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1, INTRODUCTION

Bince Van Atta(l) proposed his reflector in 1956 meny papers have
been written on reflectors of this type. A survey of these papers was given
in 8cientific Report No. 1, in which a scheme was proposed for a theoretical
inveatigation of an arbitrary Van Atta reflector. It was shown how the dif-
ferential scattering cross section mey be calculated. An equivalent cdiagram
for each peir of anteanas was set u» using the general X-circuit to repre-
sent the transmission limes connecting the dipolee. The equivalent diagrams
take into account the scattering effect of the antennas as well as the coup~
ling between the antennas.

In this report the transmission lines are considered as phase shif
ters. It turns out thet =n analytic investigation is more easy to perform
vhen the transmission lines are considered as phese shifters than when an
equivalent Y-circuit is used,

The reflected field will be found by superposition of three fields:
1. the field reflected due to the interccnnection between the antennas, 2.
the field due to the scattering effect of the antennas, and 3, the field due

to the coupling between the antennas,

In the former Air Force report a few numerical calculetions were ma-

de for a linear Van Atta reflector consisting of four half-wave dipoles. It
is the purpose of this report to make an analytic and numerical investigation

of this simple reflector in order to obtain results which indicate the beha«
viour of an arbitrary Van Atta reflector,
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2. GENERAL CONSIDERATIONS

Before formulating an expression for the reflectad field some genee
ral considerations will be made in this section. A linear Van Atta reflecw
tor congsisting of four antennas is shown in fig. l. Each pair of anteunas
is connected by transmission lines of equal length. When a plane vave is ine
cident on the reflector a ¢ .rent distribut’on will be generated in the antenw
nas. If we do not take into account the coupling betwveen the antennas this
current distribution may be divided into two parts. The first part is the
current generated in each antenna by the incident wave, The second psrt is
due to the interconnections between the anteﬁnas, since each antenna recei-
ves energy from the incident wave and this energy is transmitted through the
transmigsicn line to its mate. Let the direstion of propagation of the incie
dent plane wave make an angle ¢ with regpect to the plame of the reflector.
In fig. 2 it appears that the fields from the first part of the above-mentioned
currents are in phase in o direction making an angle % = ¢; vith reapect
to the plane of the reflextor and in fig. 1 it sppears thet the esecond part
of the currents set up field which are in phase in the directionr back in
the direction of arrival of the incidei: vwave because of the equal Lyngth of
the transmission lines,

The field set up in fig. 2 is due to the scattering effect of a re-
ceiving antenna and the field set up in fig. 1 is the field considered in
Van Atta's patent deseription (1).

In the patent description it is claimed that the reflector reradiates
maximun energy back in the direction of arrival. Since the field reradiated
due ©o the scettering effect is of the same order of magnitude {see Appendix)
es the field considered in the patent-description it turns out thet if the
reflector works as stated in the patent description it also operates as a
mirror, However, on account of the interference between the two fields it
appears that we cannot alwaya expect the effect mentioned in the petent de~
scription. Furthermore, if the angle of incidence and the length of the
tranmission lines is such that the two parts of the current on each element
are in opposite phase we will get no reflection at all,

As could be expected it appesars from the numerical investigation of
the special reflector that the mutual impedances may increase or decrease
the reflection back in the direction o.” arrival or the mirror effect Qepen-
ding on the distance between the antennas, the length of the transmission
lines, and the engle of incidence.

The above corsiderations are valid in general, since the four aenten~
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nas in rig. 1 may be considered as two pairs of antennas in an arbitrary
Van Atta reflector,
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3. THE REFLECTED FIELD

The reflected field will now be determined when the antennas in fig,.:
are helf-wave dipoles. The distance between the dipoles is p +A, where 1 is
the wavelength and p is & real number, The length of the transmission lines
are 2. In the general considerations given above the direction of incidence
wvas arbitrary. Here the reflected field will be determined when the direction
of propagation of the incident wave is in the plane normal to the axis of the
dipoles making an angle ¢ vith respect to the plane of the reflector. The
Plene wave will generate the total currents I,, I,, Iy and I, in the four 4di-
poles named 1, 2, 3 and L, respectively.

Each of these currents may be divided inte four currents, Consider the
equivalent diagram in fig. 3 for dipole 1 and k. The propagation copstant in
the tranemission iines is B. By mcans of transforming network the antenus im-
pedances zAn are matched to the impedance of the transmiseion lines. Vl and vh
are the free space open-circuit voltages induced by the plane wave in dipole 1
and 4, respectively. The other woltages shown in fig. 3 are due to the coupling
between the antennas. Z,,, 213, and Z,) are the mutual impedances betvesn half-
wave dipoles with a distance of pA, 2p) and 3pA, respectively.

