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.This invention relates to antennas and particularly per-
tains to an ultra-high-frequency antenna array utilizing
slotted waveguides to effect the interchange of radio
fl_‘equ_ency energy with free space.

This invention is especially useful in the ultra-high-
fre_queqcy range whereby, for example, it is desired to
determine target angle by diplexing two separate sig-
p.als into and/or out of each end of the wavegunide form-
ing the antenna. Heretofore, slotted wavegunides have
been used wherein two different signals are diplexed into
the antenna. However, these signals were all radiated in
t}}e same pattern and the means utilized to separate the
signals were generally complex, bulky and costly to man-
ufacture.
terns required two separate antennas whose phase center
separation was at least as great as the length of one
antenna. It is, therefore, a principal object of the
present invention to provide a single antenna having two
beams whose phase centers are separated a distance less
than one antenna length.

It is another object of the present invention to pro-
vide a single waveguide antenna array with two patterns
and separate feeds. :

Another object of the present invention is to providé :

a slotted wavegnide antenna having two divergent an-
ténna patterns allowing separate transmission or reception
with each pattern simultaneously. - -

Tt is a further object of the present invention to pro-
vide a slotted waveguide antenna array having two di-
rective and divergent antenna patterns wherein the - di-
rection from which a signal is received determines the
erlldd of the waveguide to which the signal will be cou-
pled. :

A still further object of the present invention is the
provision of a dual beam antenna that is exceptionally
small and light in weight and that requires no additional
equipment or structure to separately provide signals re-
ceived by each beam. : . .

These and other objects and features of the:inven-
tion, together with their incident advantages, will be
more readily understood and appreciated from the follow-
ing detailed description of the -preferred embodiment
thereof selected for purposes of illustration and shown in
the accompanying drawing which shows a perspective
view of the slotted waveguide and the dual beam or an-
tenna pattern orientation in accordance with the inven-
tion. : :

In accordance with the present invention, a rectangular
waveguide is provided with a plurality of coupling ele-
ments for interchanging emergy between free space and
the wavegnide. The spacing and excitation of the cou-
pling elements are designed to add constructively at one
end of the waveguide for one antenna pattern and si-
multaneonsly to constructively add at the other end
of the waveguide for the other pattern. This allows
separate transmission or reception with each beam or
antenna pattern separately or simultaneously,. For the
case of transmission the coupling elements attenuate en-
ergy supplied at one end of the waveguide sufficient to
prevent destructive interference from energy reaching
the other end of the waveguide, and for the case of re-
ception, energy received from free space within each
antenna pattern is coupled to a different one of the
waveguide ends.
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With . reference now to the drawing, there is shown
a hollow rectangular waveguide 1 having two broad walls
2 and two narrow walls 3. A plurality of slots 11-17
which act as .coupling or radiating elements are cut in
one of the broad walls 2. If desired, the broad wall 2
of the waveguide may be made in the form of a cover
plate into which the slots are cut so that the. frequency
of operation may be changed to any frequency of opera-
tion occurring over a broad frequency band by simply
changing the outer cover plate to another containing
differently - dimensioned and differently positioned: slots.
The slots are excited by being positioned off the center
line of the wall since a slot is excited when. there are
components of current whose direction of flow is trans-
verse to the longitudinal axis of the slot. - -

In an actual embodiment built in accordance with the
present invention and successfully tried out in practice,
2 one-dimensional, vertically polarized antenna having
dual beams making substantially equal and opposite an-
gles with an imaginary line mormal to the total. array
was' developed for operation at about 10,000 m.c.p.s.
The divergent beams were each disposed at an angle «
of about 12° and had a phase separation center of
1.5”. The waveguide 1 and slots 1117 had the follow-
ing dimensions. The waveguide 1 was -of rectangular
configuration with internal dimensions of .750"" x .200”.
As shown in the drawing, spaced apart about .700”. center
094" wide and equally spaced apart about 700" center
to center. - The length -of slots 11 and 17 were 576"
with centers each offset .030” above the longitudinal
center line of the broad wall. The length of slots 12
and 16 were 582" with centers each offset .067"" below
the longitudinal center line of the broad wall. The
length of slots 13 and 15 were .613” with centers each
offset 210" above the longitudinal center line of the
broad wall, The length of slot 14 was 626" and its
center. was offset .270” below the longitudinal center
line of the broad wall. -The total array was symmetrical
about a transverse line passing through the center of
slot 14. : :

The slot spacings were for two beams or-antenna pat-
terns each divergent 12°, and were determined by the
equi-phase condition s=\/2[A/Ag-+sin «]. Assuming that

power incident at a slot
power transmitted past a slot

and that the beams or antenna. patterns are similar, the
coupling of the slots by pairs from each end of the
waveguide are identical. :

The following data shows db coupled and voltage for

db coupled=10 log(

the identified slots. The total db coupled is 15.5 db.
Slot Number- - .. caeanma- 11 12 13 14 15 16 17
Db Coupled, referred | - .
from End 18 251 1.0 40| 50 40] L0 .25
Voltage Amplitude:
.- End 18 4.00 ] 2.65 | 1.40 |ocemacfocunen
End 19 1.40 | 2.65 ] 4.00 { 2.65 | 1.40

An array constructed and arranged as described here-
inabove provides a 20° half-power beam width and a
1.5” phase center separation, the phase center of beam
number 1 being located at about the center of slot 13
and the phase center of beam number 2 being located
at about the center of slot 15. The dual beam antenna
array for the embodiment shown consists of a total of
7 slots disposed and arranged as described hereinabove.
A first portion of 5 slots, slots 11—12—13—14—15,
add constructively at end 18 of the waveguide to form
beam or pattern number 1, and a second portion of 5
slots, slots 13—14—15—16—17, add constructively at end
19 of the waveguide to form beam or pattern number 2,
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and a portion comprised of 3 slots, slots 13—14-—-15, in-
termediate to the ends of the total array are common
to both the aforementioned first and second portions
of the slots. As pointed out hereinbefore, a reflected sig-
nal received from a target or the like within beam number
2, is coupled, for example, to end 19 of the antenna but
not to end 18. The reverse is likewise true for a signal
received from a target within beam number 1.

