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ANTENNA SYSTEM FOR RADIATING MULTIPLE 
PLANAR BEAMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present invention relates to a multiple beam an 
tenna suitable for use in an antenna system for radiat 
ing a Doppler coded pattern such as described in co 
pending application Ser. No. 347.506. ?led Apr. 3. 
1973. entitled “Antenna System For Radiating Doppler 
Coded Pattern Using Multiple Beam Antenna“ and as 
signed to the same assignee as the present application. 

BACKGROUND OF THE INVENTION 

This invention relates to antennas for use in direction 
?nding systems. In particular it relates to antenna sys 
tems capable of radiating multiple simultaneous planar 
beams. 
Direction ?nding systems generally measure the an 

gular components of a direction vector to a target in ei 
ther planar or conical coordinates; for example, it is 
usual to specify azimuth direction of a target in planar 
coordinates and elevation angle in conical coordinates. 
When it is desired to use either planar or conical coor 
dinates in a direction ?nding system which utilizes di 
rectional antennas. it is desirable that the antenna 
beam shape correspond to the desired coordinate sys 
tem. This feature avoids the need for a coordinate 
transformation. Modern direction ?nding systems re 
quire antennas which have very rapid beam motion or 
can operate with many simultaneous beams. These fea 
tures enable rapid movement of the beam between tar 
gets. or enable the antenna to have simultaneous beams 
on more than one target. 

A well known antenna system for locating targets in 
a planar coordinate system is a mechanically rotated 
“fan beam" antenna commonly used for search radars 
and other applications. This antenna type may take the 
form of a specially shaped re?ector and illuminating 
feed or a linear array of antenna elements with wave 
signals of equal phase coupled to each element. Either 
of these antennas radiates a single planar fan beam 
which is moved through space by mechanically rotating 
the antenna. 

Prior antenna systems with multiple fan beams in 
clude linear arrays of antenna elements which achieve 
these beams by changing the phase of the energy cou 
pled to each of the elements. Another multiple fan 
beam system is a paraboloid re?ector with a large as 
pect ratio and multiple feeds. Both of these systems 
provide conical beams. 
A circular array of antenna elements is capable of 

providing multiple planar fan beams. This antenna sys 
tem requires. however, a large number of antenna ele 
ments and many complex circuit devices to achieve ac 
curate direction ?nding. Another disadvantage is that 
the circular array must usually have a diameter larger 
than the useful aperture. 

R. N. Assaly and L. .I. Ricardi. in an article entitled 
“A Theoretical Study Of A Multi-Element Scanning 
Feed System For A Parabolic Cylinder.“ IEEE Trans 
actions on Antennas and Propagation. Vol. AP-l4. No. 
5. Sept. 1966. have considered the use of a cylindrically 
shaped re?ector with multiple feeds for use in radiating 
multiple beams. However. in this article they assume a 
feed and re?ector of in?nite extent in the direction of 
the focal axis and they perform an analysis in two di 
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mensions which does not distinguish between planar 
and conical beams. nor does it reveal the beam shapes 
available from a practical antenna operating in three 
dimensional space. 

SUMMARY OF THE INVENTION 

An object of the present invention. therefore, is to 
provide an antenna system for simultaneously radiating 
a plurality of planar beams into an assigned region of 
space. . 

A further object of the present invention is to provide 
such an antenna system which will radiate focused 
wave energy over a desired radiation angle for each 
planar beam. 
A still further object of the present invention is to 

provide such an antenna system in a simple configura 
tion and at a low cost. 

