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[ 5 7 ] ABSTRACT 

A compact antenna system that permits orthogonally 
polarized frequency reuse operation is achieved by 
two overlapping parabolic re?ectors. Each of the re 
?ectors has a re?ecting surface comprised of parallel, 
re?ecting, conductive elements with the re?ecting ele 
ments of one re?ector polarized orthogonally to the 
re?ecting elements in the other. Each re?ector has an 
associated feed copolarized with the re?ecting ele 
ments of the particular re?ector. The two re?ectors 
are overlaid without coinciding their respective focus 
points so that cross-polarized ?elds generated by the 
parallel elements in the surface of each re?ector from 
its associated feed are scattered away from the copola 
rized beam of each re?ector. 

7 Claims, 8 Drawing Figures 
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COMPACT FREQUENCY REUSE ANTENNA 

BACKGROUND OF THE INVENTION 

This invention relates to a compact frequency reuse 
antenna system and more particularly to an antenna 
system which achieves frequency reuse by orthogonally 
polarized sources and re?ectors. > 

With the ever increasing demand for more frequency 
spectrum, it is imperative that greater use he made of 
the allocated spectrum. This is particularly true in sat 
ellite communications where the coverage area is a 
substantial portion of the earth’s surface. It is also de 
sirable on a cost basis to achieve more channel space 

per frequency spectrum. A practical way of achieving 
spectrum re use is by communicating with waves of or 
thogonal polarization. Isolation of the orthogonally po 
larized waves can be achieved by separating a great dis 
tance from each other the feeds and the associated re 
?ectors communicating these orthogonally polarized 
waves. However, in addition to the desirability of spec 
trum reuse in satellite communication antennas partic 
ularly, there is a need for a highly compact antenna. 
This is particularly true of the satellite antenna itself. 
Providing a compact frequency reuse antenna in view 
of such factors as discussed above poses a problem. 

BRIEF DESCRIPTION OF INVENTION 

Brie?y, a compact frequency reuse antenna system 
for communicating electromagnetic waves of the same 
frequency with a given orthogonal polarization separa 
tion is achieved by two re?ectors having a given con 
tour and resultant focus points. Each of the re?ectors 
comprises parallel re?ecting elements, with the ele 
ments of one re?ector oriented in a first direction to re 
?ect waves polarized in a first direction and with’ the 
elements of the other re?ector oriented in an orthogo 
nal direction to re?ect waves polarized in an orthogo 
nal direction. A first antenna feed is located at the 
focus of the first re?ector for communicating electro 
magnetic waves copolarized with the elements of the 
first re?ector, and a second antenna feed is located at 
the focus of the second re?ector for communicating 
electromagnetic waves copolarized with the elements 
of the second re?ector. The re?ectors are mounted in 
an overlapping manner with the focus points of the re 
?ectors sufficiently separated so that cross-polarized 
fields generated by the parallel elements at the surface 
of the respective re?ectors are scattered away from the 
copolarized beam of each re?ector. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

A more detailed description follows in conjunction 
with the following drawings wherein: 

FIG. 1 is a front elevation drawing of a satellite an» 
tenna system mounted to the satellite according to one 
embodiment of the present invention. 

FIG. 2 is a side elevation view of the arrangement 
shown in FIG. 1 as taken along line 2—2. 
FIG. 3 is a front view of a paraboloid of revolution 

illustrating the portion of the paraboloid of revolution 
used in the antenna system of FIG. 1. 
FIG. 4 is a front elevation drawing illustrating a gen 

eral placement of two of the re?ectors in FIG. 1 rela 
tive to each other. 

20 

25 

35 

45 

50 

55 

65 

2 
FIG. 5 is a sketch illustrating the operation of a first 

pair of re?ectors in the antenna system shown in FIG. 
1. 
FIG. 6 is a sketch illustrating a portion of a few of the 

vertical elements in one re?ector and a vector diagram 
of the copolarized wave applied to these elements. 
FIG. 7 is a sketch illustrating a portion ofa few ofthe 

horizontal elements in one re?ector and a vector dia 
gram of the _ copolarized wave applied to these ele 
ments. 

FIG. 8 is a sketch illustrating the operation of another 
pair of overlapping re?ectors and associated feeds in 
the antenna system shown in FIG. 1. 

