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1t 45 the purposc of this thesis to prosemt o study
of the offect of foed point displaceament on the electrical
ahargat -ristias of asynmotric dipols antenma. An effort han
boon made to give a detailed analyais for deriving expressions
for various important parameters of the antenna system mentioned
above. The anslysis prosonted in chapter 2 has been utilised
in chapter 6 to suggest a now type of logeperiodie structure,
namaly, the loge-periodic structure consisting of nsymmotric
dipole elenentse Tho study of the displaced dipole antenna
syotem has beon oxtended to investigate the effeet of the
plasma modium on the displaced asymmetric dipole antenna.
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1.1.1 A uinear Dipole /pteinas- A linear dipole antenna is
widely uged and well studied amtenna. Depending on the

type of feedin; arrsngenent, there result two types of
dipole antennas noamely, the cemtrefed dipole or ayammetrie
dipole and the agymmetric dipole wnoge feeding point is
not at the centre, A large amount of theoretical and ex=-
perizental work is svailable in standard texts written

by King (1), Kraus (2), 3chelkunoff (3) and Jordan (4).

Smith (L) obperved that the thworetical and experi-
gental resulta obtained for input fuapedunce of a half
wave dipole do not &gree with eaoch other, mainly due to
the differcnces in the feeding arringements used, £R.A.
Suith and C.H, 3mith (6) have shown experimentally that
the rgg}ative part of the lmpedance of the antenna depe-
nds on the spacing et the centre of the dipole and on the
mothod of feeiing by the trunsalagsion line., Schelkunoff (7)

| inveatigated tho affect of the feel gep on the input impe

denes and predicted that the resiative part of the input
impedance decresses with the increage in the spacing of

the feed gap.

Az stated above the fved gap plays an important role
in deternining the input lapedance of the antenna gysten.
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In order to study tke effect of variations of tals feed
gap on the electrical characteristics of the syastem,
Kosta (8, introduced the concept of feed point displace=-
ment in 1967. Since then the centre fed dipole with
displaced feed points has been the subject of many in-

vegtizations.

liowever, the scope of the feed point displacement
method was 11aite! in the seénpe that the feed point dig-
placement more thun C.l.N resulted in inaccurate results.
The reason is attributed to the faet that the feed point
displacement roquires the inclusion of proper function
to describe the appreciable field produced in the gap
rezion regulting from sach displacements. To avoid coa-
plications, this ficld in the gap region is usuully neg-
lected so far as the displacement is within the above
renge. However, varying the feed point displucement
from 0,0 to O.).A produced an appreciable scanning of
the bean, Special.ly a particular confijuration of dige
placed aystea, namoly, the transversely diasplaced confie
guration was found useful in describing the Logepcriodic

arraye.

Log-periodicDipole Array:- Loge-periodic antennas are

widely used for very wide bend operations and were earlier
reforred to a3 frequency independent entennas. The eleg-—
trical properties of thesc antennas, such ag, the radipe

tion pattern, the radiation resistance, etc, chenge to a



neglizible extent with the operating f{requency over a
band whiob 13 only limited by the sige of the lowfre-
gquency elements and by thoe constructicnal accuruicy at
the hizh frequency e€nd of the band. Jbease antennas
algo yleld a subgstentiasl directive gairn and as such
have an edge over directive radiators with a narrow
band width operation. 3ince the inception of thege
aerials they are satisfaotorily utiliged in VHP, UHF

and SHPF bands.

Metanel (§) invented @ planar log-periodic entenna
structure ghown in the f£i: (1.3). ¢The electrical per=-
fornanece of this structure repeats it self periodicelly
with the logaritim of the frequency because of its geo=-
metry and henece the structure 1s ecalled " Log-porfodic®.
after Isbell (L0) introiuced the nomplamar log-pericdic
gtructure, Mm=hanel and his coworkers (1l ) enhanced the
practicel value of log=-pericdic antemnne by uaing wire
gtructares and extending applications i:mn nicrowvaves
to high frequency band. The Importance of the loge-
periodic antennas was given a further booet when in
U.SeAe Isbeil (12) introduced a novel design concept
in the log-periodic dipole antennas, In En land Radford(l3)
took the lead in tbe dealgn and development of logarithe
mie antennas for communiocation systems. Since the incep-
tion of log-periodie antennas, various research workers

in different countries wore involved in the development
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of the theory governing thc properties of these antennas.
Although the zeometrical prineciples governing thege
antennas are quite simpla, according to Rumaey (14),

no well defined theory to explain the experinentally
obaerved properties of these antennas is so far available,
The Ioz-periodic design has largely been an art, an appli-
cation of empiricism based on intution and not really a

acience,

Carrel (15) has proposed an analysis of the log-
periodic dipole asntenna fron thc point of view of the
linear array theory tuking in to account the self and
nutual ooupling effects batween eight dipoles. lie has
also taken in to consideration the unequal lensth of the
dipoles in his theory., ‘{any rescarch workers such as
yittra and Jones (16), fases, Deachamps end Patton (17)
etc. studied the loge~periodic dipole antenna fron peric-
dically loaded {loaded with dipoles) tramamisasion line
concept., Use of Brillouin dlegran wee aleo maie by
riittra and Jones (16) to explain the perforaance of
log-periodic dipole array. It was pointed out by them
that the ultinode propagation exlsts in the periodica-
1ly loaded transalssion line wken autual coupling temsag
are considered but analysis of log-periodic dipole stru-
cture based on periodioca.ly louded trensnmisaion 1ine
concept ocan not explain fally the gultimode type of pro-



pazation, In oconclusion it was also stated that the
arguzment behind this line of approach, has largely been
heuristic and thoroushmalysis of the log=periodic
structures was yet to be worked out. Kosta (18) in
1987 pregented the simplified theory of the log perio=
die dipole entenna from simple consideration of the
linear arrqy theory. AlLthough this analysis waa quite
approxizate (valid for the active region only) in
nature but it was found t0 be quite useful in engincer-
ing epplications where siapllcity i35 of priaary lapor-

tance within a tolerable percentase of error,

1.1.,3 Effect of Plagma Yedium on DNipole Radiationi- It s

well known that norformance of a radiating source immere
sed in & plasaa ri@dium is different from its performance
in free space. In last few years aany inveastigations
have been carried out to predict the effoct of plagne
mediun on the ra2iption characteristies of & centre fed
dipole. Cohen (19) has shown that an electric gource im-
merged in & homogeneous plasia of infinite extent can
excite an eleotroacoustic wave in addition to the ugusl
electronagnetic wave. In absence of static electric or
magnetic field, the electromagnetic waves aro uncoupled
end can be geparated in to two independent modes, The
electroamagnetic wavea becoue en ordinary trensverse mAL=-
netic wave and the electroacoustic wave becomes an ordi-

nary longitudional wave at :;reat Aistances from the source,
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Chen (20) has shown that tho radiation resistance of an
antenna is seriously e€ffogted by the presence of clectro=-

aoougtio wave,

Later in 1966, Talekar (£1) studied the effcet of
weakly fonigei zas type plasme nediun on the finite size
half wave dipcles. bHe has shown that for source frequen-
cleg far-far greater than the plasma frequency, the e.m.
mode radiation resistance remeins aloost unef{fected while
the acoustic 20de bas an appreciable part of radiation
reagistance, However, for source frequencles equal to the
plasma frequency the quegtion of node propagation becones
meaninsless because all far fleldo reduce to Premmel gone
fielda owing to the great attenuation suffered by the
waven., At source frequencies far far less than the plasaa
frequencieg, the e.m, wode travels with attenuation., The
plasaa nmode has an epperclable rallation resiatance in

thia case.

To inveati ate the elfect of jlasma mediun on the
centre fed dipole with arbitrarily displaced fced pointas,
Kosta and 3ingh (22) carried out the analysis for far
field radiation pattern. 1hese inveatisations have shown
that the radiation characteristics in plagia has entirely
difforent characteristics thar that in free space. Such
gtudles have been found extencively useful for anplica-

tions in space venlcles and satellites passing through
the lonosphere,
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The prescant investization is taken up with a view
to study the effect of f2ed point gap and the 2edium on
electricel properties of the apynietric dipoles,

\aynme tric Dipolese Chaptor 2 bhas been devoted to the
theorc tical aand experisantal invegtigation of the Aay-
nmetrio dipole untenna with arbitrarily displaced feed
points, Taking sginugoidal ocurrent distribution the anae-
lyais hag been carried out. Variation of various para-
meters lLike, radiation pattem, radlation resistance,
gzain etc, with the feed joint displacement 23/A\ has been
predicted. The entire study bas been carried out in
three cagess

(1) Arbitirury Displacenent: Thias case has been gtudied
by taking arbitrary diaplagfment angle gy= 0,= 45°,

£1z (L.la )y :}'= 0,25 and g; = 0,76, Theoretical cal-
ciilations heve been carried out for various values of
feed point dlsplacemont %o = C.04 to C.16. It has been
negsible to obtain & snall scanning of 8% of the bean
max. with in the gbove range of variation of the feed
point dlsplacement, It is found that radiation resista-
nece decrecaacg with the increase in %; values while power
gain increases with the increase in %? valuea,

(11 ) Tremsverge Displacesent: Thig 4s a gspecial cage

of arblirary displacezent. Ry putting €)= 8,= %5 £ig(l.1b ),
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one ecapsily obtaing the expression for the trangversely
displaced case, Ihere also the whole pattern shifts by

59 as -2{3 values are varled in the above range, Variations
of radiation resistence and gain are pimilar to the case
of arbitrary lisplacement. This case is an important

one ag the analysis of this configuration foras the basls
of explanation of the noaplanar log periodic dipole array
with suceeanive elements displaced trensversely to their
axlig,

(111) Axil Displacement: By putting ¢;= 6,= 0%, fig(l.1c),
expresalons for various paraneters for axially displaced
cage are obtained, However i this ceee, unlike the arbi-
trarily and transversely dioplaced cases, the pattem re-
maing unchanged for various velues of -th-  adiation re-

D
aslstence decraases with the increase in %ﬁ valueg while

gain inerceses with the Increase in zr“ valueg, Experimen-~
tal investizations have also been carried out for trenge

verge and axial displacenents. The theoretical and eXPRm
rinental results are in go0d egreement., Experiaental set

up has been digcusascd in deteil in this chapter,

Dipole sntenna:  fnaelysis of the input inpedance of the
trangversely displaced asyasnetric iipole asntenna, £ig(l.2b;,
hag been presented in chapter 3, Input iapedance has been
gtudied as a function of the feed point displacement for
various values of the displacenent %ﬁ starting from 0,0
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to C.16. The input impedance has then been aeasured
experinontally. Agreeacnt b tween theoretical aud expe-

rinental resalts iz reasonably good.

Inpug I

A siadle approach to explain the experinentally obsexved
variation of the input fapedance, radiation resistance

and power zain for & non planar log=periodic dipole

antenna (g # o° )y fig.(L2)s hes bean discussed in chepter 4,
Far-field expressions developed by Kogta (1B) have been
used to celoulate tre railation resistance and power gain
of the nonplanar LPD antenna. Power ¢ain has been measu-

red experinentally for various values of @ .

In addition & eimple approcach has been shown to
explain the experimentally observed variations in input
fapedsance shown Dy Honser (23). 1The nonplanar gysten
hag been treated as a periodica ly loaded transuission
line. Using this concepty the expression for input im-
pedance of the active region bas been derived, The vari-
ation of this paramcter as a function of ¢ (the separation
angle betwecen the two halves) has been studied both theo-
retioally as well as experinentally,

New Log-period Strugture with metrie Dipol
rlementgs In chapter U one of the configurations of

the displaced sysiem, namely, the tranaversely displaced



G

1

2

LOG-PERIODIC

/ L

N |

O
N

N -1 _ 'f’_\j

‘_S g = -_
6’-7 (3':’:_--
DIPOLE ANTENNA AND (TS

PARAMETERS



-t 10 1=

configuration has been used to explorxe & new log=-periodic
atructure, In this new atructure the conventionul centre
fed dipoles of the orray have been replaced by the trang-
versely diaplaccd asymnetric dipoles. Ixpressions for
the far field radiation pattem, radiation realatance
and power gain have been developed uaing the convertional
linear sntenna array theory and the oynting'a vector
nethod. A study of the various important antenna para-
meters (radiation pattern, radfation resistamce and
power gain eto, ) have been nade as a function of the ge-
paration angle ¢ between the two halves. In adiition an
approximate expression for the varlatiocn of input impeda~
nce of the active region has also been derived uging the
pericdically loaded line concept and the perturbation
tecimique, Theoretical as well as experimental results

have been presented,

1.2.6 Some Studles of Arbitrari Digplaced etric DLivole
Antenna Inmersged in Vveakly Joriged Plaama: A gtudy of

gaymactric dipole antenna system with arbitrarily displaced
feed points {ainersed in weokly fonized plasma hag been
presented in chapter 6., Analysily has been ocarried out

to predict the variation of radiation pattern of both the
electronagnetic wwde 28 well as the acouutic node as funce
tions of the feed point diaplucement -’iﬁ « It hag been
shown that for sourcce frequencies farefar greater than

the plaasua fregquency the electrons netie mode radistion
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is alaogt uneffected.

