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Course objectives & Outcomes

U Objectives:
A To know basicantenngarameters
A To computethefields associatedo antennas

A To knowthemethodgo improveantenngerformance
A To know thebasicstructuref a complexantenna

A To know the Wave Propagation,methods of measuringantenne
parameters
U Qutcomes:

A Elaboratevariousantennasndits performancearameters
A Inferthefields andpatternof all typesantennas

A Apply the methodgo improveantenngerformance
A Explainthebehaviourof differentcomplexantennas
A Recommendhe antenndor a selectedapplication
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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 asthe phased array antenna.
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Antenna Arrays

Introduction:
A Arrays, types of arrays
A Factors influencing the antenna parameters
2-element array: different cases
Principle of pattern multiplication:
A Examples
N-Element uniform linear isotropic arrays:
A Broad side
A End-fire & EFA with increased directivity
A Derivation of characteristics
A Directivity & Design relations (no derivations)
A Problems on Antenna arrays

Concept of Scanning or phased arrays
Binomial arrays

Arrays with Parasitic Elements:
A Yagi-Uda Arrays, (3-elements, 5-elements)

Folded Dipoles and their characteristics
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U With a single dish measuring about 30
soccer fields In area nestled In the remote
mountains of Guizhou province ,

U The 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.
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A Antenna  arrays  are
configuration of  multiple
radiating elements In a
geometrical order.

A Antenna arrays are an

efficient way to freely change

the pattern of an antenna,
making it more directive and
therefore increasing the gain.

A Electronically adjusting the
excitation of iIndividual
elements leads to a phased
(scanning) array, which
enables greater degrees of
freedom .

Antenna Arrays
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Antenna arrays

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

Individual antennas are called elements and the
combination is an array

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

Individual antennas are called elements and the
combination is an array

Allows shaping of radiation pattern
d Narrow beam
d Low side lobe
d Higher 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 :

A The geometrical configuration of the overall
array( ie.,linear, circular, rectangular or spherical)

A The relative displacement between the elements
A Excitation magnitude of the individual elements
A Excitation phase of the individual elements

A The relative pattern of the individual elements

Ampl i




Antenna
arrays

X
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Arrays classification
Antenna arrays can be

Linear
Antenna
arrays

Non-Linear
Antenna
arrays

Uniform
Linear
Antenna arrays

Non-Uniform
Linear
Antenna arrays

Uniform
Non-Linear
Antenna arrays

Non-Uniform
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

Lineawith equal Inter element
spacing), Nontlinear Uniforn(fed with a
current of equal magnitude), Non-uniform

Broadside maximum radiation at right
angles to main axis of antenna

End-firee maximum radiation along the
main axis of antenna

Phasedll elements connected to source

Parasiticsome elements not connected to

source(they re-radiate power from other
elements)



Various Form of Antenna Array

A Broadside Arrays
dydyd,d

d.d
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Array AXxis
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Various Form of Antenna Array

A Collinear Arrays .5
> ©
< =

E S 8 &
5 S 5 3
Q p
[
4 § Direction of
Antenna = Max. Radiation
i 3 f=
Array Axis S
2 15
—
1

Horizontal antenna
Vertical Antenna Arranged collinearly
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Array of two Isotropic point sources

If we use two point sources Iin an array based
on factors that can change the shape of the a
resulting radiation pattern, we have b5-
different cases:

0 Two Iisotropic point sources fed with a current of equal
magnitude and same phase.

U Two Iisotropic point sources fed with a current of equal
magnitude and opposite phase

U Two Iisotropic point sources fed with a current of equal
magnitude and in phase quadrature

0 Two Iisotropic point sources fed with a current of equal
magnitude and with random phase

0 Two 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

case I/p o/p field o/p field expression Resultant field at
No current distant point P

Equal

E
magnitude 11 and |2 E1 and E2 E1 E e
and same

phase E E e 2

Y
2 Equal __E i
magnitude 11andl2 E1andE2 E1 =-E,€
and y

opposite _ I
phase E,=Ee€

3 Equal _ , J(Y2+IZ)
magnitude 11 and |2 E1andE2 E. = E€
and in
phase j(i P
quadrature E2 — Eoe 2 4
phase

Y
- (5 +a)
4 Equal E = Eoe 2

magnitude |11 and |2 El and E2 Y
and random (5 +a)

phase E, =Ee

; — Y
5 Un-Equal E, = ane‘

magnitude 11 and |2 E1 and E2
and random

phase E =E






Then the resultant field at point from r is
E= E1+E

Y
E = Ee +Ee2
ix ix
E= Eo(e 2 te 2)
T
E=Eyee 5 62
o 0
C =
andhenceE = 2E, (:osYE whereY =d, cosf
E = 2E, co c@ndf CZOSfO £ = cof CZOSf8 at2E, =1
- (; -

whered, = 2’Odandd patd—/E; \E:co%cosfg
C -






Then the resultant field at point from r is
E= E1+E

E = Ee2 Ee2

YooYy

0
aij  -ic0
- 0

E=Ep——o— 2]

