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THE ECHOING AR:EA OF ANTENNAS

•. ABSTRACT

Various factors which affect the echo areas of parasitic antennas
are di,,cussed. The change in echo signl produced by load variations
is derived. Several applications of p;arasitic antennas for echo moau-
Ittion are suggested.

1. INTRODUCTION

The general requirements for a pescive echo-entncement devic.
are: (1) it must intercept a large amount' of energy from an incident radar
wave, and (2) it muast reradiate this energy di-rectivaly toward the re-
ceiving antenna. It is clear that antennas are a class of devices which
meet these requirements, although antannas as such are ,ot commoly
uaed for echo enhancement. The most familiar passive devices for eho
enhancement are various forms of corner reflgctors and more recently,
the Luneberg lens with reflector. Both may be classified as optical
devices whost- principle of operation depends upon fcirly obvious optical
effects. In contrast, there is a wealth of existing information on various
types of ante-nas to coniorm to almost any surface, and on the design of
these to obtain r-idiation patterns of specified shape, but the application
of these .- ir.cipev to echo enhancement has yet to be made.

In contrast to normal antenna applications, to give a high radar
return an antenna should be mismatched 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 radfator, and a large back-
scatter-.d signal is obtained. We should expect the back-scattered signal
to var7 with the antenna ori2ntation as the equaee of the radiation pattern,
but thfs ip true only if no other sourcts of back-scattered signal exist on
the antetni, structure. To s'eprate the contributl' '• due to the antenna
mode, the load at the antenna terminals may he varied and the corre-
sponding change in the back-scattered sign&l noted. This method has
r•ren suggested as a means of measuring aircraft antenna patterns by a
m-odel technique. 1, a

;,Of 14
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The rnodu1;kiao.% c,' z-. 'ce . 6vt ~ ~ eea
noew applicatioa of anlam. a 'i ' X"rieus effect •at
amplitude and ann'ular -•....-c •rtr rada r
systernt are well-k:ýtir *m -s 14y fr'-•!rucz'tans •n
amplitude and phase of 9 -7-7 r e?.t r tIrm v i i- uats of a ttar•et.
Fortunately, the spettral c( s'4t t.1 re. from mot
,targets is limited, and U b , --2;,*i.d y -; ct Fow-
ever, similar flcuaiz h- ziI -7 tZ of Atna
mounted on the tareat. .i the t ...ia i
amplitude and an•ular *"I•m". • La psie&eectrwith anyt deared
spectrum, with obvious e o' : ou. o n addiract.
Atnothtr reason for imparti- t.* zn ach* -s-'zl is to Idenotify
targets by entirely pasoive In t~n stnucttn, the antemus serv, s
as a passive repeater, and a -al,"zd se aure tr~'wiOsi of (Wfor-ntion
from target to radar is ohtz!r,:d w!:h a =zi idmuz. am-4n~t of equaipment
in the target.

S -- C. THE DZTERfAI1ON C-7 AITZNNA SCMITNlG -A EA

If an antenna is ifl1umhri.nb d by a on lanveeoctr*uaL st1c wave,
there may be more than one sourt- of scattering &ad diffraction. Ttere
may be (1) reflections from the upporting structure at the anton=&, f Z)
refdectioa* duo to various antenna made* which are set up by the incadfuat
wave but are not aiormtlly ,t ite d from the sante=a toerewnal, anls be
scattering due to excitation and roradlon of c the vormal antotea, modin.
For eimniple, in scattering by a monopote above a Srodrd plane, lsrge
reflections will occnau from the. Trhud plane itself, illustrating affect 1.
in scattering~ by a soctomit ham., reflection.m will oecc-r 4.ue to highar
order modis set up in the horn which are not coaptzd to the ante&na
terminate: which illustrates effect . In each cfee. there will also be
scattering due to the excitatioa of the back antenna oe-A i, providing
itse Incident wave has the protlayr dirction and frequemncy.

