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ABSTRACT OF THE DISCLOSURE 
A dielectric slab is placed or disposed in adjoining re 

lationship to the line or plane of antenna elements of 
an otherwise conventional Van Atta array, the dielectric 
constant and thickness of the slab selected to produce 
re?ection and refraction of portions of the wave incident 
on the array to cancel waves specularly re?ected by the 
antenna elements of ' the array, without deleteriously 
affecting the retrodirective reradiation to be performed 
by the array. Alternatively, the surface of the array 1s 
curved or stepped, without use of a dielectric slab, thus 
increasing the path lengths of certain of the Wave por 
tions in air, which is compensated for by concomitant 
reduction inlengths of the respective transmission lines 
interconnecting the antenna elements of the array. _Ac 
cordingly, there is no substantial eifect on the retrod1rec 
tive reradiation of incident signal by the array, but What 
would otherwise be specular re?ection is diifused by the 
array surface. 

I 7 Background of the invention 

The present invention relates generally to methods and 
means for eliminating or substantially reducing interfer- ’ 
ence from specular re?ection in Van Atta arrays. V I 
Generally speaking, the Van Atta array vor re?ector 1s 

a form of electromagnetic wave re?ector comprismg a 
plurality of antenna elements ‘disposed in a symmetrical 
array relative to the geometric center, symmetrically ar 
ranged pairs of the antenna elements beingcoupled or‘ 
interconnected by appropriate transmission lines in terms 
of the type of antennas employed, of’ equal electrical 
length, to produce retrodirective reradiation (or back 
“re?ection”) of electromagnetic waves incident on the 
array, with relatively broad-angle coverage in comparison 
to a conductive re?ecting sheet of the same area. In es 
sence, wave portions or wavelets along a phase front of 
an incident electromagnetic wave within the angle of cov 
erage of the array are received or absorbed bythe an~ 
tenna elements in their respective paths, converted to or 
guided as electrical energy which is fed through the asso 
ciated transmission lines, and reradiated as a re?ected 
wave from the connected antenna elements of the pairs 
back in the direction from whence it originated. The 
equality of the path lengths of the wave portions between 
incident and re?ected fronts of the wave is such that the 
re?ected energy is reinforced along the phase front. 
The Van Atta principle is- well known and thoroughly 

discussed in the literature; hence, further discussion of 

10 

25 

30 

50 

55 

.60 

3,496,570 
Patented Feb. 17, 1970 

2 
basic concepts is unnecessary here. For a broader treat 
ment of the underlying theory of operation and exem 
plary construction, reference is made to United States 
Letters Patent 2,908,002, entitled “Electromagnetic Re 
?ector," granted Oct. 6, 1959 to Lester Van Atta. 

Like other receiving antenna arrays, however, Van Atta 
re?ectors produce some scattering of the incident wave 
or signal back into space. Referring for example to a 
paper entitled “A Van Atta Re?ector Consisting of Half 
Wave Dipoles” by J. Appel-Hansen in IEEE Transac 
tions of Antennas and Propagation, vol. AP—-l4, No. 6, 
November 1966, pp. 694-700, it is observed by the author 
that presently known Van Atta re?ectors suffer from in 
terference between the signal scattered from the array 
and that which is reradiated from the array via the cable 
couplings between the antennas. Considering the effect of 
a plane wave incident from an arbitrary direction on a 
linear Van Atta re?ector consisting of four parallel half 
Wave dipoles (which, incidentally, are the most often 
selected antenna elements for a Van Atta array) arranged 
in two pairs, the author notes that each dipole is in?u 
enced by the plane wave and, in addition, by an excitation 
attributable to energy absorbed from the wave by the 
connected dipole and transmitted via the transmission 
line therebetween. From this he points out that the cur 
rent distribution in each dipole is composed of two parts, 
one of which is that current induced by the incident wave, 
and the other part the current owing to the presence of 
the connected dipole. The latter current is that producing 
the ?elds responsible for the wave reradiated in the retro 
directive direction, i.e., the Van Atta eifect. The ?rst 
mentioned current component, however, produces 'a scat 
tered ?eld, which in the case of half-wave dipoles is of 
substantially the same magnitude as the retrodirective 
wave ?eld, causing specular re?ection interfering with the 
'retrodirectively reradiated wave, most strongly when the 
plane wave is incident from the direction normal to the 
line or plane of the array. More particularly, the scat 
tered signal can cause substantial cancellation of the 
retrodirective signal. Another generally deleterious eifect 
is the result of coupling between the antenna elements. 
The author concludes that considerable desirable back 
reradiation is produced where proper selectionof (but 
still equal) lengths of transmission lines connecting the 
antenna elements is made. , 