The four currents I Iioe 113, end Ilh' vhich compose I, will be gi-

ven by,
vy
1, In= H s due to v, on dipole 1.
An
RAn is equal Lo the real part of zAn'
Vi s
2, I..% wom—e . due to V, on dipole b,
i2 d“AK\ ¥ 4 *
which, through the transmission line, generates a current in dipole 1.
w2 1,=2,, I.=2q,1
3. I.. = __lEJi_JEi_Ji.JELJi s due to the coupling between dipole 1 and
13 2RAn
dipoles 2, 3, and b,
oy I =2, I1.=2, I .
b, I, & = WL 132 123 e 132, due to the coupling between dipole b
14 2RAn
and dipoles 1, 2, and 3.
~l0t

The time factor is e , and the current distribution is assumed to be sinue

soidal. I11 represents the scattering effect of dipole 1. 112 represents the
current dealt with in Van Atta's patent description. It eppears that 111 has

the same magnitude as 112, and that 113 and Ilh aere not negligible to I11 and
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112., when the mutual impedances are comparable to RAn a8 here, vhere the di-
ttances bvetween the anteanas do not exceed a few vaveloengths.
Corresponding consideration for the other dipoles give

(0,8, 0 "1, ¢ (2,502, 201, ¢ (2

R ise
13788 My * 20y = VY » 1.

(z 18*.

10214
181
(213-2120 )I1 + 2

Iy + Byply + (By4°0) 00

e‘“‘)13 + (2

ins igt isg
o )Il + (23An-212é ) 1), - Vy=Vqe .

isg
- V3.vee [} 3 »

iss

2.

1270 + (2R <3,

ist
e )I3 + (2RAn°zlk°

188
1270138 T

iss

ist

Thesa equations may be transformed to

3
2=

% Ry (14 cotB)I) + %1, + BT, + (4 i%gif +2,)1, =V, 5.
% %01, *+ R, (1+ cotBL)l, + (i ;gﬁif + 2 )13 * 20,7V, 6.
i Ry

% : Zygly + (1 pimy + 0T, + Ry (14 cotB)Ig ¢ 2T, =V, 7.
] "

% (i ;I%%T + zlh)ll +.0yaLy + ByoTq + RAn(l+i cotL)I), = V) , 8.

R

vhen singt % 0 .

It Vt is the openecircuit voltage induced in a reference antenna placed
at the center of the reflector, we have

: Vl = Vtei3xi » 9.
z V, =Y eixi 10
: 2 ' )
% Vh - Vte iaxi ’ 12
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where

1
%,"3 kp xcoeéi L S I coe&i.

k is the free-apace propegation constant. The electric fieldstrength at a point
in the plane normal to the axes of the dipcles, at & distance r from the center
of the array in & directicn meking an angle @n with respect to the plane of the

reflector is (2)

-
i i
E._B r

where § is the characteristic impedance of free space and

1
Xy ®*3 kp » A

S8olving 5., 6., and 8. and using 9., 10., 1., and 12, we find, for the refiec~

ted field

E @ et
w

r
i3x,

{(Dle' tsp

i3x,

N .
+ (D2e + Dse + DGe + D.eg

i3x,

2 by D.e

(Ilei3xu+12eixunL3e'lxu+1he'i3xu)

. L I
cos¢u pcos¢u '

-1V ¢ elkr 1
T 2D

ix. -ixi -i3x. i3x

ix, -iX. ~13x, -ix,

+ (Dye 1, Dge l+pe ‘+T.e e

13x,

+ (Dye '+ De *+De + D.e

where

5 2
ix; ~ixg ~13xi
3 z

D ® Z)Dy + Zy5Dy + Tyl + ByDy,

23 2y Iy I,
Ziaf » Dy |3y I 3y,
2y 213 1o Yy
213 12,3 %), 2y,
bl . D3 = 22 213 1
22 L1 By Tyg

*

13.

1L,

15.

16.

17.

18.8nd 19,

20.,8and 21,
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2y %3 Typ 2y Iy Iyp
Dy =|2yy 2, 2% Dg =(2,y 7, 3y 22.480d 23,
%0 & 2y 210 3y I
Zy = %, (1+ cotfL) , 2k,
7
An
o= igmm * e 25
7
e -+ “An
Zh-lm +zlh. 26.

In particulsr in the direction back in the direction of arrival, Xy B Eg s

iv.e _ikr
E“__?j_e 1

b o

* D) +Dt ( 21)3-¢~D5 )coaaxiﬁzbecoahx i+chosﬁx i ) . 27,
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4, THE GENERAL FORM JF THE RADIATION PATTERN.

