CHAFIER VI

ARRAYS (T LINEAR ANTENIAS

6=1, Arrasy of Two Driwven & — wWavoleneth Element,

Fig, 6Gal.

31

Brd w fira Casna.

o

End -~ fire array

of two ¥ — wawlength cle-

ments with currents of cqual

magnitude but oppositc phase,

element iz

whore k

X

1

Congider an array of two conbor-
faod wertical i = wavelsnghh eladments in
fros gpacc arranged gide by side with e
gpacing d and cqual currcents in op=
posite phase as in Fig., 6=1. The ana-
lygis will be divided into 2 subssctions
on the [ield patterns, driving - point
impzdanea,

6=lu, Fiocld Fattorng. The field inten-

sity ms a Tunction of @ &t a distance
D ir s horizontal planc { % - ¥ or ',

planc in Fig. é-2a ) from = singlé

= k I, { 61 }

a eonstanlt invelwing the distsnce U

the torminal eurront

The pattorn in the horizental plane of twe lsotropie paint

soursez of waval amplitude but out - of — phasce is given by
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E (@) = EEO sin {\._I_;._OE_@) { 6-2)

Putting B = B () = Il, and applying the principle of
pattorn multiplication. The field intensity E {g?.‘) } ms a function

of Q’J in the horizorntal planc at a large distance D from the ar—

ray 1s

E(Q) = &I sinl'T Gosﬂ ( 63 )
2
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Fig, =2, Pattcrns for end - firc array of two linear out - of -

phass ¥ - wavolongth elemonts with spacing 4 of % wavelength.

This is the absolute field pattern in the horizontal plane. The elcee-
bric ficld at poiels in this planz is ewerywhere vorwically polarizad.

The Telabive field pattern for the case where the spacing 4 is & «
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wavelength 1s shown In Fig. 6-2b. and also partially in Fig. 6-2a.
.- 9 o
The maxizun ficld intensity is at c;’_’) =0 and ¢p = 180, Hence,
the arrsy is commonly referred to as an Y end - fire ' typc.
The ficld intensity El{Q) az a function of 8 from a single
7 ~ wavelongth element at a distance D in the vertical plane
( x = z plene in Fig, 6-2a ) is from ( 4-21 } given by

cos [( %/2)} cop EII]

E (B8) = kI
1 =in 9

{ (64 )

The pattorn Eiso( ©) as » Punction of & in the vertical plane for

two iszotroplc sourcus in place of the two elements is from {(6-2 )

rd, sin &
E {g) = 2B fsin(r ) ( 65 )
iE0 a

®ote that O dis complementary to @ in ( 6~2 ), so coagp= sin @
Putting Eo = El( 8) the field inlensity B{ 8) as a function of
8  in the wvertical plane at =z large diatsvee D frem the arrey is

- dy gin B
E{®) = 2 I1 cos|{T/2) cos8 17 (___5.,___) ( &6-& )

gin 8

This is the absolutc ficld patterm in the verticsl planc. Tho relo-
tive pattern is illustrated in Fig, é6—2¢, and also partially in

Fig, 6-2a, for ths casc whera the spacing is ¥ wavelangth,

6-1b. Driving ~ point Imscdance. Lot vy and V, Ye the omf ap-
plizd to the terminals of element 1 and 2 respecctively. Then

v = =
1 11311 + IE 12 ( 6-7 )

h = 1.7 + I3 B
2 2 27 11z ( )
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Since I, = -11. Then tho terminal impedance Zl ol clement 1 1s

& = A - & (6—9}
1 11 1z

of element 2 is

7 = & - 2 { 610 )
2 22 1z

32
f=2, Harizontal Antenmzs bbove a Plane Ground,

The fi=ld of most antcnnas

arc affceted by the presence of

= i} - J,-intenna
the ground. The changs in the = 3 =
patlern from its [ree - spaco h
shape is of primarvy inmportance _
oo i p Ty 1imp . 4 Ground

!
Fr F 7= 7F F 7 'ra!_f'f‘7¥?-’f.! Pl e
The impedance Telations may i

also be daifferent than whien toe h

| -

. A s " Taage
' 2 .

