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The present invention relates generally to devices for
shaping the radiation pattern of an antenna and more
particularly to radar antenna radiation pattern shaping
means. '

Various means have been devised in the past to elimi-
nate or at least to reduce antenna radiation in a particular
direction. The known means have included radiation
absorbing devices which are mounted adjacent to the
antenna to absorb radiation in a chosen direction. In
the known constructions the radiation absorbing material
has been fixedly attached to an immovable object ad-
jacent to the antenna such as a radome but has not been
satisfactory for use with moving antenna structures such
as the antenna structures employed with radar gear be-
cause movement of the antenna changes the relative po-
sition of the absorbing material with respect to the an-
tenna and thereby changes the direction of maximum
radiation absorption relative to the radiation pattern. If
the antenna is moved through a large enough angle the
main antenna beam may actually be directed at the absorb-

-~ ing material and be undesirably attenuated while the (un-

desirable) side radiation which it is intended to absorb
is unaffected. Another major problem of known radia-
tion absorbing elements has been their inability to with-
stand intense radiation resulting in a functional break-
down when located in a strong electromagnetic field.
These and other disadvantages of the known devices are
overcome by the present devices which comprises an an-
téenna structure having a feed element or radiator, a re-
flector located adjacent to said radiator, and means mount-
ed on the antenna structure for attenuating radiation
therefrom in a chosen direction relative to the antenna.

It is a principal object of the present invention there-
fore to provide means for reducing antenna radiation in
a chosen direction, such as the extreme side lobes of the
radiation pattern so that the effective radiation is con-
centrated as desired.

Another object is to uniformly reduce antenna radia-

‘tion in a chosen direction relative to the antenna re-

gardless of the direction in which the antenna is facing.

Another object is to maintain a constant relationship
between a main antenna radiation beam and a secondary
or side lobe.

Another object is to provide an inexpensive, light-
weight and compact device capable of absorbing antenna
radiation, which device is capable of withstanding large
amounts of radiation without breaking down and which
can be installed on new or existing antenna structures with
minimum effort.

Another object is to provide a radiation absorbing de-
vice for antennae which reduces radiation therefrom in
a chosen direction without reducing, distorting or bend-
ing the radiation in other directions,

Another object is to provide a radiation absorbing de-
vice which can be mounted on antenna structures and
moved therewith.

Still another object is to increase the accuracy of radar
antennae and the like by maintaining a constant fixed
relationship between the magnitude of the principal ra-
diation lobe and the side lobes.

These and other objects and advantages of the present
invention will become apparent after considering the
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following detailed specification in conjunction with the
accompanying drawing.

In the drawings:

FIG. 1 is a perspective view of an antenna siructure
having pattern shaping means constructed according to
the preferred teachings of this invention;

FIG. 2 is a cross-sectional elevational view on an en-
larged scale taken along the center line of the antenna
of FIG. 1 and showing in phantom outline a typical at-
tenuated radiation pattern therefor; and

FIG. 3 is a cross-sectional view of an antenna mounted
in a radome for movement about different axes and rela-
tive to a radiation absorbing means which is illustrative
of prior art examples.

Referring to the drawing more particularly by ref-
erence numbers, the number 18 refers to an antenna
structure constructed according to a preferred teaching
of the present invention. The antenna 16 has a parabolic
reflector or shield 12, a radiator 14 mounted centrally
adjacent the concave side of the reflector 12, and suitable
leads 16 connecting the radiator 14 to a radar set 18 or
similar radiation transmitting or receiving device. The re-
flector 12 is movably carried on a universally pivoting
device A. ’ :

When energy is fed to the radiator 14 from the radar
set 18 it is radiated therefrom in a pattern, as in FIG.
2, the characteristics of which depend upon the char-
acteristics of the antenna components including the ra-
diator and the reflector, the characteristics of the signal
itself, and also the characteristics of the surrounding
structures and their location relative to the antenna. TFor
example, the forward lobe 20 emitted by the radiator 14
has a plurality of secondary or side lobes which are con-
veniently shown as envelope 22 and 26 in which the sec-
ondary and all side beams are lumped together. In
the more generalized situation there will be a number of
such side lobes, but for the sake wof this invention these
side lobes are dealt with as one general side lobe, which
forms the envelope of all side lobes.

