear 

Antenna arrays

Equal 

magnitude 

and same 

spacing 

Un Equal 

magnitude 

and same 

spacing 

Equal 

magnitude 

and different 

spacing 

Un Equal 

magnitude 

and different 

spacing 



Types of Arrays

Linear(with equal inter element
spacing), Non-linear, Uniform(fed with a
current of equal magnitude), Non-uniform

Broadside: maximum radiation at right
angles to main axis of antenna

End-fire: maximum radiation along the
main axis of antenna

Phased: all elements connected to source

Parasitic: some elements not connected to
source(they re-radiate power from other
elements)



Various Form of Antenna Array
Á Broadside Arrays

Á End-fire Array
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Various Form of Antenna Array
Á Collinear Arrays

ÁParasitic Arrays

Antenna

Array Axis

Vertical Antenna 

Arranged collinearly
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Array of two isotropic point sources

If we use two point sources in an array based
on factors that can change the shape of the a
resulting radiation pattern, we have 5-
different cases:
üTwo isotropic point sources fed with a current of equal

magnitude and same phase.

üTwo isotropic point sources fed with a current of equal
magnitude and opposite phase

üTwo isotropic point sources fed with a current of equal
magnitude and in phase quadrature

üTwo isotropic point sources fed with a current of equal
magnitude and with random phase

üTwo isotropic point sources fed with a current of un-equal
magnitude and same phase
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Different cases in input and output fields
S.

No

case i /p

current

o/p field o/p field expression Resultant field at 

distant point P

1 Equal

magnitude

and same

phase

I1 and I2 E1 and E2

2 Equal

magnitude

and

opposite

phase

-I1 and I2 E1 and E2

3 Equal

magnitude

and in

phase

quadrature

phase

I1 and I2 E1 and E2

4 Equal

magnitude

and random

phase

I1 and I2 E1 and E2

5 Un-Equal

magnitude

and random

phase

I1 and I2 E1 and E2
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Two isotropic point sources fed with a current 

of equal magnitude and same phase .
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Then the resultant field at point from r is 
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Two isotropic point sources fed with a current 

of equal magnitude and opposite phase
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Then the resultant field at point from r is 
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Two isotropic point sources fed with a current 

of equal magnitude and in phase quadrature
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Then the resultant field at point from r is 
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With reduced spacing between elements;
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Two isotropic point sources fed with a current 

of equal magnitude and with random phase
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Then the resultant field at point  P from r is 
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Then the resultant field at point  P, from a distance r by taking 

different possible values is ,

And hence case IV is called general case of two element 

isotropic point sources.
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Two isotropic point sources fed with a current 

of un-equal magnitude and random phase
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Then the resultant field at point from r is 
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Non-isotropic but similar point sources
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Note: Similar antennas means, the variation with absolute angle Ø of both

amplitude and phase of the field is same. The maximum amplitudes of individual

sources may be un equal . However, if the amplitudes of individual sources are

equal , then these point sources are said to be similar and identical



Then the resultant field at point from r is 
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Therefore the resultant normalized field component from an
array, at a point P is..

It is observed that the result is same as obtained by
multiplying the patterns of individual source (ie.Sin ø;
which is non- isotropic) by the pattern of two element

isotropic point sources( case-I; ie. Cos [ )

If the similar but un equal magnitude point sources of case
ðV have the patterns given by ;

Here, the result is same as obtained by multiplying the
patterns of individual source by array of isotropic point
sources
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Principle of pattern multiplication

The field pattern of array of non isotropic but similar point

sources is the product of individual source and the pattern

of array of isotropic point sources having the same locations,

relative amplitudes and phase as the non isotropic point

sources.

This principle may be applied to array of any number of

point sources, provided that they are similar .

Array pattern

of 

non isotropic

Array patternPattern of 

individual source X

of 

non isotropic

of 

isotropic

=



Pattern multiplication example -1

Array pattern Total Array 

pattern

Pattern of 

individual 

source 
X =

X =

of 

non isotropic

of 
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of 

isotropic
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Pattern multiplication example -2

Array pattern
Total Array 

pattern
Pattern of 

individual source X =

X =

of 

non isotropic

of 

non isotropic
of 

isotropic
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ÁThe applications illustrates two applications of the principle

of pattern multiplication .

Á If the arrays in the above examples are parts still longer

arrays, the smaller arrays may be regarded as non-isotropic

point sources in larger array.

Á In this way the principle of pattern multiplication can be

applied toònótimes to find the patterns of arrays of arrays .

source
sources

smaller 

arrays arrays Larger 

arrays



Array of non -isotropic and dissimilar point 

sources
If the sources are dissimilar, this principle of pattern

multiplication is no longer applicable and the fields of the

sources must be added at each angel ø for which the total

field is calculated .

Thus, for two dissimilar point sources 1 and 2 situated on the

x-axis with source 1 on the origin and source 2 is separated

by a distance ôdõ.

