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‘11 "Claims.

, 1

This invention relates to antennas for high fre-
quency communication systems and particularly
to-radiating means for obtaining an energy dis-
tribution pattern closely approximating the rela-
tionship csc? ¢ in one plane, generally a vertical
plane, where ¢ is'an angle measured from the
axis of the radiating means.

In certain radio object-locating systems, for
example, it is desirable that the distribution of
energy in a vertical plane throughout a relatively
wide -angular -range be such that the variation
of energy density versus the radiation angle:is a
cosecant-squared function. This distribution

" provides - generally uniform echo strength for
targets disposed at substantially equal elevations
with respect to the antenna, regardless of whether
the target is distant or close in, and it eliminates,
to.a great degree, the need for tilting the an-
tenna to obtain satisfactory coverage of the area
under observation.

‘One means of achieving the desired radiation
pattern as above described is disclosed in my co-
pending application Serial No. 584228 filed
March -22, 1945, and issued on June 20, 1950 as
Patent No. 2,612,147, In this copending appli-
cation I have provided a modified paraboloidal
reflector in-which an elongated strip of metal is
mounted in front of a portion of the reflector
surface, said strip being inclined at an angle to a
horizental plane through the reflector axis.

10

I have found herein that an excellent csc? 6

radiation pattern may be produced by removing
a strip of a paraboloidal reflector correspond-
ing-generally with the dimensions of a shadow

which would be cast on the paraboloidal - re-~ -

flector surface by the strip of my above-mentioned

-application when illuminated from a source cor-
responding to the focal point of the paraboloidal
reflector.

Accordingly one-of the objects of the present
invention is to provide a csc? ¢ radiation pat-
tern by simple modification of a paraboloidal re-
flector.

- Another -object of the invention is to: provide
-8.-paraboloidal reflector having means for shap-
ing a-beam of radiant energy by subtracting en-
-ergy from portions of the beam.

-Still-another object of this invention is to pro-

vide:a parabolic reflector such as one shaped as
@-paraboloid of revolution in ‘which a section. of
the surface thereof is removed. As an alterna-
tive.-construction, the removed section may.be
replaced ‘by an absorbing or non-reflecting ma-
terial, whereby a beam pattern of modified shape
is produced.
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2
‘Other objects and advantages of the invention
will become apparent as the description proceeds.
In the drawings:
‘Pig. 1 is a front elevation view of an antenna
showing one embodiment of the reflector ac-

‘cording to the invention.

Fig. 2 is a side sectional view of the same along
the line 2—2 of PFig.'1;

Fig. 3.is a diagrammatic side sectional view of
the reflector of Figs. 1 and 2 illustrating one
means of determining the location of the modi-
fied portion according to the invention;

Fig. 4-is a front elevation view of an antenna
illustrating another embodiment of the inven-

‘tion;

Fig. 5 is a-side view of ‘the antenna along the
line 5—5 of Fig. 4; and

Fig. 6 is a diagram illustrating in rectangiilar
coordinates the directive vertical patterns ob-
tained with an antenna according to the present
invention.

Referring to Figs. 1 and 2 of the drawing, a
radiating element or source (8, such as a dipole
and parasitic element, fed by a wave guide or
coaxial line (i is constructed and located in a
conventional manner for illuminating a reflector
12, Reflector 12 is formed preferably as a parab-
oloidal surface having its focal point near the
apparent center of the radiating source 18. As
is well known, the reflector 12, as thus far de-
scribed, is adapted to reflect radiant energy in a
pencil type beam characteristically having a dis-
tribution pattern relativaly narrow both in ele-

vation and . azimuth as indicated in the dotted

line configuration of Fig. 2.

According to this invention, reflector 12 is
modified to obtain a distribution pattern which
approximates a csc? ¢ configuration in one plane,
which for the present description may be con-
sidered. the vertical plane of elevation. This is
accomplished, according to one embodiment of
the: present. invention, by removing a portion of
the reflecting surface of reflector 12 such as by
cutting out a strip or portion of the surface of
suitable:size and dimension to obtain the desired
pattern.

In Fig. 1 the open portion or slot designated 13,
which is formed when the surface portion is re-
moved, .is substantially .quadrilateral in shape
and extends substantially the full -‘width of the
paraboloidal reflector 12. Open:portion or slot
13: may ‘be disposed in the upper portion of re-
flector (2 (as shown)- or:in the lower portion, de-
pending upon whether thecsc2 ¢ configuration of
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the pattern is desired at the bottom or top of the
beam.