Concliusions axe made in chapter 7, where the experi-
mental agreeazent with the theory is discussed. Some
suggestions for further work huvealso been given in this
chapter,
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2.2.1

c H A P T 2 R - &

AN ASCAdITRIC OTPCLY ANTERNA wITH ARBITRARILY OLSPLACED
FIED POINIS

1HTRODJCTION

A careful exanination of the log-periodic dipole
antenna (for 3 0°) with agymmetric dipoles as its ele-
ments, shown in £1g.(2.1), reveals the fact that the con-
atituent dipoles bave thelr feed points displaced trens-
verss to their ax®s., Henoe, tc study this type of array,
one must firagt analyse its basic elements. The present
chupter hag been devoted %o the analysis of the agynmetric
dipole antenns with feed points displaced arbitrarily.
Three possible oonfiguration are discussed.

DEVELOPMENT O€ JATHE ATEQAL EXPREGIIONS

Radiation Pattern

Pig (2.2) represents an asymmetrically fed dipole antenng

with feed points displaced arbitrarily. SQ and 3'2' are
the two congtituent portions of the agymmetric dipole
antenna which may be considered to be made of a large
pumnber of small current elements dz' each having a
congtant current I(z'). The radlation field due to
guch an element ds' 13 given by (24)



|
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FIG.2:1. PARAMETER AND COORDINATE SYSTEM OF L Pl

ASYMMETRIC DIPOLE ELEMENT




FIG. (2'2) LAYOUT AND COORDINATE SYSTEM OF ARBITRARILY

DISPLACED ASY. DIPOLE.
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ipn I(s) gd( % = r/c) gin 0 dz’

dESQ 2 41‘1.. (2.1)

FProm fig (2.2) 1t is obvioug that

= ((xexy % (ryy % (2 = (g+ N2 (2.2)

whe re

x arxr, sin 6 cos 9 y=1r, ain 6 sin ¢ ,

g =x, o086 6
eand
x,= R; gin 6; €08 #) s V3= Ry sin @, sin L8
z)= R) oos 0,
Subgtituting these values of coordiantes, (2.2) results in
¢ 2
r'-:.-c,lil,*i+ i LA, -g?"(si.ne

2
To

pin 8; cos(¢-#)) + c08 @ 003 6;) - %:-'- co 3 931/2
which reduces to
r' = roq- Rld1- z. c03 0 (2.3)

whe re

Uy= sin 6 3in 6, c03(s1~9)+ cos & cos GIY (£.4)

Siailarly
r® = T+ ;{202- z' con @ (2.5)
whe re

Ug= sin 0 ain 65 c03(s,~ ¢) + cos 6 cos 6, (2.8)
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Pirstly, the current distribution of the following form

ig aasuned,

I(z') = I sin{p(hy= 3')}y 2'> C (2.7 )
= I, sin{p(hpt 2')), 2°< 0 (2.8)

whexe £ = 21/
Since

I, sin(phy) = I, sin(fihy) at = O, this is possible
only when

I, I, sin(jhg) and Ip= Iy ain(ph, )
Substituting thesc values of 11 and IB in equations
(2.7) and (2.8), the current distribution 1is

I(z') = I, sin(phy) ain{f(hy= 5°)}, 2'> 0

= Im sln(ﬁhl) sm[p(h2+ Z')]. 2¢O (2-9)

Inserting this current distribution ir equation (£.1)
end integrating, the radiation field due to the entire
upper lizb cozeg out to be

-Jgr '(RyUy+ 2°
Eg, = A sin(php) J'hl s o hor Wlinlyr s'one)
o

sinfp(by~ 8')) sin ¢ 4g° (2.10)
where
P15 BRSSP P TP W2
41rr.ro

Simplifying
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3" hl edf2'c08 6

Bgn = A' sin(phz) e

3Q

sin (8(h~ 2'))ds’ (2.11)

whe re
A' = A gin ©

Using the standard integration formle

ax
[ e™ sin(ostx) = 5= [a sin(esbx)
a“+ b
~ b ooa(c+bx )}

and carryin; out the integration

JERy U jgh, cos @
2 m g 8in(phy) € ) 3 1
83 B sl.n!; 2 Le

- [ cOoB © am(Bhl) 4+ 08 (ﬁhl))] (2.12)
gimilarly for the lower 1inb

IBARLU -JPh,008 ©

Bgeqr = —Age otn(eByde 22 (o

g aln'©

+ [] cos 8 sin{fhy) - coa(ihy) )] (2.13)

Adding equations (2.12) and (2.13) the field due to the
asymme tric dipole amtenna with arbitrarily displaced

feed points 1s

B(O o o) = Ke[Z1e 2(0 4 ¢) (2.14)

whe re
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je(R U;+ h,cos ©) 1R, U
£(e , 2) = ain(f by e 1t _ PN

(§ cos 6 sin({by ) + cos(phy)}]

~3jf(R, U+ hocom 6) =J(R,U
+ sin(ph, )(e 2 2" NP +e'“22

{j cos © sin(jlby) - cos(phy )]l

-

(2.15)
and Knm

“o
Equation (2,14) is the a0st general expresgion for the
far-field rediation pattern of the asymmetric dipole
antenna with feed points displaced arbitrarily. This
oonfimaration is gtudied in the following threce cases,

(1) Arbitrary Displecedsn®s

This configuration ig shown in fig.(2.3a)s By
putting ¢, = 9p * 9c° and 0y= 6= 45° one obtaine, from

equation (2,14)s the expression appropriate for this case.
Egp (09 0) = K. (1)e £,p(6 4 9) (2.18)

where Uy= U= gin ¢ sin 0; ain ¢ + cos @ oos 0y

and £, is obtainad by ingerting ebove values of Uy
and U, in equation (2.15)s Celculations are carried
out uging the following data,

O

s = 90° {for ¥=plane pattern)
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¢ = 90° (for B-pattem)

% = U756

and %? = 0,04, 0.1, 0,16
Piotg of F and He-plane patterns are shown in £1:,(2,3b)

(11 ) Tramsverge Odgplacenent:

o
On substitution of 0,= 6= 90" and ¢,= o= ag®

(£1Z..2.48)) in equation (2.14), the expreasion for

the far-field radiation patiern 1s obtaired cs

in which U= Up= sin 6 sin ¢, £, om be obtained from
equation (2.156) by usging this value of Uye Using equation
(2,17 ), celculations have been done with the following

parame ters,
Q
01= 92- 90
01" Gg" 900
s = 90° (for Eeplane pattern)

6 = 90°(for Heplane pattern)

B « 0,28
% s 0,75
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and the wvaluen ofl%? mentioned in case (i)

Theoretical plots of £ and li-plane pattems are shown

m Iiu’o (2. 4h ).
(111 ) Axiel »igplaceaents

ng.(z.Sa) ahows this oconfiguration., By substi-
tutin; o = 8, 0o° ana 9,= 9,= 90° 1n equation (2,14),

the relevsnt expression for tlis case becomeg
Eg(0 » 0) = Ke[XYe £,4(6 4 0) (2.18)

where

Uy= U= oos 6

Equation (2.1B) is the expression for the far-
field radiation due to the asymmetrically driven dipole
with axially displaced feed points, The following data
is used to oaloulate the theoretical ¥ and H-pleme

patternas,

6y= 6" 0°

Py 9" 900

By
-rl' 0,25

?— 075

and %‘1.: 0.04y Os18, 0,18

results are shown graphically in flg.(2.5b),
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adiation ileslgt 3

The radiation resistance is obtained by integrating
Poyntiny's vector ever a large sphere ylelding the total

power radiated and equating thia power to Iﬁ Ro/z. whe re

R, i3 the radiation resigtance and IIn i3 the peak current,

Expression for the total radiated power W is glven by (2b)

/

1 2n R o o
1 = 'é'f(MO/GoJ J .£|B¢| r, 8ln @ 46 da (2.19)
o
where
u, = free gpace perzeabllity

€, = free gpace peralttivity

|a¢| = abpolute velie of magnetic field.

Using the relation
K |£(e , )
SRS 2]
”

n

H
| 4

end (I] = I in equation (2.19), the total radiated
power ¥ 1e

156 12 ¢
' - -.E..l-.jo |£(0 o %)Ie gin ¢ de

2
Equating this equation %0 I R./2 and sinplifying, the

expreasion for the radiation resistance is obtained as

i3
2
R,= 16 fo 1£(6 » ®/2}|" ain 0 do (2.20)
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where £(8 , =) is obtained frou eqastion (2,15) by
subatituting » = %. Equation (2.20) gives the expre-
sgion for radiation resistemoc of the arbitrarily dig-

placel asymnetric dipole antenna,

As mentioned in seo. 2,&,1, radiation resistance
may uleo be studied in three possible configurations
discussed below.

(1) Arbitrary Jigplaceuwent:

Radiation resistonce for this case i3 given by
= 5 o
Rose = 16 j;um(e 2 2” sin o de (2,21)

in which fm(e » %) is obtained by putting appropriate
values of 81 and 02 and ¢ = % in the general exXpre=
gaion of £(6 , ¢) given by equation (2.15),

(1i) Trgngverge bigplacenents

For this configuraticn, the generul expression
of equation (2.8C) reduces to

. 2
ROEI‘R = 15 fo lfﬁa(e ’ %” ain ¢ de (c.22)

where £5o(0 o i') 1s obtained by substituting the
appropriate values of Uy and Uy in equation (2.15),

o
(111 ) Axil Digplagenment:

Radiation resigtanee for thia case is given by
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» r g2
R =15 [ |t,,(0 .-§)| sin 6 4 (2.23)
ol &

OAX
Theoretical calculations for the three cases dise
cussed above have been ocarried out uaing the following

paranetcrs

h
’% = 0,25

and 2{ a 0.0, 0.02[‘, 0.05. 0.08. O.l. 0.12 and 0,18

Regults ere given in Table 2,1 and shown in f£ig,(2.6).

TABLT = £.1

Peed Point Radiation Resistanoe (in ohas)

Displacement &I | iTenaveree Arbitrary
2R/\ Digolacement !Digplacement |Displacement
0.0 93,43 93,43 93,43
0,026 v4,.88 93,35 93,78
0,06 55,98 93,08 94.6C
0.08 96,91 92,55 94,94
0.10 97.29 92,05 94,98
C.,12 97,408 91,45 34,81

Cel8 96,98 89,01 93,00
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FIG. 2-6. RADIATION RESISTANCE AS FUNCTION €

OF FEED POINT DISPLACEMENT.

AX= AXIAL DISPLACEMENT.
AR= ARBITRARY DISPLACEMENT.

TR = TRANSVERSE DISPLACEMENT



.2 7. POWER GAIN OF AXIALLY, TRANSVERSELY
AND ARBITRARILY DISPLACED ASYMMETRIC

DIPOLE ANTENNA AS A FUNCTION OF
FEED POINT DISPLACEMENT 2R/7\.
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2.2.3 Power Gain

For a given value of feed-point displacement 2R,

the field E(e , %) and 3(F » ¢) will be maximum at an
angle g = On and ¢ = ’n regpectively, Therefore

Baax (8g) = Fellle fnay (6g) (2.24)
Equation (£.,24) gives the r.m.s. value of the fleld 1if

) equals to the r.m.s. current at the location of
current maxizus (2). The antenna is supplied with the

power P = Iﬁ Roe The re fore

M s X ;.2 (e_)
V7 vno max a (e2.26)

A sinilar expression for the lsotropic radiator is
given in Page (26)
‘.21 Ty
=P+ =30 (2.26)
VP
pividing equation (2.26) by equation (2.26) and squaring,
the power galn is

6 = () oy, (0g) (£.27)
o
whe re Bm {s the angle of maximua radiation for a speci-

fied value of 2R, tbe feed point iigplacement.

Equation (2.27) 18 3 goneral expression which can

be used for coaputing powexr gain by s:batituting the
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appropriate finctions f .. (6,) for tke three confi-
gurations disecissed in sec, (2.2.2 ) Conputations have
been done usin: date given in sec. (2,2.2)., Results,
so obtained, are given in Table 2.2 gnyg ghovm in £1.02.7).