Referring to FIG. 1, a satellite antenna system 10 is 
shown mounted to satellite structure 11. The antenna 
system 10 includes re?ectors 12, 13, 15 and 17 and 
waveguide feed horns 19a, 19b, 19c and 19d. The re 
?ectors 12, 13, 15 and 17 are mounted to satellite 
structure 11 by, the support posts 12a, 13a, 13b, 15a, 
17a and 17!). Support posts 1312 and 17b are hidden 
from view by horns 19b and 19d in FIG. 1. Referring to 
the side elevation view of re?ectors 15 and 17 in FIG. 
2, it is seen that re?ector 15 is supported by post 15a 
extending through re?ector 15 and by fixing the end 16 
of re?ector 15 to one end of posts 17a and 17b. The re 
?ector 15 is fixed to the posts 15a, 17a and 17b by suit 
able bonding. The re?ector 17 is supported by the two 
posts 17a and 17b extending through the re?ector l7 
and by ?xing the end 16a to posts 1511 at a point just 
slightly rearward of the re?ector 15. The post l7bex 
tends only through an edge portion of re?ector 17. The 
re?ector 17 is fixed to the posts 15a, I70 and 17b by 
suitable bonding. Posts 12a, 13a and 13b similarly 
mount re?ector 12 forward of re?ector 13 and mount 
re?ector l3 rearward of re?ector 12. One suitable ma 
terial for such support posts in space is a low, thermal 
expansion material known as “GFEC” which letters 
stand for graphite fiber epoxy composite. 
The re?ectors l2, 13, 15 and 17 are each portions of 

a paraboloid of revolution. The portion 21 of the para 
boloid of revolution illustrated in FIG. 3 is used for re 
?ector 15. The portion 21a is used for re?ector 17. The 
re?ectors l2 and 13 use similar but symmetrical por 
tions of a paraboloid of revolution as shown by dashed 
lines. The long edge of each of the portions intersects 
the vertex of the paraboloid. The portion 21 overlaps 
over half of portion 21a. The vertex V is along the long 
edge of the portions 21 and 21a. The vertex V is mid 
way along the long edge of portion 21a and about one 
third up from the end of portion 21. The portion se 
lected is near the center of the paraboloid of revolution 
to permit more closely spaced overlapping of the re 
?ectors and to minimize excitation of cross-polarized 
fields. 

Referring to FIG. 1, it is seen that the re?ectors l2 
and 13 overlap each other and the re?ectors l5 and 17 
overlap each other. The re?ector 12 overlaps about 
one half of re?ector 13. Similarly, re?ector l5 overlaps 
about one half of re?ector 17. The re?ectors are over 
lapped so that the long edge of thenferwg'rd re?ector 
overlaps the long edge of the associated” rearward re 
?ector. Referring to FIG. 4, for example, re?ector 15 
overlaps re?ector 17 with the long edge overlapped. , 
The vertex point 23 for re?ector 15 as shown in FIG. 
4 is aligned and spaced from the vertex point 25 of re 
?ector 17. The re?ectors I5 and 17 overlap at their 
more ?at ends near the vertex of each with essentially 
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even symmetry. In other words. if one were to place a 
mirror at the middle of the overlap and cover the upper 
half. the mirror would re?ect from the lower half what 
would substantially be at the covered upper half. The 
same is true with respect to the placement of re?ectors 
l2 and 13, with re?ector 12 forward or extending fur 
ther away from structure 11 than re?ector 13. The ver 
tex point 23a for re?ector 12 is aligned and spaced 
from the vertex point 250 of re?ector 13. 
The re?ectors 12, 13, 15 and 17 are formed of paral 

lel conductive elements as represented in part by the 
parallel lines in FIGS. 1 and 4. The parallel elements of 
re?ectors 12 and 17 are represented by vertically ori 
ented parallel lines 27 and 29, respectively. The paral 
lel elements of re?ectors 13 and 15 are represented by 
the horizontally oriented parallel lines 31 and 33, re 
spectively. The elements that make up the re?ectors 13 
and 15 are oriented orthogonal to the elements that 
make up the re?ectors l2 and 17. The parallel ele 
ments forming the re?ectors may be provided by a plu 
rality of closely spaced parallel wires embedded in a 
low dielectric plastic base. The wires are laid in such a 
manner that viewed from a great distance along the axis 
of the generating paraboloid they appear everywhere 
parallel to themselves and to an electric field generated 
by an associated copolarized feed. 
The feed horn 19a is designed to couple signals over 

a given wide frequency band and is polarized to com 
municate vertically polarized waves. This feed horn 
19a is mounted by support 51 extending from satellite 
structure 11 to the horn 19a as shown in FIG. 1. The 
feed horn 19a is positioned with the aperture of the 
horn 19a at the focus point of the copolarized re?ector 
12. The feed horn 19a is further oriented to optimize 
the illumination of re?ector 12. 
The feed horn 19b is designed to couple signals over 

