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. . ceiving antenna, 1t is clear that antennss are a claguy of devices which ... .

THE ECHOING AREA OF ANTENNAS

. ABSTRACT

Various factoras which affect the echo areas of parasitic antennas
are discussed. The change in echo signal produced by load variatioas
is derived. Several applications of parasitic antennas for echo modu-
lation are suggeated.

R. INTRODUCTION

The generzl requirements for a passive echo-enliancement device
are: {1) it must intercegt & large ameount of energy {rum an incident radar
wave, and {2) it must reradiate this energy directivaly toward the re-

meet these requirements, although antennas as such ars not commonly
used for echo =nharncement. The most familiar passive devices for echo
enhancement are various forms of corner reflsctors and more recently,
the Luneberg lens with reflector. Both may be classified as optical
devices whose principle nf operation depends upon {eirly obvicus optical
effects. In coadtrast, there is a wealth of existing information on various
types of artenas to coniorm to almost any surface, aad on the design of
these to obtzin ridiation patterns of specified shape, but the application
of these prircip'es to echo enhancernent has yet to be made.

In contrast io normal antenna applications, to give a high radar
return an antenna shouid be migmatched at the input terminals, with a
non-absorbing load. Under the-e conditions, the energy extracted from
the incident wave re-excites the antenna as a radiator, and a large back-
scatter>d gignal is obtained. We should expect the back-scattered signal
to vary with the antenna orizntation as the rquare of the radiaticn pattern,
Y1t this §» true only if no other sources of buck-scattered signal exist on
the antenna structure. To senarate the contributi~~ due to the antenna
mode, the load at the antenna terminals may ke varied and the corrve.
sponding change in the hack-scattered signil noted. This method hae
neen suggested as a rneans of measuring aircraft antenna patterns by a

model rechnique, 1,13
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~C. THE DETEWATKON or ANTE:«NA ECHQIN\.: Am

- be described by use of an squivalant gensrator at the antensa terminals,
. a3 = .1ted by the Compensation Theorem. Referring o Fig. 1, the
. triviinale of transmitiing (snd recsiving) antonna and pesnsitic ocau-ring
_évtenna are indicated schematically as terminal paire 1 and 2 of & 4-

- and vilateral, can bs raplaced by the goneral vetwork, If the tnnomimng

The modulation of 2n ec’ . zim3l by these meang suzgests several
new applications of antenncs a0 scutterera, Tha delstericus effects of
amplitude and angular gciniil? i :’-:ztmf: irp~-control radar

3
- 3

b

e

ey

systemyg ara wall-kaszwn., 7
ampiitude and phasa of s‘w.;is FE rious zarts of 3 target.
Fortunately, the spectral Suondw ik of gush Nustualizng {rem most
targets ia limitad, and these can bz raducad by arozer {iltering. How-
ever, similar fluctuativor may :.&é By uan of 3 28ir of antenass
mounted on the targst, ’*»ﬁ:ﬁm--» the tzrmina! impedance,

2
.

B :
e

luctustionsg in

amplitude asd angular nwua‘ @ TAR L@ produced with any desired
spectrum, with obvious elm:ﬁ nic counieTmmsasurss anplicalisus.

Auother reagon for Imparting m r'a?.a latisa to 23 eche «‘-:wl is 10 ldentify
targets by entirely passive rmsszs. In this counsciion, the antenna ssrves
as a passive rapeater, and s m@-m‘xy gesure transmizsion of information
from target to radar is obtzinzd with a minimum amdst 4 equi?mnnt

in the t‘rgtt. .

If an antenna is {ilumizaled by a plane e!cc:nmgmtﬂc wavs,
there may be more than ouz 20ur<: of scattaricg asd diffrzctisn, Tusre
may be (1) reflections from the uprorting structure of tha antenns, (2)
reflections due to various anicaza modas which azre set ¢p by the incidear
wave but are nct mormelly sx=cited {rom the antexxza termiaals, and (3)
scattering due to excitation z=d reradiztion of tis normal anteuns mode,
For example, in sceiteriag by 2 monopole above a grouad plane, large
reflactions will occur {rom the grouand planz itself, illustrating effect 1.
In scattering by 8 sectorsl horn, ref{lections will oeccur dua to Bighar
order modes set up in the horn which ars uct couplzd to the antasna
terminale. which jllustrates effect 2. In eaach cise, thers will also be
scottering dus to the excitatioa of the bacic antzuma meds, providing
the incident wave hag the pramr dirsction sed freq;wacy. :