TARLD » £,2

Peed Point Yower Gain (in 4B)

Displacement|  Axil Transverse Arbitrary
2[;/7\ Dipgplacenent|isplacement Dlgglgnznt
C.0 2,56 2,56 2,66
C,.026 2,582 2,688 2,658
Ce0d 2,603 2,792 2,761
C,0C 2,632 2.880 2,786
010 2.648 2,919 2.796
0.12 2,860 2.967 2.536
0,18 2,695 3,077 2,840

Effective zrtures

The effootdve aperiure of an antenna is given by

G-%'Q
or 4= & (£.28)

LN
where G = power gain
A = Effeotive aperature

A = Operating wave length



TABLY = 2,3

Feed Point EFFECTIVE APERTURE o

Displacement x1al Transverse | ATDLitrary
2R/ | uigplaceaent|Digplacement|Digplagenent
0.00 0.,1434 C.1434 0.1434
0,026 0.1441 0.1477 0.1477
0,086 C.1449 0.1513 0.1499
0,08 0.1458 0.1544 0.1511
0.10 0.1463 01568 0.1611
0,12 C.1468 0.1576 0.15628

0.18 C.1480 0.1616 0.1530
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This equation can bo uged to ocompute the effective
aperture for various configurations discussed by sud-
gtituting the respective values of pover gain from sec.

2.2.3. Regults are given in Table 2,3 and shown in PFig. (2.8

§ 2.3 EXPORLMERTAL INVESIIGATIONS

2.3.1 Experigent nt leaguroment Teeclnique

The experimentel investigations have been carried
out for the ieasurement of the following,
(1) Voltege and Current distribution
(11 ) Radiation pattern

(11 ) Power gain and Effective aperture

(1) Yoltege and Current Digtribution ileasurementas

mn asymnetric 1ipole antenna at 300 4c/S has
been desizned l/a = 143 where H is the total length
of the dipole end 'a' is the redius of the Aluminiug
tube used, As the astructure is e balanced one, a
balun was developed to facliitate the iupeiance ang
radiation pattern measurenents as the oascillator to
be used i3 provided with coaxiel out put, The expe~
rinental arraniement for voliage distribution nmeagure-
ments ia shown In fiss.(2.9a and 2.9v). Out put of
the signal generator, compriging of a G.R., unit
oscillator Fo. 1209-B modulated at a frequenecy of
100C CePs3e by G.Re audlo~oscilletor No, 1214-2 ig



APERTURE

EFFECTIVE

FIG.2-8. EFFECTIVE APERTURE OF AXIALLY TRANSVERSELY AND
ARBITRARILY DISPLACED CONFIGURATION AS FUNCTION
OF FEED POINT DISPLACEMENT 2R/, .
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3  DISPLACED ASYMMETRIC DIPOLE

| 4 4 VOLTAGE PROBE
5 DETECTOR

6 SWR METER (TYPE HP 415 —8

FIG.(2-9a) BLOCK DIAGRAM FOR VOLTAGE DISTRIBUTION MEASUREMENT.
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fed to the dipole through a balun and a twin
transnission 1ine, A A/8 dipole is used to sample
the field ag it joves on the probe carriage parallel
to the dipjole., The out put of the probe i3 cornnec-
ted to SR meter (type HP 41b5-B) through crystel de-
tector (lo. 42(-A 1[?), leasurements are done by
moving the voltaze probe over the entire length of
the dipole. This procedure i3 repeated for verious
values of fced point diaplaceasent 2R, deé;lts are
shovn raphically in figs,.(2.102 and 2,10b) both

for axial as well ag tranaverse diaplacements,

For current diatribution mesgurements, the
voltaze probe was replaced by a % circular loop,
The experisental set up rcmainsg the sane ag in the
volta e 1ezsurement. 1he loop Ls moved froi one
end to the other without touching the dipole, Hegul tg
have bcen graphically shown in figs.(2,lla and 2,1ib),

(11 ) Hadietion Pattern 'deggurementas

The block diagran and the photo raph of the
experimental arrangement used for the measurement
of the radiation pattern are gshown in fiza.(2.12a,
2,12b), A centre-~f2d half wave dipole maie of
sliminiuz was used ag the radiating source and the

Aisplaced anterna aystem was uged ag the receliving
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FIG.(2 12a) SETUP FOR RADIATION PATTERN MEASUREMENTS

(1) MODULATOR (2) POWER SUPPLY (3) GR.UNIT OSCILLATOR (4) TRANSMITTING DIPOLE
(5) RECEIVING ASY. DIPOLE (6) CRYSTAL DETECTOR(7) S.W.R. METER.



CLOSEUP OF TRANSMITTING DIPOLE

t. POWER SuppLY 2. G. R. UNIT OSCILLATOR 3. MODULATOR
4. ANTENNA MAST. 5. TRANSMITTING DIPOLE



CLOSEUP OF RECEIVING ASY. DIPOLE ANTENNA

6. S.W. R. METER 7. CRYSTAL ODETECTOR 8. RECEIVING DISPLACED DIPOLE
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m_o.ﬁm._mc BLOCK DIAGRAM FOR RADIATION
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anternna., The radiating centre-fed dipole is
connected through the line balun to the G.R.Unit
oscillator (Type 1209~B) modulated by the 10CO C.P, 53,
G.R, audio ogoillator (type 1214~A), 1Iwo masts,

for mounting the tranasanitting and receivin; antennag,
of height 10 f£t, and copeble of rotation in the hori-
zental plane have been designed and frabricated. 1
circular scale at the bage of the rotatin.: gystem g
provided for noting the angular rotation, 7ihe dis-
placed oonfiguration 1s mounted on the magts.
Pigs.(2.12¢, 3.2B) show the actual condition of
the tramgvergely and the axially displaced systems
regpectively during the neasurements, Pattems

wore obtained for varlous feed point displaccments
at an operating frequency of 30C Mc/S. Hadiation

patierng (© and li~plane) are shown in fizg,(2.13a
2,131 ),

(111 ) Powe

Por power gain measurements, the gain of the
hal{ wave centre fed dipole was first meagsured. Thig
contie fed dipole was, ther, replaced by the agynne-
tric dipole (displaced configuration) and the proce-
dure was repested. The differgnce of theae two

measureaents giveés the power gafx.,



FIG.(2-12¢) CLOSEUP OF AXIALLY DISPLACED ASY. DIPOLE ANTENNA .
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In sec. 2.2.4, the effective aperture is

de fined as

A G

';!" r 73

Using the values of power gain deterained
experi:nentally. the effective aperture can be
ealculated, FResults of the power gain and effective

aperture easurements are given in Table 2.4 and

shown graphically in Iig.(2.14) and fig.(2.15).

TABLE « 2,4

Peed Point r Cain (in 4r Effective erture Xo‘

Digplacement! aAxial Trangverse Axial Transgverae
2R/ | ddgplacumeny Displgoement | D | D cenent
0.0 3.0 3.C C.143 0.143
C.04 2.66 2.80 0.144 0,148
0.08 2,65 2.94 0.145 Celb3
0.12 Re71 3.C3 C. 146 0.158
0.16 2475 3.14 Celq? 0.161

e

§ 2.4 CONCLUSIONS AND DISCUSSIONG
2¢4,1 iHadiation Pattemg

It is soen fron the pattern plots for transversely
digplaced cage that the direction of naximum radiation

shifts by g% as 2R/» is increaped fyom C.04 to 0.16.
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The pattern 13 4 lobed and iz symaetricnl about the
0°-—180° axia, !owever for the axially digplaced casc,
direction of aaximum radlation and the position of
other lobes in the pattem remain anchsnged with the
increase in ig values in th. range acntioned above.
H-plane patterms are © midirectional for both the cases.
It is evident that the experimental results support the

theoreticsl reaults with ocut much deviation,

.4.2 ladiution i gigtence’

Pron the theoretical curves shown in fig.(2.6),
the radiation registance for the axiaelly and arbitrarily
displaced cages increases upto ?K% s 0,11 and then gtarts
decreasing., lowever, the same for trengverse displace-
ment continuousply decreases with ochange of -2{-'- in the

range discussed above.
2,4,3 DPower G and Effective rtures

Mg. (2.7) and £ig. (2.8) slow the theoretical
variations of power guin and the effective aperture.
Power gain for all the threée configurations (axially,
transversely and arbltrarily digplaced oconfigurations)
inoreaages with 2F/A values, It first increascs rapidly
up to % = 0,12, then anproaches a corgtant value ag
%‘i spproaches 0,16, Effagtive aperture curvos of
fig. (2.8) aleo show a sisflar variation with %1 .
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Experigental findings seea to be in good agreement

with the theoreticel regilts as is shown in £iz3.(2.14).
Pig.(2.15) shows the variation of effective aperture
along with tho theoretical curves. The erperimental

results are found to puppoyrt the theoretical results.

Vol tage and current Distribution:

ixperimental xesults of the voltage and ocurrent
distridbution measurements for the trangversely and exi-
ally displaced configurations are shown in figs.(2.1Casb)
and (2.11a,b). It is seen fronm the voltage diatribution
curves for the transversely displaced casc that the vol-
tage meximum, at a point b3lL wave from the starting point
of measurement (in the fig. it 15 zerc) ghifts as -2{1 value
is inoreased froa C.04 to O.l2. For the axially displaced
case, the curveg become 0re and more flat as E‘;{l velue ig

ingreaged,

From the cuprrent diotridbution curves it i3 found that
the curremt disztribution on the displaced systea is sinu-
goidal for both the confljurations,

It can be geer froa the radiation pattern slots
[ﬁg_(g,lsa....&lﬁ'n that there are gnall iinor side
lobes appearing in the experimental curves which are

unlike the theoretical predictions, 71his nay be due to
the following reasons.
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In derivin: the theoretical expressions, the un-~
avoidable coupling between the displaced asystenm
and the fecder line has been neglected for the sake
of simplicity. This coupling becomes :ore and more

asronounced a8 the feed point iisplacement increases.

The field in the gap reglon (oreated by the dis-

slacement) is not taken intoc account,

The agsumed sipusodfal current distribution does
not hold ood for Larier values of the feed point
displacesent, IHoweverly for valtues of feed point
displaceaent up ¥ Os12y the theoretical and experi-
mentel resalts show & close agrecment. The validity
of the aasumed ginusodial distribution for smaller
values of %l_l 4 apperent fros the current distrivu-
tion curves of fig.(Z.118, 2.11b),



§ 3.1

11 TRODJCTICH

PR e

Conventional design of log=-periodic dipole arrays
requires the noncollinear deployament of two dipole halves
in order to realige current distributiona, which produce
a8 unidirectional backfire radiation, Design of guch
arrays for a prescribed radiation pattern and VSWR per-
formance has been largely solved, but the analysis (27,2t)
on whioh they are based have been formulated for a colli-
near basic dipole element, whereas actually, the dipole
halves have finjte feed displacenent, It ia, therefore,
espential to analyge this basic element before studying
the noneplanar log-periodic dipole array,

Present chapter deals with the effect of transverse
feed displacement on the asymnetric dipole antenna which
forma the bagic element 0f @ new loge-periodic structure
consisting of array of asyaietric dipoles to be discussed
in chapter-y, Assuming sinusoldal current distribution,
the expression for input lapedance has been derived and
the effect of varyirg the trunaverse feed disslacement

2R/M\ has been atudied both theoretionily and experinentally,
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§ 3.2 ANALYSIS

For the upper limb of the asyaszetric dipole shown
in £13.(3.1b) and lebelled 1, the vector potential on its

surface hag two componentas

1) Yeotor potential dus to scalar potential Vo naine

tained acroass its feed point and glven by

hl -JFR
“O 1 ( ') € 3 (]
Aaalz) =3 fo g1'8 —r—‘s de (3.1)

where u, = free space perncabllity

Hg ¥ (a-:')z* a

2) Vector potential due to the coupling of the lower
limb to the upper 1imdb which is glven by
" o e-JBRC
Ago(s) = a- J'h I_p(s" g ds* (3.2)
-

where Ro =V 0F, (ea-:)!
Total contribution to the vector potential due to the
upper limb is

Ay * A1t Apre
hi "JBR

= Qe 3 o
= 1-:- L fo 1'1(.') T dz' + {h Iz2(.')
2
=3Pk
e 4 (3.3)

Agauaing the ocurrent distribution of the form
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FiG.(3:1a) TRANSVERSELY DISPLACED FEED.