The open portion or slot 13 generally conforms
in size and position to a shadow which would be
cast upon the reflecting surface of reflector 2
by the strip member of my above-mentioned co-
pending application. The exact dimensions and
position of open portion 13 for obtaining a de-
sired radiation pattern may be determined ex-
perimentally for various sized reflectors.

One manner for determining the position and
definition of open portion or slot {3 involves pass-
ing a plane P (Fig. 3) through the focal point
or center of the radiating source 10 as at F at an
angle « which may preferably be between 5° and
20°, with the reflector axis. Planes P1 and Pz,
parallel to and equidistant from plane P, are
extended to intersect the reflecting surface of
reflector 12. The lines of intersection of planes
P: and Pz with the reflecting surface define the
upper and lower limits or edges 14 and {5 of open
portion or slot 13. The edges 14 and {5 are
preferably spaced apart by a distance of more
than a wave length of the energy directed on
reflector 12 by radiating source (0. The distance
between lower edge {5 and the vertex 16 of re-
flector 12 is determined by the particular pattern
desired and depends to a certain extent on the
size of reflector 12. It has been found that, for
a 30"’z (F=10.6"") circular paraboloidal refiector
12, where F is the focal length of said refiector
an excellent radiation pattern which closely ap-
proximates a csc? ¢ pattern is obtained when the
distance between lower edge 15 and vertex 16 is
between two and three inches. A diagram show-
ing an approximation of the radiation pattern in
rectangular coordinates obtained by such a re-
flector is shown in g solid line in Fig. 6, the ideal
cosecant curve being indicated in dotted lines.

The effect of the open portion or slot 13 on the
radiation pattern normally produced by a full
paraboloidal reflector i2, is believed to be due to
the fact that the upper portion of the beam pat-
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tern, which would normally be produced if the .

open portion or slot 13 were not present, is re-
moved to g certain extent from the radiation pat-
tern, thus leaving the lower portion of the pat-
tern. In other words, a subtraction effect on the
beam pattern is produced by removal or subtrac-
tion of a portion of the reflecting surface of
reflector 12.

It would appear that, with a reflector having
an open portion 13 (or an absorbing portion as
described hereinafter), an appreciable amount
of the radiant energy from the source {0 would be
lost. However, tests made of antennas embody-
ing reflectors according to this invention indi-
cate that much less energy is lost than would be
expected, and in fact such tests show a satis-
factory amount of relative gain with reflectors
constructed in accordance with this invention.

Figs, 4 and 5 illustrate another embodiment
of this invention. A paraboloidal reflector 17 is
illuminated by a radiating source 18 in the man-
ner described with reference to Figs. 1 and 2.
Instead of removing a strip from reflector 12 to
afford an open portion {3 as described herein-
above, a strip 20 of absorbing or electrically re-
sistive material corresponding generally to the
shape and size of open portion or slot 13 is dis-
posed on the front surface of reflector 17 in the
position of slot {3. According to a modification,
absorbing strip 20 may be so disposed that it
would replace the strip which is removed to afford
open portion or slot 13. )
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Absorbing strip 20 may be of any suitable
material which will not effectively reflect the
radiant energy from source 18. Accordingly, strip
20 may comprise a sheet of suitable insulating
material which may be a plastic such, for ex-
ample, as phenolic resin or a phenol fibre coated
on the face toward the source 18 with one or more
layers of resistive material. The resistive mate-
rial may for example be a mixture of finely
divided graphite and a suitable binder spread on
to the surface of strip 20 in one or more coats.
Preferably the plastic sheet has a thickness of
about

M
7

Ak being the wave length of radiant energy pass-
ing through the particular plastic, of dielectric
constant &, which is used.

The effect of the absorbing strip 20 is generally
the same as that of open portion or slot 13. A
radiation pattern in rectangular coordinates
obtained with a reflector of the same character-
istics as referred to with reference to Figs. 1 and 2
is illustrated in dotted and dashed lines in Fig. 6.

While preferred embodiments of this invention
have been illustrated and described, it is to be
understood that various other modifications and
improvements may be made within the scope of
the invention. Hence it is not desired that the
invention be limited to the precise details set
forth.