In order to reduce the magnitude of the side lobe in a
given direction or portion of the annular envelope, de-
picted in FIG. 2, a stick 24 of radiation absorbing ma-
terial is mounted adjacent to the radiator 14 as shown in
FIGS. 1 and 2. Any suitable radiation absorbing mate-
rial can be used for this purpose provided it can withstand
the intensity of the radiation without breaking down.
Heretcofore, the absorber material 28 of FIG. 3 has con-
sisted of a section of foam rubber with graphite therein
and having a ply of aluminum foil on one surface. This
is generally referred to as harp material and may have
other material components. A greatly more effective
material which has been found particularly desirable be-
cause of its electromagnetic absorption characteristics is
ferrite. Ferrite is an amorphous substance, usually al-
though not necessarily, an iron compound having mag-
netic characteristics. When a rod of ferrite is mounted
as described, the radiation in the unwanted direction is
absorbed and the radiation pattern from the antenna is
modified from a pattern having approximately equal side
lobe radiation in a band about the radiator 14 to that
shown in FIG. 2. In the example of FIG. 2, the radiator
14 has the generally cylindrical shape illustrated with the
outer free end defining an imaginary plane just within the
rim opening of the reflector, and the stick has its free end
at or to the rear of the imaginary plane for the radiator.
The pattern of radiation when the stick 24 is used con-
sists of the main beam 20 which is substantially un-
changed, and a side lobe 22 which is modified from a uni-
form annular band by having its intensity greatly reduced
in the direction of the stick 24, as at 26. The shape of
the side lobe 22 is unchanged in the upper and sidewise



directions but is substantially. -attenuated in. the down-
ward direction. - In actual tests it has been found that the
reduction in radiation in the downward direction is very
substantial using a ferrite stick,-and that the effect on-the
‘main beam 20 even when the radlatlon is relatlvely hxgh
is negligible.

A particular apphcatlon where the present device has
been found useful is in connection with the radar systems

“employed on airplanes. In such devices not only is it~

important to properly modify the radiation pattern in

- given directions. but it is also important that the size and-

weight of the equipment be kept at:a minimum, " These
- Tequirements ‘are-all :obtained using a ferrite stick .con-

structed and installed as described herein. ‘During & typi-

“cal tracking operation, for example, using “an airplane

-radar set, the radar antenna main beam is directed to a

Temote targ’et.' The main beam thus directed, is reflected
from the target and picked up-by the same antenna. = At

-the same time énergy is also being radiated in the form of~

side lobes, and part of the side lobe energy is radiated

downwardly and reflected from the earth’s surface. The

-reflected energy received from the target area, and from

the earth’s surface as a result of the side lobe energy, is:

fed to the radar set and its presence made known in the
-form ‘of images on a radar scope. = The radar scope is
-usually calibrated in azimuth and range. :

The pictorial représentations on the. scope appear as
a line which is referred to as the “altitude line” and which -
~extends across the face of the scope-as ifit were a target:
~at a range-corresponding tothe aircraft altitude,-and as
-a target or bright spot. - As the aircraft closes on the "

-target, the range to the target decreases and the target
‘must ‘pass- through the altitude line. It is important to
- proper tracking that-the intensity of the power reflected
-from .the target and received by the radar antenna be of
much higher magnitude than the power the antenna.re-
ceives which has been reflected from the earth. - This dif-

-ference.in intensity 'will insure.that-the radar remains
locked on the target as the target passes through. the alti- -

“tude line. - In this regard it should be noted that the
power:due- to-noise” and earth reflections is-due in large
part -to the strength of the side lobe reflections.” 'If the
reflected energy due to the side lobes is large, the power
which contributes to the altitude line will be:large and
-it will ‘be more difficult for the tracking radar to dlstm-

guish between the altitude line and target and “lock on”.

may be lost as the target passes thrOugh the altitude line.

When this condition exists it becomes dxﬁicult 1f not im-

possible to successfully track. :

As previously notéd, to.insure satisfactory tracking, the
-power received from the target signal must be appreciably
-greater than the power received from -the earth’s signal.
The ratio of the power received from the earth and the
power received from the target depénds on-the reflecting
areas of the reflecting bodies and the gain of the antenna

when power is received from a particular direction.. The -

-ratio of the observed area of the earth to the observed

target area isa factor which cannot be controlled.. There- -

fore, in order to have an appreciably stronger signal from
the target than from the earth, some means must be de-
vised to reduce -the- amount of- energy ‘radiated "in and

received from the side lobes without reducing the energy -

directed by the main beam at the target.

By using-a ferrite rod 24 mounted adjacent to the lower
side of the radiator (FIG. 2) the desirable reduction in
-downward radiation is effected.” The same effect is ob-

tained with the harp material 28 in FIG. 3, however, in

the past, attempts to solve this problem have been unsuc-
_cessful because they have not made provisions taking into
account the movement of the antenna as it follows the

farget. . For example, as illustrated in FIG. 3, the radia- .

