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3,119,109 
POLARIZATION FILTER ANTENNA UTILIZNG 
REFLECTOR CONSSTNG OF PARALLEL SEP 
ARATED METAL STRIPS MOUNTED ON LOW 
LOSS DISH 

Paul S. Miller, Brockton, and George D. M. Peeler, Bed 
ford, Mass., assignors to Raytheon Company, Lexing 
ton, Mass., a corporation of Delaware 

Filed Dec. 31, 1958, Ser. No. 784,393 
7 Claims. (C. 343-756) 

This invention relates to directional antennas and more 
particularly to a parabolic reflector of the polarization 
selective type. 

In directional antenna systems of the kind employing 
a parabolic reflector, it is frequently necessary to feed a 
plane-polarized wave to one or more radiating elements 
which illuminate the parabolic reflector and to transmit 
or receive in a given plane of polarization. This proce 
dure is necessary in order to prevent energy which has 
become depolarized during transmission from interfering 
with the antenna beam pattern. Polarization selection of 
this type is particularly useful in connection with tri-ele 
ment scanning where a rotating tri-element, such as a 
tri-slot, is rotated about its mechanical center in a polar 
ized microwave energy field to generate an effective coni 
cal scan at three times the physical rotational velocity 
of said tri-element radiator. A scannnig device of this 
character has been disclosed in the United States patent 
application of Paul S. Miller, Serial No. 656,474, filed 
April 26, 1957. In this device the rotating tri-slot element 
senses during rotation energy polarized in a plurality of 
planes of polarization and, in particular, energy polarized 
at 45 degrees due to the three-to-one ratio of electrical 
to-mechanical scan. 

In order to achieve the aforementioned polarization 
filtering, electromagnetic energy is sometimes polarized 
by an external grating or filter through which the energy 
passes before entering the reflector. However, this grat 
ing tends to distort the antenna pattern of transmitted 
energy and results in internal reflections between the grat 
ing, the radiating element and the reflector. To counter 
act this tendency toward internal reflection, an additional 
absorption filter, constituting a double grating, is usually 
positioned between the first reflector grating and the an 
tenna assembly. To construct this grating in a manner 
so as not to impede the passage of energy is often costly 
and difficult. In numerous applications, therefore, it is 
desirable to provide a reflector in which the function of 
reflecting and polarization filtering is obtained in a single 
operation and by a single reflecting surface. 

In accordance with the polarization filter antenna of 
the invention, a parabolic dish of low-loss material, such 
as thin fiberglass, is molded with an embedded reflecting 
surface of a plurality of evenly spaced metallic strips. 
The parabolic dish or reflector is excited with electromag 
netic energy of a fixed polarization. The parallel metallic 
strips act as a parabolic reflector to the desired polariza 
tion, that is, components of energy parallel to the strips. 
The unwanted cross-polarized components of energy, that 
is, polarization perpendicular to the strips, propagates 
through the dish and entirely out of the beam pattern. 
Whether the energy illuminating the polarized dish ema 
nates from a rotating tri-slot radiator of the direct trans 
mission type as in the aforementioned Miller patent ap 
plication or from a rotating parasitic tri-element, the dish 
operates as a selective filter and reflector which elimi 
nates the need for an external or separate polarization 
filter or grating. 
In order to insure that no reflections are introduced 

from the antenna mounting and associated antenna parts 
to the rear of the reflector, an electromagnetic energy 
absorbent material is applied in the form of a lining or 
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coating to the rear surface of the parabolic dish. How 
ever, even without the addition of absorbing material, the 
reflections from irregular metallic surfaces at the rear of 
the dish are ordinarily sufficiently defocused so as to exert 
substantially no effect upon the scanning or beam portion 
of the antenna dish. 

In another embodiment of the invention, the aforemen 
tioned reflections are cancelled out by providing a fiber 
glass backplate spaced one-quarter wavelength behind the 
ribbed fiberglass reflecting-surface and held in parallel 
alignment by honeycomb fiberglass construction. 

