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A scheme for a theoretical inveatigation of an arbitrary Van Atta re-
flector with or without a con@gsting plate is given, A four element linear
reflector consisting of half wavé\dipoles has been given special attention.
The reradiation pattern ¢f such reflector has been examined analytically and
numerically and the theoretical results have been confirmed by experiment,
It is found that a Van Atta reflector do not always behave as stated in the
patent description,
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The purpose of the present contract has been to investigate the proper-
ties of a Van Atta reflector, the most simple form of an adaptive antenna sy=
stem. The investigations have been carried out along two lines,

First a scheme has been set up for & theoretical and numerical treatment
of an arbitrary Van Atta reflector. The method is described in section 3 for
a reflector in free space and in section 6 for a reflector with a condueting
plate placed parallel to the antenne elements. In section 7 the theory hes
been applied to the special problem of reflection from a wnidirectionally con=-
ducting disk.,

The other way of approach was to consider, theoretically, numerically
and experimentally, a rether simple, special form of a Van Atta reflector.

A linear, four=-element dipole reflector was chosen fcr this purpose. The ana-
lysis led to some general results given in gsection 2, which are valid for all
Ven Atte reflectors. The basic analysis is outlined in section U, and in sec-
tion 5 it is investigated what could be obtained with a fourwelement, not ne-
cesgaryly linear, four element dipnle reflector with unequally spaced ele=-
ments and unequal lengths and charscteristic impedances of the transmission

lineso
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2, GENERAL CONSIDERATIONS

A Van Atta reflector is a passive reflector consisting of & number of
antenna elements mutually connected with transmission lines of equal, but ar-
bitrary length., It was patented by L.C. Van Attal) in 1959, and since then a
number of papers with suggestions for improvements and utilizations of the
reflector has been given, However, the basic form of the reflector has only
been given little attention. A survey of the literature on Van Attae reflec-

2) of this contract.

tors is given in SR 1

The besic idea of the reflector is that the energy absorbed by one elew
ment is transmitted to its connected mate and reradiated from this, This
causes a reflected field propagating back in the direction of arrival of the
incoming weve for all angles of incidence. The principle is sketched in fig.
3, In this explanation two facts are neglected, the mutual impedances be-
tween the elements and the field reradiasted by the elements due to the current
induced in themselves by the primary wave. As shown in SR 23) this field is
of the same order of magnitude as the field reradiated by the mates and will
cause a reflected wave propsgating in the mirror direction as related to the
incoming wave, see fig, Ui, So two reflected waves are found from a Van Atta
reflector, and as the total reradiation pattern depends on the relative phases
of these waves both the distance between adjacent elements and the length of
the transmission lines will influence the pattern.
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3, ARBITRARY VAN ATTA REFLECTOR IN FREE SPACE

The method of investigation of an arbitrary Van Atte reflector is de-
scribed in SR 12).

The antenno elements are dipoles placed on an (imaginary) smooth surface,
fig. 5. An appropriate coordinate system is introduced to characterize the
position and orientation of the antennas and the characteristics of the prie
mary plane wave.

The open circuit voltege induced at the terminels of an element is given
by

v = E Eeﬁ. , (1)
where E is the electric field astrength at the position of the element, and
the effective lengthh)

Each pair of elements is equivalated with a circuit as shown in fig. 6.

Leff
of the elements.

The antennas are represented by a generator with the voltage found above in
series with the selfimpedance ZA of the antenna and a number of equivalent

generators due to the mutual impedances, This representation is valid if the
scattered field of the open-circuited antenna is small compered to that of the

5)

terminated entenna”’; this is the case for half wave dipoles and smaller di-
poles. The transmission lines are represented by Xe~circuits which are appli-
ceble for all values of the length of the lines,

Using ordinery circuit theory the following set of equations is obteained

for a peir of antennas of an array with N elements:

1

: ke _ Y < Key /. .
(v, - vk)cos-7? = (= i sin 5 + (zA - zmk)cos 5 )(1m - 1k)
] ka
+ z igle,, - 2, )cos =, (2)
n=l
n#¥m, k