As previously stated, all receiving arrays scatter some 
of the incident radation back into space, and the Van Atta 
array produces scattering irrespective of the particular 
type of antenna element employed, although where half 
wave dipoles are used the effect is more pronounced. 
Accordingly, it is a principal object of the present inven 
tion to provide means for preventing specular re?ection 
from any Van Atta array. 

It is another important object of the invention to pre 
vent propagation of specularly re?ected signal or of a 
component thereof, in the retrodirective direction from 
a Van Atta re?ector. . 

Still another signi?cant object of my invention is to in 
crease the angle of coverage of Van Atta arrays. 
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Summary of the invention 

Brie?y, according to the basic concepts and principles 
of my invention means are provided in the otherwise con 
ventional Van Atta array for eliminating or reducing the 
undesirable specular re?ection from the array. 

In one general form of the invention, the aforemen 
tioned means comprises a dielectric medium having two 
parallel surfaces one of which abuts or is placed in ad 
joining or adjacent relationship to the surface or line 
of the array either coincident therewith or generally 
parallel thereto, preferably along the plane containing 
the specular phase center of the array. The dielectric 
constant of the medium is selected to produce re?ections 
of incident signal of equal magnitude and angle of re?ec 
tion from the interface or boundary between the dielectric 
contiguous with the array and the medium in which 
the array is immersed, generally air. One of the re?ected 
rays is a direct result of the air-dielectric interface while 
the other ray is one which has penetrated the dielectric 
and has thus undergone refraction and specular re?ection 
from the surface of the array. The thickness of the di 
electric between the opposite surfaces thereof is selected 
to render these two re?ected rays of opposite phase, so 
that one cancels or substantially cancels the other at the 
air-dielectric interface. 

In another form of my invention the aforementioned 
specular de?ection reducing means comprises an arrange 
ment of the antenna elements of the array in stepped or 
curved configuration so that the surface of the array 
deviates progressively, on either side of its geometric 
center, from a ?at planar or straight line surface, and a 
reduction in length of interconnecting transmission lines 
corresponding to the increase in path length through the 
air. Accordingly, the array surface re?ectively diffuses 
signals which would otherwise be specularly re?ected at 
least in part in the retrodirective direction, and hence 
substantially reduces interference with and cancellation 
of desired reradiation in the back direction, while acting 
as a ?at array to the incoming wave producing energy 
fed through the transmission lines interconnecting the 
antenna elements. 

Brief description of the drawings 

The above and still further objects, features and at 
tendant advantages of the present invention will become 
more apparent from a consideration of the following de 
tailed description of certain preferred embodiments 
thereof, especially when taken in conjunction with the ac 
companying drawings, in which: 
FIGURE 1 is a symbolic schematic diagram of one 

general form of my invention; 
FIGURE 2 is a perspective view of an embodiment of 

the general form of my invention depicted in FIGURE 
1; and 
FIGURE 3 is a plan view of a Van Atta array in 

corporating a further form of my invention. 