FIG. (3-1b)) ELEMENTS OF INTEGRATION
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Id(z‘) = Ly sin(phy ) sin{p(h=- 2')} 0 < z'<hy
1‘2(2') a Iy sin(fphy ) sin(p(hge ')}y =hg< 7Y€ O

and substituting in equation (3.3), the vector potential ig

byl by -JpRg
A (2l = g (ein(fby) J, elnlphy= ') e — ax
+ sin(iby ) f sin(p(hy+ 2° N a5y (3.4)
2 v

Also, conaidering only B8xial curxent distribution
on the dipole, & golution to the wave equation for the

surface vector notential is

v
azn(z).:cl[cl cosliz) + 5 sin(fs)) (3.5)
Putting ¢ = ki, in equation (Be4)y A (B, beconest

by ;IoRg
Ay ) = 1.3 [ein(phy ) f sin(p(h;~ = ')y =

dgt
31

IR
+ ain(phy) fhgsin{f’(h2+ z')} _Ti_— dg')

- i
i (3.8)

where Hgy = Whl' 2 Pt &%

Boy = V(mye g')*+ (2R-a)°
M c
L S (3.7)
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by -J;
y* = sin(phy) J  sin[p(hy- =°i) T dz'
o -JE.RCL
+ sin(phy ) J sinfp(hge 2°)) —!"—- dz* (3.8
-n2

Subtracting a—:— az.m(hl) from both the sides equation (3.4)

and equation (3.5

b,
Apmiz) = Azn(hl) = 1 (ein(ibg) J ein(p(h,~ 2'))

-J3pRg -Jd8 Ry o
!._,d - & Jaz'+ sin(fh; ) J ainﬂ!(ha-r z')}
=JBRy =-JPRy v
- - & = =l 28 f ] -
f X cny 1de’ = [“o ¢, cos(fa) + 3 sin(fpz)
+ 0)] (3.9)

Putting z = b’l ’

L.H,3, 0f equation (3.9) becomes z8ro,
, sin(phy ) + 2U
2 oos(ﬁhl)

fron whioh 01- o

Subgtituting the value of C; in equation (3.9), the

equation becoaes

by -J R, =JPR
I (sta(fh,) J sinffh- = )}re g St
3 31
~JpRy =Ry
+ sin(phy) J sin{f(hy 8' )} Ep— - & Jaz']
“hby ‘c “or

sin(Ehn J+ 20
..1[ ﬁ(- 1 oba’t 5y 7 coalf=z) + -E ein{pz) + U}) (3.1C)




On substitution of U froa equation (3,7 ) and siaplifying,
equation (3.10) takes the forms
by =JPRg  =lRg

Im[sin(ﬁhz) fo sin{f(h; - =’ )"eus = Ry

0 e‘aﬂnc Q-JPH01
ain(.'hl) {hzsm[ﬁ(hz-r z' ) 78 - Fo Yaz*) u.-.%-ﬁ.

1dz" +

v
'w-n]k.i‘hl—) [_§2 sinfg(hy= 3)) + U'fcos(pz) = coa(phy))] (3.11)

On rearranging

h ~3pRg  miPlgy
Iplain(phy) [ sinff (R 2 )N =" =

Jaz*
SL

6 B'JBRC ‘“Jﬁncl
+ sin(gh,) fh ainfp{b + ')l Re - TR
g

1dz!
(49 §

Mo z coa(ﬁhl)

-é vo ain[ﬂ(hl- 2)]
~—s(iE) (3.12)

- U'fooa(pz) - cos(fhy )}l *

Putting the value of U* from equation (3.8) In
equation (3.12),

Im[am(ﬁhz) fo gin{f(hy= 2'J) de( zp8’ Jdz'+ ain(ph, ) f:

2
coa(fg J-cos(ph, )

OOBU?hl)

sin(p(hy+ 2')) Kyolmez’ e~ [
hy
{ein(phy ) fo sin{p(hy= 2' Kg(hys2z' Jdz'+ ain(ph, ) JP

JV_ atn -
ain{(ng+ 2')) Kglbyez' )da’ 1] -wﬂ-' :Léh ?” "~ (3.,13)
e ¢
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-J3R -JBRsl
where K, o(gyz') o= . R 8- e
as 3 ‘91
-§8Rg  -3PRgy
K, (By?') = - T - = T
ae c a1
*Jﬂﬁsl
@
Ks(hl.z.) = R
~31
-JBRm
e .
= 6.14
Input impedance is defined as

Yo

Zm= I_ aia(fhy) stalp(ly - 2)} je=0

dultiplying both gides of cquation (3,13) by
coa(Dhl)

oin(pny) sin®(p(ny- ) )
of input impedance, the input impedance gy due to the

and applying the above dafinition

upper 1imdb is obtained as

3180 [con(ﬁh]_)[sin({}hz) f:lain{ﬁ(hl- 2'))
Zm" ~ Cin(phg) sint(pi, )

KdS(O.z'}dz'+ :I.n(Bh,l) fo ain
'hz

h,
rg(hy+ z' ) K, o(0sz’ )2’ ] = {1~ cos(ahl)}[am(ﬁh,_) J *ain(p
L+

g
(hy~ 3°')IKg(hy,s*)dz'+ alnlib,) Lrh;mmhﬂ" 2% )} Kc(hl.z')ds'}]

(3.15)
whore K,5(0,8') and K;(0y8*) are obtained by putting
¢ = O in first two equations of equation (3.14).



-t 37 t=-

Pollowing the method used for the veotor potential
due to the upper limb, we have two parts of vector poten-—

t1al due to the lower liib, namely:

1) that due to the linb labelled (2) 1tsells

-jal{s
Agor® z—-Im sin(| hy) f sinf3(hge 2')] —-;—da (3.18,

£) that due to the coupling of upper limb to the

lower liabs
W (gh )fh1 info(n,- z* el g
ape™ T Iy oinipny) J einfo(ny= 2°)} Tor== de*(3-17,

Adding thege tao equationa
-JE’R

hypa(5) = G Batn(rny) fu:m‘ﬁ“‘e* 2')) Sy de' »

By =38R
+ sin(phy ) f sin{fihy~ ')} -—g-— dg'] (3.18)

AL80, by solving the wave ©quation for axial currenta,

vo
Azﬁ‘z(m - %02 coalfizgl) + o sin(fz )3 (3.19)

Equating this equation % emation (3.16),

boly -JBR

—— (ain(ghy ) fhe'”’”’("g* z')) -"r-— de’ +
q

hl -JﬁR
+ a.ln(ﬂhz) f Sm”’(hl % )] —-;--— dg')
0

- - -5- [0, cos(pz) + -j‘- sin(pz)] (3.20)
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Putting z = - ks in equation (3.20), the equation becomesg

by ,~19Rgp
-o ds"*
A, po(=hy) = I (sin(phy) f Esmts(h g')) = By B %
hy o JPlce
+ ain(phy) J' sin{f(h,- ')} = R deg')
- i J (3.21)
o
where Rg, = V(h2+ 2! e a° 4 8 © V(hz- 2% )°4 (2R-8 )2
= @%U" (3.22)
0 =JPR 52
U* = [ain(pb,) fhgam'i(h g+ 8')] —ﬁ——- ds* +
-JBR
+ sin(ply f sinfp(h,~ 2')} -75-2-— de') (3.23)

Subtracting (ﬁ_r_t,) Azm(-hz) from both sides of equation(3.g0),
o

o
Aﬂa(z) - ABTZ('hE) = I [sin(gh, ) fh:in[ﬁ(h2+ z')}

o s sz e atni )fhl ;
(p— = S } ée'+ sinlfh, osinfﬁ(hl-z)]

3 32
“3PRq  ~3PRgp v
e = e )da ] o - l -...[_0 WB(B )
f . P . 'L’g

sin(fm) « Uy (3.24)

Putting z = - Hge LelS. = 0,

b4
s Cg o0a( hg) - > stn({hy) + Uy = 0
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V, sin(fh,) ~ 20,

or C, = ﬁ‘ooawngl

(n gubstitution of this value of C, in equation (3.24),

the equation takeg the fora,

0
I isin(phy) S sin{f(hye 37)) Kiq(se3®Jdz'+ sin(ph,)

fhlsinfﬁ(hl— g' ) (2,2')}dE') = = : 4n
9 e ¢ cos(phy) Ho

v
[U;f-cos(pg) + cos(fhg)l + 5 sind(hes =)1) (3.25)

Applying the definition of imput Lipedance as given
for the upper lindb, enuation (3,25) transforas to

580

“pe © .m(;-hl).mr(: hg)

0
[Ooa(thg)[ein(dl) J'h sin[ﬁ(ha+
e

+ 2"} JK}5(0p2" Jaz'+ sin(ph,) fo sinfg(h - z*))

C
 SPCTEARTELS P ws(ﬁhamain(phl) J sinfp(h, 4
!
+ 2')K4(hyy ' M2's sin(pn,) S ainfp(hy - g'))
0o

Ké(th z')ds* )] (3.28)
-JBR =Jan
3 vize
where K' (z,2') = —ge - £
ds 3 NSE




(meat) = == S

Ké(hzlz') = -”gsé"

e-dﬁﬂcg

Ké(hz.z'l - -—R—EE-
and K} 3(0y2’ Jo E3c(Co at) are obtained by putting = = 0O
in above equationse Total imput impedance due to lower

and upper linbs ig given by

Zgn ™ %p * P2
theoretical calculations woare carried out for wvarious
velues of feed point displacement 2R/A. They are given
in Table J.l.

TABLE = 3,1

Peed Point Registance Reactance Inpedance

Displacenent! (4in ohus) (in odma) (in okms
2R/
0.0 12C.6 iz2i.2 171.1
Do 04 116.5 82.8 144,0
0,08 1C5.0 94.8 137.0
0.12 1cc.2 88,8 13547
0.16 97.8 92,0 133.0

0.20 96.0 90.0 131,.6
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§ 3.3 EXPERLABN

Measureaents of input impedance for the trangverse
diaplacement of feed points were carried out using cone-
ventional impedance measurement technique, Block diagran
of the set up is shown in £42.(3.2a) end the photograph
in £iz.(3.2b). An ssymmetrio dipole antenna with design
details described in section (£.3.2) given in chapter 2
was used. Ths output of the signal generator, coaprising
of G.R. unit oscillator (Type 1203-B) modulated by G.R.
Audio oscillator (Type 1214=A) at 10CC C.P.S. was fed to
the transversely displaced configuration through a slotted
seotion (Type G.R, £74-LB)s The output of the slotted
line i3 fed to the ptanding wave indicator (HP415-B) through
a orystal detector conneoted to the glotted line, The
position of the firgt voitagé minimum and the TSWR were dew
termined. Then the load was replaced by a coaxial short
and again the firgt minimunm is determined. Uaing this data
with the help of smith's Chart, the impedance 1s deteramineq
for various valucs of feed point displacement, Experimental
valuea of individusl components of the input impedance along
with the input impedance are given in table (3.2). Kesults
are shown graphically in fig. (3.3},
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1 MODULATOR (TYPE 1214 - 4)

e

G. R. UNIT OSCILLATOA (TYPE 1209 —8)
1

10 ¢8B PAD
SLOTTED LINE (TYPE 874 - L8B)

)

o

5 DETECTOR
STANDING WAVE INDICATOR (HP 415 —-B)

7 ANTENNA SYSTEM

FIG. (3-2a) BLOCK DIAGRAM FOR INPUT IMPEDANCE MEASUREMENT.



FIG{3-2b) SETUP FOR INPUT IMPEDANCE MEASUREMENT.
1. MODULATOR 2. POWER SUPPLY 3. G. R. UNIT OSCILLATOR 4. S.W.R. METER

> CRYSTAL DETECTOR 6. SLOTTED LINE 7. I0dB PAD 8. DISPLACED ASY. DIPOLE ANTENNA
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TAKLE - 3,2
-
Feed Point | Besiatanoce [ Reagtance g‘ Impedan
Displacenent ,‘ (in ohag, ! (in otng) (in h:a
23/ _j I e
0.0 123.0 123.0 174.1 o
Je 04 119.0 83,0 145,86
0. 8 110,0 96,0 140,0
0.12 103,5 88,¢ 1368.5
0.18 1C0,5 92,0 13G,7
0. 2C 102,35 0.6 140,85

NCLUSION

§ 3.4 pIscy
It can be seen frou tie theoretiesl ang experinenta)l

curves given in fig.(3.3) that the discrepaney p. tween
theorctical and experimental results startg aftepr

2R

= Je168., It may be due to the faot that the constant
¢, in the polution of the wave equation 14 de te rugne g
asguaing the ascalar potentlal VO :aaintnined acrosa the

gap to be constant along the line ang ¢ funetion generatop

ig applied to deseribe tnls potential, lowever, when the

displacenent of the feed points 1o considered, the goayqp
potential o , there, 1s 10 Tre a oontinuous fupgpigy and
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one nas to congidexr the proper distribution of the goslar
potential, ievertheless, the theoretical and experimental
results acree reasonably good upto -‘;3 = 0.16, Beyond
this value of displacement, the nore sccurate results

could be obtained by de teraining the actual fora of the

field distribution et the feed gap.
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INTROLUCITON

dYonger (23) reported some experimental results for
the radiation pattern, input impedemce and gain of the
log-periodic dipole antenna with geparation angle g
[£ig.(1.2)] between the two halves not equal to gerxo,
It was shown that the inputl impedance and gatn increage
with the increase in separation angle ¢ and radiation
registance decreases with the inorease of g , However,
no theoretical cxplanation was given to aooﬁut for thege
obgorved variations in gain, radiation resistance ang

input impedance., Kosta (18) put forward the theory of

log=periodic dipole antenna with y ¢ 0° to explain donger'g
experimental results. LPDA was analysed by hinm applying
linear antenna array concept. In thie chapter his regultg
for radlation pattern nave been used to explain theoreti-
cally few more paremeters like input impedsnocs, radlation
regiatence and gain of non-plenar (¢ #0°%) logeperiodic
dipole antenns, Theorstieal results have been given whigh
explain successfully the expérimentally observed variationg,
In addition, experimental meesurements have algo been ca-

rried out for input iapedance and gain of this antenna,

ANALYSES
Radigtion Regigtences An @pproximate expression for the

far field radiation patiem of the log pertodic dipole
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antenna with y ¢ C has been &dlven by Kogtg (18) ag

r
% 80 7 BJ(wt -él)