the same frequency band as feed horn 19a but is polar 
ized to communicate horizontally polarized waves. This 
feed horn 19b is mounted by support 53 extending from 
satellite structure 11 to the horn 19b to position the ap 
erture of the horn 1912 at the focus point of copolarized 
re?ector 13. The feed horn 19b is further oriented to 
optimize the illumination of re?ector 13. 
The feed horns 19c and 19d are polarized to commu 

nicate horizontally and vertically polarized waves, re 
spectively. The horns 19c and 19d are designed to cou 
ple signals over the same frequency band. This fre 
quency band may be the same as the given frequency 
band or may be another frequency band. In the pre 
ferred embodiment horns 19a, 19b, 19c and 19d are de 
signed to communicate signals over the same frequency 
band. The sub-frequency bands or channels within this 
wide frequency band communicated by horns 19a and 
19b in this preferred arrangement differ from that com 
municated by horns 19c and 19d. The horns 19a and 
19b communicate the odd numbered channels for ex 
ample and horns 19c and 19d communicate the even 
numbered channels. This minimizes the problems asso 
ciated with multiplexing these signals. Similarly the 
horn 190 is mounted by support 55 at the focus point 
of copolarized (horizontal) re?ector l5, and the horn 
19d is mounted by support 57 at the focus point of 
copolarized (vertical) reflector 17. FIG. 2 illustrates 
more clearly how the supports 55 and 57 are mounted 
between the horns 19c and 19d and structure 11. The 
feed horns 19a, 19b, 19c and 19d are coupled to the 
transmitter and receiver circuitry located within the 
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4 
structure 11 by waveguides such as waveguides 59 and 
61 illustrated in FIG. 2 extending between feed horns 
191' and 19d. respectively. and structure 11. The feed 
horns 19c and 19d are further oriented to optimize il 
lumination of re?ectors 15 and 17, respectively. The 
vertically oriented elements of re?ectors 12 and 17 
pass horizontally polarized waves and re?ect the verti 
cally polarized waves. The horizontally oriented ele 
ments of re?ectors l3 and 15 pass vertically polarized 
waves and re?ect the horizontally polarized waves. In 
the overlapping region 18 and 20 in FIG. 1, both hori 
zontally and vertically polarized waves are re?ected. 

Referring to the illustrative sketch of FIG. 5, opera 
tion of the antenna system is considered in the case of 
transmitted vertically polarized waves toward re?ector 
12. These waves radiated toward the re?ector 12 by 
horn 19a located at the focusfl of re?ector 12, are rep 
resented in FIG. 5 by dashed lines 26. The waves are 
intercepted by re?ector 12 having vertical elements 
and are directed in phase to the antenna aperture (col 
limated) whereupon a radiated beam in a given direc 
tion of arrow 28 is provided. The vertex 23a of the re 
?ector 12 is along one edge 12d of re?ector 12 as 
shown in FIG. 1. Since the horn 19a is located at the 
focus of re?ector l2 and in line and forward of the ver 
tex 23a, the horn 19a provides low blockage of the ver 
tically polarized waves. The reciprocal operation takes 
place with respect to the received in phase waves at the 
antenna aperture. These in phase waves at the aperture 
are re?ected to horn 19a. In the case of horizontally 
polarized waves transmitted to the re?ector 13 by horn 
19b located at the focus}; of re?ector 13, these waves 
represented by dashed lines 36 in FIG. 5 are inter 
cepted by horizontally polarized re?ector 13 and are 
directed in phase at the antenna aperture (collimated) 
whereupon in the illustrated example a radiated beam 
in the same given direction of arrow 28 is provided. 
Since the vertex 25 a of the re?ector 13 is along one 
edge of re?ector 13 and the horn 19b is at the focus f2 
in line with the vertex, the horn 19b provides low 
blockage of the horizontally polarized waves. 
The vertically polarized waves represented by dashed 