In order to study the general form of the radiation pattern we neglect
the mutual impedances :n this section. The currents in the dipoles are then

v v .
Il = -zp—lt - ?R-Eu. elal > 28.
An An
Y% Vi ipe
s - ¢ 29+
An An
v v, .
13 = "’"‘“‘233" - ""'2R""2"' elﬁz » 30.
An An
AL S S 11
T S . 1,

In this case the electric field is

ixr V

iE e t
Ereg e 32,
An
vhere
ige
g = cog 2(1i+xu) cos (xi+xu) - cos 2(xi-xu) cos (xi-xu)e 33.

In tie patent description it is claimed that the refeletor reradiates
maximum energy »eck in the direction of arrival, when the transmigsion lines
are of equal length.

From the absolute value of g we deduce below some results frot which it
appesrs that the reflector has not the effect stated in the patent description.
1. The absolute value of g is the same for ¢u = v and ¢u z 7 - v, This means
that the radistion pattern is symmetrical aboul the normal to inhe reflector. This
indicates that if the reflector has a maximum of reradietion back in the direc-
tion of arrival, it also works as & mirror as mentioned in section 2.

2. However, the meximum reflection often is not back in the direction of inci-
dence.

3. The absolute vaine of g depends on the length of the tranamission lines,

L, At some lengths of the transmission lines there is po reflection at all,

As an illustration of these results we will consider the radiation pattern
in the following special cases when the distance between the antennas is a half

wavelength.

On accourt of the symetry we will only consider ¢s and s, in the inter-
val O to n/2,

Since ve do not take into account the disturbance from the tranemission
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lings the radiastion patterns are symmetrical about the plane of the reflec~
tor.

o, Grdzing end normel incidence.
Illustrstions way be found in figs. 4 and 5.

At graging incidence we have (@i = )

g = (sianu - sinxu)(l + o1F%) ’ 3h.
and et normal incidence (¢i = 1/2)
g = (c:oa3xu + cosxu)(l - eiaz) . 35.

It is seen that the form of the rediation pattern is independent of the
length of the transmission lines.

At grazing incidence maximum reflection is obtained when & is a whole
number of wavelengths and at normel incidence vhen ¢ is an odd number of helf
wvavelengths, In these two cases maximum reflection is in the direction opposite
the direction of arrival when we do not take into eccount the mirror effect,

Thers are two smaller maxima at o, = 7495 apd at ¢, = h2?9, respective-
ly. From 3% and 35 it sppears that there is no reflection at all when £ is an
odd numbey of haixy - .iengths at grazing incidence and when £ is a whole num~
ber of wavelengths st normal incidence. The result that there is no reflection
at normal ipcidence when £ iz a whole mamber of wevelengths is valid for an
arbitrary reflector, since the right h:md eides of the egquations 1., 2., 3.,

and ¥, are egqual %o zero.

b. Cases where only the phese of the reflected {ieid depuands on the length of
the tranomission lines.

When 4y ™ arccos(cos¢i ¥ 1},
we have

i
and when ¢, = arccos(coa¢i +3 m), vhere m = b 1, M 3,

g « cos 2{x.4x ) cos (x;+x ),

ve have

it
g = - cos 2(x +x ) cos(xi+xu) e .

In the first cese £ has no influence at all, but in the last case the
phase dependa on L.

For example when $; = 30° there is no change in the magnitude of the
reflected field in the directions ¢y = 50?7, 685 and 82?3, when % is changed.

o " .
and L is varied.

In fig., & the radiatiun patterns are shown when $; = 30




¢. The direction of maximum reflection when % is_a half vavelengih and when

£ is a whole wavelength.
When the length of the transmission lines is equal to a half wavelength
ve always have & maximum at Oy = 90° and in enother direction determined by

P g X.
gcos 3x1 cos X,

sin x, = 12 cos 31i '
if ¢u exists in the above equation.

which one of the maxims is the greatest depends on the direction of in-
cidence (see fig. k). In fig. T Yumax® the direction of the greatesh maximum,
is shown as a function of $; 0

When & is equal to one wavelength the two maxima are at by * 0 and in
the direction determined by

///§sin 3xi-sin'xi
o8 =
cos X, 12 cos 3x; °

if ¢y exists in the above equation.

The figures illustrating thie case are fig. 5 and fig. 8.

Jrom this it is seen that the reflector does not act at all as stated in
the patent.

It should be mentioned that at 0.25\ (or 0.75A) the deviation of ¢
from ¢. is not as great as in the cases mentioned above (see figs. 9 and 10).
In fact, the numerical calculations shov that at these longths we have vhe amale
lest deviation.