" To idoutify the scattering due to the antenna mode, it is conven.iant
to vary the antcnaa terminction. The effect of this impedance change can

‘erminal network. The interpesing medium, which is assumed linear

antenas is energized with a generator as shown, and thg »imped&nce of the

L R S ) X -
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(b) Equivalent gerarator raplacing impedance nrhtim. |
Fig. 1. Equivalont circults used to ~spreisnt antanna Sackacattering,

parasitic antenne tsrmination is varied from 2 to a short circuit by -
the closing of switch S, the changs in woltage or curreat produced .
at tarminal pair 1 ic the same as that produced by a geasratorof ‘
terininal voltags V) placed at termirsl pair 2, all othcr ;emraton

baing replaced by thctr intami impedancas, '

It is -hm in the A;psndix that tho maximum cbann fa rcccivcd
current Al,is obtained when the load impadance Zy varies from open
- circuft to short circuit and the parasitic entsnna hn;mhncu is purely
~ resistive, In this case the current variatica is the tame a8 tb‘t
produced by a acaztuur with c:h&: are - s

AF 33(616)-25¢6  601-14 3
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ANWINTIVIMN T iAMAL

(") o =

%, . . . : . .
ugre G i@ the power gain of the parasitic antenna over an isotropig
vadizils?, in ths given direction.

Tha echo aignal amplitude £, {E;) is thy resuliant of the
varying cemponent T “93 {Es, )} dua to the locad impedance clazage and
a fixed component E, nrzsmg {rom scultering by the antenna gup-
port ana higb@r ordar maodaa, Dupending upon ths relative phases
of thasa signala, tha echo signsl amplituds may fuatuats a2 given
in Eq. (1} o2 by smallay amounis. Figrre 2 Ulustrates this efiact

- for savers! diffsront phases and amplitudes of the signal compoaente.
e »—_f“—-———~ —-—(a) Phase meduhﬁm d w_W_HU) m.e and un;:litudo .
D ' :euloigul i . Mdm& si;nal ‘ .

(Cl Amyumdn m:dahtlon d tml oiml

. Flg. 2. Effnct of retative pMu of slgn! coaponcnts
S om 9otu bsck ocattorsd :lgul.

o n‘. um 'maonz ANTENNAS AS scumasns

- Ha paruuic untonu is ctpablc o( oupporﬂu; saveral ddtonnt
a modu, sach with ito own characieristic radiation pattern, then the
. backscattering from such an antsnna will be appreciable over antenna
orientations whare eéither mode mey be induced.  This effect may be

L aF 3'3(6!‘('}-2‘546 66! M  ,   e
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. ueed to hroaden the ccha responce of a parasitic antenna,  We waal
distinguish dbetween sultlmade ererstion and thst of 3 singly cotenca
mode, since a multimode antenva deey not reatiy bavo an anigue palr
of tarminals, but rather as maay terminal pairs ag thers x74 antensa

modes. To illustrate this effect, noncidar the simgple casa of 2oro
idontlcll antennes coupled to a single pair al‘ iarmmak, az ta Fig. 3%

Anseme\' e LT

..

RO R flg. 3. c;iuplod an*tpnhas with vaciable deminal 'léc&ﬂiﬁ.

I . Depending upon the prsition of tas ferminal pair along the coupling '
~= —7 - - Yae in the x-direction, tha relative phasg of the excitation of sach _
L " . zuteunna will vary and by varying the location of the terrcinale, wa  ° .- * -
: ‘©  camadjust the radiation pattern of the pair to be four times a9 33rong .~

as thst ¢f a single satenna in & given direction, aitkough tha periticn
. of the terminale must be alterzd 'whenever the directisn of maximum

- relaforcement is changed. If we opea-circuit the antenna tarminala
. and illumicate the coupled antensas with a plane wawe from the droad-

. side direction, it 1s found that (he backacattaring will be four timnee

that {rom & single antenna, sincs both autennae will reradfate in

B : . phase in this diretion, it is asgumed that all of the aignal uatarteymd
o by one antenna is transferred without reflection or losg (0 the othar, X
: over the coupling line. Moreover, it ia 2leo readily seen thiz the . |
beckscattered signal is four times that for a single antenna for aay

divection of the incidant wave, and for the gama resscne. We can
. explain this by considering this antenna as a multinmade structure,

o with virtsal open-circuited terminale anywhkere aloag the mter-
o " coumeciing line. The incident wave then excites one such mode asd
it ta reflected at ths corroepondiog open cirsrit terwination to ¥ield

maxirnum backscattering ia every case.