Further objects and advantages of this invention will 
be more apparent as the description progresses, reference 
being made to the accompanying drawings wherein: 

FIG. 1 is a side view, partly in section, of one embodi 
ment of the invention; 

FIG. 2 is a side view, partly in section, of a second 
embodiment of the invention; 

FIG. 2A is a section along the line 2A-2A of FIG. 2; 
FIG. 3 is a front view, partly in section, of another em 

bodiment of the invention; 
FIG. 3A is a section along the line 3A-3A of FIG. 3; 
FIG. 4 is a side elevation of the antenna reflector used 

in a scanning system; 
FIG. 4A is a front view of the rotary tri-slot disc which 

is used to illuminate the paraboloid of FIG. 4; 
FIG. 5 is a side view of another embodiment of the 

invention; and 
FIG. 5A is a front view of another tri-slot disc which is 

used to illuminate the paraboloid of FIG. 5. 
Referring now to FIGS. 1 and 2, reference numeral 10 

denotes a parabolic reflector of the polarization selective 
type comprising a parabolic dish of thin fiberglass 12 into 
which is embedded a plurality of evenly spaced metallic 
strips 14. These strips are pri etched approxi 
mately three-sixteenths inch apart on the inner side of 
the parabolic surface and form a polarization filter or 
grating which reflects all components of radiation aligned 
parallel to the strips. Fiberglass bosses 16, as shown in 
FIG. 1, have tapped apertures 18 for mounting the re 
flector in the path of electromagnetic energy. At the 
center of the parabolic reflector is a mounting sleeve or 
ring 20 which may, as shown, consist of fiberglass; or an 
epoxy resin material can be used. Sleeve 20 is of a size 
sufficient to receive a waveguide for providing excitation 
to the reflector. In like manner, an epoxy resin support 
ring 22 of approximately one-half inch in width extends 
around the outer circumference of the fiberglass reflector 
and is bonded thereto by an epoxy resin cement, not 
shown, to provide a light-weight supporting structure. 
While FIGS. 1 and 2 show the ribbed metallic strips, 

Shri.S.E embedded into the fiberglass dish, it 
should be inderstood that any method of etching or spray 

hnique can be employed to fix these evenly 
spaced strips to the surface-of-the-fiberglass. 
To prevent undesired reflections from re-entering the 

antenna dish from the antenna mounting structure, FIG. 
2 shows a cover of well-known radiation-absorbing ma 
terial 24 mounted behind the fiberglass reflecting plate 
12. For example, this absorbing material may consist of 
a sheet of lossy rubberized fabric. In order to support 
the energy-absorbing material 26, a fiberglass backskin or 
supporting layer 30 is attached to the absorbing material 
by liquid epoxy cement, not shown. FIG. 2A shows the 
backskin 30 forming a second fiberglass layer or support 
ing structure which in no way affects the radiation char 
acteristic of the antenna dish. 

Referring to FIG. 3 and FIG. 3A, the aforementioned 
reflections from the antenna mounting structure at the 
rear of the reflector are cancelled out by the combina 
tion of a fiberglass backplate or backskin 36 spaced sub 
stantially one-quarter Wave-length behind the ribbed 
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fiberglass reflecting surface 37. In this embodiment, as 
shown in FIG. 3A, the ribbed fiberglass reflecting surface 
37 and the fiberglass backplate 36 are held in parallel 
alignment by honeycomb fiberglass material 39 which 
provides the precise quarter wave-length spacing from the 
front reflecting surface. This honeycomb material also 
increases the tensile strength of the antenna dish. The 
front and rear fiberglass strips are bonded to the honey 
comb fiberglass by the application of well-known epoxy 
resin cement, not shown. By this arrangement, energy 
which passes between the metallic strips 38 becomes can 
celled after entering the quarter-wave cancellation zone. 

