UNIT III
ANTENNA ARRAYS
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UNIT-3  ANTENNA ARRAYS

Antenna. Array wrefers éoﬁwu,,u of e/emenl:_s. usgecl
together to Improve gain and divectivity, | | |
7%2, vadiotion characterigkics of an awa_,;/ o(epends o
I The geometrical Contfiguration of an arvoy
2. The relative spacing between the elements
3. The Eaecf-t—a,/:ion amplibude of the }nd;'x/zdud.l elements
4. The Excitation Phase Of the individual elements

5. The velative Pattern of the individual elements

- classification Of Antenna Rvray :

I Based on Geometrical Condi (?um:l:w'n

. Linear axvoy
2. Planor ovrroy CRecv’:vmgular O cfrcul_oi.v)'

2. conformal axroy

=

Based On excitation of Curvent (n individuat Elements
I* Broadside ooy |
2. End five a.rragi

i Boged on Eien-“pé.nés‘ |

I+ Parasitic a_w

R Non Pamszéic, amy



Based on Curvenkt ampl.‘iﬁde olfsiribuii on
I- u.n?fdrm arroy
R Binom,al arvroy
3. Edge aray |
4. Optemuwm arrow
Rased on signal mpw& Co~r ou!:pu%.) of each element
I- Phased axrvroy
R. Self focussing ooy
3. Aolaptive array

<

<)

'n Element Lnear vaﬂ ‘-

Lineay arroy !

An awm(.«j 12 3aid i—abe@,v linear if alll iks elemerts
ave Spaced e;;;,u.a,&%/ along a line .

. - L
Consgider o linear arvay congisking of n e,!emem‘s

(isotropic Point Sources) with equal ampl; J:u.dei: 5 SPOA‘A%
v pc)\ﬂ .
D\stO\“
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as ghown in F}'g.
The toted far freid Pattern at point P, can be
found by adding vectorically +he fields of ?r?oh‘vi duat

Sources @s ,
y2ry ¢Q7 ~)Y¥
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EL = !:,.e"' ¥ +E.e +Ez;e +---F Ene — 0

where , v vefers total phase difference

Vo= Rdcoss- + & 2oUrees

o6 ~> Pmamss‘iire phase shift of adjacent A
Lét all elements has e?/ual amp!:‘l:u.ola
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£ - 5. ;eJ‘ndl/,_ <e-Jn°P/z. _ anvp;)\
é'm//:, Ce—.jwl:z.'_ e&fw:—) |

B = E|, e“i(n"o"i’ll /-S'm Qﬂf}t/z.)] —> @

;_ Sin (“i'/z.) '.

T +the wefevence point is shifted to the center

of +the axvoy K then
E, =5.| Sin(no) — &
N ‘ sin(y/2)
sin (rwvls)  is catted Avvay Fackor
sin(*¥/2)

h element Prvadside a.w—a#:

4 If individual elements in an avray are egually
spaced along e line and fed wi Hy current of aéu,a;L
maﬁnikude_ and same phase +hen the Qrray is said o
ke Broodside array . | |

# Tn this Direction yadiation (major labe ) is
Perpendliclar to arvay oaxis |

%Cbns‘cde_r o ...Iin_ea.w o,mra,(y' consisting of m e.leme'n"és

each separated by o . Let the awray s broadside
Such that (=0 .
| Cop = Rdeose



Y opistont ponkt P

Major Lobe maseima. :

In broadside arrow, same Phase .esec;ba,ﬁon
is used in al e.leme_pés , ¥=o
v = Rdcoso —> (D
0 = RBdcose
| cos® =0
S & = 90" or 270"
s Tn bwoadside oarray wmajor lobe maxima voccqws

okt qQo° Or 210°

Directions of Pattern maxima

Consider Avroy Fac,—!:or,_ AF = Sin ('W’LD-J ——>® |
moseimum E. can be obtained if Sin(ncy/,_) 1S PO mu

m
e, Sin (_‘lt) =\
=/



nYy - + C:.NH)I‘_ —>

wheve N is an Iinteger and N=o0 Covresponds to
major lobe masuma .