What is claimed is:

1. An antenna comprising a radiating means
and g reflector, said reflector being shaped as a
paraboloidal surface normally adapted to direct
radiant energy in a pencil type beam along a main
path, said reflector having a non-reflecting por-
tion in its reflecting surface comprising an open-
ing therein, said opening being generally quadri-
lateral in shape and extending horizontally sub-
stantially the full distance across one of the upper
or lower halves of said reflector, the surfaces de-
fining the upper and lower limits of said opening
being the intersections with said reflecting sur-
face of two parallel planes spaced equidistant on
opposite sides of and parallel with a plane
through the focal point of said reflector and dis-
posed at an angle with the reflector axis, said
opening being effective to modify the pattern of
reflector by said reflection whereby an unsym-
metrical radiation pattern is produced.

2. An antenna as claimed in claim 1 wherein
the distance between said upper and lower limits
of said opening is more than a wavelength of the
radiant energy.

3. An antenna comprising a radiating means
and a reflector, said reflector being shaped as a
paraboloidal surface normally adapted to reflect
radiant energy in a pencil type beam along a
main path, non-reflective materia] positioned ef-
fectively to form a portion of the reflecting sur-
face of said reflector, said non-reflective ma-
terial being generally quadrilateral in shape and
extending substantially the full distance across
said reflector, the long edges of said portion lying
along lines of intersection with said reflecting
surface of two parallel planes spaced equidistant
on opposite sides of, and parallel to, a plane
through the focal point of said reflector and
disposed at an angle to the reflector axis, said
portion being effective to modify the reflective
characteristics of said reflector whereby a differ-

duced. )

ently shaped energy distribution pattern is pro-
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4. Anantenna as claimed in claim 3 wherein the
non-reflective material comprises a strip of en-
ergy absorbing material, the width of said strip
being more than a wavelength of the radiant
-energy. .

5. An antenna comprising means for radiating
electromagnetic wave energy, a directive reflector
having an axis and positioned to reflect radiation
from said radiating means in o given radiation
pattern, and means for modifying said given ra-
diation pattern in a predetermined manner in-
cluding a substantially non-reflective portion
within the boundaries of said reflector and posi-
tioned effectively to form a part of the surface of
said directive reflector, said non-reflective por-
tion extending substantially the full distance
across said reflector on one side of said axis,
the size and position of said non-reflective por-
tion being determined by said predetermined
manner of modification of said given radiation
pattern.

6. An antenna according to claim 5 wherein
said non-reflective portion is formed by an aper-
ture in said reflector.

7. An antenna according to claim 5 wherein
said non-refiective portion comprises electromag-
netic wave energy absorbing material mounted
on the surface of said reflector.

8. An antenna with means for distorting the
normal directive radiation pattern approximately
into a csc? ¢ pattern in one plane where ¢ is the
angle measured from the axis of directivily of
said normal pattern comprising means for ra~
diating electromagnetic wave energy, a parab-
oloidal reflector positioned to reflect radiation
from said radiating means in a given radiation
pattern, and means for distorting said given
pattern approximately info the cse? ¢ pattern in
one plane including an elongated substantially
non-reflective portion within the boundaries of
said reflector and positioned effectively to form
a part of the surface of said paraboloidal re-
flector, said non-reflective portion extending sub-
stantially the full distance across said reflector on
one side of the axis thereof, said non-reflective
portion being oriented substantially in a plane
perpendicular to said one plane,
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9. An antenna according to claim 8 wherein
said non-reflective portion is formed by an elon-
gated slot in said paraboloidal reflector.

10. An antenna according to claim 8 wherein
said non-reflective portion comprises a strip of
electromagnetic wave energy absorbing material
mounted on the surface of said paraboloidal re-
flector.

11. An antenna comprising a radiating means
and a reflector, said reflector being shaped as a
paraboloidal surface normally adapted to reflect
radiant energy in a pencil type beam along a main
path, a portion of said reflector being non-re-
flective, said non-reflective portion being gen-
erally quadrilateral in shape and extending sub-
stantially the full distance across said reflector,
the long edges of said portion lying along lines
of intersection with said reflecting surface of two
parallel planes spaced equidistant on opposite
sides of, and parallel to, a plane through the focal
point of said reflector and disposed at an angle to
the reflector axis, said portion being effective to
modify the reflective characteristics of said re-
flector whereby a differently shaped energy dis-~
tribution pattern is produced.

JOHN H. GARDNER.
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