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DUAL POLARIZED BIDIRECTIONAL ANTENNA
Arthur M., Kay, Rutherford, N.J., assignor to Bell Teie-
phone Laboratories, Incorporated, New York, N.Y., a

corporation of New York
Filed Qct. 9, 1962, Ser. No. 229,503
5 Claims. (ClL 343—756)

This invention relates to antennas and more particu-
larly to bidirectional antennas polarized in quadrature.

An object of the invention is to radiate in opposite di-
Tections two beams of electromagnetic energy which are
polarized in quadrature. An other object is to reduce the
number of elements required in an antenna system
adapted to radiate two such beams. A further object is to
reduce the weight of such an antenna system.

Use is often found for an antenna system which will
radiate two beams in substantially opposite directions.
Interference between the beams may be greatly reduced
by polarizing them in quadrature.

The bidirectional antenna system in accordance with
the present invention is well adapted to provide two such
beams. The antenna is composed of two Cassegrain,
double-reflector systems connected back to back and
polarized in quadrature. FEach half of the antenna com-
prises a plane diagonal grating, a parabolic grating facing
the plane grating, and an interposed source of polarized
radiation adapted to illuminate the parabolic gratineg.
For example, one of the parabolic gratings may have ver-
tical elements and a vertically polarized feed, while the
other parabolic grating has horizontal elements and a
horizontally polarized feed. Therefore, in transmission,
each parabolic grating will reflect the energy from its
associated feed. The elements of one of the plane grat-
ings make an angle of -45° with the horizontal and
those of the other an angle of —45°. The corresponding
major faces of these two plane gratings are spaced apart
by approximately a quarter wavelength at an operating
frequency, so that, in transmission, they will reflect the
energy from each of the parabolic gratings, just as a solid
plate would. The plane gratings will also rotate the re-
spective angles of polarization of the incident waves by
90°. Thus, the solid reflector heretofore required in such
a bidirectional system is eliminated and the Welght of the
structure reduced.

The nature of the invention and its various objects,
features, and advantages will appear more fully in the
following detatled description of a typical embodiment
ilustrated in the accompanying drawing, of which

FIG. 1 is a diagrammatic plan view of a polarized, bi-
directional antenna system in accordance with the inven-
tion; and

FIG. 2 is a diagrammatic elevational view from the
right, with parts cut away, showing the orientations of
the elements forming each of the gratings.

In FIG. ‘1, two parabolic gratings 3 and 4 face each
other and have a common horizontal axis 5. Two plane
diagonal gratings 6 and 7 are positioned perpendicular to
the axis 5 and approximately midway between the grat-
ings 3 and 4. The spacing between corresponding major
faces of the gratings & and 7 is equal to approximately a
quarter of a wavelength N\ in air at the operating fre-
quency of the antenna. A transceiver 9, in transmission,
supplies vertically polarized radiant energy to the wave
guide 10, the open end of which is positioned on the focal
line of the grating 3 and serves as a feed therefor. Simi-
larly, another transceiver 11 and wave guide 12 provide a
horizontally polarized feed for the grating 4.

As shown in FIG. 2, the grating 3 has parallel vertical
elements such as 14, which are held in place by inter-
posed dielectric mafterial 15. The parallel elements 16

10

15

20

25

30

39

40

50

59

60

65

70

3,261,020r
Patented July 12, 1966

2

in the grating 6 make an angle of +45° with the horizon-
tal, and the elements 17 in the grating 7 make an angle
of —45° with the horizontal. The parallel elements 19
constituting the grating 4 are horizontal. In each of the
gratings 3, 4, 6, and 7, the parallel elements have a spac-
ing of less than A/2. 1In FIG. 2, parts of the gratings 3, .
6, and 7 have been cut away to show the gratings beyond.

The antenna system shown in FIGS. 1 and 2 operates
in the following manner to produce two oppositely di-
rected beams, one with vertical polarization and the other
with horiz-ontal polarization. Vertically polarized radia-
tion 1s emitted from the open end of the guide 10 to illu-
minate the parabolic grating 3, as indicated by the arrow
20. Because the elements 14 are vertical, this radiation
will not pass through the grating 3 but will be focused
into a beam with a plane wave front which will be re-
flected by the grating 3 to the plane grating 6. Due to
the spacing of approximately A/4 between the correspond-
ing major faces of the gratings ¢ and 7, and the fact that
the elements 16 and 17 are in quadrature, this beam is
totally reflected back to the grating 3, but its polarization
has now been rotated 90° and is horizontal. The hori-
zontally polarized beam passes through the grating 3 and
is projected to the right. 1In like manner, the horizontally
polarized radiation from the guide 12, represented by the
arrow 21, 1s first reflected by the grating 4 has a beam
with a plane wave front directed toward the plane grating
7. The gratings 6 and 7 reflect this beam back toward
the grating 4 with its polarization changed to vertical, so
that the beam will pass through the grating 4 and provlde
a vertically polarized beam directed toward the left.

Although the antenna system has been described only
as a transmitter, it will be understood that it will also
function as a receiver, Horizontally polarized waves in-
cident from the right will be focused and fed to the trans-
ceiver 9 for reception. Also, vertically polarized waves
incident from the left will be received by the transceiver
11. Thus, a two-way system is provided.

It 1s to be understood that the above-described arrange-
ment i1s only illustrative of the application of the prin-
ciples of the invention. Numerous other arrangements
may be devised by those skilled in the art without depart-
ing from the spirit and scope of the invention.