sub v = pdcose in e:}u..

n .poeose = :’:sz-n)_g"‘f_

2- —
> & = Cos +£C2.n+\) w . Z
- | 7 npd
Lek m= 4 d= >/2,

" @ = oS [ @N-H),_,'} s@ | T
| | npd gy
sub N=} In egu @ e
B = % cog ‘(_3_ , —:%.)
4- [.]
_ A 4+ Iz8.6
8‘>mmm¢' * 4 4-; T

"n%u.sz A roiner lobe moaseima Gccurs ok + 4"'4'1

— 4+ 4°, +138.4° —)38.6

Divection of Pablesyn minima

The condilion for Obtaining pattern minima is
Sin (my) =0 L i, =oj
(YN = gin (09 |
(1) s



= pPdcog® + & %z’ Rroadside arvay =0
Let d=_> and p=a2am

Mm
.= cos™!| L2NTT
Min h[Bd _
2N _ NI
G = cosh'[.'-N% "pd E#ﬂzd
M T e— : P
nd
For m=4 |
. - NX _ N
(e—mm,)vninor = COs !:i 'ﬁ'] nd ﬂ—é’:ﬁ
2 < n Z%é 2
For N-= T
For N=1 Qm;__’)m;nw = 3+ 60°, + )20°
FD‘Y N=2.J. '&m.m)mino'r = O. > IS’O.

Thus O°, 60’ (20° 120. —60, —120" are Six
minor [obe minima of the array of 4 Isal:mprc_ POInt
Sources .

Beam Width of Majov Lobe :

BWFN = 2x7y

Whewve., ¥ —> Angle between firsk nw! § maseimum of

majoy lobe
WkT & . = cog'|+ NA .,
| _ mMin [ ] 9+‘7 = 9o

nd



Cos C‘?D-D + NA

nd

sin? = + 7~
nd |
As ¥ is gmall, gin? =7

7=+ ok
nd

First null occwrs when N =)

v 270° -



N Element End Five A*n?'oa.:

* If individual £lements n an arroy ove e.q,u.a.liy |
Spaced along a line and Ffed with Curvent O-ﬁ'_e.q,udl |
magnitude and (86 phase shift +hen the aawé.g is
said to be end Five array .

& In this Diveckion radiation (major lobe ) is
along the axvay ouus. |

* consider o lineax a-’n"aa consis'.tinj of M elements

each Separated by d’. .,
P pistant Point P

YA
deose T < |
PO B

Major Lobe Maxima :

* For end Five arvray ,ma..béimum ré_dfod-ion is.ajon_ju
+the avvay oseis . -i-e_-, at 6 =0° anol :9=lé;o° |
o _=~75dco.éé ‘-l-‘ A @
Sub Byzo 5 ©@=o0" in @

O = pdecos (o) +«

e = —pd @
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Dirvections of Pattern maxima

Considery Arrowy FﬂCfé’r, AF = 3in ("”7’/9.) _>®
| Sin ("l’/:_)

maximum E, can be obtained if Sin(hhrh)‘»l's |

de]m@m’ l"@‘) Sin (\’IW = | —> @

- Bdcose — Rd = .‘.‘:C2.N~H) I
| 7
pd (cose —1) = +(en+D T

m

cose -1 = * (an+) T
'nfad
COSe = F C2N+r)u iy
nEd |
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& = cos [+ (an+1)m _)
‘ ' ‘nﬁd

Let h~4 d= >p

L6 = F cos [ (Q.M'H) -H] ~<_.;.+\>

Fov Na, C 0m>mm0r _="_"_COS. %,T‘ll'- "
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For N=2, = + Cog <_°L, -t
= X 104.4¢° il’*"
( - H -3 4
For N= Qma% )mm@? = % obsg ‘I > ?
= T I38.59°
For = 4. < > - “'!(13 — 5
* oo (L2 -5
maaé mlvnyo-r Z ' = |
Thus +75.5, +104.5 + 138.6° —75.5° —104..5

oand —1238.6" ove 6 minor lobe moxima. of the. arroy

ol A lcokropic Peoint Sources .