array is in frece spaco, capocial-
ly il the arrey is wery c¢lossz to

the ground, In thiz seection the

Fip. 06=3, + - wavelongth anlone
cffeect of the pround on horizone

na at heignt b above ground
tzl antennas is discussod.

with Image at cgual distance Do-

b-2a, Horizontal i ~ wave— low ground,

length Anteonna Abowe Cround

Owing to thz ground, the field at a distent point F  is the re-
sultant of a dircct wave and a wawe reflected from the ground as in
Fig., B4, Asguning that the ground is porfectly condueting, the tan-

gential ecmponont of the eleetric field must vanish at its surfacc,
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To fulfill this boundary condition, the roeflocted waw must suffoer a
phada raversal of 180 at the point of reflcetion,

To obtain the fisld Te distance
point F

at a distant point P, Kraus
has introduccd il " method
of imagea ". By toking the

current in the image egual

-

VX
in magnitude but rToversed — Antenna —Fhase

5 {Element 1) roveraal
in phage by 180 with ros-

Rz{tcoted
wave

pect to the antorma currsnt,
the problem ezn be trang-

formed into the oroblem Imags éf
{Element 2)
alraady trecated in Sec, :

&=l of a s0 =~ ealled cnd =
Fig, &4, Antenna sbove ground with
fire array. -
imaga showing dircet and reflected
Owing to the prescenece
: WEVES .
of the ground, the driving

point impedance of the antenna is, in general, different than its frce-

space vatue. Thus, the appliad voltage at the antenna terminals is

o= I, Z,+ I,2 { 611 )
where Il = tue antenna currcnt
IE = the imagc currcent
le = the pelf = impedance of the antcnna
Zm = the mutual impedance of the antonns and its impage

at a distance of 2h
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Sinea I2 = _]1, the driving - or foed — polnt iapcdance of tho
antonna is Vl 6
I, = e = 4 ~Z 12
1 I; 117 “m )
The real part of { §-12 ) or driving point radiabion resistanco is
) = - ?
Ry - Ry . { & 23 )

The variation of this rosisktance at the center of the ¢ - wavalength

antenna is shown in Fig. -5 - —

a8 o function of the antenna 00 ffﬁ\ T
= \ 1
height b above the ground, . z }!' ! : . :
' JdE !
As the height becomes vo ‘ - - —— 17 A
g E £ VeTy , o \ ! 7
1
_ wl| WA
large, the offcet of the ime e ! = '
= s - |
: 0 ! g:1 !
afez on the resistonce docreass- i o { \ -
. PYN A :
oo, tho radiation recistance ; 20 |- / !
A f! | . I
approeching ils frec - spaeo oo } .
: 1o —
raluc. | ;

O8G0 GE D.5 04 08 06 07 G.B& 08 10 II
H.ei-qh? aloyd grownd in wovalangthe
! -—— . . - v

Hm2b. The Vorticz]l Ficld

Fipg, &=5. Driving = or fuod -~ point
Pattern of Straight Horizon- '

resistanc:o R_l at the conter of a
tal Half - Wowve Ddpole Above

33 horizontal & - wavelength antonna
Ground. Thy ¢lectrie field

as a Tunetion of its hedight abowe
around a A /2 dipolc in

' a porfectly conducting ground,

fres apace miven by ( 4-22 )

tc be T

cos | % cos 8 )
E =

— {9 moasurcd from wire )
sin o

from which it can %e sezon that there is zerc field intengivy in the

dircetion of the dipolo and maximum sverywhero at right angles fo
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it., It is thereforc a dircetive radiating system, In practice and when
used over ground, some endwlse radiation occurs beecause of reflcetions
.i‘ rom ground and from the ionesphere, and in this direction the field
is vertieally polarized. Normal to the wire the Field is horizontally
polarized. In intermediate directions there arc components of botk,

The most importent characteristic is ite vertical-plane pattern
normal to tho wire. Over porfectly condueting earth, this hag the

equation { origin at dipole above ground )

F{(@® )} = cos (H sin ¢ # QDO) _ { 614 )

It

vhare 7 () ralative fizld intensity as a function of elcvation
angle B .