.. ka _ .. ka . K&y, .
(vm + vk)sln 5 = (i cos =+ (zA + zmk)sln % )(1m + 1k)

+ g i(z. + 2 )ein 52 (3)
& n' nm nk 2
n=l
n#m, k

where normalized values of impedances, voltages and currents have been intro-
duced and where a is the length of the transmission line and k the propegation
constant,
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A Van Atta reflector with N elements will lead to a system of N equaticns
with complex coefficients in the N unknown currents. This matrix equation may
be solved by an electronic computer, and from the currents found the reradia-
tion pattern is calculated using the theory of antenna arrays.
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k., LINEAR FOUR ELEMENT REFLECTOR

The theoretical and numerical investigation of this reflector is given in

SR 23) and the experimental investigation in SR 36).

L,1. Theoretical investigation

The reflector investigated is shown in fig. 3. The method of analysis
is similar to the one given in SR 1, but because of the limited number of cle-
ments it hes been possible, in the case wherc mutual impedances are neglected,
to obtain an expression for the reradiated field, which was examined analytical-
ly, In the case where mutual impedances are taken into account the analyeis was
performed numerically.

When mutual impedances are neglected the following results were found:

1., The reradiation pattern is symmetrical about the normal to the reflector.
This means, that if the reflector has & maximum of reradiation back in the
direction of arrivel it also works as & mirror,

2., The maximum reflection is not elways back in the direction of arrival.

3. The reradiation pattern depends on the length of the transmission lines, in
some cages there will be no reflection at all,

These results do not agrec with the statements given in the patent descripe
tion.

Further the following special patterns have been considered for a reflector
with the distance 0.5\ Dbetween elements, A being the wavelength:

1. Grazing and normal incidence,

2., Cases vwhere only the phase of the reflected field depends on the length of

the transmission lines.,

3, The length of the transmission lines being an integral number of a half or

a full wavelength.
bk, The reradiastion patterns are the same for a = A/2 + a)X + pX and
a = A/2 ~ aXx + pA, where p is an integer and a an arbitrary number,

5, Optimum transmission line lergth.

When mutual impedances are taken into account the results found above will
be changed to some degree, The reradistion patterns wiil be symmetrical about
the normal to the reflector only when the length of the transmission lines is a
multiplum of half wavelengths. The coupling between the antennas may either sup-
port the Van Atta effect or the mirror effect depending on the length of the trans-
mission lines and the angle of incidence.

As an example of the results mentioned is in fip., 7 shown the reradiation

pattern for a reflector with the transmission lines being an intearal number of

[
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wavelengths. It is seen that there is no reradiation at all for normal inci-
dence. Further is in fig., 8 shown how the coupling influences the vadiation
patterns as described above. Finall, ie in fig. 9 and 10 shewn how the results
found deviate from the idea of the patent, (ui and @ are angles of incidence
and reradiation, respectively, see fig. 3).

h,2, Experimental investigation

The measurements were performed at A= 9,35 om in a radicanechoic box.,

The four helf-wave dipoles of the Van Atta reflector are slot fed dipoles
with open-end terminations, Line-stretchers are inserted in the transmission li-
nes connecting the dipoles in order to investigate the influence of the length of
the lines. A vhoto of the reflector with line-stretchers is shown in fip. 1.

The experimental arrangement ie shown in fig., 11 and a photo of the re-
flector in the anechoic chamber is shown in fig., 2. The reflector is placed on
a moveable pedestsal in the middle of the box. The measurements are based on the
principle of inteference between two signals,the signal to be measured and an in-
evitable gignal reflected from the walls of the box. The last mentioned signal
is controlled by a direct connection between transmitter and receiver,

For angles of incidence being 30°, 60°, 70° and 90° with respect to the
plene of the reflector reradiation patterns are mecasured for angles up tu X To®
with the direction of incidence, while the length of the connecting transmission
lines is changed at least & wavelength.