lines 26 passing through the re?ector 12 at the com 
mon region 18 generate a cross (horizontally) polar 
ized ?eld 26h at the re?elctor 12 which ?eld passes on 
to re?ector 13 whereupon they are re?ected. See FIG. 
5. Although considerable skill may be extended in an 
effort to achieve perfectly parallel vertical elements in 
re?ector 12 represented by lines 27 in FIG. 1, some de 
gree of cross (horizontally) polarized field is generated 
by re?ector 12 when intercepting the vertically polar 
ized waves. This may be explained in part by a slight 
misalignment of the parallel elements relative to the 
polarization of the waves near the edge 22 furthest 
from the long edge 12d intersecting the vertex 23a. 
FIG. 6 is an enlarged view of a portion of a few ele 
ments 27 represented by lines located near edge 22 of 
re?ector 12 and an exaggerated vector diagram of the 
copolarized wave 27a applied to these elements and the 
associated vector components. The misalignment of 
wave vector 27a relative to the lines 27 is greatly exag 
gerated for purposes of illustration. With the misalign 
ment of the re?ector elements 27 relative to the polar 
ization of the incident wave along vector 270, there is 
a horizontal vector component 27b of the wave in addi 
tion to a vertical vector component 27c. This misalign 
ment of the applied ?eld is due in part to a polarization 
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change in the incident wave as the wave makes’ a 

greater angle with respect to the focal axis (increases 
as the wave is offthe focal axis). The result is that with 
an applied field to these re?ectors a cross (horizontal) 
field is produced. This is represented in FIG. 5 by 
dashed lines 26h. _ 

The re?ectors l2 and 13 are overlapped near the ver 
tex of each to lessen this misalignment effect at the 
overlapped region and therefore minimize this effect. 
In addition, by displacing the focal points f1 and f2 of 
the two re?ectors l2 and 13 a sufficient distance D, as . 

shown in FIG. 5, the cross-polarized field 2611 at the 
horizontally polarized re?ector 13 (associated with the 
generated cross-polarized field 2611) is squinted away 
from the beam direction 28 associated with the verti 
cally polarized re?ector and at the same time is par 
tially de-collimated. , , 

In like manner, a vertically polarized field generated 
at the horizontally polarized conducting wires 31 in re 
?ector 13 are scattered away from the horizontally po 
larized beam. Although considerable effect may be 
taken to achieve perfectly, parallel, horizontal ele 
ments in reflector 13 represented by wires or lines 31 
in FIG. 1, some degree of cross (vertically) polarized 
field (represented in FIG. 5 by dashed lines 36v) is gen 
erated at re?ector 13 when intercepting the horizon 
tally polarized waves from feed horn 191;. This is due 
to a slight misalignment of the re?ector elements rela 
tive to the polarization of the wave as viewed by the 
waves near the edge 22a in FIG. 1. FIG. 7 is an enlarged 
view of a portion of a few of the elements represented 
by lines 31 located near the edge 22a of re?ector 13 
and an exaggerated vector diagram of the copolarized 
wave applied to these re?ector elements 31. It is to be 
noted that with the misalignment of the re?ector ele 
ments 31 relative to the polarization of the incident 
wave along vector 31a, there is a vertical vector 31b in 
addition to a horizontal vector 310. This misalignment 
is due in part to polarization change in the incident 
wave as the wave makes a greater angle with respect to 
the focal axis. The result is that a cross (vertical) ?eld 
36v is produced. By the displacement of the focal 
pointsfl and f2 of the two re?ectors 12 and 13 the suffi 
cient distance D as discussed previously and illustrated 
in FIG. 5, this cross-polarized field 36v at re?ector 13 
is squinted away from the main horizontally polarized 
beam in the direction 28. In the case of received hori 
zontally polarized waves generating cross (vertical) po 
larized waves at re?ector 13, these cross (vertical) po 
larized waves are squinted away at re?ector 13 from 
either of the horns 19a or 19b. 

In the previously .described arrangement with the 
focus fl spaced from focus f2 by ten inches and with the 
vertex 23a spaced from vertex 25a so that the focal axis 
of re?ector 12 is parallel to the focal axis of re?ector 
13, the unwanted cross-polarized wave is scattered 20 
degrees from the desired direction of the communica 
tion signal (direction 28 in FIG. 5). With this antenna 
system in a satellite orbit such a scattering of 20° is suf-. 
ficient to direct the squinted wave away from earth. 
Referring to the sketch of FIG. 8 and considering the 

case of horizontally polarized waves transmitted to re 
?ector 15 by horn 19c located at the focus f;; of re?ec 
tor 15, these waves 46 interceptedby re?ector 15 are 
collimated and directed as a beam in for example the 
same direction 28 as the waves re?ected by re?ectors 
12 and 13. In the case of vertically oriented waves com 
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6 
municated to re?ector 17 by horn 19d located at the 
focusf1 of re?ector 17, these waves 56 intercepted by 
re?ector 17 ‘are collimated and directed as a beam in 
for example the same ‘direction 28 as the waves re 
?ected by re?ectors 12, 13 and 15. The vertex of each 
of the re?ectors 15 and 17 is located on one edge of 
these re?ectors as shown in FIG. 1. The feed horn 190 
is located at the focusfq of the re?ector l5 and the feed 
horn 19d is located at the focusf, of re?ector 17. Since 
the vertex is along one edge of each of the re?ectors 
low blockage of the received or re?ected waves occurs. 
The vertically oriented waves 56 from horn 19:! pass 