To

E(6 oy ) =

[ cosf 300+ F R, sinfainoein,)

+ c09 @ ainfp R, sin § sin 6 sin ¢))/sin ¢

oog[ -x—i"- o8 F = (1~ ¢)(ein § cos o = 1))

oog{ —,‘5-‘- coa(%)(l - r)(8in 6 cop ¢ - 1} —

n
sin{ —x= Rn E(:-l)a.lnecoag ) (¢.1)

where ¢ = gealing factor
N = total number of dipoley in the active region
Ry= distance of the Ntk dipole from the apex of
the LFD antenna
In Kraua (25), tbe expression for the total radlated

power is glven by

7= % V(ky/eq )f f 5,1% 22 otn 0 a0 45 (4.2)
where 4, = free space perueability

€ = free gpace pernittivity
o

|B,| = abgolute value of nametic fielq

r, = distence of the far point fron the dipole

cen tre.,
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Using the relation
IH | = IE(6 » 8)I/35 » 1 = 120x

in equation (4.2 ), total power radiated beconesg

60 12 2n = "
S J 1£(e 4 2)|" 8in 0 do dg (4.3)
b ¢ o o

N=

120 Im
where |[E(6 o) = r
0

| £(e » #)]
®

R
Equating equation (4.3) to _q;_o s the expreasion for

radiation resigtance i obtained as

Fo ® "%
The integral involved in equation (4.4) has been golved
by the method of lumerical Integration. T{heoretical

culations were carried out for the following datas

2n ®
120 fo fo | 2(6 » ¢)[% 8in 0 a6 ds  (4.4)

cal

a = 36°

= O.BBB

e« 30 cms.

r
N = 3
I N

0%, 1% 20°, 30° end 40°

¢ =

Resalts are given in table (4.1) and shown graphically

in f’.go (4'1 )‘
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B { Radiation ——
$ " Re?-’-stanoe
l ifotin oma)
(o] —
P 29, 35
10° £7.71
20° 24,56
30° 20,46
40° 165.54

¢.£.2 Ipput Impedance: Froa the periodicslly loageq line
analysis (2.9) the phase shift ocongtant i of the loadeg
line is given as
A

Kd(s =2 gin
s N T (4.5)
where
k= % = phase shift constant of the unloaded line
A = free gpace wavelength
¥ = preactance of the dipole
d = period between two gucceszive dipoleg

Zy™ 276 log(-fJ
= characteristic lupedance of the Sloszes
transgnfssion Line
D = gentre to oentre spacing of the transatssion line
r = radlus of the line,
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The short dipole region of the Llog=periodie dipole
2a)y cen be congy
firat order approximation,

antenna (LPoA), fig.(4. dered, tg a

28 a period:lcally loaded
transaission line loaded with dipoles shown ip

£ig.(4.2b). liow, 1f Zg= 3% 0 Zg= Rpm IX ang X, is

negligible in couparison to ¥, then using the 8pproximge
tions for sine and cosine functiong and treating the

short dipole region (dipole lengths < M/2) ag 4 slow wave

structure, equation (4.5) trensforas into
%o
B = K1+ x77) (4.6)
Following Carrel's (28) method, the characterigtic
inpedance of the loaded line (also the input izpedance )
i3 obtained as

. 2,

r + xz)
From the figures (4.22) and (4,2b), the average feed

Z4n (447 )

poiat displacenent of the first two dipolegy ig

D = 2 .

Corresponding period d 1s civen by

d = (Re- Rl) cog é (4.9)

fron ecquation
be calculated
Zo can :

7” w 276 log r
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Using the value o
£ of D from cquatien (4.8) %y Oan be
obteined froa equation (4.7 ) by daing the value 2 go
“o

calculated,

Theoretioal celculationy were carried out using

the followin:; data:

« = 3° , ¢ = g.888
A= 30oms, 0 = 10% 20°% 30% 40°, 50° ang g0

Averaze dipole len.ths of two short dipoles a 2,85 cas

Radius of the feeodor lire wire r = Ce3 oa,
The value of X for the average length of the first two
dipoles was found froa the curves given in Jorden (30).

Results are given in table (4.2), Variation of 2, with

» is shown graphically in £ig.(4.3)

Table - 4,2
Angle Inpuz Im?::ance
4 Pan ohng)
10° 1186,1
20° 148,3
30° 163,7
40° 172.6
60° 176.1
80° 130,2
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defined as

-D = k@ (4.10)
where k 1s the efficlency factor (coming due to logses
in the antenna gysten) and G is the gain, The relation
given by equation (4.10) also holds good for power gain
1f the losscs in the antenna systeam are negliziovle, i,e,
k =1, However, mogt of the broad bend antennas are
designed to have very snall loss as coapared to the other

donee neglecting the losses, power gain ig

antennas,
given by
G = D (4.11)
in approximate formula for directivity ia
41263

where QE = 3 dB bean width of L=pleme pattem.

oy ™ 3 4B bean width of He-plane pattemn.
Jenca power gain is al3o given by equation (4,12)
op and BH can be obtained from the E ang Heplane

Calculations were carrcied out for the para=

pg_ttemac
n gection (4.1). Table - 4,3 shows the

aeters given 1
B and He~plane 34P bean widths and algo the power gain

regilts calealated froa these values of 6, and 0y for

g values of ¢. A graphlcal repregentation of the

variou
power gain tabulated in table <,3 i3 shown in

results of

£i2. (404 )'
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Effective aperture can be caleculated froaz the
power gain values given by equation (4.12). Regults

80 calculated are given in table = ¢,4 gng shown gra-

phically in £17.(4.5 ).

TABLE o 4.3
separation 3 4B Beam ¥idth Power Gain
¢ E - Plane H - Plene G (in dB)
¢
0° 6c® 90° 8.83
10° 6c° 84° 9,13
20° 60° 74° 9,68
%0° 60° 86° 10.18
40" 60° 54° 11.06
50? 60° 50° 11,75
80° 60° 47° 12.¢

LP te t There is

theoretical formulation upon which the design of
no

1s based The deslgn bhas to be carried out on
LPDA 18 b

1081031 expe ri

gabrioation of the
{n this ohapter is taken from the investigations
atudy

Carrel in hie investigzations has shown

mental nethods. The design data for
antenna oystea uged for experimental

of Gﬂrml (28 )i
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TABLZ =~ 4,4

seperation mngle {Effective Aperture

» wAE
0? 0.611
10° 0, 847
20° 0.7006
30° 0,7962
40° 0,946¢
500 1.185
ac® 1.262

the v-riation of electrical paranetexrs of the antenna
under consideration with various important design para-
meters 1ike, 7 ¢ @ and 0 . After a careful examination
of these ourves 8 quitadble setl of paraneters wexre chogen
for fabrication. petails of the design procedure is
a in appendix - 1. A pyranidal LPD antenna [fig.(4.6))]

signed to meet HE
- 2;8 4B 1% &S

give
following requirementss

~ag de
pirective galn

siand wldth ratio = 1.5 between the lowegt and

the nizhest frequency

— gapedance  * 76 ohms
e = 10C cmgp
E s Do
& - 28°
y = 19



e
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Relative booa length = 0,44
M rat element on low
frequenocy gide = ¥
4e3.2 Heagurementg

(1) Input Iumpedances
meagurement of input iapedance hag been deseribed in
The set up rematng the sane,

T™he method émployed fop the

chapter - 3 (mseotion 3,3),
However, the displaced dipole configuration 1g4 NOW re-

placed by the LPDA under investigzution, Plots for vswp

and the input fmpedance have been ghown in £12.(4.7)

and given in table (4.3).

TABLE = 4,5

separation Angle I VSiR | Input (Ige:::
¢
o° FPY) -
10° 2.4 80.1
20° 2.6 110,08
30° 2.3 123.3
40° 2.6 132.2
50° 8,7 137.6
60° 2.3 140,0
o il 2.0 135,1
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(11) Gains The gain of an antenna g generally defined
ag the ratio of the maximum radiation intensity in g
given direction to the maximum radiation intengity pro

duced in the ssme direotiom by an isotropic antenrg

radiating the saze total power. If thig gain 1g defineqg

in the direction of maximum radiation,
aent of this quantity gives a mcasure of directivity

then a meagure-

It 13 well known that

; ( 'k,
.p- = RE O D (4.13)

where the syabols carry the usual meaning,

Usually the very sophisticated and the garofy) deaign
of the most of the broad band antennas provides g basis
to neslect the losses (whioh are actually very gme1l),

To meagure the gain of an antenna, a reference
antennsa whose gain is kmown, is used in place of gn
4gotropic railator, In the present investisation, a
aipole antenna wes usel ao the reforcnce antenna, The

get up 1p abown 8che
antenna was counected to the deteator and oriented go

ne indlocator ghowed a mexinum output P.. Then

matically in £1g.(4.8). The LPD

that +
a was yeplaced by the reference dipole and

as 6geiDd oriented so that the indicator gives the

w

 iman Teading pge The power gain of the LPD antenna
n given bY

was tbe
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P
¢ = (M) o, (
: 4,14)
where GS 13 the gein of the standarg dipole,
Above procedure wag repeated for varioug values of

geparation angle ¢ ., Results ape given in tgble (4

and sghown graphically in fig.(4.9),
taken at 60C ie/s.

)
Ebasummenta we re
AL30, by equation (4,11), tpe . re.
otivity 1g sane as the power gain,

TABLE - 4.8
Angle ¢ Power Gain
(in 4B)
0® 8.85
10° 9.10
20° 9. 45
30° 10.0
40° 10,76
50° 11,5
50° 12,0

(431) ELfe tive pertures From the experimentay valueg

of power gain zdven in table (4.8) values of effeotive

aporgtiure
equation (2.28 )
and plotted 1n £

gore calculated using the expreggion given in

Results have been given in tane (4.7)

gure (4,10
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TAPLE = 447
Seperation Angle |Effective Aperture
¥ /72
o? 0.4
10° 0,426
20° 0.47
30° 0.54
40° 0.836
50° 0,726
60° 0,79
70° 0.81

§ 4.4 CONCLUSIORS N DISCU s 3ILON

(4,1) 1t can be seen that the radiation

rom fi3.
reglatance decreases as the geparation angle y increaseg
Algo £ig.(4.4) shows simi-~

whioh is 8 well imown fact.
gort of varistion in power gain, lowever, the power

1ar
fis.(4.9) shows sone discre-

gain meagurements ghown 1n
the theoreticel and experinental results,

panoy be tween
A theoretical variation of input lapedance as &
¢ion of ¢ has peen shown in fig.(4.3). %, gradually

func
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increases with the increape in ¢ and becomes congtant
as ¢ approaches 6¢°. However, as shown by £13.(4,7 ),
as y s increased beyond 60°, %n starts decreasing,
Thus 1t can be peen that the theoretical predictions
contradict the experimental observationg, The reagon
for such discrepancies could be that the gar field
expression given in equation (4.1) hag been developead
uging the far fileld expression for anﬁaymmetric dipole
antenna with fts feed points disjlaced tranaverge to
its axis (first quantity in square brackets of
equation 4.1). For larzer dieplacements in reed points

(22) the field in the gap becomes appreciable, However,
for thu gakte of glmpliolty in analysis this fielg hag

been negleoted as the consideration of this fileld in the

¢£ap requireg ocomplicated funetions, levertheleas, for

aller diaplacements, the results are in gzood agrcement
The LPD array consiatg

with the theoretical predictions,
The displace-

of such displaced dipoles as its elementg,
ments in the feed points {(displacement = R, ain *’)
becones apprc:iable 1f1p is increased beyond 60°,

theory, then oeasts to be valid for the values of ¢ as
large as above and conscquently the results obtained in

The

this way are very inaccurate,

gince both the radiation resiastance and the gain
ve boen calculated by using (Ry ain g-) a8 one of the
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factors, hence the regilts obtained for thege parameterg

will be inaccurate for vslues of p beyond 60°., Hence
the valuesa of ¢ as high as 60° are usually avoided,

As may be gcen firom the fiures (4.2a) and (4.2b),

the LPD array has been consldered as a periodiocally

loaded tapered trensmission line, For the sake of slap-

licity the tapered gtracture hag bcen transforaed to the

equivalent period:lcally loaded tramsmission line with

equivalent perio
These two quantities

(the actual values mean the v
in tapered configuration) for larger values of ¢ and

d 4 and tbhe spacing between the linesD .,
reach far from the actual values
alues of these quantities

hence give {naccurate reaults,
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A JEY LOG P3IRIONIC STRICTUNE WITH ASY.G£THIC DIPCLE
_-"._ﬁ*

EGLLNTS

§ 6.1 INTROIUCTION

In chapter - £ a generallsed analysis was given

for an asyiaetric dipole antenna with arbitrary displa

cement of f:ed points., It was pointed out there that

one of the oonfigurations, nazely, the transversely dise
placed system has got & important use in constructing
a new lo; periodic atructure [£ig.(5.1)]. Present

chapter has been devoted to the analysis of such a

gtruocture, rtheore tical expreggions for the far-field

radiation pattem,
ve aperture bave been developed, An expregsion

to ghow the variation of input impedance
with the geperation angle ¢ ueing the concept of perio-
In many applications where

radfation resistence, power gain and

effectd
hag been derived

ally loaded line theoTy.
a made of symuetric dipoles

dic

the conventional 1PD antenn

do not find its uses the structure suggested in this
e 1ts {anensge Usoe. Specially, in air=

chap ter will hav
re the shape of this part requires the

whe

crafl tailgs
£ the anterna aysten, the LPD antenng

polea will be useful. The expe~
theoretical results have also



FIG.5-1.