Divection of Pattern minima :
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For n=4 o= >,
P Hew
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Thus +60 +30° +120 +180° —bn —90] —)20
¢ .
- are g minor lobe. Mminimo. of the Azvay of 4. jeotyppin

EOouUYte.s.

Beam wWidth of Major Lobe :

BWFN = 2.6

" o _
min S mwminoy ! :

e~ = NN ’
. m - e &y

f#~2.s:mz"(7.%“§ —1 = & N s o2 =1~22in <@/i>
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= 2nd
gin(&) = * g N .
-2/ ond Sm% = 8
- 2.
2. and — 44 \rgﬂﬁ Aol
6 = 2NN 54 | 2NA
S~ nd L.
2NN

SRWEN = 208 = o
N L
For N=3y BWFN = 252?\ vadion (o7 2.%2..7\ X E7:3 d@ga@
| L e

HPEL = BWFN = 5.2 I 27 degree
T | N 3
The Lield pattern of end five avroy of 4 elemen’

12 shown In %’gum below .
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Pa,fﬁu‘n Muléz plication :

The Field pattern of an oaxrray of non zsotwpw buk
Similax Point sources is the. Prodlect of the Pai—!:e;m of
thdividua! geurce and the. Potkern of an a;w of
isotrppic Poink Sourves hoving the same l@aa::l:i@ms_,
relodlive. a.mp!?irﬁ,mi&s and Phase. as the. non ;Sﬁémpi@.‘

point Souveess.

e E = -\é(@ ¢) Fle ) }‘P@z,@fff?g@iﬁ%

2
k\ ___‘(\ J

Frald pattern phose Paktern

where., |
*ﬁ-’(‘@, @) ~> Fiatd Pattern of individusl Seurce.
%F} { 6;» @) —>» Phaze. Pollern OF inelivieliial  geusre,
F (@; @) —> Field. Pattern of arruy of iselropia v

ﬁ%(ﬁ“ @) =» Phose. Po #‘@V“ of Arroy of L,@tmpi@ LOUUYTE,

FNo of Poink Souvces d Radiakion Pattern

4 M




Example | :

Let the Individual Source Pattern be asin Fig (a) and

the. Pattern of an avray of 2 1sotyopic poink Sources as in
Fig(b) and the total orvay pattern | as in Fig ()

() | \ @
unit Pattern | GQroup Pattern

©
| ‘.Resulta.nt |
- pattern

OVQ.Y(G.PP'MS o+f
Gwoup 3 Unit pabtern




Exampile 2 ; Let the individual Source pabttern 'bé_ |

AN
>
. - Group
‘uml: Pattern patkern
Resul tant |
Pattern

Radijotion Pattern of 4 iSotvopic elements Spaced > apavt :
‘ | =
Censider alineay avay conzisbking of 4 isstempic.
elements . The Spacing bebween the elements (s » and the ?
- , 2

curvents owe In phose. ie., x=0

Let -the e!em.@nz&s | and 2 be unit one. a;nd #»%s. n@m

unit is P!aae.d betureon a.nd 2. (e,za
Sema!a_rg) +he. @lememi.-@ 3 and 4. ove mnsw?@;md os unik
2. and thege ozxe Ploced bebwneon Hie elements = and 4

Orlgina.l H'r'rcy
‘ => 4 elements eaa% gmm%w\

“—ds<c dosed o by ,},2

Mo o s




Replaced Arroy . Two elemenks gepawntedd
L ] . . . .

k 14 M

TIndividual pattern :
Paltern of 2 point Sources sepawated by »/, is
shown in Fig CO-)" and +the paltern of 2 elements SePa;ra&d-

by X is shown in Fig(h).

Y] | (b
unit Pattern | GrouP -
| Ppatter n
Resultant Potteyn:-
The vesuttani Pattern is shown in Fig(c)
~

« —

>
Resultank

U Potltevn -




=i

Radiation Patlern of 8 isotropic elements each gsepavated

by >,

* congider a limesr a_w% cenzizting of 8 elements |
ench gepawated by XN, .