In accordance with the present invention. there is 
provided an antenna system for radiating a plurality of 
planar beams and having a desired radiation angle in 
the plane of each beam. The antenna system includes 
a cylindrical re?ector for converting an incident spheri 
cal wave from a point source into a cylindrical wave. 
the re?ector having an axial length which subtends an 
angle. viewed from a point on the focal axis of the re 
?ector which is substantially equal to the desired radia 
tion angle. Further included are a number of feed ele 
ments. equal to the number of planar beams desired 
and each oriented to efficiently illuminate the re?ector 
with wave energy patterns. The feed elements are lo 
cated in the vicinity of the point on the focal axis and 
have in a plane which is perpendicular to the focal axis 
a component of angle displacement from each other. 
viewed from the center of the re?ector. When the re 
?ector is illuminated by the pattern of any of the feed 
elements a corresponding planar beam will be radiated 
in a direction which is unique to that beam when ob 
served in a plane perpendicular to the focal axis. and 
having the desired ‘radiation angle in the plane of that 
beam. 
For a better understanding of the present invention. 

together with other and further objects thereof. refer 
ence is had to the following description taken in con 
junction with the accompanying drawings, and its 
scope will be pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is one embodiment of an antenna system con 
structed in accordance with the present invention. 
FIG. 2 illustrates. the planar beams radiated by the 

FIG. 1 antenna. 
FIG. 3 and 4 are alternative embodiments of the pres 

ent invention. 

DESCRIPTION AND OPERATION OF THE FIG. 1 
ANTENNA SYSTEM 

The antenna system of FIG. 1 includes focusing 
means for converting an incident spherical wave from 
a point source into a- cylindrical wave, namely, a para 
bolic cylindrical re?ector l0. and means for illuminat 
ing the focusing means with wave energy patterns 
which in this embodiment comprises the three feed 
horns 11a. b. c. The re?ector l0 has'a focal axis 12 and 
an axial length 13 such that the axial length 13 subtends 
an angle 14 when viewed from a point IS on the focal 
axis 12. The feedhorns II in the FIG. 1 embodiment 
are located in the vicinity of the point 15 on the focal 
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axis 12 and have a component of angular displacement 
16 from each other in a plane 17, which is perpendicu 
lar to the focal axis 12, when viewed from the center 
18 of the re?ector 10. 
The height 19 of the re?ector l0 and the'distance to 

the focal axis 12 are chosen in accordance with stan 
dard principles well known to those skilled in the an 
tenna art, and on the basis of desired beamwidth in the 
plane 17 perpendicular to the focal axis 12 and the 
characteristic patterns of the feedhorns II. The width 
13 of the re?ector 10 is chosen such that angle 14 is 
substantially equal to the desired radiation angle of the 
planar beams to be radiated as measured in the plane 
of each beam. 
The number of feedhorns used in an antenna system 

such as that of FIG. I is chosen to be equal to the num 
ber of planar beams desired. Feedhorns 11 may be of 
any suitable type that will radiate wave energy patterns 
which efficiently illuminate the re?ector l0. Feed ele 
ments other than feedhorns 11 may very well be used 
as is evident to one skilled in the art. Other types of ele 
ments which may be used are dipoles and spirals. 

It is evident that the wave energy patterns from each 
of the feedhorns have a radiation phase center at a dif 
ferent point in space. The radiation phase center is the 
point in space from which spherically diverging waves 
appear to originate. Other means for illuminating the 
re?ector 10 with the necessary plurality of wave energy 
patterns are possible. One such means is the apparatus 
described in U.S. Pat. No. 3,710,388, which is an array 
of elements having the capability of radiating wave en 
ergy patterns from phase centers displaced in space. 

In the FIG. 1 embodiment, the feedhorns 11 are lo 
cated substantially in a plane 17 which passes through 
the center of the re?ector l0 and is perpendicular to 
the focal axis 12. Alternatively, the feed locations may 
be displaced to one side of center. This would be likely 
in a system wherein asymmetrical coverage is required. 
It is also not required that the feed elements be located 
in plane 17, so long as they have the required compo 
nent of angular displacement 16 in the plane 17. 
The operation of the FIG. 1 antenna is illustrated in 

FIG. 2. When the re?ector 19 is illuminated by the 
wave energy pattern of each of the feedhorns 11, a cor 
responding planar beam 20 is radiated in a direction 
which is unique to that feedhorn when measured in a 
plane 17 perpendicular to the focal axis 12. Each of the 
planar beams 20a, 12, c‘ so radiated has a desired radia 
tion angle 21 in the plane of that beam corresponding 
to the angle 14 subtended by the axial length 13 of the 
re?ector 10 as shown in FIG. 1. These planar beams 20 
radiated by the antenna system of FIG. 1 are suitable 
for use in a direction finding system using planar coor 
dinates. 

