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This invention relates in general to horn type wave-
guide antennas and more particularly to a beam deflect-
ing cage for bending the directivity axis of siich antennas
and for suppressing side lobes.

Directional antennas of the horn type are well known
in the art and because of their structural simplicity and
small frontal area they are potentially more desirable for
use in airborne radio echo detection and ranging devices
and the like than are antennas of the parabolic reflector
type. However, because of the difficulties in controlling
the side lobe energy level and in moving the antenna
directivity axis for performing a search function or sta-
bilizing the energy beam, use of the horn type antenna
has heretofore been limited.

An object of this invention is to provide an efficient
beam deflecting cage for bending the main lobe or energy
beam of a horn type waveguide antenna for performing
a search function or for stabilizing the beam, or both, as
required in airborne radar antenna applications.

Another object of this invention is to provide a beam
deflecting cage which will also suppress the side lobes
of a horn type waveguide antenna by re-directing the side
lobe energy into the main beam energy thereby increasing
the efficiency of the antenna and obviating the other in-
herent disadvantages of a high side lobe energy level.

Another object of this invention is to provide a beam
deflecting cage for horn type waveguide antennas which
will function efficiently over a:reasonably wide frequency
range and which will operate to réduce the standing wave
‘ratio in the antenna.

Still another object of this invention is to provide a
beam deflecting cage and horn antefing arrangement which
has a low froantal area and which réquirés the movement
of only the cage for controlling the aiming direction of
the antenna. Since the cage is a relatively small mass, a
simple, light-weight directional control mechanism is ade-
quate, making the antenna arrangement highly sultable
for airborne radar applications.

Further and other objects will ‘bécome apparent” from
a reading of the following description especially when
considered in combination with the accompanying draw-
ing wherein like numerals refer to like parts.

In the drawmg

Figure 1 is ‘a fragmentary perspective view of the
beam déflecting cage and antenna arrangement of this
invention; and

Figure 2 is a schematic block diagram of an-actuator
system for the beam deflecting cage of Figure 1.

Beam deflecting cage 1 is shown in the drawing with an
open horn type waveguide antenna 2. The antenna in-
cludes a waveguide segment 3 having a pair of narrow
walls 4 and 5 and a pair of wide walls 6 and 7 defining
a passage generally rectangular in cross section and
properly dimensioned to . propagate electromagnetic
energy in the desired mode. A pair of waveguide ex-
tension members 8 and 9 are secured to:the energy exit
end 10 of waveguide segment 3 to form -a two-walled
horn type antenna structure effectively extending the wide
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walls 6 and 7 outwardly and forwardly of the hollow
waveguide segment 3 to confine the energy in the electric
or “E” plane direction while leaving the antenna open in
the magnetic or “H” plane direction.

The detailed construction features of antenna 2 do not
form an essential part of this invention and, accordingly,
a description thereof will be omitted from this specifica-
tion. Such details are covered however, in a co-pending
application by Edward Lovick, Jr., entitled, “Traveling
Wave Device” which bears Serial No. 484,115 and a
filing date of January 26, 1955, now Patent No. 2,783,440.
It should be understood that for purposes of this inven-
tion antenna 2 is illustrative only and that cage 1 as
hereinafter described in detail may be used with any type
of horn antenna.

Beam deflecting cage 1 includes a pair of energy defiect-
ing plates 11 and 12 arranged génerally paraliel to each
other and to the narrow walls of waveguide segment 3.
Plates 11 and 12 may be made of any suitable material,
however, a conductive material such as aluminum or
brass appears to be the most effective. A pair of side
braces or spacers 13 and 14 are integrally connected with
the side edges of plates 11 and 12 to form a box-like
cage structure maintaining plates 11 and 12 in the gen-
erally parallel relationship.

Cage 1 is rotatably supported by a suitable mounting
bracket 15 located between aperture 16 of the antenna
and the forward end of extension members 8 and 9 so that
the cage is generally coaxially aligned with the antenna.
As shown in Figure 1 deflecting plates 11 and 12 are
generally parallel with the “E” plane of the antenna and
are adapted to rotate about the axis of shaft 16 which is
normal to the centerline of the antenna and to the “H”
plane thereof whereby the rotation of the shaft will tilt
cage 1 with respect to the antenna and as hereinafter de-
scribed change the antenna aiming direction in the “H”
plane. The outer end 17 of shaft 16 is provided with a
pinion gear 18. A driving gear 19 operatively engaging
pinion 18 is adapted to transmit the torque produced by
a two-phase motor 20 to shaft 16 and thereby effect rota-
tion of cage 1.