H = elecctrical hcight of antonna above ground = Zﬂh/ilg
Fig. 6~6 shows a sories of these patterns for varicus heights h up to
2t A . The relative polarity of the field in cach lobe is indicated,
Fig. 6-7 charts the unglc of the maximums and the nulls for theso
pattorns.

In reality, the ground is imperfact grournd, the effect of
ground losg on field pattern iz in decrcasing the amplitude of the
maximums and the slight filling of the mi2ls due to incomplete
cancellation of direet and reflected ficld., The engles of maximums
and micimums are only slightly affveted and for rost pracuice]l uges

may be considerod te he the same,
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Fio.o—7anghs of musimoms sed mlckgems, berlesaicl dipols,

129



130

. b=3, Arroys with Parpsitic Elements,

The limited dircetive proporty of a half — weve antenna nakes
it peecssary to use other types of antennas when it is désired to pro-
duce a - goncentration of r=f c¢nergy in a specifie dirceticen. One of
the most common diresetive antennas is celled a ™ parasitie " array.

A parasitic antenna iz couplsd to o driven antenne by +the mu—
tual impedance botwszen the tio antennas, A woltage induced in the
parasitic element by the current in the driven antenna will csuse s
cuarrent to flow in the parasitic, This current will preduce & radia-
tion field which will combine with the radistion field of the driven
antenna. The repultant pattern of sueh an array will usually have in-
crzasad dircebivity over the patiters of the driven antenna, depending
upor the spacing between the driven and parasitic clements and the die
menaions of the pavasitie, Parasitic arrays arv usuadly desizmed with
cloae épacing betwecn elements. The directiwve properiies of s parti-
cular paragite and driven antenna combination are doisrmined by the
relative phase and magnitudz of the driven asnd irduced curronts.
Speeially, for close spacings, il! the phase of the ecurreni in the pa—
rasitz lags ihc phase of the currant in the driven antenna, the di-
rection of maximun radiation will be in the direetion Crom the dri-
ven clement toward the parasitic and the parasitie is eslled a di-
roetor.  If the phase of thice current in the pearesite loads the phase
of the currvnt in the driven anteuna, the direciion of maximum radiaw
wlon will boe in the direetion frow the parasitic clement toward the

driven slement and Lhe perasite is called a rellector.
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Fig. 68,

Pargsitie Antennos.

The equatiomg deceribing the rolationships hetweon one driven

and one parasitic ¢lement, &5 in Fig, &8, zre eas follows

34
Vo= Lo, o+ 12y, { 615 )
9] Ilzlz + IEZEE { 6-16 )
From [ =16 ) thoe current in slement 2 is
Z
I = - T, 12 ( 617 )
2 1 Z
22
z “r
= 1, |22/ + 01 ~ 0
A
|22

{ 618 )
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whuro 912 = arctan 12
LT

X

6,, = arctan _22

]

e

The electric lield intensgity at a large distance [rom the array as a

Tunetion of :;'} 1=

B(2) = k(I « IE/*drcosc;S} ( 619 )

I

21, { 620 )
A
Substituting ( 6-18 ) for I, in { 6-19 )

=i

whe s dr = /’5 d

2 ;
12 + 5
. I/1+912_922+d3em_?}(5-21}

27

E{¢) = k11(1+

The total pattorn will be the pettein az determined from { 21 ) mul-
tiplicd by the pattern of the }\ /2 driven antenoam, Selving { &ulg )
and { 6-16 ) for the driving - poiot impodance Zl of the driven ele—
mont, we [_{c‘:f

2
Z o
g 26
2. = Z._ _ _12 = Z.. _ \1215—12— ( 6-22 )
22 "2 | /8
The real part of Zl is
:zz ’
R = It | "1z . =0 fome
1 1 - lz lCDS(EJ.E 22) { 6-23 }
32 |

The gain in ficld Intensity { ag a funotion of P } of the array with

L

regpect to a single 4+ = wavelength antenna with the seme power input
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is
: 1 B + R
Gp (LA | = pdl . 1L
lH.W.! h R11+RlL-l EEE {2 512-522]
. L
' 13 p
- +
{1+ 11?} [‘TT*“B:LE 822 dr005¢)(ﬂ--2&fp}
whoTe R = offective loss recasimtancc