X Let +the 4 element: (f’ 12 3 ond 4} be c@mszo@@.%@.@& s
one unit and another 4 elements ( 67 cmd e) be |
c@msid@r@;}i as Onsther unit . The O¥voy ie now weducedd

to 2 elemenks separoted by 2r.

Origmnal ».ﬁ'nray : |
! 2 3 4 5 é 7 g

C rfa e Wy HE TSy oYy P 2y e Ny Wad

% 8 elements each sepowated by >/
Keplaced Avray : |

| 2 3 4 5 6 7 8
] . 1 L L ° L ' * L]
& M= Hp = Dy H a3 N3

: !
o .
& 2 >
X o elemente each sSepavoted bY 2%

N

Trdividual |Pattern

> <

AN

(@
' Unit pattexn




@)

TAus +he vaoliotion pattesn of 8 isob,,opia elémen«ﬁ
L8 obiatneo! by multh'p/_ginﬁ the unit pattein of 4
tnelivioleal elements and’ gvoup Pattean of 2 tsoropic
element sSpaced 2 a . Hence the wesulMant patiein is as
2hown in above fig.(c) . |
THe |mportant Sfeatuses of Aesultont Pattern
axe,
. The width of the Piinecipal lobe Cbeéween nutls)
s the Same. a< dhe idth of the wmspmoti@ tobe
Of the gaoup pattein .
2. The Sum of +the mulls 1nh the wunik P_a-ééegm’dno’ gvoup
pattesn gles ﬂé'mumbefs’ of nulle 1nthe Xe,subéan*b_
pottesn vassuminj mone of the nulls aae doincidert

3+ The Numbes of SeCOthUI_/_(:/ tobes (n the ﬁ.esdh':an"ﬁ

Pattesn can be delesmined. Lrom +he numbes of nulls in
sesuttant potter . |



Puasep Array : (ScANNING ARRAY)

% TIn Poodside and End-five the mag'Lmum
sadiation con be obtained by adjusting the phase
excitation between elements In the diaection noamal
and aior,ﬂ#héaﬂs of aa,q,aﬁ |

¥ The in which +he phase and the amplitude
of the elements is variable paovided +that the
direetion of mastimum Aadiation ( Beam sadiation)
and. pattern Shape a,Loré7 with the .QLdQ— Lobes oue
conbiotied i3 called as phased O)l/iaﬁ

4 Suppose the a»wy 3Lues masetmum radiation
in the Aadiation 6 =6 where 028 = (80" then the
phace ghift +that must bé contro He‘o( can be obtained as,

Vo= Bdcose + o
0 = Bdcose +
o = —RdcosE — O
so by conholling the Pﬂ»o<7.&esswe, Phase
di fference between the elements the maxtmum haoLLa'kLo "
can be O;LLenJ:zoL in any oesired disection to foam a

‘SCO_YJDH’@ OM.Q%7

In phased awa beam steesing cCan be done ugmf)

[+ mechan(cal switches

2. Elechionic switehes



3. phase shifters
4. lnsertion of cableg

I Beam gteering Using Mechanical Switches :-

jn&cm;nﬁ
, Wavefront |
] ‘ .
L
1T 1 %, dipoles |
X 12 L3 &— Common
' Feed poirt

:Eﬂ—P")g.SQ-_ -S\—(u—//? e e -
Line ' \

— To Ryy o Tlrx
L]
lxn. lines O¥

Cables

In- phase line

v=_0 OM
13\ {7 cables
_ _ -~ , |
-7 ' To Try. OF
- ‘1\ Rty

In-phase line
W <c on cables

>/, dipoles

> lomenk Swikches

Fé_p_g{ rpo?nl:. 3"""’%




% Consides. a 3 element . let each ele,ment |
be a 7‘ dipole connected to a common feed ;Dp/m_t_
hrocﬁh a cable of egua.L Ierﬁ-rh

* An /ncom(rﬁ wave a,vuw,n_ﬁ baocadside will
Incluce voléaies in the Thansmisston Line Ccables) n
the sSame phase. .