To identify the scattering due to the antenna mods, it is conveieant
to vary the aut~nuaa toirminatico. The affect of this Impedance change con
b4? doesribed by use of aun equivalsnt generator at the anteonna terminals,
as C .itod by the Compensation Theo!%vrem. Re~ferrin~g I= Fig. 1. the
!trvv~mnals of transmitting (and receiving) antainn.2 and ponsitic scattering
ý.ktenna are Indicated schemastically as termnital pairv I and 2 of a 4-
'ermi~nal network. The intorposin; mdimn, *Mbch is assumed linear

.snd uitateral, can be replaced iy the general network. If the transmitting
intenna is energized with a 2enerator as shown, and the impedance of the

!-



N4I I D,_,__

(Tirlt;;z:.It - RQc~f a V- Parasitic
A~tmnne ) A~tmnno ) '

(a) 4-teomiai eqý.v&IUir cla aztznza scattering.

i-

* (b) ai~a ermg~~rator rw $aclig iMPed~ftc* viawlsiou.

Fig. 1. Equivalent cl rults used to .- prr3*n't an tans ?e.ck¶i.el.

*parasitic antenn tvrminzaflon is viariod fromn ZL to' &shaft circui b~y
the clocixng of switch S. th- cheap ton voltate or c€a-reut produced
at tormiml pair I to the same as thst producti by a Seoerator of
te~rival voltage VL placed at teormiIl wlr 3, all othter genertor8
being replaced by their internatl nipdauces.

It is showu in the A;pendix that the marivmmr chaule ia received
current a I.is obtained wheu the load im uidance ZL vaures from open
circuit to short circuit and the parasitizk ant-uua impedance is purely
resistive. In this cas the current vartiatic is the same as that
produced by a acatterar with acho area

",F 33(616).Z546 601-14 3
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t3C Wi the power g~ln of the parasitic an~tenna over an~ isatropi4
n~st4?, La~ tb3 given direction.

The echo0 signal a& Iitl.ad., - (Es) ts tha result&nt 69 the
vaw-l-inS crib; dua to the lead im~pedance cýAXtA~e and
a fixed citmpem EV ars= fromr scattering by the antenzna cup-~
part ar. hIgher ordar mc4za. Depending upon th* relative phases
of th*sa Gi-Aa t~he ech~o MSi-mii anphiida may i1lat'uatii as-ie
iin Eq. (A) or0 bys-0a azwz%= &-tj. WL1'i-re 2 Mlustrates this efr4act

f0? s.evtra di~Tffeet pi~iaea and ampIitj4s of the sipgal compaaents

-Ell

--- __ -- (6) aa modulaati on -(___ tb) -hs* &U amputud.
total elpal. of~It~ totw sign~al.

MC AMptALOM in~dlatiou of totals ipial.

Fig. 2. Effect of relative PM*s Of $1gnal componlents
on tot& I back scattered signal.

ID. MULTUAODE ANTENNAS AS SCATT3ZtERS

If a parasitic antenna in capable, of supporting several different
modes, each with it. own characteristic radlat~.ou pattern. then the
backecattering fretm such an auto**a will be appreciable over auteuna
@rientatios. where either mods may be Induced. This effect may be

AT 33(616)-2546 601-144
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* used to broAdesn t~he echi rapm of a p~ras~itc nt-Anra. We %o 4

mode, sinre a n~ltLWnode ant--nna dckee -,ot refliy hayl an caiu* aetr

of termin~als, but rather as !T-ZRaI tenm2inal pairs an there 4r ^A~tkia
modes. To illustrile 'Ma effect, cc/.nzdar the aipec~ of zc
Identical antenn~as coupled to a. single p~air of tarmyinalis, as !a rIS. 3&