It may now be readily apparent that the antenna
described hereinabove may be used to satisfy a radar ap-
plication réquiring two separate and divergent beams
from a single antenna having a zero or small phase center
separation. Although it is noted that the prior art
teaches slotted waveguides per se and slotted waveguides
into which two signals may be diplexed, the present in-
vention provides substantial advantages in that no addi-
tional equipment is necessary to provide the divergent
beams or to separate signals received by each beam since
input power for dual beam transmission is supplied at
opposite ends of the waveguide and signals received from
free space within each of the antenna patterns is substan-
tially coupled to a different one of the ‘waveguide ends.

The entire dual beam antenna, which effectively com-
prises two separate antennas in the physical space of one
antenna, may be comprised of a conventional piece of
waveguide less than 4.5 long formed in accordance with
the invention. v

While the present invention has been described in its
preferred embodiment, it is realized that modifications
may be made, and it is desired that it be understood that
no limitations on the invention are intended other than
may be imposed by the scope of the appended claims.

" What is claimed is:

1. A dual pattern antenna comprising: a waveguide
having two broad walls and two narrow walls; a plurality
of regularly spaced coupling clements provided in one
of said broad walls for coupling energy between said
waveguide and free space, said coupling elements being
arranged and adapted to provide divergent antenna pat-
terns having a predetermined phase center separation,
the coupling element intermediate the ends of said wave-
guide being longer and spaced farther distant from the
longitudinal axis of said one broad wall than the other
coupling elements, each of said other coupling elements
progressing toward cach end of said waveguide being
successively shorter and closer to said longitudinal axis,
said coupling elements providing an increasing and then
decreasing amount of coupled energy with respect to the
ends of said waveguide whereby input power at each end
of said waveguide is substantially attenuated before it
reaches the opposite end and power received from free
space within each of said antenna patterns is substan-
tially coupled to one of said waveguide ends and power
received from free space within another of said antenna
patterns is substantially coupled to said other waveguide
end.

2. A dual pattern slotted waveguide antenna compris-
ing: a waveguide having two broad walls and two narrow
walls, one of said broad walls having a plurality of slots
therein for coupling energy between said waveguide and
free space, said slots being arranged and adapted to pro-
vide divergent antenna patterns each having a phase
center, said phase centers being separated a distance less
than the length of said antenna, the slot intermediate the
ends of said waveguide being longer and spaced farther
distant from the longitudinal axis of said one broad wall
than the other slots, each of said other slots progressing
toward each end of said waveguide being successively
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shorter and closer to said Jongitudinal axis, said slots
providing an increasing and then decreasing amount of
coupled energy with respect to both ends of said wave-
guide whereby input power at each end of said wave-
guide is substantially attenuated before it reaches the
opposite end and power received from free space within
each of said antenna patterns is substantially coupled to
one of said waveguide ends and power received from
free space within another of said antenna patterns is sub-
stantially coupled to said other waveguide end.

3. A dual pattern slotted waveguide antenna compris-
ing: a waveguide having two broad walls and two nar-
row walls, one of said broad walls having a plurality of
slots therein for coupling energy between said wavegunide
and free space, said slots being arranged and adapted to
provide divergent antenna patterns having a small phase
center separation, the slot intermediate the ends of said
waveguide being longer and spaced farther distant from
the longitudinal axis of said one broad wall than the other
slots, each of said other slots progressing toward each
end of said waveguide being successively shorter and
closer to said longitudinal axis, said slots providing an in-
creasing and then decreasing amount of coupled energy
with respect to each end of said waveguide extending
over a length less than the effective length of said an-
tenna whereby input power at each end of said wave-
guide is substantially attenuated before it reaches the
opposite end and power received from free space within
each of said antenna patterns is substantially coupled
to one of said waveguide ends and power received from
free space within another of said antenna patterns is sub-
stantially coupled to said other waveguide end,

4. A dual pattern antenna comprising: a waveguide
having two broad walls and two narrow walls, one of
said broad walls having a plurality of slots forming an
array for interchanging energy between said waveguide
and fres space, said array being arranged and adapted to
provide two divergent antenna patterns having a small
phase center separation, said patterns being divergent from
an imaginary line normal to said broad wall, a first por-
tion of said slots producing one pattern and having a
phase center disposed to one side of said imaginary line,
a second portion of said slots producing the other pattern
and having a phase center disposed on the other side of
said imaginary line, the center portion of said array
simultaneously forming a part of said first and second por-
tions, the slots providing longitudinally increasing and
then decreasing amounts of coupled energy beginning at
each end of szid array and extending over a distance less
than the length of said array, said slots being regularly
spaced apart and decreasing in length and in spacing from
the longitudinal axis of said one broad wall in the direc-
tion of each end of said waveguide from said imaginary
line whereby energy received from free space within each
of said antenna patterns is substantially coupled to a dif-
ferent one of the ends of said waveguide,
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