§ 5.2

S.2.1

where

-3 60 )

AATHEAATICAL ANALYSIS

Far field Rgsg_gt:lon Pattem: The expression for the

far-field radiation patiem of the LPD antenna oonsist-

ing of half wave centre fed dipolep with p # o° 1s

given by (18)
J(at=-1r/c)
j 120 Im & °/

Ele - [coaf> cos €

+ R, uinﬂ»sine sin ¢} + cos 6 einfpR,

.m%.meun o

Fn
cos( (L=7) w-‘(‘aLnOwa ¢e=1))

. cosl >l - 7)@3&(0111 8@ cos ¢ = 1))

,[m(:?-(%-l)weoosowogn

(8.1)
N = total No. of dipoles {n active region
s = scaling factor
R, = qigtance of Kth dipole fron the apex of the LPD
antenna
A g
a ::n;:.: :::mnded py the t1ps of the dipoles at the

a&pex
paration angle
ge shif$ constant

¢ =80

p = phe
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In equation (5.1), the firat tera in square bracket
s

{3 the far-field pattem of a half wave gymietric dipol

pole

sntenno with feed peints displaced transverse to the

axis of the dipole, The new configuration results when

this term ig replaced by the far-field pattern expre

gsion of the asymme trically driven dipole with its

aplaced transverse teo 1ts axis, The

feed points di
gion for such a displaced configuration

far-field expres

of the asy'a.netrically driven dipole i3 given by (equa~

tion 2.17, ohapter = 2 js
Jﬂ(nn sin %ul" hl 0080).*

J30(1)]
Em(ecc) = '{-"Fﬁ'x—o rai.n(ﬁhg)[e

JBR, sin . U
NP B B 1 o6 stn(eny)

+ oos(r'hl)]l + sin(ph, )

[;;jp(% sin %Ul-r h, cos 6)

-JpR. sin
P "n %[,1 coa 6 am(ﬁhg) .

coa(phg):ll

. -l
(6.2

ut- IJO) :

where (1} = Im ¢
on in cquation {b.

= U, and Ry= Rp® R, sin
be cage of ap LPD anten

The expressi 2) hag been derived by
appropriste to ¢

%- which are
na with ¢ # 0%
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In this cage R = %- cot (;L) as one of the armg (the
upper limb of the asymuetric dipole ) hag beenagaipgned

a constant value of A\/4 for convénience and the length
of the lower half has been varied to get the effect of
varying the asynmetry ratio AR, However, the expression
is general and I‘h may be asigned any value,

Since the 2nd tera in square brackets of equation
(6.1 ) has been derived agssuning an array of joint soure
ceag, this tern is applicable to the new structure ag

well. Also, the last tera remains unchanged, as this

term repregents the eflect of the umexcited longer

dipoleg which act as paragitic reflector. Taking into

conpideration above faots, the final expreasionfo® the
LPD antenna consisting of apymnmetric dipoles is given by

E(6 o #) = 2(r) . [Q) . (S} (5.3)

where P = Eﬂ
= M
co sf —’;lg' (L - v) cosf {(sin @ cos ¢~1))

Q =
cosf ﬁ(l—ﬂ cosi-(ainecoac-l)]
g = sj,n[:re(%-l)sineooﬁr»ct)s%]

The factor 2 appears in equation (6.3) in deriving S.

The factor P for the application to the maymmetric
antenna 1g ocbtaincd by putting U;= sin 6 in the

LPD
(equation 2.4' chspter - 29

general exp ression for U]_
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8€C. Z2.2.1)s It ghould be notel here that the expre-
aslon (5,3) 4s velid fop the active region of the

LPD mumao

Theoretical calculations for the far-fielq radig-
tion pattern have been carried oxt using the following

datas
(4]
(Il = 1705
y = 0,868
» = 0% £0°% 30°% 40° and 80°,

Plots of the ! and H-planc pattemsg have been shoun

in figs.(5.2a « B.2g) for various values of i anq
agymaetry ratio AR = b /h,e Results bave been sgven in

table - 5.1 -
TABLE « 5,1

Asyanetry |Sepmra- 3. dB Begy width _
ya :

tio t{:n " HePlane [ HPlane

ﬁ C o] o

0.694 0° 60 90

LB 200 60° 72°

40° 60° 52°

60° 60° 3g®

0,50 c® 60° 88°

20° 60° 86°

o]

40° 60° 88

(o]

0. 42 0° 9a° 880

’ 200 93° 115

30° 96° 117:

40° 113,8° 120




fi6. (522)
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FIG. (5-2d). H —PLANE PATTERN FOR ASYMMETRY RATIO
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5.2.2 hadliation Regligterces The expregsglon for the total

power radiated is given by (25)

2™ 2. g 2
i = 2,,°fo L 126, ¢) |  r, 8in 0 d0 ¢ (5.4)

where v, = [(“u/co)' the intrinsic iupedance of free

gpace
My = permeabllity of free gpace

g ™ permittivity of free space.

Subgtitution of eguation (6.3) in equation (5.4) gives

Von m
1 f(P.0.S1°elnedods (5.5)
® o o

t =

Equating equation (5.6) %o IE Rb/e' the expression for
radiation regigtence bacomes

- 2n
R, = 2/ Frp.a.s%atmedsds  (5:6)
o ©

coaputations were done for the following datas

al = 17050
= 0,808

= 30 cDO.

r
N = 3
I N ) o ‘
(. ool 100. 200. 500. 40", 50 and 60 .
g have been tabulated in table=b,.2,

Regult
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TABLE = 5,9

Separation |
il I Ry (in ohma)
o° 35.56
10° 34.28
20° 30.90
30° 26,50
40° 22,28
5c° 19,03
80° 16,93

Input Impedances Fron the periodically loaded line
analysis (29), the phase shift constant B of the loadeq

line is given by

cos Bduooaxd+£¥-sinxd

where K = %1 = free apace phase ghift constant,

(6.7 )

X = X4 Xo» total reactance due to the lower and
upper limbe of the agyametric dipole,

= period betwecen two oconsecutive elements,

d
o ™ 76 log( £ )s characteriatic impedance of

tho unloaded trangaigsion line,

Cfa = padius of the 1ine,

-
i
)
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D = oantre to centre spacing of the transmission

line (also the feed point diaplaccment)

The short dipole region of the LPD antenna can be consi

dered (to a first order approximation ) as a periodically

joaded transaiasion 1ine shown in fig.(5.3a and b6.3b)
1f, now, 2,= 3%z 25" JXg= §¥ and X, is negligible in

coaparison W

and cos funotions
+the < »/2) as 8 glow wave structure, equation

s then using the approximations for sin
and treating the short dipole region

(dipole len:
(6.7 ) can be t

g = ml*g;ﬁ"

teristic iapedanoce of the 1
ig obtained as:

ronoforaed to
( 5. 8 )

The oharac oaded line (28),

algo the input japedanods
-Lk
y - (6.9 )
VL e ged )
of the first

Taking averale feed point displaceanent

two dipoles &af

2(By+ Ry) sin %
. (65.10)

p =
4

qm (Hz- Rl) coa ‘5 [f‘.ﬁ'o(ﬁoab ) calculationg
¢he input {mpedan

jon using equatio

g0 of the LPD antcnna
n (b0 ) Mllowing

and period
were made for
undexr considerat
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@ = 17,6°
= 0,0
= 30 cas,
R = 6,1 cas.
H2 = 65,78 cmsg.
= 10°%, 2¢°, 50° 40° 50° ena ao°

t

average lengths of the lagt and lapt but one upper 1ligy
8

of the asymaetric dipoles = 2,035 ona,
average len:th for the lower limbs of thege two dipoleg

= 2,9 ¢ns.

radius of the dipole
Raddus of the feeder line wire r = C,03 cns,
Values of ).'1 and 12 for the above mentiomed average

a » 0,06 oas.

lengths of tho esymmetric dipolcs were found from the
curves given In Jordan (30). Table (5.3) shows the

varioup values of input fapedance 7, 83 function of

geperation angle ¢ .
As mentioned in

Power G effec ertures
chapter — 4, 9€C. 4.2.3, the power gain for an antenna
systen with no loes 10 gdven by
g ) (6.11)
G = 10 log( a;-a'g'

he 0. = half poweXr bean width of L-plane pattern
where
’ wer boam width of H=-plane pattern.

oy = half po



§ 5.3

6.3.1

-1 63 I~

Sepa:ation Input Impedance
mgle fﬁp
10° 91,46
20° 119.4
z0° 132.47
£0° 139,9
s0° 144,2
8o® 146.2

Cnoe the power gain is ccmputed from equation (5.11)
e 4
effective aperture may aleo be calculated using the

following relation
w2 = L

Theoretical calculations oarried out using the data
gdven in gsec. §,2.,1 have been given in table 5.4 ,

(6.12)

VESTIGATION

Tafn IL

KXPLRIUER

P as As stated in chnpten_q'

De of A
the design progedure given by Oarrel (28) has boen used,

table 5.1, it in obvicus that asyanetry ratio

Fron
ce as In this set the

AR = 0,694 will be a gaitable ochoi
It hag been already stated

bean coupression is maximsum.
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TABLE = 5.4
separation Power Gain Effective
angle ¢ G(in 4B) Aperture
0 !/"2
300 10,6 0.9108
500 11,22 1,004
6c° 11.3 1.074

that 1£ one 1imd i{gessigned & conagtant length A/4,

ne can Vary the lenzth of

rect of agyaetry ratio on
For present inves-

then © the lower limb to
gtudy the ef the different
parametera of the

following 90t O

antenna systed.
£ data has been uged for

tigation,

gabri cations

Gain = 9 dB

Input Iapedsn
ratio of 1owes?

ce = 795 olms
to highest frequency is 116

.8 = 100 CHS8e
max

Fd = 009



5.3.2

height of thc upper limb of the first dipole in
low frequen

quency side = A / 4
height of the lower 1iob of the first dipole in
low frequency eide = (.. / 4)/ 0.694
where O.634 is the agynnetry ratio.

The lower limb of each dipole present in the symmetri
¢

LP» antenna hag been replaced by tbe length calculated

using the aaymietry ratio AR and design ratio ¢ to con

vert the gtructure into an asynnetric LPD antenna,

deagurementy
(1) Radiation patterns

receiving and the trangal tting antennas were fabricated

ag degeribed in ckapte The get up for

the neasurement remains the
dipole antenns 18 replaced by the

he detaila of the equipments
£e.3e 24

Two masts for mounting the

r- 2. sec. 2.3‘2.
gane except that, now, the

digplaced asyazetric
) antenna.

aaym:netric LP
ven in chapter = 2, BEC.

4 have been &d

use

The procedure is repeated for various values of fre-

quencieo and ¢ « E and Heplane theoretical and expe-
nown £1g8.(0.48 = B.4e ),

cigental patterms have been &
1 Method employed

-
“
L

(11) L

for the :neaaurementj‘pomr gain io tie sane as described
¢ - 4, From power gain
ay easily e calculd

meaaurements. the effe~
ted using squation
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The experiaental results have been given in tap
le - §
and a N
Plot of the game along with the theore ticgl
Tesulta

is stown ir £igo,(5.5a, 8.,6b ).