At.2

I F ý

~g .Culdantennas wilh varya~ andby aringt2 locationoth *' ina.Q we

can adijustpo the rda paettern of torfemi pair aole our timesa sirangi

* as thnt of a singls $ateata. In a g*t'en direction, although the position, *

of the terminal* miust be attered'whenever the direction a( mraxi--.uzn ;Y~K
welnforcemneut is ctaviged. If we lopen -circuit the antenna termi~nals
andi Illuminate the cou~pled antenzas with a plane wove from tbe btoa*-
side directiou; It io found that. ~ie backucattering will be four tIM*S4'-"--
that from a single antenna, since both antenna* will rtradlatw In I

phase in this dire-tion. it is aetuzncd tbat all of the signal imtercep4sd
by one anteimna Is ts-ansferred without reflection or lose to the others ~ 4'~7~-~

over the coupting line. )Eoreover. ft U aloo readily seen th,;: the
backecatered'sigual is four times tlAt for a mingle antenn~a for &%y ftt

directief, at the lutfdeut wave. and for tho wame reoscme. We tau .,

emplain thin b7 consefdaring this. antenna as a m-dfltn32ds ttrctur**
with virtmaa open-circuited termtinate anywhere atoug the Watr- .

t omeeciiug line. The incadent wave then excitte oae such mode a%1 ~
ft to xeflected #t this carrespood-ig open circult terininatist it <,*i

uiantmuzm back. catterlse to every cave..

CONFIDENTIAL . ..
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CON-1FIDENITIAL. .

Extension of thls principle to lar-4ir arrays bas be*%u ssg..eA[by Van Afta. Exarnplosofa linear and circular array are shoWn 1-4
Fig.4. hos cosis ofarrys f Mideaflcal auternas Couple in

'pairs by trainsminsion line@ of equal length. The sclio ar-.A of ame-b

r ~an array 1* NZ time*sthat- for a single antenna. ax-! the bac scafte 3ml
paternis us th eq~reoCthe raedation pat=fra iitm be

r ~of the array. It le ass#zmed that all r'efletioas and loss in the ceapliag
lines are eliminated. and that reflections from the supporting structeredI
can be ignore&.

I.r.

ia) ULEAR ARRAY . ()O

Fig., 4. . ijltIwae antorwsarry Oftl bak .yS40-

Z.APLICATTO3M OF ECHO OM TNBYA EP S

I1. SeciallMatioun-Producling Device* for Electronic

Counterineasureq

The, sciatiltatlos of a target adversel-y a~fectt, &be perfW.-msanc at
bigh-resolutiomr fire ccatrol. radars. This stintillatlo. arise" ivv
Interference betwmu reflection# distribUted &"er the tazgot ourj&ct.
The vpectrui of suct, fluctuations is Uimited by &No target dynamice so
relatively low frequencies. and this prop"rt may be wood le
fits control rakdars to eliminat. the moe" *erezlus disc I of *cb"i-
lation by filtoring. -Plowmeves by mwantn or =arm e panwieel
antennas on the target and modulating the return from the** at a go
high rate. scintillation noise cawn be produced with any dee4*44
spectrum, &ad ,his should prowe useful as a pass ive slectreafte

CONFIDENTIAL
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A simple soean, Gif ientify-ng varien# airtrxft t rgets is u.~edt,,%
partlictiirly for small private, alrtrnfL. Py use of carateristic erba
mao.3r-ation frequeoiacis. obtained width parealtic anena =o*4s onk
the. aircraft. a sinrn!a! Acow-cost irvea- of id4enIt!I lnia poissibla. X¶.IA
will require a rmirlmum of equipme&! in tbw aircraft. and permit i&dii
(Ication at will kj tL* grouad radar.

Since It is possible te transf~er iiifor-mation via the ,nodulatl.a of
a pa ras itic antenna with a mitdnliurn of ie-q-±pment and weight. and over
a directive beam betweeci. the Interro~gator antd taxget %with Little chance,
of 1ztzcvpt_`, t%!,& tacLzasquis miZxit ;D. ueiuii lor tran~sfer of Info-
mnatios fion a satellite vehicle. !nt.3rroMatlosncoutd hze zmaade when the
vehicle Is- near a giYtlusd radar stAtion., and a mnlaimuam of enuipnm*nt
and space would be reqiaired in the satellite. . -

* t 3inclair. c., *jorion. EE. c. yanghec, E. w'. "Measurement of -, C KY

Aircraft Antoena Pitt. rue Using Modeste". Proc. I R E. Yet. 3S.
No. 12, December 1q47, pp. 1451-.144Z.

aGrabev, 3. "Investigation of the Method of Utasurtog An~tenna
Patterns by Uttiialag the Peradtated Eliectreatnoantic Field"O M. Sr-
Tikesis. The OLI* State Ut~vezsily, 1946.