* BY _b;u._;:jgfn:a atl 4the cables tp a. commen 'Po}mé-.
the 3 element a»wz]' will operate as a. bavadside oaﬁ.oa(
% for impedance marbchlﬁ the. cable cennected
to the Thansmitter oa Aecelver should be one -thivrd

impedance of the 2 cables ov a 310 | Impedance
| tronsfosmes can be inseirted ot the Common point -

* Nou)‘ consioles. a wéuve aﬁjﬁtvé@ ot an anﬁle, 0=F
45" ($igh) ). If "‘5¢, in-phase  line ls parallel 4o
incominj wavefront . TF V< lengths L, A Lz must
be increcsed. in oader Hfor all phases to be the same.
Thus if +hese Cables axe Jomed the 3 element axﬂﬂ:’j
will howe its beam 45" faom bavadside .

x Beam con be shifted Firom bavadside o 45
by Opuom’:inﬁ —an 3an:9,aot switch. C switches ase
instatiedl at each antenna element ancl one at the
common Feeol point . These switches are ganged

mechant aatéy) .



2. Beam Steeiing Using Electhonie Switches (pin Drodes) -

To make Operation aeliable and sSunple the

ganged. mechantcal switches ore Aeplaced. by PIN Liedes .
which acts as eleclionic switch . -

F}d van’ﬁages !

/. Low cost
2. Fast switahirg
3. Occupies eSS space

4. Available 1n Tc Form.

3. Beaum Steesiing Uswng Phase shiftesrs:

# In mony applications, phase shifters ave used
ihstead of wnﬁollf@ Phase by gwi,—[:c_h}@ cables .

% Phase shifting can be achieved by uslri__g fesa'ite

device .

* The Conducting wises e waapped. around the
Phase shiftesr . The cusasent qclowZ:B thaough These Wires
cortols the Mmagnetic fietd within feraite and "fhenA'

the. moﬁneﬁc £ield 0 the Ffeasite COnb{_OLs +he Phase

shift .

4. Using |nsextion of cables :-

Phase shifter effect moy be produced by the



inseytion of sections of cable ( delay line) by electzonic

swifl:ch?n.ﬁ. TInsextion of - cables of /engﬂ; 3N

»> N

pProvides Phase Incyements of 9p.
Foxr morve preciSQ, ;Dhasinj, cables with s'nia‘lle,_r«

incremental diffexences aye usecl.

Fee.digj Mechanigms of phased armay :-
y - u

I. corvrpovate Feed
2. Line Feed
3. coupler Feed

|- corporate Feed :~

Tn wz_PoA,atz Feed +the Feed cables are all of
equal length . A Phase shifter and attenuates (s connected
at each element .

A A 4/ e Dipole Elements

®/¢ «é}g ,®/¢ ,@/}; Phase shi—f«ézys
/? % ,§/ g/ A bfenua—év'rs‘




2. Line Feed :-

A Pwﬁ;l.asswe, Phase, shift (s lniloat’uced be:bweem
elements a.Su-E7 phase shiftess and the a,vwzj L8 a#
end five MGZ/ . B

/

A Dipole Elements

, S
Phase shifters

LY

/§/7 A ttenuwators

3. coupley Feed :-

T +his Phasing is accomplished by physically
.S’Ucifrg the. derectional C(DLLPIQ-/L alOnj +the Line .

A A A /r pipole. elements

= \ ' / N ‘ 7% a s, To Recetver
Ppivectionol Moatehed |
COwP!eAS » , tosminadions

The pPhased a/mad for gSpecialized functional Qﬁli@

ovie ;Lgccpdamize,d by diffesent names Such as,



i Re:t\_o'a/uoﬂ
2- F}uz:;uzncd Sc_a,nnénﬁ O«Lw«g]v
3. Adaptive a,vuad o

I- Reﬁoggtj\ '-
* The which. automati Aeflects ax
}ncominﬁ Slgna_L' back to +he Sousrce is Ca.l»lzol Aeitoa)we;(].