S
andhenceE = 2jEOSinYE whereY =d. cosf
E = 2jE, Sires: C2°Sf8 £ = sird CZOSfB at2jE, =1

- ¢

whered, = 2’Odandd patd—/z; \E:Sir‘%cosfg
C -






Then the resultant field at point from r Is

E=E, +E, Ty |
(5 +2) i i ®
E=Ee ¢ *
Y.p
E:Eo(ej(z )
2 .Y
g@ufﬁ)
E=Ee
e
G
andhenceE = 2E, cos( +'0)
E=2EOCOM+£8 E:coggrcog+p8 at2E, =1
c 2 4 - c 2 4 -

whered :@anddr =p atd :/E; \ Ezcos%écog P
G

Q
0



With reduced spacing between elements;

q :Eatd:L' \ E:cogcoszwgg
. 4’ ¢4







Then the resultant field at point P fromr is

E=E+E
E = EoerE +Ee E What type of
E=E (2 +e7) . pattern
__c®=2+e28 " comes here ?
A
andhencee = 2E, cosz whereY =d. cosf +d

wheredisexcitationphasalifferencdetweerlement

ad cosf +d 0

20, CO +d0 - gk S0 at2E, =1

G
\ E=cC

E=2E,co

5d. cosf +d6
ONSS O
C 2 =




Then the resultant field at point P, from a distance r by taking
different possible values is ,

Case |
Y E = COS?‘“’CSZI coer O Whem’ 0] Case I
(; -
Y E= Cosf;}gr cosf +908= Slr\?}egl cos/ 0. Wh nd =180
¢ 2 =1 C :
d COSf Case Il
Y E=cose" £8,wheno’ 90
c 2 4 -

And hence case IV is called general case of two element
ISotropic point sources.






Then the resultant field at point from r is
E=E+E,
E=E,+aEe"
E=E,(1+ae")

E=E,1+aCoy + jaSiny)

e asiny z

E=E \/(1+aCos/) + (aSiny )~ tan “&iraCoy
S —




Non-isotropic but similar point sources
$

F(g.7)

Input |, =1, =1,

where E, = E, Sinf

Note: Similar antennas means, the variation with absolute angle @ 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
E= E1+ E,

ix
'Z

E = Ee +Ee
Yoy
E=E,(e*+e ?)
é‘@%m%g n I F
E=E,z 5 R W EI'EEO—EOSI
& O

¢ - vy  whereY =d cosf +d
andhencee = 2E, Sinf (:osE

=d Cosf atd =0
E =2E, Sinf cocawdr C203f8 E = Sinf Cofs: CZOSfB at2E, =1
(; -

whered, = 2’Odandd patd—/z \ E= Smeogcosfo
G2



Therefore the resultant normalized field component from an
array, atapoint Pis..

E = Sir Cos>cos/ 5

It iIs observed that the result Is same as obtained by
multiplying the patterns of individual source (ie.Sin g;
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
oV have the patterns given by ;

E =Sinf \/(1+ aCog/ )° +(aSiny )*

Here, the result iIs same as obtained by multiplying the
patterns of individual source by array of isotropic point
sources



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 .

— Pattern of X

Array pattern ..
Y P individual source

Array pattern

of of of
non isotropic non isotropic isotropic



Pattern multlpllcatlon example -1
Sinf

Pattern of
individual
sourre

of
non isotropic

Cog cosf o)
(; ==

Array pattern

of
isotropic

Sinf Cog Cosf 0
(; -

Total Array
pattern

of
non isotropic



Pattern multlpllcatlon example -2

Cos Cog cosf & 3 Cosf Coszaéz COSf 0

c2 G2

A

Pattern of — Total Array
individual source X AUEY[EIE — pattern
of of of

non isotropic isotropic non isotropic



A The applications illustrates two applications of the principle
of pattern multiplication .

A 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.