Referring now to FIG. 4, the polarization-selective 
dish or reflector 40 is used in connection with a tri-slot 
radiator of the front transmission-type feed, described in 
detail in the aforementioned Miller patent application. 
Here, the novel polarization selective dish 40 is substi 
tuted in place of the usual metallic parabolic reflector, 
thereby eliminating the requirement of an additional ex 
ternal grating or filter. A motor-generator 42 is mounted 
to the rear of the parabolic dish 40 by means of support 
brackets 43. A rotating slotted plate or disc 44, as shown 
in FIG. 4A, is mounted in the end portion of the circular 
Waveguide section 45 and is provided with a rotary joint 
46 to permit rotation of the slotted disc while the circular 
Waveguide portion 45 is held fixed. The slotted disc 44 
has three half-wave resonant slots, 41, 43 and 47, circum 
ferentially mounted around the center of rotation of the 
disc. The circumferential slots are directly excited and 
the offset center of radiation is a direct function of the 
distance between the feed center and the center of the 
slots. Generally, the greater the distance from the feed 
center to the center of the slots, the greater will be the 
radiation offset. The tri-slot metal disc in this embodi 
ment can be constructed in a variety of shapes and forms, 
the only limitation being that the three circumferential 
slots are so constructed and positioned as to make the 
slots concentric about an axis passing through their cen 
ter point, and at the same time extend circumferentially 
about the center point of the metal disc, thereby being 
Symmetrical about the axis of rotation. 

In order to rotate the slotted disc 44, a shaft or rod 
51 is connected to the center of metal disc 44 and to the 
shaft of the motor 42 by means of a set screw 47. This 
shaft extends through an aperture, not shown, in the 
mounting sleeve 20 at the midpoint of the parabolic re 
flector 40. Energy is fed by way of flange 48 into the rec 
tangular waveguide section 49 which tapers into circular 
Waveguide Section 45, as shown at 50. The parabolic re 
flector 40 is held rigidly to the rectangular waveguide 49 
by means of a bracket 52 which is connected to boss 54 
attached to the reflector 40. The rotating disc 44, which 
contains three slots, preferably resonant, positioned cir 
cumferentially in the end portion thereof, is positioned in 
a manner which during transmission permits energy to be 
extruded directly toward the parabolic reflector 40. In 
this manner, the illuminated parabolic reflector reflects 
energy polarized in the desired plane while the perpendic 
ular components of energy pass through the parabolic 
dish and entirely out of the reflected beam pattern. 
While FIG. 4 shows a tri-slot element used in connec 

tion with the novel polarization-selective dish, it should 
be understood that any tri-element illuminator can be 
used in connection with this dish to produce an offset 
conical Scan. For example, the motor 42 can be used 
to rotate the tri-pole radiator described in the copending 
application of Jesse L. Butler, Serial No. 457,072, filed 
September 17, 1954, assigned to the assignee of this ap 
plication and which is now U.S. Letters Patent No. 
2,895,131, which issued July 14, 1959. The generator 
portion of the motor generator 42 is used to give an alter 
Thating current reference voltage for determining the posi 
tion of the tri-pole or tri-slot radiator at any specific 
time. 
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A. 
used with a tri-slot radiator of the indirect transmission 
or parasitic type. The tri-slot disc 56 contains three rec 
tangular radial slots, 1, 2 and 3, as shown in FIG. 5A. 
In this embodiment, microwave energy is fed into rec 
tangular waveguide 57 which tapers into circular wave 
guide section 58, as shown at 59. The circular waveguide 
section 58 contains a low-loss dielectric material 60, 
which acts as a polyrod feed for the parasitic scanning 
disc 56. This material is inserted into the waveguide and 
bonded thereto. The end portion of the dielectric ma 
terial transfers energy from the waveguide section to the 
tri-slot element 56 which, in turn, illuminates the polari 
zation-selective reflector 49. 
As described in detail in the aforementioned Miller 