* It acts as a yethoseflecton stimiloar to +the passive
Squase coAnes M-Flecio;w_. That means Hhe wave lncident
on the a)vwﬁ 18 Aeceived and Thansmitted back in the
Same dlisection -

* Each element of tie 'rejloouvw&7 Aesadiotes
Swgnol which is acéua,léj*fhe. Conju.goj:e, of the aecelved
One. . |

* Stmplest foam of the Actwo s the Van Atta
axx,a.(7 as Shown in fig .batow, r'ln which g tdentical N
dipole elements aie utced with paus Fformed betwoeen

J¢ < DlﬂaCﬁOh O‘F RQCE—P'[ILO&'}
and Reaadiotion

! 2 > 4 5 6 7 2
° o o
T 7T ])"\ 2 dioples
2.
) A d \{ s i/
\L/ L/ “\J/ Ca.bles wl:-fh el?l(,(_a.L
L—L Larg-fhs between paias
of elements




elements | and 8 2 and 7 3 and 6, 4 and 5 as'mg cables

of egual length.
If the Wave aazrtves at angle ¢ sSay then it gets

Eaansmitted in the Same disection.

2. Freq/u.ancq S canning ﬁ’rra_q i

The a_way n wluc}z the. Phase cha.nge_ s controtied
by 7"“‘2’“’5 the *Freﬁuenﬁ is callec ffre?/uan?' Qcarjnuﬁ ooy

T+ is the Simplest phased aﬁmﬁ as at each element
sepoxate phase control is not neczssang/.

A slmple, tryansmission line fed rpre?qe,ny scacnniaﬁ
awuﬁ is shown in Ffig. below .

pattean
o

K?_ Dipole elements
/r // 4t 1 O—Panﬁ |

< d —>x¢ d —s—d —>

| 7 -' / / N / . To wecelver
s N /7 / |

Divectional : Matchedl

couplers Tevrminations




4 Each element .0of the Secahning ow%a_y ts fed by a

tyansmission lime via divectionalt coupley. The d:;z'e_céiona.l
couplers axe —Fixed ITe Pos:"l:ion’ while +the beam scan‘ni@ |
Ls done with a ’Freguena%y change. .

* To avmo( m{—lecétons an:ﬁ'éo obtaln pure qszm of
the travelling wave -the £z’a.nsm/sscon line is propevly
Eerminated .

¥ The matn aolva,h{:aﬁe, of ‘he %e?uencd Scanh}ra

o:r'méj is that theye are no moving Ports ond no cwiktches

3. Adaptive ﬁw% —

* An arvay which automatically tuin the moximuam
beam in Me, desired d:‘reaﬁoh while twrn the mul| 1n the
undesired. divection is called adoptive arvoy .

* The adaptive o_wad adjust itself in the desired
divection with awaxeness dF tks  environment .

% Tn modern acdlaptive O.Yﬂﬁs) the output of each
element In the 0:@@{7 s Sampled. Olig'mL:'LZe_d_ andl *héh
processed. usmﬁ computers. Such meéjs axe.

commonly CQ.”Qd as smovk antennas ov Digitol beam

’Fé"m.'r}fi ( DBF) antennas .
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LS \/cwcuak Ceembieled @ cllokor (vecoD,
cukremte ddale Yb)&ﬁ/‘wud ‘QU’WF’Q’”b Co.x —oond Plone cloleddt -
A Wﬂw o o llaker  ak %Wud {30

dr ewamected Lo each  phose duladser o Steferancae

Hle W ol ey  (owaploes NCIES »P/M@u % S
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Bmomw,l. H-n%L

+ Im Some frracticad appl ca:ﬁwrvs It is he,eele,aé & haue.
maday lobe without Mminer lebes. o In suth cages:
Rinomial avnrog i3 Mf&hrtd |

* Binomial awad_wr/ﬁ Spacing Between :z‘.aoyacent‘ .
elemenls equal o less than MNe prooluces ol pattern
without Side lobes. |

X Basmﬂi,? Btnorruod awo%y g a Non u.h!'f"'orm a,mfp[gtu_ole_

OLWD&' d= 7‘/2_ }0[:_—_7\

. 4

* For above awvoy, The normalized eleletric field

<—d—

pattern I8 tvenn by.