A resolver 21 which is driven by pinion 18 through
gear 22 and shaft 23, provides an output proportional to
the rotational position of the cage relative to an estab-
lished zero reference position for controlling the actuation
of motor 26. As shown in Figure 2, the output from a
vertical gyro 24, which device is normally provided as a
part of the navigation sytem in an aircraft, is applied to
resolver 21 through lead 25 to provide a regulated resolver
input voitage which will stabilize the aiming direction of
the antenna and effectively isolate the same from the
normal movements of the aircraft when in flight. The
output of resolver 21 is applied to a feedback amplifier
26 and algebraically added to a controlled voltage ob-
tained from a suitable source of electrical potential iden-
tified as B4 through a potentiometer 27. By simply
moving potentiometer pickup arm 28 with the aid of lever
29 or other suitable means, the desired voltage may be
applied to amplifier 26 for mixing with the resolver out-
put voltage. The output 30 of feedback amplifier 26 is ap-
plied to the two-phase motor 20 to effect rotation thereof
in either direction depending upon the magnitude and
phase relationship between the voltage inputs to the feed-
back amplifier. Thus, by rotating pickup arm 28 on
potentiometer 27, corresponding rotation of cage 1 about
shaft 16 may be effected to change the aiming direction
of the antenna for performing a search function or the
like while maintaining antenna stabilization.

In order to obtain a substantially uniform illumination
of aperture 10 in waveguide 3 for maximum antenna
gain, the spacing between deflection plates 11 and 12
should be in the neighborhood of three times the wide
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dimension of the aperfure, though where space is critical
the distance between the deflection plates may be de-
creased to approximately twice the wide dimension of the
waveguide aperture without seriously affecting the antenna
gain. . C . o

The width “W” of deflection plates 11 and 12 should
be no less than the width of the horn at the location of
the cage. The width may be made much greater however
when desired, such as to serve more than one antenna,
since the side braces or spacers 13 and 14 appear to have
little or no effect on the electrical characteristics of the
cage.

The effectiveness of beam deflection plates 11 and 12

10

in bending the energy beam and in suppressing side lobes ~~

is largely dependent upon the deflection plate dimension
in the direction of emergy propagation generally axially
of the antenna and upon the dimension “L” which repre-
sents the distance of the leading edge 30 of the deflection
plates from aperture 10 of the antenna. In general it may
be stated that the dimension of the deflection plates in
the direction axially of the antenna should be approxi-
mately equal to one wave length of the energy being prop-
agated, but this design parameter is secondary to the
“L” dimension requirements since the latter has consid-
erably more effect on the antenna operating efficiency.
Conventional microwave transmitting and receiving
equipment is adapted to operate on the first order trans-
verse electric (TEy) mode of the electromagnetic energy.

The presence of higher order modes which are near the

first order mode, will interfere with the operation of the
equipment. Consequently, it is essential that at least the
second, third and fourth higher order modes be sup-
pressed. The even harmonic modes such as the second,
fourth, etc. will be suppressed by virtue of the construc-
tion of the cage wherein deflection plates 11 and 12 are
spaced cquidistant on either side of the antenna center-
line. However, the odd number higher order modes will
be suppressed only if the dimensioned “L” is properly
selected. In order to propagate energy-in the first order
transverse electric (TE;p) mode and exclude the next odd
number higher order mode, which is the TE3, mode, the
phase relationship between the two must be 180°. apart
at the leading edge 39 of plates 11 and 12.

This condition may be made to exist by selecting the
distance “L” in accordance with the following expression:

w=(p1—pB3) L

where = represents the desired 180° phase relationship
and where 8; and B; represent the phase change per unit
of length of the first and third order modes respectively
at leading edge 30 of deflection plates 11 and i2 for a
given spacing of the plates.

Quantitative values for §; and 8; may be obtained from
the following standard microwave theory expressions for
the relationship between phase and wavelength:

ﬁl=27"><,/1_(§f_4)2 @)
=224/ 1_(23_2)2 (3)

where M\ represents the free space wave length for the
energy being propagated; and “A” represents the spacing
between deflection plates 11 and 12.

Knowing the free space wave length of the energy
traveling through the antenna and the dimension “A” of
the cage, a solution for 8, and 8; may be readily obtained

from Equations 2 and 3. By inserting the values thus ob-

tained into Equation 1 and solving for “L” the proper
location of cage 1 may be established for suppressing
the second odd harmonic (TEs,) mode. The succeeding
higher odd harmonic modes (TEs) etc., are low in power
and far enough up the frequency scale from the TE,,
mode that even though present, they have substantially
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no effect on the equipment associated with the antenna
and therefore may be neglected.

The determination of the distance “L” between the aper-
ture and the leading edge of deflection plates 11 and 12
provides, in essence, an anlytical method of tuning the
cage and antenna, This also may be done, of course,
experimentally.