From these measurements the following properties of the reflector could be
found:

1. Meximum reradiation is not always back in the direction of arrival of the in-
cident wave.
2, The reflector has a mirror effect to the same degree as it has s Van Atta ef-
fect,
3. The reradiation depends on the length of the transmission lines.
4, The radiation patterns are assymetrical.
These results are all in agreement with the theoretical results found above.
As an example is in fig. 12 shown some experimentel results compared with the cere

regponding theoretical ones.
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5, ARBITRARY [IFMOUR ELEMENT REFLECTOR

Still using four parallel half-wave dipoles in the same plane, but letting
the position of the elements and the length of the transmission lines variate, &
computer program has been made in order to find an optimum form of the reflector.
The criterion for optimum has been to let the resulting antenna currents as much
as possible be in phase for reradiation tack in the direction of ar-ival. The
investigation is not finished yet, but the results obtained now indicate , that
the transmission lines should be of the same length.

If the procedure leads to a suitable optimum & reflector with the optimum
characteristics found will be built and investigated experimentally.
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6, TWO - DIMENSIONAL REFLECTOR WITH A PLATE

A two-dimensional Van Atta reflector investigatel experimentally by Sharp,
Fusce and Diab ) 8)9) consisted of 16 half~-vave dipoles mounted one quarter of
a wavelength ahove a conducting plate. In order to compare the theoretical re~
sults with these¢ experiments, and as a system like this has the advantage of a-
voiding unknown reflections from set~ups behind the reflector, it is considered
worth while to investigate the influence of auch plate.

The reflecting system then consists of two devices, the dipoles and the
plate. The reflecting properties of the plate are supposed not to be influenced
by the presence of the dipoles. The dipole system will be treated along the sa-
me lines as in section 3, but the induced voltege, the mutual impedances and the
determination of the reradiated field have to be changed because of the presence
of the plate., In order to be able to perform these calculation we have to assu-
me that the plate is infinite.

The procedure outlined above is similar to the use of image theory except
that the latter results in a reflected plane wave instead of the field reflected
from the plate alone,

The induced voltage is still found from vquation (1), but E has to be chan-
ged because of the plate, The new value of E is found from ordinary reflection
theory.

The new values of self- and mutual impedances are found using the method
of imsges. From fig. 13a we have

Vi = 28Ty * 2900, (h)

hs 12 = - Il we obtain
VA -~
11 plate I 12 (5)

From fig. 13b we have the relation

V, = 251 + 2,1, ¢ 22313 * Ty Iy, (6)
Putting 12 2I) =0, 13 = »Il we find
z = 13 z 2 - Z
12 plate I 3 ] 23 (1)

:
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Using the values of induced voltage and of self- and mutual impedences
found above in the system of equations (23) of SR 1, the currents of the an=
tenna elements may e found, HNext the reradiation pattern of the reflector
without the plate but with the currents found, may be calculated., Eventually
the final reradiation pattern is found using the theory of antenna arrays on
the array consisting of two parallel Van Atta reflectors in free gpace with
the distance 2h, where h is the distance from the antennas to the plate.

I1 order to find the total field reflected from the Van Atts reflector
we have %o add to the field found ebove the field reflected from the plate

10)

the back scattering cross section of a rectangular plate is given for a plate

itself, This field is found by the method given f.ex. in Kerr's book™  °, where

the dimensions of which are not small compared to the wavelength,
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7. UNIDIRECTIONALLY CONDUCTING DISK

As & by-product of the investigations of Van Atta reflectors it has
been tried to apply the theory found in section 3 to find the back scattering
crosg section of a unidirectionally conducting disk. Such disk has been in-
vestigated by Toraldo di Franciall) using diffraction theory. His result is
a power series in kr where r is the radius of the disk, so this result is only
applicable for small values of r compared to the wavelength,

The disk is considered as a Van Atta reflector with shorte-circuited ele-
ments. A computer program is being worked out to find the back scattering
cross section of this reflector for various angles of incidence, redius of the
disk and number of elements. In order to avoid infinite velues of the self
reatance of the elements it has to be assumed that they have a nonezero thicke
ness.