ing through the common region 20 shown in FIG. 1 
pass through the re?ector 15 to re?ector l7 whereupon 
they are re?ected. As discussed above, some degree of 
cross (horizontally) polarized waves indicated by 
dashed lines 56h are excited and they are squinted 
away as discussed previously due to the suf?cient sepa 
ration D of the focus points f3 and f, of the two re?ec 
tors l5 and 17. In the case of horizontally polarized 
waves 46 passing through the re?ector 15 at the com 
mon region 20 they generate cross (vertically) polar 
ized ?elds 46v which are passed on to re?ector 17. As 
mentioned previously, these cross-polarized fields are 
squinted away due to the suf?cient separation of the 
focus points f3 and f4 of the two re?ectors. The reci 
procity theory of antennas applies in the operation of 
the antenna structure described herein. Therefore 
whatever happens in the transmission mode described 
previously applies in reverse in the reception mode. 
What is claimed is: 
l. A compact antenna arrangement for communicat 

ing electromagnetic waves with a ?rst and second po 
larization separated by 90° from one another compris 
ing: 

?rst and second electromagnetic wave re?ectors, 
each of said re?ectors comprising a portion of a 
parapoloid and having a resultant vertex, focus 
point and a focal axis, 

each of said re?ectors having a plurality of parallel 
electromagnetic wave re?ecting elements provid 
ing re?ection of waves, the elements of one re?ec 
tor being perpendicular to the elements of the 
other re?ector, 

a first feed means located at the focus point of said 
first re?ector and adapted to communicate electro 
magnetic waves polarized parallel to the re?ecting 
elements of said ?rst re?ector to produce a copola 
rized beam in a ?rst direction, 

a second feed means located at the focus point of said 
second re?ector and adapted to communicate elec 
tromagnetic waves parallel to the re?ecting ele 
ments of said second re?ector to produce a copola 
rized beam in a second direction, and 

means for mounting said re?ectors in an overlapping 
manner near the vertices with the focus points of 
said ?rst and second re?ectors sufficiently sepa 
rated from one another, said vertices sufficiently 
non-overlapping and the focal axes sufficiently sep 
arated so that cross-polarized waves generated at 
either said ?rst or said second re?ectors in re 
sponse to waves communicated with said first and 
second feeds respectively are scattered away from 
the copolarized beam of each re?ector. 

2. The combination claimed in claim I, wherein said 
re?ectors are mounted with the vertex of each sepa 
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rated so that the focal axis of said first and second re 
?ectors are parallel. 

3. The com bination claimed in claim 1, wherein said 
first and second directions are the same. 

4. The combination of claim 1, wherein one of said 
re?ectors overlaps substantially half of the other re?ec 
tor. 

5. The combination of claim 1, wherein said re?ec 
tors are formed of parallel metal wires embedded in di 
electric. 

6. An arrangement for communicating electromag 
netic waves with a first and second polarization sepa 
rated by 90° from one another comprising: 

first and second electromagnetic wave re?ectors, 
each of said re?ectors being portions of a parabola of 

revolution with the vertex being along the long 
edge of each of the re?ectors and having a resul 
tant focus point, 

each of said re?ectors having a plurality of parallel 
electromagnetic wave re?ecting elements provid 
ing re?ection of waves, the elements of one re?ec 
tor being perpendicular to the elements of the 
other re?ector, 
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8 
a first feed means located at the focus ofsaid first re 

?ector and adapted to communicate electromag 
netic waves polarized parallel to the re?ecting ele 
ments of said first re?ector to produce a copola‘ 
rized beam in a ?rst direction, 

a second feed means located at the focus of said sec 
ond re?ector and adapted to communicate electro 
magnetic waves parallel to the re?ecting elements 
of said second re?ector to produce a copolarized 
beam in a second direction, and 

means for mountng said re?ectors in an overlapping 
manner with the focus points of said first and sec 
ond re?ectors suf?ciently separated from one an 
other so that cross-polarized waves generated at 
either said ?rst or said second re?ectors in re 
sponse to waves communicated with said first and 
second feeds respectively are scattered away from 
the copolarized beam of each re?ector. 

7. The combination claimed in claim 6, wherein the 
region near the vertex of each of said re?ectors is over 
lapped. 
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