Description of the preferred embodiments 

Referring now to FIGURE 1, the principles contribut 
ing to one aspect of my invention are based, at least in 
part, upon difference in index of refraction between ma 
terials of different dielectric constant. In particular, the 
desired result of preventing the existence of a specularly 
re?ected signal depends on re?ection of rays (alternative 
referred to as waves or beams) from the interface or 
boundary between different dielectric media and on re 
fraction of a ray within a dielectric medium. 
As shown in FIGURE 1, the Van Atta array, which 

may be linear or planar, for example, or may ‘be of other 
known or proposed simple or complex geometrical con 
?gurations such as circular, cylindrical, spherical, tetra 
hedral, cubic, rectangular, and so forth, and which is 
symbolically depicted by the box appropriately labeled 
and designated by reference numeral 10, is covered by 
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4 
a slab 12 of dielectric material. For the sake of simplicity 
array 10 is assumed to be linear and the dielectric slab 
12 is contiguous with the line of antenna elements of the 
array (or surface of the array), adjoining the elements 
along the plane 15 containing the specular phase center. 
The antenna elements of Van Atta array or re?ector 

10 are arranged in symmetrical pairs connected by equal 
lengths of appropriate transmission line, in conventional 
or known fashion; the entire con?guration differing from 
any typical Van Atta array only in the placement of 
dielectric slab 12 against the antenna elements such that 
incoming electromagnetic waves are incident ?rst on the 
slab. The dielectric constant k of the slab or plate is 
preselected in accordance with known principles of elec 
tromagnetic and optical theory to produce a re?ected 
wave or wave portions from the air-dielectric interface 
(designated by reference numeral 18) whose strength or 
magnitude is at least approximately equal to the wave or 
wave portions re?ected from the array itself. 
With reference to the ?gure, for a ray 20 incident at 

an angle i relative to the normal to the array and which 
is to undergo refraction in the dielectric medium 12 at 
an angle 1' to the normal, and thence is specularly re 
?ected from the array, again at the angle r to the normal, 
and is ?nally refracted at the air-dielectric interface at 
the angle 1', the relationship between these angles and the 
dielectric constant k of slab 12 is 

sin r—sin i 
1/ k (1) 

The thickness 1‘ of slab 12 is also preselected, such that 
the phase of ray 22, which penetrates the air-dielectric 
interface 18 and is re?ected from the array 10, is opposite 
that of ray 21 which is directly re?ected from the air 
dielectric interface. Accordingly, since the ultimate direc 
tion of the two rays (21 and 22) is the same, and they 
are of opposite phase, they tend to cancel each other 
out. To this end, the thickness 1? of the dielectric plate 
is preferably one-quarter wavelength of the incident wave 
in the dielectric of which the plate is composed. Mathe 
matically, 

‘ix/7c (2) 
where A0 is the free space wavelength of the wave. 
Alternatively, t is chosen to have as small a value as 
possible under the particular conditions that may be en 
countered in practice, to obtain the greatest bandwidth for 
the resultant improved array. 
As an added advantage of the technique employed in 

the system of FIGURE 1, the refraction of the incoming 
wave at the air-dielectric interface effectively reduces the 
angle of incidence i on the elements of the array to the 
angle of refraction 2', thereby increasing or broadening 
the agle of coverage of the array. It will be observed, for 
example, from Expression 1, above, that r is less than i for 
values of k exceeding unity (the dielectric constant of 
air), and that in such instances the dielectric-covered 
array is capable of reradiating incident signal over a 
greater angle than that of which a conventional Van Atta 
array is capable. Moreover, the cancellation of specular 
re?ection transfers the power of the cancelled wave to 
the normal back-reradiated signal of the array, thus in 
creasing array efficiency. 
An exemplary embodiment of the improved array of 

FIGURE 1 is shown in somewhat greater detail in FIG 
URE 2. In the con?guration illustrated‘ in FIGURE 2 the 
dipole antennas 30 are placed in Van Atta array on the 
surface of (or are embedded in the surface of) dielectric 
slab 33, such as by conventional deposition techniques. 
A ground plane (conductive re?ecting sheet) 35 is dis 
posed on the opposite face of the slab and pairs of sym 
metrically disposed dipoles (relative to the geometric cen~ 
ter of the array) are connected by equal lengths of trans 
mission line 37, 38, 39. 