-tion -absorbing material 28 is mounted in a fixed position
relative -to the antenna 10a mounted on -the universally
‘pivoting device A within the radome 39 of an airplane.
The antenna-10a works satisfactorily during level flight
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_ but not otherwise because during certain flight attitudes
the ‘antenna 18a will actually be looking through the ab-
sorbing material Z8 ‘or. else lookmg away. from the ab-
sorbing material, as indicated in the broken line positions.

5 The . present- invention ‘overcomes these disadvantages
by mounting the ferrite rod 24, or the absorbing material
28 adjacent to the radiator itself on the antenna so that

- it moves with the antenna and not relative thereto. . Cb-
viously, therefore, regardless of the attitude of the airplane

10 or the direction in which the antenna is facing, the antenna
never faces into or away from the ”absorbing material.
The purpose of applicant’s device then is to absorb or re-
direct the side Iobe power that otherwise would be radiated
toward the earth or some other body so that the reflected

15 energy received by the main lobe will always be substan-
tially greater than the energy received from the side lobes.

In a particular test it was discovered that a ferrite rod
7 inches long and .250 inch in diameter reduced side lobe
“radiation by at least 4 decibels-in the downward direction,

20 and at the same time produced no significant attesiuation,
distortion, or bending in the azimuth plane of the main
“beam. This indicates that the ferrite rod produced no
deterioration of the main or target beam but effect sub-
stantial reduction in th¢ downward side lobe radiation.

-95 . Temperature test ‘also indicated that the ferrite rod

would not- break down even under extreme  operation

- =conditions. ‘Tests have also been conducted satlsfactonly
-over land and over water.

-While the present invention has been described in con-

-30 ‘nection with a spec1ﬁc application and in a specific antenna

“comnstruction,-it is' obvious that it-can also be used with
many other antenna structures-and for many other appli-
-cations without departing from ‘the spirit and scope of the
invention. . Furthermore, many changes, alteratlons and
35 modifications of the presént device as well as other uses
-and applications will be’ apparéent to-those skilled in the
art:“All such changes, alteratlons, modifications and uses
-and appl1cat10ns which do not depart from the spirit and
“scope of the invention are deemed to be covered by the in-
40 - ventlon which is hmlted only by the clalms Whlch follow.

“What is claimed is: ’

1. In an antenna having a re‘iector shield ‘and a radia-
tor mounted forwardly thereof in the direction of principal
radiation’ and capable of radiating a forward radiation

45 lobe and-a side lobe, the improvement comprising a mem-
ber constructed ‘substantially. entirely of ferrite. material
‘mounted “laterally adjacent to the radiator on one side
thereof and spaced forwardly of said shield in-position to
-absorb side” Tobe -radiations from the radiator substan-
50 tially only in the direction of said ferrite member.
-7 2.. Means for- changlng the radiation pattern of an an-
~tenna comprising’ an antenna having a parabolic reflector
‘shield,-a- radiator mounted adjacent to said shield in the
direction” of principal: radiation therefrom, means - con-
55 nected to said radiator for energizing said radiator to gen-
erate a signal therefrom-having a forward radiation lobe
-and at least one sidelobe, and a radiation shaping mem-
ber mounted on’'said antenna spaced forwardly of said
shield and adjacent to the side of said radiator in the path
60 of said radiation side lobe, said member being constructed
of a ferrite.substance: capable of reducing. by absorption
the side-lobe radiation in the direction: thereof.

3. In a directional antenna having a reflective shield

and a radiator member mounted thereon adjacent to and
65-Torwardly of said: shield, said radiator member being ca-
" pable of radiating a main forward energy beam and side
-10be energy in'a direction angularly related to the forward
“beam, the improvement. comprising a radiation absorbing
element mounted on the antenna adjacent to a side of said -
70 -radiator-and spaced forwardly of the shield in the path
of the side lobe energy; said element being constructed
- -substantially entirely of an amorphous substance having
magnetic characteristics. capable of absorblng side lobe
radiations from the radiator substantially only in the direc-
75 tion theréof, and means for angularly moving said antenna
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without changing the relative positions of said shield, said
radiator and said radiation absorbing element.

4. In a target seeking radar antenna, means for atten-
vating disturbing radiations and reflections comprising a
movable reflector which projecis radiations and receives
reflections from frontal areas, a radiator-receiver element
mounted on and positioned ahead of said reflector in posi-
tion to project and receive frontal radiations and reflec-
tions including a principal forward energy beam and side
lobe radiations and reflections, and absorber means posi-
tioned ahead of the reflector in the path of said side lobe
radiations and reflections, said absorbing means including
an element constructed substantially entirely of ferro-

5

10

magnetic material capable of absorbing side lobe radia-

tions and reflections in the direction thereof without pro-

6

ducing any substantial effect on the radiations and reflec-
tions of the principal forward beam.
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