TABLE = G.8

Separation Power Gain Effective
Angle . G(in dB) Aperture /A%
0° 9.0 .61
10° 9.4 0.67
20° 10.15 0.795
30° 11.0 0.936
40° 11,565 1,04
50° 11.80 1,04
8c® 11.70 1.03

70° 11.20 3

The experimental set up deg-

(114 ) Input Iapedences

eribed in chapter - 3, 99Cs 3.3, for the weasurement
The displaced oonfigura-

of input iapedence 1is uged.
tion is now replaced by the asynastric LPD antenna,

rable 6.8 shows the values of VS¥R and input impedance

measurements as function of ¢ » the seperation angle det-
A plot of VSWR and the input impe

ween the two halves.
dange have been shown in £i;8. (8,68, 5.6b),
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TABLE = 6,6

1 4

Separation VSYR Input Impedance
angle o l & {(in oh::ge
10° 2.5 80.0 -
20° 3.6 166.0
309 3.4 122.0
40° 3.20 130,0
50° 3.75 138.0
8c° 3. 85 134.0
70° 3.7 129,0

g 6.4 CONCLUSION3 AND DISCUSIIONG

In all results for various parameters shown 6 o T

phically in £159,(6.589 HeSb, E.5a and 5.6b) it 1
geen that the descrepanocy between the theoretioal and
experimental results becomes proainent beyond y = 80°,
pogsible reagons for such descrepancies are expected

to be the saue 88 explained in chapter - 4, gec, 4.4,
poratory Limitations, fadbrication ocould

Becauge of 1a
not be carried out using the degign paraseters mentioned
lbmwr. the nature of

in theoretical cal culationdge
ous ourves 18 evidently the gaie 83 predicted by

vari
theoretical oal culations.
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§ 6.1 INTRODUCTION

The effect of feed point displaceaent hag been
treated in detail in ohapter - 2, There, the effect of
feed point digsplacement haas been studied on the radige
tion pattern, radiation resisiance and gain of the antew

nna syaten. Present atudy is taken up with 2 view to

invegtigate the effeot of plagma medium on the displaceq

gyatem. A theoretical study of electromagnetio and
eleotroacoustic waves from an asymaetric dipole antenna
with arbitrarily displaced feed points iamersed in an
infinite loasy oompregiible weakly lonized plagma has
been made, A linearized theory has been used guch that
the isotropioc eleotron plasusa is regarded as a single
fluid continuum, A geaneral propajzation constart is litssu-.
the antenna systes which iz teken to be oomplex

ned on

in plasna for botk eleotronagne tic and electroaccustic

waves The effect of alectron = neutral particle colli-
{ J

aken into account wherever it 15 effective,

gion is t
agation 18 alnogt uneffected

It 15 shown that the pOp
{um for souroe fr-quencles

by the presence of plasaa xed
the plassa

much hizher than the plasas freqlency,
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mediua ig found to have its profound effect on the

radiation. Ceneral oxpressions for the farefield

radiation pattorn, both for the electrona;netic ang
the plasia avde or elecgtroacoustic modes, have beepn

developed. The arbitrarily displaced system has been

studied under three different configurations, namely
arbitrary diaplecemsnt, tranaverss digplacement and
the axial displacement for various values of feed point

digplacement 2iY/A. Theoretical radlation pattems for

the above aentioned oconfi;urations have doen obtained

for the gourec frequency much greater than the plasma

frequency (for the eleotromagnetic mode ). The study

for the source frequency equal to and lower than the
plasna frequency has not been dealt as they are zmot of

nuch practical use,

Par 7Zpne Ed Fleld: Systen under congider~tion is shown

in fig.(2.2), chapter - 2, Let 30 end $'Q' be the lower

and the upper limbs of the asyametric dipole antenna
the entire antenna may be congidored to
per of siall elements dg’ each

The nagnetio voctor

mspcatlwlyo
be oongiating of a nud

kaving & congtant curront I1{(s' ).
elemsnt for the above ayatea ia given

potential 0 £ an

by



r. (6.1)

where M, = free spaoce permeability

Ye ™ complex propagation constant

"a, + Jr.

= 33 g,

(1 -}—,"2 ) —5,—,.J ‘3 *

‘e © -o#v -b" + ")
2
£ il
meo

so = freec gpaoce permittivity

v = ¢olligion frequenoy

« © gourece frejuency

n, = anbient eleotron population density
m = electron iass

PMroa equation (6,1 ), tbe aagnetic and electrio far

aone flelds ares

(o) = I(s'dz’ sin 6 79 %™ (6.2)
6By (9 pu =

f I(z')dg’ gin 0 e o""or' (6.3)
dn r'

ium,
where yp is the intrinsic impedance of plasaa aedium

GEO(G) -



due to the upper l4adb {g

«y. X
I 8 0
He(g) = a’e

dx T,
b" YgZ'008 @

Jo sinfp(h;- g')) e dg*

Usin;z the formuls

9

sia 6 ain(ph,) Ry
(6.10)

a «+

J ™ ain(esbx)ix = = 4
-z-—b-g 7a sin(c+dx ) - p coa(oedx )),

equation (6,10) reduces to

i'"sin ) R,U

Hy(s) = '“za—ﬂ'_—(ﬂbz - (8 Oye( 1727 cos 8) a1y
B s vy ©OB 6
[ 7,008 € sin(phy ) + p cos(fhy) )] (6.11)

where H' = i sin 6

Ip %% %%

l-#;—ce

°
Subatituting the current distribution and r'" from

equation (6.3) and (6.5) for the lower 1limb $S'Q' in
equation (5,2) and procceding as earlier, the fileld
due to the lower 1iab is obtained ass
A'ain(p ) i Rgug
He(s) = T"ﬂ—iﬁ" (@ 7 fy, cos b stalphy) -
p7+ vy, COB (7]

B Us+ h,cos 0)
B ooa(ﬂhz)} + ﬂe.y" 22 e ] (6.12)
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Adding equation {6.11) ang (6.12),

the far sone
nagnetio flold due

to the entire antenng

be coge gy
M pin ¢ PR U
£ 73 066
- ‘7e5101

f)'eOOG e sj_n(phl) +

b cos(lhy )13 + sin(ph, )

{6.13)
The corresponding magmetie field 1s given by

Fe(€) = n Hyls) (6.14)

Y, (Jasy)
-..l
ananallh ol.(a-u ) + Jo e

W

and @p is plagaz frequency.

The gtudy car be nade in three posgsiblc cases

mentioned below,

his case
plasia rrequency (w > > o )>>y . In this

2
e-(l--ﬁ"—f)

(a-ou)

y

(g e s 2'e* hzcos % + e-yeRBUE

(7990 @ stalphy) - 5 xoa(sny)); |



2
becones ¢ a1 . By
angd ¢
Yo V¢
2
= 371 - )
w

"

f‘l - +) «18)
o
Cage 17 Seurce frequency comparable
=ag¢c 1] to plasma frequency,

but both farefar greater then the collision fre quency

(w2 ap)>>w,

In this cage Yo is given by

Foy
Ye =r(;c-§)(1w) —

Cage III Sourece frequency far—-far less than the
plasaa frequency, but doth greater than collistion
frequency (“b dDDal)d>dve

Y, DOW beconca

o Jv
e = = ¥ (1 *-;) (6.17)

However, sinoe in most of the practical applications,

gource is operated at frequency higher than the plasng

frequency, honee the results have been given for the

firat case only.
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The far-field radiation pattern for the firgt cape
can be obtatned by gubatituting the values of 5 and

¢ from equation (6.15) into equation (6.14).

P) Melds For the linear asymnetric

Par-Zone P
dipolc antennt the scalar field n, 1s given by

2 hl ’ ]

J 7Y 'OI(B J -y I 0 "I(g"

- —JL‘?‘ [J fmowe——1] © P dg’ )

nl 4n € o @ 0 r! ek {hzt " )
o 7 r' '

o & i (6.18)

thernal velocity of electrons,

whare Vg, ig the IeTede
the ourrent 3istribution is

For the upper 1imby
1(z') = I sir: (phy ) sin[p(hy= g'))

raking the 4ivergence of I(s')

(ve2(s )3, = =¢ Ta 20172’ stn(p(By= 5')1 7
g this value of
in the frirat tera 0

e quation (6.4)
calar pield 23 due to the upper

and aubatitutm geI(z') and ' £yom
£ equation (8418 s

1imb becomes

thoe S
- “ u
nlSQ-‘ 4n € Vg P
y s'002 0
-z'))® » g’
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g
- .7p“101 J, contBliy= 2]

or Bygo ©

y_8'0c0s 6
‘ as’ (6.19)
g of p I sin(Phg) =7%T
where A= 3

Applyint the formula

ax
s coa( e+bx jdx = :-!—-;! [ o cos(cebx) +
-+

J
b sin(o+dx) ]

e quation (8,19) g¢ransforas 10

n = T:r———‘r -gin(ﬂhg )[yp cos ©
13Q + Y cos ©

f
7(B]U+h0050) R.U

.f-yp cos © cOs(ﬂh,l) -

g ain(pby )]

(6.20)

gpribution for the lower 1imb and

5) regpeotively and proceeding as

!‘-'" fﬁﬂl ( . L‘ Lo . e e Lt .

tpe soal®® fie

gboVer

optained 287




A
B, - _
is'Q* " 2B o rsin(ahl )L'?p o ,"p(‘qz”z* hyc0s @),

f
* rp cos 6
e-’lpnﬂ?uz :
.rp cosg @ oos(ﬂhg) "

8 sin(ph,)))

P—

(6.21)
The total field due to the entire antenna ig obtaineqd b
A

adding equation (6.20) and (6.£1), {.e.

A i
2 " F rﬂm(ﬂh N v cos @ 079“101* by cos p)o
p 2 A ]
+ rp coa 6
y U
e P12 [7p cos & cos(ph; ) -

p atn(phy ))] + sin(phy ) Ly, cos 6

e”p‘zz 2 - o fele

[yp cos 6 cou(fhg) + f sin(phy )

L

(6.22)

The vector fleld Vp of the P mode ig obtained by taking

the gradient of the scalar field and 1s given by

Jw n :
i | (6,£3)
Vp(r) 7 Ty

A5 hag been gaid in sec.(6.2.1), the genlar field way

alaso be studied in three ocaees.
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~

\‘m fu.')) &

pJ))v

J w (.'2
» Tl -
@
J o
ket L3
(6.24)
—CE‘L” (w = bp] b
Yp » Nowy, 13 given by
V( —g-” ) r1
Y, = rd +
p 2v’ L (6.26)
Cage 111 [w<< apf!))v
In this oage % 13 given by
-::'-(1 +" ‘)
» °F 2'5:' (6.26)

Theoretical plots for the ele¢ctromaimetic @mode fo thre
b o )
confiurations of digplacenents and for throe special
e

cases of the jenersl propagation constant Alnanely, pw
?

o! *1ectromagnety,
mode propagation congtant and g « Bp' plasaa mode PIOpa-

]
free gpace propagation oongtent, [l ® J ?

gation conastant) have been shown in figures (6.1a to 6.11 )
for various values of feed point displacement i-ﬂ 5
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Mllowingz date has been used for computati
k Oons
Ll 2 0 * ./

h,/\ = 0,26
: ; 0= 6,= 0°(¢
1= 65 (for axial displacement )

Jh = 0,76 o
hi/ 01= €= 9C (for trans., displace~
ment )

_ 10
5,6 x 10" "cep.8. 0= €,m 4% for arbiirary dig-

W
en
Placenent )

@
g
EL = 5,6 x 10 CoPoBe QR/A. =2 0,00y C.1, 0.2

g = 10°
Vo

CONCLUSIONS AND pPISCUSSIONS

Prom the theoretical plots ghown in figureg(6,la-6,1.
following conclusions may be

for E and HBe=plane patterns,

drawns

axial J)isplacement
wo lobes of equal amplitude with a smaller

(1) P=By o ¥
The two main lobes are symme-

lobe at 96° are obtained.

trically situated for gr/h & 0,05 However, as 2F/\ i3

increaged, these 1obeg shift to 20° on one side and 150°
slgo the lobes at 50°

on the other aide of 90° axisg.

become smallers



- 85 =

e'
ror

2 h L

77° ©as §
to 70° as %ﬁi 18 inoreaged froa C.05 to O
@ .2.