A In this way the principle of pattern multiplication can be
applied to o ntames to find the patterns of arrays of arrays.

smaller

| arrays / arrays
source sources - ysS y | 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 @ 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 adistance 0 d 0

Let E,f (7),be the field component from source 1 and

aE,F (r) ,be the field from source 2, whose
amplitude and phase are different

Then the total field is given by

E=Ef(f)+ aEOF(f)ejy



Which can be re written a

E = Eoz’f () +aF(f)e” )
E=E)f(()+aF()Cosy + jaF (r)Siny |

= E,+/[ f () + aF (f)Cosy 1> +[aF (f)Siny ]2 X
L& aF()Siny 0

f () tan
()BT ) + aF(F)Cos &

Where; ‘

E, IS the excitation magnitude and is constant
y =d Cosf +d- f (F)+F, (f)

d s relative phase of source 2 to source 1

f(7) is relative field pattern of the individual source 1

f.(f) is the phase pattern of the source 1

F(7) iIs the relative field pattern of the individual source 2
F,(7) is the phase pattern of the source 2



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..
R(q.7)

A

Z=0 v

nf=0




The total field E at a larger distance in the direction of g Is
given by

E=Ee"’+Ege” +Ee? +Ee¥ +...+Ee"Y
Where
y =d Cosf +d , the total phase difference
, phase difference between adjacent sources
E=Ej1+e” +e'¥ +e/¥ +. ... .+e/mV]
With Eonormalised(unity amplitude for all elements), the field
component then given by;

E=1+e"” +e!? +e!¥ +.....
Thus at a distant point in the direction of g, 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,itis )y) etc..



Multiplying above equation 1 by @
EeY =eV +e!? +e!¥ +.....
Now subtracting eq. 2 from eq. 1. we have
E(l_ ejJ/) — 11 - ejny
1- e _e™ -1

E = . — ...
_ v v _
Now, equation 3 can be rewritten as.,
e 2 e 2 _ e 2 e 2
= (A (A
2 e 2 e 2 e 2




i 2 _ 2 ~
eJ > ée e HZJ
= 2 | =
E = e B ..a
e = L a3
B A" 2 _ 2 <
ejzge = H.Zj
e 1 ¢
. .nNn
i(n- X Sin( y)
FE—e ‘< —= ... 5

Let x =(n- 1)JL , phase in theTesultant pattern from the
source 1. 2
If the phase is referred to the centre point of the array, then the

eq.5 becomes; Ny
Sin—5—) ARRAY FACTOR

E = _ Yy S for n-element
Si r(z) linear array




This pattern is a step function, when =0 the above
equation Is Indeterminate . So that for this case, E must be
evaluated by taking y - 0 and hence from the Ho s p |
principle ;

d . Ny
a,y Sne5o)

_ e u
E=, 592 2 Y E5 e —2fu@n
SinZ— e Co : u
a, ') g cos5)-5
\ E .. =n

This I1s the maximum value that E can attain. Hence normalised
value of the total field for Emax is :

. Ny
Sin(—)
e —_& 1 f ......... 7
N -
max S =
n(2)

eld given by above equat

The fi
f act or -@lementbnear array.



We may conclude that, the field from the array will be a
maximum in any direction @ for which V =0 . Stated in other
way , the field from the other sources all arrive at a distant
point in the same phase when )y =0 In special casey ., 0

for any value of g and in this case , the field is usually a
maximum at the minimum value of y

To illustrate some of the properties of the linear arrays, several
special caseswill be studied with its resultant pattern é

1.Broad Side Array( y =0; formaxandf =90°withd=0 ) ie.. BSA
2.End Fire Array(  y =0; formaxandf =0°withd=-d_ ) ie.. EFA

3.HansenWoodyard Array( y =0; for maxandf =0° withd>d_|)ie..
End Fire Array with increased Directivity

The three parameters are to be considered for improving directional properties of
N- element linear array



Broad Side Array
A Broadside Arrays y =0; formaxandf =90’ withd =0

dyd,d_ d ,d,d

Antenfa | | | | | | ;
Array AXxis
i 1 2 3 4, 5 6 7 5

In a linear array of n isotropic sources of equal
amplitude and same phase,

\ Y =d cosf+dY Y =d cosf with d=0°

At Y =0, we have maX|mum field from the array. To make Y =0
Requires that 7=(x+)2 where k=0, 1, 2, 3é¢é
f. .,OCccurs at odd multlples of Zi > le..the maximum field in a
direction normal to the axis of array. Hence this condition

which is characterized by in phase sources( d =0 )resu/lts In a
Broad side type of array. The pattern from BSA with d == is
shown in figure




Ordinary End Fire Array(EFA)

End-fire Arra — — (0 nrith o —
yd 2 dla @ @ y =0; formaxandf =0" withd =-d,

Antenna
Array AXxis

1 2 3 4 5 6 7
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.. F=0)is o4, O

For this, substitute Y =0and 7 = Oin the equation for Y

Y Y=0=d cosf+d Y 0=d, cos0+d

For attaining In the direction of
Ma x diehd array Axis



Therefore; O:dr +49d at y=0and £=0

andhenced=-d, = 2pd

O (Y e —
2 4

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 atd =7 source 2 should lag by 90 degrees and source 3
|l ag 2 by 90 degrees and so one

The pattern maximum occurs in 7 =0Owhen & =-d, and the
same maximum occurs in f=18¢ when the o = +d,



End Fire Array(EFA) with increased Directivity

A End-fire Array y =0; formaxandf = 0° withd' > d,
d d d/d d d

Antenna
Array AXxis

1 2 3 4 5 6 7

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 7 =0with ¢=°d, but it is not the possible
maximum . It is observed that a larger field will be obtained
by increased phase difference between elements ie.. d>°d,

Which is nothing but.,

e g This condition is called
ad=-d +— P Hansen Wood yard

g nH conditionfor 0 i ncr e a s. €

directivitsyo



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..