patent application, the power radiated by a given slot de 
pends upon its orientation relative to the dominant E-Vec 
tor of the feedguide. For example, referring to FIG. 4A, 
when slot 4E is located along the vertical axis at Zero 
degrees, it receives more excitation than either slot 43 or 
47 due to its orientation with respect to the vertically 
polarized E-vector. Accordingly, the left-right effects of 
slots 43 and 47 cancel and a resulting offset radiation 
center in the up direction is obtained. 
For position 2, with slot 4 rotated thirty degrees with 

respect to the vertical axis, as actually shown in FIG. 4A, 
slot 47 may be considered inactive relative to the E-vec 
tor, and the up-down effects of slots 41 and 43 cancel. 
An offset to the left is obtained by inspection of position 
2 which produces a 90-degree rotation of the center of 
radiation for a 30-degree rotation of the tri-slot disc. In 
like manner, if slot 41 is rotated to 60 degrees from the 
vertical axis, the left-right radiation offset, due to slots 
4 and 47, cancel, and a downward displacement of the 
center of radiation is produced due to the greater excita 
tion of slot 43 because of its favorable orientation with 
respect to the vertical E-vector. A rotation of 180 de 
grees of the effective center of radiation is thereby ob 
tained for a 60-degree mechanical rotation of the tri-slot 
disc. In this manner, the scanning antenna system shown 
in FIG. 4 produces a three-to-one ratio of electrical-to 
mechanical conical scan by rotating the disc 44 in the 
path of microwave energy of fixed polarization. In other 
words, the tri-slot aperture produces an offset center of 
radiation that describes a perfect circle about the me 
chanical center of rotation at a rate which is three times 
the rate of mechanical rotation. 

Referring to FIG. 5, the radiation offset center is in 
the opposite direction from that obtained with the tri-slot 
disc of FIG. 4A. For example, as shown in FIG. 5A, 
slot 3 will now receive maximum excitation due to its 
orientation perpendicular to the vertical E-vector. The 
up-down effects of slots 1 and 2 cancel and the effective 
offset radiation center is to the right. 

It should be understood that numerous embodiments 
of the polarization-selective dish can be used in connec 
tion with these tri-scan antennas depending upon the per 
centage of reflected radiation permitted to enter the an 
tenna beam. Thus, in the usual application, a reflector 
of the type shown in FIG. 1 can be used without the 
necessity of the energy-absorbing materials described in 
connection with FIGS. 2 and 3. 

This completes the description of the embodiments of 
the invention illustrated herein. However, many modi 
fications of the advantages thereof will be apparent to 
persons skilled in the art without departing from the spirit 
and scope of this invention. Accordingly, it is desired 
that this invention not be limited to the particular details 
of the embodiments disclosed herein, except as defined in 
the appended claims. 
What is claimed is: 
1. A polarization reflector comprising a dish of a Sub 

Stantially low loss material, a waveguide adapted to prop 
agate electromagnetic energy of plane polarization feed 
ing said dish, a plurality of strips of conductive material 

FIG. 5 shows the polarization-selective reflector 40 75 arranged parallel to each other and mounted on the sur 
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face of said dish, said strips arranged in a manner to per 
mit passage therebetween of electromagnetic energy hav 
ing a direction of polarization other than parallel to said 
metallic strips, and to reflect electromagnetic energy hav 
ing a direction of polarization parallel to said metallic 
strips, and a coating of electromagnetic absorbent ma 
terial on the side of the dish opposite said waveguide. 

2. A polarization reflector comprising a plurality of 
strips of electrically conductive material mounted on a 
layer of low loss material, the space between said strips 
being substantially free from conductive material, a wave 
guide adapted to direct electromagnetic energy of plane 
polarization toward said reflector, a rotatable element 
having a plurality of apertures positioned in the path 
of said energy and substantially perpendicular to the axis 
of said path to illuminate said reflector with energy from 
said apertures, and means for rotating said element. 