What is claimed is:

1. An antenna system for radiating in opposite direc-
tions two beams of electromagnetic radiation polarized
in quadrature comprising a first primary source adapted
to emit vertically polarized radiation, a first reflector ar-
ranged to be illuminated by the ﬁrst source and con-
structed as a collimator to reflect in one direction along
a selected horizontal axis with a plane wave front the
incident vertically polarized radiation but to permit the
free passage of horizontally polarized radiation, a second
primary source adapted to emit horizontally polarized
radiation, a second reflector arranged to be illuminated by
the second source and constructed as a collimator to re-

flect in the opposite direction along the selected axis with
a plane wave front the incident horizontally polarized
radiation but to permit free passage of vertically polarized
radiation, and a pair of plane gratings cooperatively ar-
ranged to permit each grating to wholly reflect that por-
tion of radiant energy passing through the other and posi-
tioned between the first and second refiectors and perpen-
dicular to the selected axis, corresponding major faces of
the gratings being spaced apart by approximately a quarter
of a wavelength A at an operating frequency, the spacing
between the parallel elements forming each of the gratings
being less than A/2, each of the elements in one of the
gratings making an angle of +45° with the horizontal,
and each of the elements in the other gratmg making an
angle of —45° with the horizontal.
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2. An antenna system adapted to project a horizontal-
ly polarized beam in a selected horizontal dircetion and
a vertically polarized beam in the opposite direction com-
prising two parabolic gratings, two plane gratings, and
two polarized feeds, the parabolic gratings facing each
other and having a common axis coinciding with the
selected horizontal direction, the first parabolic grating
having vertical parallel elements, the first feed being
veriically polarized, positioned at the focus of the first
parabolic grating, and adapted to illuminate the {first
parabolic grating, the second parabolic grating having
horizontal parallel elements, the second feed being hori-
zontally polarized, positioned at the focus of the second
parabolic grating, and adapted to illuminate the second
parabolic grating, each plane grating cooperatively ar-
ranged to reflect all of the radiant energy passing through
the other, said gratings being located approximately mid-
way between the parabolic gratings and perpendicular
to their common axis, and their corresponding major
faces being spaced from ecach other approximately a
quarter of a wavelength A at an operating frequency of
the antenna, the elements in one of the plane gratings
making an angle of -}45° with the horizontal, the ele-
ments in the other plane grating making an angle of —45°
with the horizontal, and the spacing between the parallel
elements forming each of the four gratings being less than
A2,

3. An antenna system for radiating in opposite di-
rections two beams of electromagnetic radiation compris-
ing a first primary source emitting radiation polarized in
a first plane, means including a first primary reflector
arranged to be illuminated by sa:d first source and hav-
ing a selective reflective polarization for reflecting sub-
stantially the whole of the incident radiation polarized
in said first plane while permitting free passage of sub-
stantially all radiation impinging therecon normal fo said
first plane, a second primary source emitting radiation
polarized in a second plane, means including a second
primary reflector arranged to be illuminated by said sec-
ond source and having a selective reflective polarization
for reflecting substantially the whole of the incident radia-
tion polarized in said second plane while permitiing free
passage of substantially all radiation impinging thereon
normal to said second plane and a parallel pair of sec-
ondary plane reflectors each having a selective reilecting
polarization, each of said secondary reflectors being dis-
posed between said primary reflectors with the selective
polarization thereof at 45° to the respective selective
polarizations of said primary reflectors for reflecting ons
portion of the reflected radiation received from one of
said primary refiectors and for passing a remaining portion
of said radiation received from said one primary re-
- flector, the selective polarizations of each said secondary
reflectors being at right angles to the other for re-reflect-

10

15

20

2D

30

39

40

45

50

4

ing said remaining porticn passed by said other for re-
combination with said one portion.

4. The system according to claim 3 wherein said sec-
ondary reflectors are spaced one quarter wavelength at
an operating frequency from each other whereby said one
portion re-reflected from each secondary reflector recom-
bines with said remaining portion after being re-reflected
from the other secondary reflector in a polarization at
right angles to the plane of the primary source from
which 1t was emitted.

S. An antenna system for radiating in opposite direc-
tions two beams of electromagnetic radiation polarized
in quadrature comprising a first primary source emitting
radiation polarized in a first direction, a first primary
reflector comprising a muitiplicity of conductors parallel
to said first direction and arranged to be illuminated by
sald first source for reflecting substantially the whole of
the incident radiation polarized in said first direction
while permitting free passage of substantially all radia-
tion impinging thereon normal to said first direction, a
second primary source eniitting radiation polarized in a
second direction, means including a second primary re-
flector comprising a multiplicity of conductors paralle] to
said second direction and arranged to be illuminated by
said second source for reflecting substantially the whole
of the incident radiation pelarized in said second direc-
tion while permitting free passage of substantially all
radiation impinging thereon normal to said second plane
and a paraliel pair of secondary plane reflectors each
comprising a multiplicity of parallel conductors, each
of said secondary reflectors being disposed between said
primary reflectors with conductors thereof at 45° to the
respective conductors of said primary reflectors for re-
flecting one portion of the reflected radiation received
irom one of said primary reflectors and for passing a
remalning portion of said radiation received from said
one primary reflector, the parallel conductors of each
said secondary reflectors being at right angles to the other
for re-reflecting said remaining portion passed by said
other for recombination with said one portion.
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