Si r“( ) ARRAY FACTOR
= — for n-element
Sir'(y ) linear array

E max occurs when Sir( n,zv ) =1and Si n( ) . O
E half power OCCUrS when Sin(—2— )— = and Sin("L) O
P J2 >7 >

Enul  occurs when sin(2_ )—O and SiNC— ) . O



le.. mar>§)i/n which E max occurs will be calculated by taking
Sin(7) =1 and Sir(%) . O

\ sin2y =1
2
This will happen when the argument of sine is odd multiple of
P. ny Ve
X \ (—)=°2k+1)—
> () =°( )5
Y y =°(2k+1)~Z
N
We know that VY =d,Cosf +4d and hence

Y d.Cosf +d="°(2k +1)%

el ¢
\ £ =Cosi—% (2k+1)2 - d%i- - - - - - A
id, 8 no8
Wher e k | s andisfepreésentihg the.lobe number



and., @null In which Enul occurs will be calculated by taking

Sln(ny)— and Sln(y) o
\ Sln(— =0
This will happen when the argument of sine is of
Ko, s
~ \ () =ckp
o A, 2K
Yy =58 '08

G
We know that V =d Cosf +4d and hence

Y dCosf +d =528 28

C n —=
L,€e1 2kpo 6 A
\ fnull =C \, %—p O- CJL,J ----- B
j d oy

Wher e | s and is fepresentihg the. lobe number



Similarly ., @hp In which Ehp occurs will be calculated by taking

Ny _ 1 and sinl ).
Sin( 5 ) \/En )
\ Sin(%):ﬁ

This will happen when the argument of sine is equal to

: x P
G _ kDT E G ) o (ak+1) 2
2 = 2> 5 2N
& G

We know that =d Cos + o and hence

Y d CosF +d="°(2k +1)%

\ fhp:Cosl‘,elg(Zk+1)§n a’% —————— C
| “r

Wher e k i1 s andisfeprésentihg the lobe number

k =0; for main lobe, k=1: for Istside lobe, k=2:forlindsi de | obe and



Broad Side Array characteristics

Substitute @ =0 ;in @ max, @null and Bhp so as to get its
characteristics. Then the above equations becomes;

\ £ —Cos'lie 1& (2k +1)£‘i"-“-' ------ A
i d, & n by
€1 & 2kp gd

\ fnull =Cos 1i % ,0% """ BBSA
id- & N -y
€1 & p 2l

\ f,_ =Cosy— 2 (2k+1) = G- - - - - - C

hp :'dr 8 ( )ZnHt’J/ BSA



Ordinary End Fire Array(EFA ) characteristics

Substituted = ° d. jn @ max, @null and Bhp so as to get its
characteristics. Then the above equations becomes;

\ fmaX:Coslie 1 & (2k+1)£_drg4- - - - A,
id, & n~ "Hy
€1 & 2kp g %8
\ 7. =Cos g % —kpg_ d, uu- - - "~ T Bera
Ildr a} n - US/
_ el e, p 2
\ fhp—Cosl:,dré (2k+1)—n_dr%- - - -C__,



EFA with increased Directivity; characteristics

Substituted = ° d. jn @ max, @null and Bhp so as to get its
characteristics. Then the above equations becomes;

\ fmax :COSlie g (2k +1)p %:I + un— AEFAID
id & ¢ N-y
? pPo a, ,pod
\ Fou =C |, % 0 el +2 OUU- - - Berar
id & n o+ ¢ N -ty
€l e : a2l
\ f,=Cos’— & (2k+1)L-_ B¢, +2 8- - Ceran
id @é 2N ¢ N



Concept of Scanning (Phased)arrays

Real Apcrture Radas

Target
Squint Angle

Beam Axis

Antenna Pattern

‘&

Y =d, cosf +d

Keep on
changing so as

Rotation
Axis

/

Beam
Rotation

d =180 -

Radar

Target

* Size

Imaging Scenc

* Location

Range
Azimuth Angle
Elevation Angle

Amplitude (RCS)
Radial Extent
Cross Range Extent

*  Motion

Radial Velocity (Doppler)
Acceleration

Angular Motion about Center
of Mass

Ballistic Coefficient



Concept of Scanning (Phased)arrays

The potential for increased target handling capacity available In
Track While IS limited by the requirement to

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.