The investigation is not yet finished, It is not expected that very
exact results will be obtained, but is was considered worth while to try to
treat a known problem by a somewhat unusual method, and it might give results
vhich are useful for lerger disks, where the more exact theory is not valid.
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8, CONCLUSION

A survey has been given of the work carried out until now on Van Atta
reflectors by this laboratory. The work comprises a theory for treating an
arbitrary Van Atte reflector with or without a conducting plate, TFurther a
four-element linear reflector with halfewave dipoles has been investigated
theoretically, numerically and experimentally. Good agreement is obtained
between theory and experiments. It is found that a Van Atta reflector do not al-
ways behave as stated in the patent discription. Among other things it is
found that maximum reradiation is not always back in the direction of the in=
cident wave, and that the reflector shows a mirror effect as well as a Van Atta
effect., The reradiation depends on the length of the tramsmission lines and
will in some cases de zero,
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Errata to SR 1 of Contract AF 61(052)=T9k

tvist » first

dimensioned - dimensional
on quarter + one quarter
refeletion » reflection
duscussion + discussion
courses are -+ course is
(xn’ Yn’ Zn) > (xn’ Yn» zn)
are + is

the exponent should read
-ik(xncos¢i sing, + y sing sinb; + zncosei)
quality - quantity

for dipole + for a dipole

first term of nmerstar should read

cos (% L cosu)

antenn - antenna

to the own - to its own

antennas - antenna

an parallel <+ and parallel

vith sinusoidal current distribution

zn +2N

(2p + MF » (2p+ 12

v A
(2p + 112 > (2p + 1)2

+ +
s1 7 %1

brachets « brackets
T(0,4) +0(6,9)
preceeings + preceeding

L

induced - included
(L = ¥2)
2 +3

o]

0

ZA -rZA y 2o Zo
investigation -+ investigating
og + of

pt. +M,

Engineering - Engineer
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P19 1 Sfb Scatteres + Scatterer
P19 1 S¢0v Enlancement *+ Enhancement
P20 1 67 ¢ porarized + polarized
P20 1 9¢b» Stearning + Stearns
P20 1 6f0b Ollsen + Olesen
Fig. 6 (25) + (2u)

(26) + (25)

(31) + (30)

(27) + (26)

(28) + (27)

(29) + (208)

(30) = (29)

(32) + (31)

(33) » (32)




Errata to SR 2 of Contract AF 61(052)=79L

P 1 1 2¢f¢ Theoretical «+ theoretical
P 3 112 and 3 £ b analytic + analytical

p 4 117 °f ¢ field -+ some fields

P 61 5¢¢% are + is

P T 1 3f+¢ consideration -+ considerations
pl0o 112¢ ¢ refelctor + reflector
Pl 1 9ry atempt + attempt

Pl 1 1°f0b minor + mirror

p 16 (1A) Ran =+ Rl\n

Pl6 1L T+ Ran - Rl\n

Pl6(1A), 1 Tand 8 £t Zan+ ZAn

pl6 1 Tft Where + where

imput + input




Four element Van Atta reflector
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% dipole antennas

trensmission lines of length a

119 3. The VanAtta effect.

The paths ABCD and ABCD’ are equal.

fig4%. The mirror effect.

The paths ABC and A8°C’ are equal.




incident plane wave

plane of incidence

% O, 90,20/

antenna e¢lement
reflector surfoce

Fig5. Coordinate system for reflector surface
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Matched load

N
Power Klystron Isolator .
supply Mwwwmai\an
Phase
shifter
range 35° NJW
Attenuator KUE
moveable
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Receivin
Det. Mixer horn g
= < b=
Recorder Ampl. Directional Measure -
coupler. table /bam%&n box 3.8x38x19m.
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Fig. 11 Experimental arrangement
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Fig. 13b. Mutual impedance between dipoles above plate.