AT 33(616).2506 601-N
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Extendon of this princip!a to hrgur arrays ‘hu bern lmnwl

by Van Atta, Examples of a Unear and circular array are shown ia
¥ig. 4. Thess consist of arrays of N identical anternase coupled in
pairs by transmission lines of equal length, The scho arca of yush
an array is N? times that for a single antenua, ard the backecatteriag
Pattern is just the square of the radialion pattern for a single moember
- . of the array. It ic aseurned that all rellections and loss im the coupling

- lines are eliminated, aud that reflections trcxn tbe ouq:orhng umchm
- can be xpored. .

LY
™~

Cur"an UM
h) LINEAH ARHAY

.

Fls. 4. mlﬁ-odo ntm arm- for M tutu*tq.

. P

l. APPLICATIO!'B OF ECHO MODULATION l!‘ mn:mus :

e l. Scint ﬁhtion-Producin! Devices for Blectronk

S Couutennealuru

 The scintillation of a t&'rget adversely affecto the perfoimance of

bigh-resclution fire control radars. Thie szinciliation ariees Srom
interference between reflections distribuled over the target suriace.
The spéctrum of such Nuctustions i limited by the target dysamics t»
_zelatively low frequencies, and this property may be vsed 3a snemy
fire control radars to eliminate the more serious efiacts of scintl~

. lation by filtering. .Bowever, by mounting one or more parasitic
antennae ou the target and modulating the return from these st a very
high rate, scintillation nofise cam be produced with any desfred :
_spectrum, and this ohould prove useful as & pansive alcm
cmrennunn.

U e Tt e HEEP
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2. Target‘ﬂnﬁ"..xﬂcn Tovizag o .

A simple seans of identifying varicus aircraft targets is needsd,
particulurly for small private aircrafl. Py use of charactaristic 2cho
modrlation frequeacies, obtained with parsaitic antancas roounted ga
the aircraf?, 2 almals low-coet mesas of Ldentificatizn i poasible. Thia
will require a mirimum of equipmex: in the aircrafl, and permit ideati-
fication at will by the grousd radar,

~3.‘ Secure Cemmnni:atim Li:'sh - .- .‘ : . PR ,¥ :

Sinco it is possible tc tranafer ia{omtion via the modnhdaa of
a parasitic antenna with a minlmum of equipment and weight, 2ad over
a directive beam betweew the interrogator and target with little chamce -
of irtarecptizn, iz tacloique migut be useful Zor tranefer of info. .2
mation from a satellite vehicle, Intarrogation could te raada when tha TR .
vehicle {s near a grrand radac stazion, and 8 miaimum of equipment .~ 7.7,
8ld lplco vould be nquind in the satellite. - e

r. mnuocm
28inclalr, G, Jordoa, E.C., Vaughac, E.W., "Mesasurement of
Alrcraft Antenna Patterns Using Models™, Proc. IRE, Vel, 35,
Ne. 12, December 1947, pp. 1451-!462.. :

2Gruber, ;!.. "hvecti;l.tiou of the Method of Mua'auring Autem
Patterns by Utiliziag the Reradiated Electromagnetic Field", M.Sc.

Toeeis, The Ollo State Uriversity, 1546,

3616)-2546 . 691-14 R 2
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APPENDIX |

Assume a general disposition of tranamit-receive antenns and
parasitic scattering antenna. Wn shall assume that the polarization
of transrmit-receive antenna and the scattering antenna are identical,
s0 that the trana‘er of energy between these may be described using
scalar antennca heights . Now define :

b, Tun:mi&dng anteana height ix direction of scatterer
np Parasitic antenna height in dirgction of tnn-mitur
R Raugn of separation (assumed large)

A 'urel-ngth of radiatien

Zo Frev-spuce charactoristic imp-dnco

1, Traansmitting antenza current dus to puﬁnt.or.