N',
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Assume a general dispiosition of tranornit -receive antenn- andr

parasistic scattering antenna. Wo *hall as~unie that the polarization
of transmit -receive antenna and the scattering antenn~a are identicAl,
so tlsat the transfer of energy between these may be described using
scalar antenna heights . Now define

hi Transmitting antenna height in direction of scatterer

ft Parasitic antenna height in directitm of tranusmitter

R Range of separation (assumed large)

).Waveletngth of radiatlon

!g rri -spec# characteristic impedance

It Transmitting asterna current due to getterat~or.4

T%0 far f.dutntyat teparasistic antemus~ produced by thee trans -
m~itting "~toun& to, by' defiiiltion of the antenna height.

7Ue iuducod op.. circuit voltag, in theo Parasitic aeteuna is then

The vot tag* induced across a lead =La h aaii sea tormival 8
is tk*ei

(3) (Zr kh) he

Where Z is the Laput Impedsacti of the pa ra sitic antes"a seen from its
to r-imiae

BY the Comyousative. Theorem. tbe change In voltagic or current
producesd by changing the load imp* da nce of the parasitic antenna f rom

A F. 3 J(6 j6)- Z46 601-14S
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ZL to 0 4S the saame as would be produced by a generator of terminal
voltAge VL Placed at tbs parasitic an1tenna we'rninais. all other
generators bal",, repta~esd by tbeiw irziown-A im~,dances. Thus, the
equivakent current in the parasitic Anton=a Would be

The incremental chanige ini the i~lald intensity at the trasaimit-rective
antenna is

The carreepoudtmg Icr ntlInduced open-circuit voltage is

(6) A V! ato t _oA !_!!

and the inc romeutal current flow iii the trsusmit-roceive antenna. is

(7) Al lit
Zt Zt A

Where Zis the sumn of the tranriwiiz-recelvesntonza impedance and its
load impedaure as a receiver.

Combining Eqs. I through?,. the ex~pression for the chang* in
receiver current to

h m Zt L ) 4 X-2J11

The corresponsding iscrement'lin receiver current caused by the
addition of a scatterer at the range R,. with echo area r. is

(0) I Zt UNCLASSIFIED.



LU

w~ ý P~r

(10) ErE

4- It

and E is given by Eq. 1. Combining, we have

(11) Lf' -ZjkR

t or equality of the signal from the scatterer and antenna, we must have

(12) 3fe .,Zlp L

To relate v to ths azteuna gain, we must relate this quantity to the

antenna bsei&t. From Eq. 1, the ratio of input power to an antenna to

fte far field power dosamiy cau be computed and compared with that for

an isotropic autesaa to f(*d the gain G-.

G power donsitz in •iven direction
power dauamity of isotropic antenna with same input power

(13) __ w

(tz-I ,) " .(z') "

so that Eq. 12 becomes

(14) Z'eq RMZ XCzpa ( ZPL) r s
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Tha equi•|ent echo area is

t 5"ZL R,(Zyi)T G1
e Zp(Zp ZL)J V

We c .a surlný"ify the expression involving th. irnpedanpo,,hytinc"

zp(7 o+ ZL) ZpZZ

wheve r is the rottage reflection coefficient of the toad irnpedapce Z7

This irnplies

(17) rq (PF)[i f --

where P.F. donutx# the power fac:or of the parasitic antenna impeizate.

Th6 maximum c sage In sigual is obtained when the power factor of the

p.rasitic antan" impedance is unity) and when the antenna terminals are

alte•rnately open end short-circuited. In this case, the equivalent echo

a reaf is

(18) e . .
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