In accordance with other embodiments of the present 
invention, the re?ector 10 in FIG. 1 may be replaced 
with any one of many devices that are capable of con 
verting an incident spherical wave from a point source 
into a cylindrical wave, including transmissive lenses 
and arrays. Such focusing means have a substantial fo 
cusing effect on incident wave energy in one plane 
which includes the direction of propagation and no 
substantial focusing effect in a perpendicular plane 
which also includes the direction of propagation. The 
plane in which focusing occurs is perpendicular to the 
focal axis of the focusing means. Hence, spherically di 
verging waves originating from a point source in the vi 
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4 
cinity of the focal axis are converted by such focusing 
means to cylindrically diverging waves as would origi 
nate from a line source of radiation. 
The parabolic re?ector 10 in the FIG. 1 embodiment 

has only one focal axis 12. A transmissive focusing 
means for converting an incident spherical wave from 
a point source into a cylindrical wave, such as a dielec 
tric lens, has two focal axes, one on each side of the 
lens. A circularly symmetrical focusing means such as 
a circular cylindrical re?ector or a cylindrical Lune 
berg lens has an in?nite number of focal axes by reason 
of its circular symmetry. 

In a case where a focusing means has more than one 

focal axis, a point on any focal axis may be used as a 
reference for locating the necessary illuminating 
means. The required axial length of such a focusing 
means at the surface from which wave energy would be 
radiated. if originating on the selected focal axis, must 
subtend the desired radiation angle viewed from the 
point on the selected focal axis. 

DESCRIPTION OF THE FIGS. 3 AND 4 ANTENNA 
SYSTEMS 

FIG. 3 is an embodiment of the present invention 
wherein the focusing means is transmissive and is a cy 
lindrical Luneberg lens 22. The most commonly known 
Luneberg lens is a spherical structure of material whose 
propagation velocity is a function of the radius at which 
the material is located, such that incident plane wave 
energy is focused to a point on the surface of the sphere 
diametrically opposite the point corresponding to the 
direction of incidence. The cylindrical Luneberg lens 
22 causes incident plane wave energy to be focused to 
an axial line on the surface diametrically opposite the 
axial line corresponding to the direction of incidence. 
The cylindrical Luneberg lens 22 is therefore capable 
of focusing incident wave energy with respect to an in 
finite number of focal axes due to its circular symme 

try. 
In the FIG. 3 embodiment the feedhorns llu, b, c are 

located on the surface of the lens 22 in the vicinity of 
a particular focal axis 12'. The feedhorns 11 have an 
angular displacement component 16' from each other 
in a plane 17, which is perpendicular to the focal axis 
12’, viewed from the center 18 of the lens 22. The lens 
22 has an axial length 13' which on the surface diamet 
rically opposite the focal axis 12’ subtends an angle 
substantially equal to the desired radiation angle, 
viewed from a point on the focal axis 12' in the vicinity 
of the feedhorns 11. 

FIG. 4 is another embodiment of the present inven 
tion wherein the focusing means is a transmissive array 
structure 26. The array structure 26 includes a ?rst 
array of receiving elements 23 for receiving the wave 
energy patterns from the feedhorns 11. The structure 
26 also includes means 24 for shifting the phase of the 
wave energy received by each of the elements 23 of the 
?rst array and a second array of elements 25 for radiat 
ing the phase shifted wave energy. The phase shifting 
means 24 provide an appropriate predetermined 
amount of phase shift for each of the elements 23, such 
that the structure 22 performs the function of convert 
ing an incident spherical wave from a point source into 
a cylindrical wave. The phase shifting means 24 may be 
any of the commonly used devices such as variable 
lengths of transmission line or transmission line with 
variable amounts of dielectric loading. The array ele 
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ments 23 and 25 may be any of those commonly used 
in the art, such as dipoles, horns or spirals. 