1L

6~3a, Self -~ Rosonunt Parasitic Element. When the parasitic element

is tha game loength ag the rediator ( driven eloment }, it iz called
self — resonant and the spacing determines whether it is a dirsctor
or reflesctor, A parasitic elemert of this length spaced lessgs than
0.14A acts as a director, producing a relatively high anterna gain.
A perasitic clement of thls lenzth spaced greater than 0,14 A acls
aps = reflector, reproducing a relatively high antenna gain, At s
spacing of C.14 A , the parnsitic clement cavscs radistion coual-
ly in botn dircetions, producing a relatively amall antenna goin,
Fig. &9 schows gain and radiation resighbance as a fonetion of the
clemznt spaeing For tuis casc celoulatod [rom Egh, { 6=23 ), ( =24 )
( from aralysis by G. [l. Troun }3? The front - te = back ratic at
amy spucing iz the diffcrence baotwcen the wvalues given by curves &

and B at that spacing.

6-3n, Tuned Parccitic Elcment. When the paragitic element is shorter

tuned to a higher fregueney ) than the driven clement, it is called

a director and reinfervos radiation in the direction of & 1line pointing
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Fig, 69, Gzin in a twe = ele-

ment parasitic erray as a funetion
af elemont spacing when the pare-

sitic cloment iz salf - resonant,

13,{,

toward itself from the driven ele-
ment. Sca Fig., 6-10a

When the parasitic elemcnt
ig longer { tuned to a lower fro-
quensy } than the driven element
it i ecallaed a reflector and rein-
foreces radiation in the dirceticn
of = line nointing away from ite
sl toward tho driven clemcni.
See Fig, 0-10b,

Thz-'s.pacing is the chief
Tactor in determlning the gain of

zn antonna - relloctor or an entorn—

na - dirschor combination, while the lengihs of the parasitic elomontis

)
1i - s.ll}\ ot - - - -
:1 _ = 4T T 1 i
5 - —= DIEECTIVITY = 17—
fo .
\ Dircetor

“Brivon Eiloment

{a)

Fig, 6-10.

yoo .

- Hefloctnr

I

Drivaen Eloment

(n)

A parasitic eloment shorter than the driven ele—"

mont acts like s dircetaor {a}. 4 parasitic clement laonger than inc-

-

driven clement acis like a reflector.(b). : T
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determine tile sharpnoss of resonance of the multi - olement array.

The maximwn gain theorctically obtainable with o single pavasitic ele-
ment, as a fenction of spaclng iz shown in Fig, 611, as calcwlated
from Eq. ( 624 ) { from analysis by G. H. Brcw‘r?%. The two curves
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; ' : ' ] . i F s ! ;
s . i ] " . {i a8 e e |?....------—n-_!
- 2 - b ™y -— 7 g i ¥ ! |
] i [ J [ .“x : : JUokrA Durector i
o A I !
T j AN !
. ] v . :
Y S R B 3 A Lo
BOS B B 0D 025 03 O35 04 . . & 39 A 1 o
EXFMENT SPATIRG -WAVEL ENG TS . ! E . /“/" . ! i
s ) / L P B | ;
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I . L] . . ! 1 !
Fip. ©6-11. The maximum possi= ; T wer  ae e 61 eis 97 o

ELEMENT APACIA . — WAVELEWETHE
! . . - .

ble gonin obtuinable with a pera-

Fig. ©&-12. Radiation rcsistanco
gitic =lement over a half - wawve

at ecnter of driven clement a3
antenna alone, assuming thab the

a function of elsmoent spacing,
parasitic =loment tuning is ad-

when the parasitic element is
justzd for greatest gain at

adjystad for the zeins glven in
cach apacing.

Tig, 611,
show the greatest gain te be expocted wheon the cloment iz tuned for
optimum peorformance cither as a director or reflector. The radiation
resistanea at the center of the drivern cloment, celculated from Eq.

{ 6~22 }, varies as shown in Fig. 6=12 Ffor the spacing and tuning con-

ditiona that giwve the pains indicated by the curves of Fig., 6=11,
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