(111) , = p, » three lobos ot 30°%, 9¢° and 145°
obtained for fﬁ e C.05. As £R/A 18 increaged N

the lobes at ‘.500 and .'l.*lz‘.io shift to 35° and ldo:pw S
tively while the lobe at 90° remains fixed and b::::::h

gnallexr and gaaller as %5 increases,

Trangvexrge gﬂlaggmeng
)
lobe at 50 and a side lobe at 135°

(1) B = Pgor 0RO pajor

are obgerved, AS gR/)\ increases upt 0.2, the asjor lobe
from their obgerved positiongs

as well &8 the gide lobe shift
and also another small lobc is obaserved near 160°, This
be deorecases as 2R/A increages upto 0.2,

aide 1o
of axial displacement, single

gape.asintheaaﬂe

attern 15 observed bu
py 8° as 2/ {ncreases upto 0.2,
0 4o 82° as 2E/A is increased

¢ the position of the bean
3d3 beam

(11)
lobed P
maximuan ghifta

width inoreaged fron 70

upto 0. 2.
p = B, one major lobe =t 95° and eide lobes at
© are obtained.

jor 1o0be at 9
n frod gs2 to 1080 while the side

(141 )
with the increasd of -2;]3

30% and 190
upto 002! the ae

ghifts 1ts posi tio
at 30° become

Oo beoome s gaaller and

gnifts to 40°%

nains [ixed and

™

lobe
r lobe at lbo°

Howevery
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becoaes emaller and aualler as 23/), ig4 increageq
upto 0020

Arbi trary pi golagement

(1) B = ﬁo, one major lobe at 5O° 8nd a aide lobe at

136° are obgerved for 2¥/A = 0,06, g 2R/\ 1g increaseq

end the amplitude of
the ainor lobe decreases and shiftas to 1500.

upto 0.2, major lobe shifts to 35°

In addition,
for 2R/A = 0,1 and 0.2, there are additional lobes appeare

ing near 90° which decreage ap 2R/\ is inereased,

(11 ) 8 flgs @ single lobed pattemn is obtained which
ghifts 1ts maxizum position from 90° to 100° g4 25/A
increases. 34D boam width decreases from 83°% o 73°
with the inoreage in feed point diaplaceaent,

(111) p = By two lobes (at 36° and 90°)°ot aluost the
gane anplitude and a gaaller lobe at 150" are observed
for 2R/A = 0.08, As 2R/A i@ incresged to 0.2, the lobe
ot 35° shifts to 40° wnile the one at 90° shifts to 1c0°

o
4 becomes gsaller. Iowever, the gide lobe at 160" remaing
an -

fixed, but decrcapes in amplitude as 2R/A goes upto 0.2,
[ ]

It may bo noted that, though, the general phase nhift

el
constant hag been studied into three cases, nalely,

B = Bys B = B, @d f = fys all tho thres 20des (g, f, mnd
= 0' -0 3

- ductor.
A ) are eimultancously present on the con
P
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CONCLISICNS AND LI SCUSSIONS

DI SCUSSIONS

ihe theoreticsl and experimental atudies of the 4i
=

placed agynmetric dipole antenna are digoused in chapte
r-2,
In deriving various expraselons for such & gysteas, foll
49 O W=

ing agsumptions were mades

1) The dipole ig extremely thin
11) The current distribution 1a strictly sinusoidael

141 ) The ocoupling between the dipole and the feeder

line is negligible
The radiation from the ends 13 also negligible,

iv)
Above agsuaptions are only ideal conditions whioh
are difficult to be realised in practical design of the
gpecially for larger values of

displaced antenna aysten,
Some of the main difficulties

feed point digplacement He
which arise while verifying the theory of the displaced

dipoles are:
between the diasplaced

The unavoidable coupling
becomes more and more

i)
aystem and the feeder line
prominent with the increase {n the feed point
dieplacemnent

11) The change in the aistribution of the e,a, field

gion as R 18 inoreascd

in the feed=point re



1i1 ) The xe
sulting change in the current distrip
ribution

whioh may no longer remain strictly sing i
30idal

as R s increcased.

Howcver, attempts were made to verify the the
Ort-

tical predictions for two displaced configuratio
ng,

namely, the tranaversely displaced and the oxlall
displaced systoas. From the experinzental ang the:re
tical ocurves given in various figures of chiptere2 ;1;
may be seen that the diacrepancy becomeg prominent'
Sinilar discrepancies are observed

after 2R = 0.16\ ,
in the theoretical end experimental results shomm in
It aay be recalled that in the

grapha of chapter-3.
golution of the wave equation (right hand side of

equation (3.5)) the term V,/2 i3 derived assuning

that the gpcelar potential ¢ 1s constant acrose the line
When the displace-

and 6 function generator is applied.
ment is consiiered, ¢ may not any longer be a constant
Pecause of the change In diatritution

acgroass the linoc.
of ¢ in the gap region, the current diatribution algo
fron the experizental studies aade

HowoveXy
g been found that ugually a displacezent

go far,

£ 0,16 A does not effect adversely the assumed sinu-

soidal ourrent ddstribution end hence the theoretical
gqumption agree reagonably

results derived on guch an &8
with the experimental resul ta.

change se
it ha

good



have been reported for v
ardous valueg of R
by Kosta (31
Jo

distributicn 8hown gp
lla) with that given by Kostas showg that q gyn
Ue

A coaparision of the current
fig. (2.
soidal distridbution is a reasonably good assunption g
or
smaller values of R(R < 0,08),

The theoretical results derived for various parge
meters in chapters < and 5§ for the logepertogfo struce
ture show & divagreement with the experizenta) varige
tion of these paramepters (radiation pattem, gain,
input {ipedance and effootive sperture), It 28y be

remembered that the bagle element of the LPD array

(p # 0°) arc the dipoles with their feed points dige
placed transverse to their axis (first tera in square
brackets of equatior (4.1) and the tera given by equa-
tion (5,2) respootively). Ibe digplacement In the feed
points of the elements eaployed in an LP array 1is given
by R, gin(y/2)e Obviously, as ¢ inoroases, tho feed

point displacenent also {ncreesses. lence, beyond a cer-

2 ° lacenent beco=
tain 144t (usually ¢ 50 to 60 ) the disp

that the field in the gap changes appreciably,
of atrictly ginuaoidal current

mey go lar e

Consequently the ggsuapticn

reti-
distribution breaks. A3 a result, the various theo

apedance
cally derived parsucters, nanely, the input 11p ’
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Such studies will find their fanense use in multichannel
connunfcation aystems needed both for entertuinment (TV

aystens) end the space rescarch (apace wvehicles ).
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Iggortant charaote rggt; cg for degign gggg;dergt;on

Ay electronic system which uges free space ag the mediua
of propegation needs antenna, essentially to serve tWO PUrpoges -

matehing iapedance of trensaission line to the free space and

diregting the radiations in the desired direction. $0 the gha-

racteristics of najor importance for designing an antenna are

its input fapedance and its directional properties. Depending

upon the application we are interested in designing an entemna

which hag given directivity and input fupedance over a given

fre quency band,

Not only thesc olectrizal properties, i.e., directivity

and input iipedance, but sone nonweleotrical requirezents also
The other

play en laport:mt role in the design of an entenna.
factors of importance which govern the design and fabrication of

an LPDA antenna are as followss—

(1) The band width of the antenna arrays This may be made
arbitrarily wide by extending the geometry of the antenna

The bend width linit of a given design IS

pon-electrical restriotion y aige of the
cy 14mit, and precision

gtructure.

deternined by

antenna govems the low frequen
the high frequency 1iadt,

of construction governs



(11) ;) Bt, oompactne 8 and bility of ho

nngs
The gize ani wedght of the antonna array should pe

sugh
single

that 1t aay be supported by a boom ang aounte i op g

magt with faellities for rotationanl adjugtaent

Details of the antenna to be desismed

A pyremidol log=periodic dipole array antenna ig designeq

and fabrioated, This is shown in fig. 1, The faportamt denign

paremeters ~ ; , the separation angle between the two boomg 1
a , the spread angle between the plates j v , the ratio of the
lengths of the guccessive elesents - are ghown in the figure,
A third angle ¢ repregents the spread angle for each boop in
prececding from apex o the rear of tho antenna, In general 8

fg rnot a significant design constant. A dependent varisile,

alled 218 relative apacing factor .~ , 18 defined ge the digstance
Fo!

velengths betweern the Balfl wavelength dipole ard 1ts
in the wa

next emaller neighbour, and i3 given by

(2,
d"s%'(l-r)wt" ’

tenna may be derived from
ted that LPDA an
This may be no

letting f 2zex0 and folding the two boons such
e ,

thig antenna by

I0e
that angle ¢ approaches 20

. ed Vs, paraseters
W
Character

the design
yetical formulation upon whioch
o s hag to be paged on logical experi=
The deaign

of LPDA 13 based. ta pere have been extracted frod
a

4
gental me thods. The dopign
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the result of investiy
rations of Carrel (28}
« The experimental

results of investigations of Carrel and others are shownin
shown

tiga. (2a, 2b, 2¢). Thesc graphs indicate the variation of

input iopedance and directivity with » , a end o The at
. study
of thege curves roveals two factsy

1) As ¢ approaches unity, the directlive gain increases and

numbar of dipoles required elso increases but the feed

point fmpedanoe decreases,

Cp the other hand as a incrcases, both directive gain

2)
As o decreapen, directivity

and input iapedance decredst.
{ncreases, but the «spacing and thus the length of the boon

inereanes.
width, the operating band-

I1f the ective region has got no
ne length of the largest

given by the ratio of ©
h of the gaallest elenen
idth of the gtracture, Bs

width B would be
¢ on the antenna,

elenent to th¢ 1engt

Thig 1s called the bandw

1

1 1eN

Bﬂ = r; = P

region has Zot some pandwidth 1t i3 apparent
andwidth B ig alway gtructure
¢h of the active region,

gince the aotive
g legs then the

shat the operatins D

, bandwid
(2)

by a factor Bay
£ig.(2c)e

p =BX Bar
’ in
a for geneml values of v i8 given

A graph of Bgr Ve
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Leolm orocedure

Design procedure involves a Judicious. choiee of the

prineipal pattern paranetersy a and r , to be establisheg to

meet the given requirements of directivity end Lapadance, Once

theae electrical properties are specified we have to decide g

relative importance of reducingthe number of elenents or gige and

weight of the antenna,

With these faots in nind a preliainary choice of » angd 4
or g can be made from the curve of fig. (2a). To deteramine the
boom length and nuaber of elezents, the bardwidth of the struc-
net fig. (2) be oconsgulted to determine the

ture augt be found,
bandwidth B, for the given values of v and @ + Ths bandwidth

of the gtructure can the: be found from

B -BxBar

2]
The geometry of the LPDA

whexre B i3 the required bandwidth,
gth relative to

antennsa now provides a felation between boon len
gince the length of

the longest operative wavelength, A,
the first element 19 always aade equel %o Apax/ 4 ¢

g; ” *(1 - é-) cot @
ax a
booa length between the largest and snallest

in fig. (3ai.

(3)

where L 1a the
A monograph oXf the equation is given

elenents.
elementa required 1is found from the

The number of
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equation

log B
N'l*"‘——g

. log 1/ (4)
monograph of which 15 clven in fi,, (3b)

The design procedure for the prinetpa) LPDA

Parane
i3 now coaplete, ters

It 15 likely that the firgt €stimate op
'

and a will lead to a lonmger booa length then necessary

e« O

revision must be anade in ¢ and a and above Procedure mugt pe
8

repeated several times until ainimum booa length g found

A pyramidal LPDA antenna bas been desizmed to aeet the
following requirements

Dircctive gain - %.5‘ db, bandwidth ratio of 1:5 between
lowest and highest frequency (300 MH /Sandl.5 GH_), tnput gy
pedance -~ 75 ohnma, xmax ~ 100 cms, Values of ¢ = 0.9 and g = p5°
were gelected from curves of fiz. (£). The bandwidth of the
active region B, for a = 26° is 1,6 fron fig. (2). This meang

that thebandwidth of the structure must be 6.0. The relative
boom length for B, = 6,6 and a = 26° 19 0,46 from filg. (3a), ang
N = 19 froa fig. (3bJ). The height of element nuader one ig Amax/‘*

= 25 om. The antenna was then fabricated with these data.

Fabrication of antenng

Pabrication of componentis deaigned for any experiment {e

one of the aoat important factors The accuracy upto which the

t
fabrication of the desgigned coaponent can be achieved 1g set by
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the facili
tles available, As the LPDA antenns ha
8 varying di-

menagions in len
gth and spacings of the dipoles, the fab
abrication

poses a pro —
problen towarde the high frequency end. Ti g
* sige of the

di 1
pDOAE3 and the diatance between them beocome too saall
tewards

high frequency end to b
uild with accurac
Yy and it 15 the
pre=-

cigion of construction th
at dete:mines and l4iad
ts the high fr
C -

quenoy operation of the antenaa.

The fabrication of pyrasidal LPDA antenna was simplifi
ed

by the fact that two palves of the structure were identical
cal.

One half of the structure ig shown in fiz. 4 . The boom
wAag

ate of 0.2 €1 thickness.
t asparately and welded together

cut out of a brass pl The bottom plat
plate

and two side plates wore ¢
ngth of the botiom plo
quency end was l.1 cm

gending an angle g at
g cnm outer diameter and c,6 cm

The largest

10, akon; the axls was 46,4 on., the
and 7.6 cn at low frequency
the ir extended noet-

The le
width at high fre
end, the two gides sub

ing point. Copper tubing of O.
chosen for ai

1.9¢ ¢ 4

poles glements.
§ cm long with succeasive

}blea Of 008 ¢l

{nner diameter wa3d

olement was equal %W hmax/"
Lp eriterion with

the gide plates at

nte through the
A gohematic ai

s 0090

elenents gatiofying
the gpacings shown

were drilled in
gure and dipole elene

ntre lin€ of the boOd.
in the fig. b o

diameter
noles wore braged

in the fi
agran of the

along the c€
comple te half gtructure ig shown
tructures were hin

The two half 8
¢ and nut end bol

and & pracket with @ aglo
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the far end to provide a variable y , the separation angle
betwcen the two boons, The antenna was fed by a 75 ohms coaxial
cable, connecting inner conductor to one boon and outer to the

other at high frequency end,

Two identical antennas were fabricated, one to be used
as the radiator and othcr as the rccelver, Both receiving and

tranamitting antennas were mounted on the meagts fabrication of

which has been described in ohapter-2,
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