It will be evident to those skilled in the art that the 
phase shifting means 24 used in the HO. 4 embodiment 
may be re?ective phase shifters which cause energy to 
re-radiate from the ?rst array of elements 23, in which 
case the second array of elements 25 is not required. 
The result is a re?ective focusing means comprising an 
array of re?ective elements. 

In describing the various embodiments above, refer 
ence has been made to transmitting antennas. but it will 
be recognized by those skilled in the art that the princi 
ples of the present invention can also be applied to re 
ceiving antennas. Accordingly, the appended claims 
shall be construed as covering both transmitting and 
receiving antenna systems regardless of the descriptive 
terms actually used therein. 
An antenna constructed in accordance with the pres 

ent invention can be used as a scanned beam antenna 
system as well as a multiple beam antenna system. The 
scanned beam antenna is achieved by causing motion 
of the phase center of the illuminating means or by se 
quentially coupling each of the multiple feeds to the 
transmitter or receiver. 
There are design criteria applicable to any antenna 

which may also be applied to antenna systems con 
structed in accordance with the present invention, as 
will be apparent to one skilled in the art. Various tra 
deoffs in relation to aperture size and shape, and feed 
type and location may be made in designing antenna 
systems embodying the invention described herein. 
These tradeoffs will be affected by the angular extent 
of the region of space which is to be illuminated by the 
antenna system, the desired polarization. the number of 
beams required and the orientation of the antenna with 
respect to those beams. 
While there have been described what are at present 

considered to be the preferred embodiments of this in— 
vention, it will be obvious to those skilled in the art that 
various changes and modifications may be made 
therein without departing from the invention and it is 
therefore aimed to cover all such changes and modi? 
cations as fall within the true spirit and scope of the in 
vention. 
What is claimed is: 
1. An antenna system for radiating a plurality of pla 

nar beams and having a desired radiation angle in the 
plane of each beam, comprising: 

a cylindrical re?ector for converting an incident 
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6 
spherical wave from a point source into a cylindri 
cal wave, said re?ector having an axial ' length 
which subtends an angle, viewed from a point on 
the focal axis of said re?ector, which is substan 
tially equal to said desired radiation angle; 

a number of feed elements, equal to the number of 
planar beams desired and each oriented to effi 
ciently illuminate said re?ector with a wave energy 
pattern, said feed elements being located in the vi 
cinity of said point on said focal axis and having in 
a plane which is perpendicular to said focal axis a 
component of angular displacement ‘from each 
other, viewed from the center of said re?ector; 

whereby, when said re?ector is illuminated by the 
pattern of any one of said feed elements, a corre 
sponding planar beam will be radiated in a direc 
tion which is unique to that beam when observed 
in a plane perpendicular to said focal axis, and hav 
ing said desired radiation angle in the plane of that 
beam. 

2. An antenna system as specified in claim 1 in which 
said re?ecting means is a parabolic cylindrical surface. 

3. An antenna system as speci?ed in claim 1 in which 
said re?ecting means is a circular cylindrical surface. 

4. An antenna system for radiating a plurality of pla 
nar beams and having a desired radiation angle in the 
plane of each beam comprising: 

a parabolic cylindrical re?ector for converting an in 
cident spherical wave from a point source into a cy 
lindrical wave, and having an axial length which 
subtends an angle when viewed from a point on the 
focal axis of said parabolic re?ector, which is sub— 
stantially equal to said desired radiation angle; 

a number of waveguide feedhorns, equal to the num 
ber of planar beams desired and each oriented to 
efficiently illuminate said re?ector with wave en 
ergy patterns, said feedhorns being located in the 
vicinity of said point on said focal axis and having 
in a plane which is perpendicular to said focal axis 
substantially equal components of angular dis 
placement from each other, viewed from the center 
of said re?ector; 

whereby when said reflector is illuminated by the pat 
tern of any one of said feedhorns, a corresponding 
planar beam will be radiated in a direction which 
is unique to that beam, when observed in a plane 
perpendicular to said focal axis, and having said de 
sired radiation angle in the plane of that beam. 
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