3. A polarization reflector comprising a parabolic dish 
of a substantially low loss material, a waveguide adapted 
to propagate energy of a plane polarization feeding said 
parabolic dish, a plurality of parallel strips of conductive 
material arranged parallel to each other and mounted on 
the surface of said dish, said strips further arranged in a 
manner to pass electromagnetic energy having a direction 
of polarization other than parallel to said metallic strips, 
and to reflect electromagnetic waves having a direction of 
polarization parallel to said metallic strips, and a coating 
of electromagnetic absorbent material on the side of said 
dish opposite said waveguide. 

4. In combination, a parabolic dish of a substantially 
low loss material, a plurality of parallel metallic strips of 
substantially uniform thickness embedded into the sur 
face of said parabolic dish, said strips adapted to permit 
passage therebetween of electromagnetic energy having a 
direction of polarization other than parallel to said metal 
lic strips, and thereby to reflect electromagnetic energy 
having a direction of polarization parallel to said wave 
guide, a section of waveguide adapted to support elec 
tromagnetic energy, a rotatable metal disc having three 
slots symmetrically disposed in a plane perpendicular to 
the axis of rotation, said rotatable metal disc positioned 
at one end of said section of waveguide and perpen 
dicular to the longitudinal axis thereof, means for rotat 
ing said metal disc, means for propagating electromagnetic 
energy having a fixed polarization along said waveguide 
toward said slots, said rotatable metal disc positioned in 
a manner adapted to illuminate said parabolic dish with 
electromagnetic energy from said slots. 

5. In combination, a parabolic dish of a substantially 
low loss material, a plurality of parallel metallic strips 
of substantially low loss material, a plurality of parallel 
metallic strips of substantially uniform thickness embedded 
into the surface of said parabolic dish, said strips adapted 
to permit passage therebetween of electromagnetic en 
ergy having a direction of polarization other than par 
allel to said metallic strips, thereby to reflect electro 
magnetic energy having a direction of polarization par 
allel to said metallic strips, a section of waveguide 
adapted to support electromagnetic energy, a rotatable 
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metal disc having three slots symmetrically disposed cir 
cumferentially in a plane perpendicular to the axis of ro 
tation, said rotatable metal disc positioned at one end of 
said section of waveguide and perpendicular to the lon 
gitudinal axis thereof, means for rotating said metal disc, 
means for propagating electromagnetic energy having a 
fixed polarization along said waveguide and through said 
slots, said rotatable metal disc positioned in a manner 
adapted to illuminate said parabolic dish with electro 
magnetic energy passing through said slots. 

6. In combination, a parabolic dish of a substantially 
low loss material, a plurality of parallel metallic strips 
of Substantially uniform thickness embedded into the 
Surface of said parabolic dish, said strips adapted to per 
mit passage therebetween of electromagnetic energy hav 
ing a direction of polarization other than parallel to said 
strips, thereby to reflect electromagnetic energy having 
a direction of polarization parallel to said strips, a ra 
diating element positioned adjacent said parabolic dish, 
said radiating element including a rotatable disc having 
three radiating apertures symmetrically disposed substan 
tially in a plane perpendicular to the axis of rotation, 
means for rotating said rotatable disc about said axis, and 
means for exciting said apertures with electromagnetic 
energy having a fixed polarization, thereby to illuminate 
said parabolic dish. 

7. In combination, a parabolic dish of a substantially 
low loss material, a plurality of parallel metallic strips of 
Substantially uniform thickness embedded into the surface 
of said parabolic dish, said strips adapted to permit pas 
Sage therebetween of electromagnetic energy components 
having a direction of polarization perpendicular to said 
metallic strips, and to reflect electromagnetic energy 
components having a direction of polarization parallel 
to said metallic strips, a tri-element radiator having three 
rotatable elements positioned adjacent to said parabolic 
dish, means for rotating said elments, and means for excit 
ing said elements with electromagnetic energy of fixed 
polarization, thereby to illuminate said parabolic dish. 
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