E, = Qo%n"'[ﬁ_d__ : o.osﬁ —>

% .
With d= N,  -the patiern hag Mo side [obes .
To increase di?ét;‘f:i\»%@, arroy leng it 12 7nore,aggo(,

An ooroy consigting o 4 elemenrt, spo.ced 7/s apork-




So By Pattern mult-ip!'?c_a:!:ion, the. vesultant ’Pattézm has
Side lobes. To veduce +the side lobes 1he elements axe

a.wmge.d. os shewn .be.!ow

'(—'\/2——)#-7‘/3_‘)
1e a9
! %
, '3
N
1

+
<N '2_ ! pa,tte:rn patllern

* To veduce or eliminate side lobes the separation Bfw
gmu.p elements must be less than Less than or equal to N, .

* To achieve Figure of eigh-l;‘ Pai‘t‘o_tn, move group B
towards gwveup A &I distance of sepavation is Nz . when
goup B i3 ot a distance 2> from A the elements 2 and 3
ore Overlapped . |

* The electrie Feld of 2 elements with distance 5*/,, 18

given .b_Lj | E, = Cos [’U (7}’9_) Q_osﬂ => QOS[I'_ QOSB-]
. T 2

Thyee Element. Non - Uniform Hrra# :

* To Obtain 3 element Non -uniform F?waﬂ, two  2-elemer

uniform oxrroys OCre Oveylapped.
I I

P® - *°2 <22 /> -
) N 4. => L ] [ ' - . .
3 3 (] K T 2T ’ T . .

I



* Two elem'em':s 2 and 3 ore cotnciading with eachvo;m’t |
S0 they can be replaced }..b_y o 8ingle element avroy
caxving Cuvvent 2I.

¥ The vesultont electric freld is given by

o -
= TN M ecosel = cos | coss
(ER )n cos [_z_ cvs_BEI x COS [_; cOo. J >. L

Four Element Non- Uniform H'rmé/:

% To obtain 4 -element non-uniform avay two 2-elemen
Pon- uniform avrrays a,we.".ovarlappéd.

% In this case element 2 Of group A coincides with
element | of group B and element 3 of group A coincides
with element 2 of group B So +hey Can be wveplaced by a
sin9/¢ éiemen!:e Carrying Cuwent 3I . | |

* The veswltant patteyn is a pvoouct of a un;_i.pa.&o_m
Cj.e., vesultant of 3 element a'n—ay which 18 Ffigure eight

sc;u.o:red) and a group pattern (which 18 figure eight pattern

So,the vesultant Pattern obtained is called fiqure eight

cubed Pattern. .z :
| o I 21 1
* The wesultant electric field 44 54
I 2 I
ie given by,
(), = cos [T epee
™7 - P~ E m ) [ ] o



n- EIémeni: .Binéaﬁ}a.l Avray :
x The vequived diveclivity can be achieved using n'

elements . wheve the curvent amplitudes of elements

ore av?a'anjed. a.ccord:‘hj to Jhe coef-f-’fc}e.nhe o—,'! Binomial

Sertes. | |
% The coefficients of binomial Series con easily be

axranged using Pascal & triangle as given in table .
% To general for Binomial axvay he wesultart

Pattern IS given by,

~) — - ‘ = 3 |
En = cog” [_‘L c.osa-] " n— No., of elements in an
> .

2 Orrouy

Paseats Triangle ( Coetficients of Rinomia
| series )

M= 2
v N v
NnN=3 ! 2 \
v N NN
n= A \ 3 32 !
Y Ny N Ky
N=5 ! p. N 6 4 \
YN NN N
n= ! 5 1O o = |

~ % To design a binomial avray to achieve reguived

divectivity the weguired exfrvessions ave,
HPBW = 06 = |+ 06 - O.'75v

'e(d: 5’3}' J_'n_’“.'- .JZL/>~ | | \l L/%‘