3,496, 570 
By way of example only, without any intent to restrict 

the scope of the invention, the dipoles are selected to be 
AD(2\/k) in length and are spaced A0/2 apart. The dielec 
tric constant of slab 33 is selected as k=2.5 (suitable 
materials being Plexiglas, rutile, pyrite, amorphous seleni 
um, germanium, or strontium titanate, to name a few), 
and the thickness to be t==>\0/ (4\/2.5). 
The wave specularly re?ected from the array is can 

celled by wave portions of substantially equal magnitude 
and opposite phase which have penetrated and emerged 
from the dielectric. That is, the wave portions subse 
quently cancelling the specular re?ections are refracted 
upon entry into dielectric plate 33, re?ected from ground 
plane 35 and refracted again at the dielectric-air inter 
face. 

Referring again to the more general case of FIGURE 
1, when t is chosen to be of small magnitude (e.g., 
A0/(4\/k) and kzZ, the speci?ed technique of matching 
to produce cancellation of specular re?ection is effective 
over a large range of angles of incidence because of re 
fraction effects. If, for example, k has the value 2 and i is 
less than 45 degrees, then r is less than 30 degrees (from 
Expression 1 and the maximum variation in path length 
through the dielectric with changes in i is 

M 1 )0 
AL 2V5 (c0330, 1)~2‘/_2. (0.134) (3) 

In that event the maximum phase error (i.e., deviation 
from opposite phase) for ray 22 is 24 degrees when it 
combines with ray 21, so that partial (substantially com 
plete) cancellation is still achieved, since the resultant 
specularly re?ected ray has less than one-quarter the 
power of either of the combined rays alone. 

Referring now to FIGURE 3, an alternative embodi 
ment of an improved Van Atta array capable of eliminat 
ing or substantially reducing specular re?ection in the di 
rection from which the incident wave emanated, includes 
antenna elements 50, such as dipoles, which are disposed 
in relatively displaced con?guration to produce a curved 
or stepped array surface. Accordingly, the array surface 
deviates from that of a linear or ?at planar array as 
indicated by dotted line 52, so that extra path lengths 55, 
56, for example, in air are presented to the incoming wave 
portions. 
The continuous curvature or discretely stepped char 

acter of the array surface is compensated for, insofar as 
the retrodirective reradiation response of the array is con 
cerned, by reduction of the respective transmission line 
length by an amount equal to the extra path length in 
air. Thus, for example, transmission line 58 is reduced in 
length by an amount equal or approximately equal to 
twice the length of path 55. It follows, of course, that 
the transmission line lengths interconnecting pairs of sym 
metrically disposed antenna elements are no longer equal. 
The result is that the array is operative as a ?at plate 
for normal retrodirective re?ection of signal (since equal 
path lengths for signal wave portions are encountered 
just as in the standard Van Atta array), but specularly 
re?ects in the manner of a diffusing surface, thereby pre 
venting or reducing retrodirective specular re?ection. 
A ground plane 62 may be disposed behind the surface 

of the array, if desired, to ensure complete diffusion of 
specular re?ection of incident waves. 

I claim: 
1. A passive electromagnetic re?ector for retrodirec 

tively reradiating incident electromagnetic waves while 
eliminating or substantially reducing interference from 
scattered ?elds accompanying incidence of said waves on 
said re?ector, comprising a conventional Van Atta ar 
ray of antenna elements which are symmetrically dis 
posed in pairs about a selected geometric center of the 
array, each of said symmetrically disposed pairs of ele 
ments interconnected by a separate transmission line; and 
means including a dielectric member for varying at least 
one conventional physical characteristic of the surface of 
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said array and the electromagnetic path lengths for incom 
ing wave components which would otherwise result in said 
scattering ?elds. 