It is shown later on that the coupling between the antennas makes a

small change in the optimum transmission line length (see seotion 6).

d, The reradiation patterns are the same for £ = )\/2 ¢+ ol and & = A/2 - ad,

It can be shown from the absclute value of g that the radiation pattern
ia the seme for £ = \/2 + oA and 2 = \/2 - uk, vhere a is a real number.
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5+ THE INFLUENCE OF COUPLING BETWEEN THE DIPOLES,

In order to illustrate the influence of coupling between the dipoles
reradiation patterns are calculated when thé mutual impedances are taken into
account. In figs. 4, 5, 9, and 10, it is possible to compare reradiation pate
terns where the mutual impedances are neglected with rers iation patterns where
the impedances are taken into account.

It wag mentioned above that the reradistion pattern are the same for
L = 2A/2 + a) and & = A/2 =a) when coupling is neglected. In figs. 9 and 10
the reradiation patterns are shown for two such line lengths, namely % = 0.25)
and & = 0.754 . It is to be noted that the radiation pattern is not symmetri-
cal about the normsel to the reflector.

However in the cases where & is 2 multiple of half wavelengths, there
is symmetry. This may be seen from equations 1. to 4., and is illustrated in
figs. 4 and 5,

The diagrams show that the coupling does not effect the principal form
of the patterns but it uppears that the induction may support the Van Atta ef-
fect or the mirror effect depending on the length of the transmission lines
end the angle of incidence. In some casss there is an increase or a decrease

in the reflection of about 100 per ce:

T antnte o
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6. THE OPTIMUM TRANSMISSION LINE LENGTH.

80 far it is seen that 1f we choose the length of the trensmission lines
arbitrary we cannot expect the reflector to act as stated in the patent descrip-
tion. Por the reflector with a half wavelength between adjacent elements nume=-
rical calculations have been made in order to find the optimum transmission li-

ne length, i.e. the length at which the reflector is as much as possible in ace
cordance with the patent description.

e e, i oS5

A number of radiation patterns have been calenlated for varying values of
% and ¢i’ and by comparison and selection an atempt hes been made to find the ope

timum length. It turned out that two length, L. 8nd 2L gt ave poseible depending
on how we want the reflactor to work.

At R'm the reflection hes & maximum as close ag possible t6 the direction

of arrival for all angles of incidence. This happens whem & is 0.28) . When £
is

'

in the interval 0,20X to 0,351 the radiation pattern does not differ much

from that shown in fig., 11 for & = 0,280, From this it is seen that the choice
of R’m is pot criticel.

il v 1,1l G N

At & < the reflection opposite the direction of arrival is as large as
possible. This heppens when & is 0.6k) and the corresponding radiation pattern

T

is shown in fig., 12. In this case the direction of maximum reflection may di-
verge by up to 30° from the direction opposite the direction of incidence. At
this length the minor effect is more pronounced than the Ven Atta effect,
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7. CONCLUSION,

The theoretical and numericel investigation shows that a passive linear
¥an Atta reflector consisting of 4 half wave dipoles does not work precisely
as claimed in Van Atta's patent description, that is, it does not transmit an
incident electromegnetic wave back in the direction from whence it came for ar-
bitrary angles of incidence and arbitrary lengths of the transmission lines.
This is due to the acattering effect of the dipoles and to the coupling between
the dipoles,

Among other results it has been shown that for some lengths of the transe
miesion lines and for some angles of incidence there is no reflection at all.

In the numerical calculations it appears that the induction causes the
radiation patitern to be asymmetrical and may support the reflection opposite
the direction of inecidence. The length of the transmission lines at which the
reflection is as much as possible in agreement with the patent description has
been found., Even at this length the reflector has the mirror effect, so that if

it is possible to use the refi~ator with a Van Atta effect, it is also possible
to use the reflector as a mirror.
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8. APPENDIX

It will be proved that the scattered energy and the energy received by
a matched antenns are equal, if the power scattered by the open-circuited ane
tenns is much smaller than that scattered by the matched antenna, If this a-
sumption holds the echo area of the antenna is (3)

2
= l'AGRan . lA L)
lzan+zu|2

g

Where zan and Zh is the imput and load impedance of the antenna, Ran s
Re(Z&n), A is the effective areal, and G the power gain.

If the antenna is matched we get from (14)
g = AG QA(

Using the definition of o, A and G the scettered snergy and-received spergy -
is found to be the same and equal to ASi, where Si is the inteﬁsity o? the in-
cident field, o .
For a halfewave dipole ise backscattering croscsection is- 0.222 and -
0.01A2 when the dipole is mav.ued (L) and open circuit (5), reapectively.
This shows that the consideration in this report ere valid vhen the &hi=
‘,ennas in the reflector are half-wave dipcles.
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