;',‘ZF”;)(:(;‘IG')_z‘s%; 601-14 R

The far fie\d inf;n;ityn ‘the parasitic antsans produced by the trans-

mittiag aatenna {s, by definition of the anteasa height,
g o FR ,’
m tlf-ﬁ;!*—‘i‘——,‘, — .
The induced open ;;rci# vdhgi in the parasitic n.ngom‘i’i then
s ad ¢ e x

~ The vo!ngn lmcul across a lond zL at the puumc auom turmlmh ;

fo then

: Q T‘""‘T & 7%:"*?7 %‘—

L 'lun Z ll tha iapnt impodanco of tho plraaitic num seen trom ite
torimlm s. ' , ; ST S

By thc Com,-nutiu- Thcenm. tao chnu;o in voun;n or current

’_'yrodu:ed by chu.in. thn load lmpcdanco of tha parniuc amenm from h




o e R e

Zy to 0 is the sam2 23 would be produced by a generator of terminal
voltage Vi placed at the paragitic antanaa terminais, all other
generators baing replacsd by thelr isisrnel impadances. Thus, the
equivaient current in the paraaitic antenna would be

(4) A;,,--—%— .

The incromental ckaag. in the Nlald iueeacity at the tnueml:-roceive
avtenna is

R
axt _z,ax§hpo" .

(s} : B ‘ ‘ '
- T e AN R e

~ The corn-pcedhg 1acnwanml hduccd opoa-circuit voltage is

A _ : kR
(6) Av,'c-az's,. A'L‘.'ﬂ“t‘
o L ZAR L N
and the incremental cuérint fiow in the transmit-receive antenna is
B R o -ij :
: AV A Alpbah e
J & % -
M alp= z.‘ T TIXER
Whare Z, is ttaa sum of the tnmmit-nccivamum impedance and hc

load impodaun 8s a ucaivu.

Combiaing lqn. 1 thm;h 1. tho uprouion for thn chlngc in
ncclnr current is ; ,

Catg .zén“ 1y 3 B .2ij o
(8) | T, zpzt‘ﬂp’zb) I‘u RB » »

| The cofﬁnpoﬁ:ﬂag iucrcmbﬁt {n receiver current caused oy the
addition ol a ncothrcr at the nngo R, with ocho area s, is

BRI ? RN UNCLAS‘?S!HED




where

i
(10) E, = . A E
Ve &0

and Ei is giver by Eq. 1. Combining, we have

2
1 _2_9 h -2k R
(l]) —L = '7' . Y .
I Ze B 3\ i r a’

P or squality of the signal from the scatterer and antenna, we must have

ZZ-

“eq z,(z,,+zL) ﬁ:‘ hp -

(12)

To relate ¢ to the antenna gain, we must relats this quantity to the

antsuna ln!.g.h‘ From Eq. !, ths ratio of input power to an antenna to
the far field power dansily can be computed and comp-rod with that for
&n isotropic antenaa to find the gain G:

G = powser dsasity in given direction
- power dansity of isotropic antsnna with same input power

(13)

(@)
-  Z, Z w 3
G. —= "Rz v P

Z)
(1 2p2)
so that £q. 12 becomaes

- 21 Ru(Z A
R s =~ il
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The equivalent echo area is

. . [ 21 Re(2Zp) G*a?

We c .a sim:'ify the expression involving th. impedanq 1B émiace

zy ) (29 Ro\Z,.!) (zL-z Rg(Zp) | |
{ Ll .- & - [
(s ZplZo* 21)  2Zp [“ "Z‘“‘ZEL«v p>]’ fzp t“ !

where T is the soltage reflection coefficient of the load impedance ZL\ .
Thir implies

2
A7) egq > (PF P [1er o

where P.F. denutss the power {actor of the parasitic antenna impeiance.
The maximum c sage in signal is obtained when the power factor of the
parasitic antanns impedance is unity, and when the antsona terminals are
altsrnately open end short-circuited. In this case, the equivalent echo

arey is

(18) Yeq * "
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