Cage 1 not only provides a means for tilting the aim-
ing axis of the antenna in the “H” plane direction, but
also effectively suppresses the side lobe energy level
in both the “E” and “H” planes. By re-directing the
“H” plane side lobe emergy into the primary energy
pattern, the side lobes in the “E” plane are thereby drawn
into the main lobe pattern by an action which may be
most clearly described as “suction-like.” The net bene-
fits obtained with the cage is to improve the over-all
electrical characteristics of the horn type antenna and to
provide a simple means for bending the energy beam
so that it may possess all of the desirable features of the
conventional parabolic reflector type antennas while re-
maining simpler .in construction and lighter in weight
with a very much smaller frontal area.

While a specific embodiment of the invention has been
shown and described it is for purposes of illustration
only and accordingly it should be understood that certain
alterations, modifications and substitutions may be made
to the instant disclosure without departing from the spirit
and scope of the invention as defined by the appended
claims. ‘

I claim:

1. A directional antenna comprising, a generally rec- .
tangular waveguide for propagating electromagnetic en-
ergy in the desired mode, the wide walls of said waveguide
extending beyond the narrow walls thereof and forming
a flared horn physically confining the energy only in
the electric plane, a pair of plates generally parallel to
each other and to the narrow walls of the waveguide, said
plates extending forwardly of the antenna aperture and
spaced apart a distance greater than the wide dimension
of the waveguide and substantially equi-distant on either
side of the antenna centerline whereby side lobe energy
will be re-directed into the primary radiation pattern,
a frame supporting said plates for rotation about an axis
generally normal to the antenna centerline and to the
wide walls of the waveguide for tilting the antenna aim-
ing axis, and drive means engaging said frame for con-
trolling the rotational movement of said plates.

2. A directional antenna comprising, a generally rec-
tangular waveguide for propagating electromagnetic en-
ergy in the desired mode, the wide walls of said wave-
guide extending beyond the narrow walls thereof and
forming a flared horn physically confining the emergy
only in the electric plane, a pair of conductive plates gen-

_erally parallel to each other and to the narrow walls of

the waveguide, said plates extending forwardly of the
antenna aperture and spaced electrically from the nar-
row walls of the waveguide on either side of the antenna
centerline whereby side lobe energy will be re-directed
into the primary radiation pattern, and frame means sup-
porting said plates.

3. A microwave beam deflecting cage for horn an-
tepnas of the type having a rectangular waveguide seg-
ment formed by a pair of narrow walls and a pair of wide
walls with the latter extending forwardly of the narrow
walls to provide an open horn, comprising, a pair of
plates generally parallel to each other and to the nar-
row walls of the waveguide, said plates extending for-
wardly of the antenna aperture and spaced apart a dis-
tance at least equal to twice the wide dimension of
the waveguide and substantially equidistant on either
side of the antenna centerline whereby energy traveling

‘through the antenna will be deflected by the plates and

confined to a narrow, main lobe radiation pattern, a
frame supporting said plates for rotation about an axis

normal to the antenna centerline, and drive means en-
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gaging said frame for controlling the rotational move-
ment of said plates relative to the antenna to bend the
main lobe radiation pattern in the direction normal to
the plane of the plates.

4. A microwave beam deflecting cage for horn type
waveguide antennas comprising, a pair of plates gen-
erally parallel to each other and to the electric vector
of the energy propagated through the antenna, said
plates being spaced apart a distance at least equal to
twice the wide dimension of the antenna aperture and
substantially equidistant on either side of the antenna
centerline whereby energy traveling through the antenna
will be deflected into a narrow beam, a frame supporting
said plates for rotation about an axis generally parallel
with said electric vector, and drive means engaging said
frame for controlling the movement of said plates for
tilting the aiming axis of the antenna.

5. A microwave horn type waveguide antenna com-
prising, a hollow wavegiude generally rectangular in
cross section for propagating microwave energy there-
through, said waveguide having a pair of narrow walls
defining the electric vector of the microwave energy and
a pair of wide walls defining the magnetic vector of the
energy propagated, said wide walls extending beyond
said narrow walls and being flared outwardly to form a
two-walled horn open in the direction of the magnetic

10

15

20

25

6

vector, a cage generally axially aligned with the wave-
guide and extending forwardly of the aperture of said
waveguide, said cage having a pair of energy deflection
plates spaced apart and generally parallel with the elec-
tric vector for suppressing side lobes, and means for rotat-
ing said cage for shifting the energy beam in the magnetic
plane.

6. A beam deflecting cage for horn type waveguide
antennas comprising, a pair of generally flat deflection
plates spaced apart one on either side of the antenna
centerline and arranged generally parallel to each other
and extending forwardly of the antenna aperture for re-
directing the side lobe energy into the primary radiation
pattern, and means for rotating said deflection plates about
an axis generally normal to the centerline of the antenna
and parallel with said deflection plates for tilting the
antenna aiming axis.
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