Let ,be the field component from source 1 and

,be the field from source 2, whose

amplitude and phase are different

Then the total field is given by
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Which can be re written as;

Where; 

is the excitation magnitude and is constant

is relative phase of source 2 to source 1

is relative field pattern of the individual source 1

is the phase pattern of the source 1

is the relative field pattern of the individual source 2

is the phase pattern of the source 2
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Linear array of n - element isotropic point sources fed 

with a current of equal magnitude and spacing

Let us now proceed to the case of n isotropic point sources of 

equal amplitude and spacing arranged as shown in below 

figure, which is a linear..
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The total field E at a larger distance in the direction of ø is 
given by 

Where

; the total phase difference

; phase difference between adjacent sources

With E0 normalised(unity amplitude for all elements), the field 
component then given by;

Thus at a distant point in the direction of ø, the field from 
source 2 is advanced in phase wrt source 1 by and the 
field from source 3 is advanced in phase wrt 1 by 2 (where 
as  wrt 2, it is    ) etc..
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Multiplying above equation 1 by

Now subtracting eq. 2 from eq. 1. we have 

Now, equation 3 can be rewritten as., 
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Let ; phase in the resultant pattern from the 

source 1.  

If the phase is referred to the centre point of the array, then the 

eq.5 becomes;
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This pattern is a step function, when ; the above
equation is indeterminate . So that for this case, E must be
evaluated by taking and hence from the Hospitalõs
principle ;

This is the maximum value that E can attain. Hence normalised 
value of the total field for Emax is ;

The field given by above equation is referred as the òarray 
factoró, for n-element linear array.
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We may conclude that, the field from the array will be a

maximum in any direction ø for which . Stated in other

way , the field from the other sources all arrive at a distant

point in the same phase when In special case

for any value of ø and in this case , the field is usually a

maximum at the minimum value of .

To illustrate some of the properties of the linear arrays, several

special cases will be studied with its resultant patterné

1.Broad Side Array( ) ie.. BSA

2.End Fire Array( ) ie.. EFA

3.Hansen Woodyard Array( )ie..

End Fire Array with increased Directivity
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rdwithandfor >== dfy 00max;0

The three parameters are to be considered for improving directional properties of 

N- element linear array 



Broad Side Array
Á Broadside Arrays

d d d d dd

2 3 4 5 61 7

Antenna

Array Axis

In a linear array of n isotropic sources of equal 

amplitude and same phase,  

At , we have maximum field from the array. To make

Requires that where k=0,1,2,3éé  

occurs at odd multiples of      ie.. the maximum field in a 

direction normal to the axis of array. Hence this condition 

which  is characterized by in phase sources( )results in a

Broad side type of array. The pattern from BSA with is 

shown in figure
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Ordinary End Fire Array(EFA)
End-fire Array

In an end fire linear array of n isotropic sources of equal 

amplitude, the phase angle between adjacent sources that is 

required to make the field maximum in the direction of the array

axis( ie.. ) is 

For this, substitute and in the equation for  

d d d d dd
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Antenna

Array Axis
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df+==YÝ cos0 rd
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Maxõmfield
In the direction of 
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Therefore; at and

Hence in an ordinary end fire array, the phase between sources 

retarded progressively by the same amount as the electrical 

spacing between sources in radians

Thus  at source 2 should lag by 90 degrees and source 3 

lag 2 by 90 degrees and so oné.

The pattern maximum occurs in           when                  and the 

same maximum occurs in when the 
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End Fire Array(EFA) with increased Directivity
Á End-fire Array

d d d d dd

2 3 4 5 61 7

Antenna

Array Axis

In an end fire linear array of n isotropic sources of equal

amplitude, the resultant field is in the direction of the array

axis, ie.. in with but it is not the possible

maximum . It is observed that a larger field will be obtained

by increased phase difference between elements ie..

Which is nothing but .,
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This condition is called 

Hansen Wood yard 

condition for òincreased 

directivityó



Pattern maxima and minima of n element linear array

The direction in which pattern maxima, half power point and

minima are obtained by considering the array factor of n-

element linear array.ie..

E max occurs when and

E half power occurs when and

E null occurs when and
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ie.. Ø max in which E max occurs will be calculated by taking

and

This will happen when the argument of sine is odd multiple of

;

We know that and hence
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Where k is 0,1,2,3,é. and is representing the lobe number



and., Ønull in which Enull occurs will be calculated by taking

and

This will happen when the argument of sine is of

;

We know that and hence
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Similarly ., Øhp in which Ehp occurs will be calculated by taking

and

This will happen when the argument of sine is equal to

;

We know that and hence
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Where k is 0,1,2,3,é. and is representing the lobe number

k =0; for main lobe, k=1; for Ist side lobe , k=2; for II nd side lobe and so oné
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Broad Side Array characteristics

Substitute             ; in Ø max, Ønull and Øhp so as to get its 

characteristics. Then the above equations becomes;
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Ordinary End Fire Array(EFA ) characteristics

Substitute                ; in Ø max, Ønull and Øhp so as to get its 

characteristics. Then the above equations becomes;
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EFA with increased Directivity; characteristics

Substitute                ; in Ø max, Ønull and Øhp so as to get its 

characteristics. Then the above equations becomes;
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Concept of Scanning (Phased)arrays

00=d

0180=d
df+=Y cosrd

Keep on 

changing so as 

to squint the 

beam towards 

the target 



Concept of Scanning (Phased)arrays

The potential for increased target handling capacity available in
Track While Scan radars is limited by the requirement to
positioning the radar antenna mechanically .

Existing mechanical scanning methods are slow and require
large amounts of power in order to respond rapidly to deal with
large numbers of high speed targets .

With mechanically scanned systems, antenna inertia and
inflexibility prevent employment of optimum radar beam
positioning patterns that can reduce reaction times and increase
target capacity .

With electronic scanning, the radar beams are positioned
almost instantaneously and completely without the inertia, time
lags, and vibration of mechanical systems.

In an era in which the numerical superiority of adversaries is
expected to remain large, electronic scanning can offset that
advantage .