2. The invention according to claim 1 wherein. said 
separate transmission lines are of equal electromagnetic 
path length, and said dielectric member is of dielectric 
constant exceeding that of the surrounding medium, said 
dielectric member having a pair of parallel surfaces one 
of which is contiguous with the surface of said array and 
having a predetermined dielectric constant to produce 
specular re?ected components attributable to the direct re 
?ection of incident wave components from said interface 
and to re?ection of incident wave components from the 
array surface after penetration of said dielectric member, 
which are of substantially equal magnitude and direction, 
the thickness of said member between said parallel sur 
faces being preselected to produce opposite phasing of said 
re?ected components. 

3. The invention according to claim 1 wherein said 
dielectric member is contiguous with the surface of said 
array and has substantially uniform thickness in the di 
rection normal to said surface of said array, said thick 
ness selected to be approximately equal to or less than 
a quarter wavelength of the electromagnetic waves to be 
reradiated, in the dielectric medium of said member. 

4. The invention according to claim 3 wherein said 
dielectric member is disposed behind the surface of said 
array relative to incoming electromagnetic waves to be 
reradiated by said array. 

5. The invention according to claim 4 wherein at least 
some of said antenna elements are disposed on a surface 
of said dielectric member, and a conductive re?ecting 
sheet is disposed against the opposite surface of said 
dielectric member. ‘ 

6. A passive‘ electromagnetic re?ector for retrodirec 
tively reradiating incident electromagnetic waves while 
eliminating or substantially reducing interference from 
scattered ?elds accompanying incidence of said waves on 
said re?ector, comprising a conventional Van Atta array 
of antenna elements which are symmetrically disposed in 
pairs about a selected geometric center of the array, each 
of said symmetrically disposed pairs of elements inter 
connected by a separate transmission line; and means 
varying at least one conventional physical characteristic of 
the surface of said array and the electromagnetic path 
lengths for incoming wave components which would 
otherwise result in said scattering ?elds; wherein said 
means comprises an arrangement of said antenna elements 
such that the surface of said array deviates progressively 
from a line perpendicular to the normal to the array 
surface at said geometric center to either side of said 
center, said separate transmission lines deviating from 
equal electromagnetic path length by respective amounts 
equal to the distance in said surrounding medium from 
the antenna elements interconnected thereby to said per 
pendicular line. 

7. In a Van Atta array in which pairs of antenna ele 
ments symmetrically disposed about a geometric center of 
the array are interconnected by respective transmission 
lines, for retrodirective re?ection of an electromagnetic 
wave from incident on the array, the improvement com 
prising means altering the electromagnetic path lengths of 
su?icient components of the incident wave front to pro 
duce oppositely phased substantially equal amplitude 
components relative to specularly re?ected components 
of the incident wave front to substantially cancel said spec 
ularly re?ected components while maintaining equal path 
lengths, and hence, substantial re?ection without cancella 
tion, for those components of the incident wave front that 
would normally undergo retrodirective re?ection. 

8. The invention according to claim 7 wherein said 
means comprises a dielectric member having a dielectric 
constant exceeding that of air, said member positioned 
adjacent the surface of said array and having a thickness 
selected to produce said opposite phasing by refraction of 
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components‘of said wave front in conjunction with re?ec 
tion of components of said Wave front from the surface 
of said array. 

9. The invention according to claim 8 wherein said 
dielectric member has a thickness of substantially one 
quarter wavelength of the incident wave. 

10. The invention according to claim 7 wherein said 
means comprises a progressive rearward deviation of said 
antenna elements from a planar array to either side of 
said geometric center, said transmission lines deviating 
from equal lengths by respective amounts equal to said 
progressive deviation of each of the antenna elements 
connected by the respective transmission line. 
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