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This invention- relates-in general- to antennas and in 15
particular to wavegpide-type- radiators- for use-in- linear-
arrays.

This invention- is-applicable- for-use in- linear' antenna:
arrays: where compact; light-weight equipment: is- de-
sired and this invention: provides- easily- adjustable cou- 20
pling and-simplicity of construction of the eléments:

The primary ebject-of this invention'is to-provide wave-
guide-type: radiating- elements- for- radiating- electromag-
netic-energy which-may be reversed-in-polarity and-which:
may be fed from- a waveguide: or- coaxial line to- form a: 25
linear array:

Axnother object” of this' invention is- to- provide- novel’
construction for linear-arrays of the> type déscribed:

Other and’ further objects-of thi§:invention- will*be. ap-
parent from' the- following-specifications: when- taken withi- 80
the: accompanying' drawings® ii; which:

Fig: 1.is a'perspective view of one-type. of radiator-of
this" invention;

Fig: 2'is a perspective view: of another type of radiator
of this: invention;, : 35

Fig: 3'is-a perspective.view of ‘one form. of’ lifiear, array
embodying this invention; and”

Fig. 4 is a perspective view of anotheér: form of linear
array embodying thi$ invention..

In Fig. 1 is.shown one type of single radiator for use 40
in the linear array shown in Fig, 3. The radiator con-
sists: of waveguide: 10" which is one-quarter wavelength
in length and is short circuited at,one end:as shown.
This: radiator is féd by probe 11 extending centrally along,
the length of thie radiator and:passing through aperture 4g
12 in the wall of féed waveguide 3. At the open end
of radiator 18; probe 11 is bent at riglit anglées: and - at-
tached to the center of one wide wall® of radiator 19,
thus placing_the bent.section. of the prabe parallel.to the
electric fleld. As i well known the pliase of ‘the electric 59
field is determined by which-wall probe-¥1: i$-attached to.

In: Fig: 4 there is shown the samer arrangement: using:

a section: of civeular waveguide 14 as«the;radiator..  All:
other: elements of this structure are:the:same as explained:
above:and are designated by the. same; numbers as: the: 55
corresponding; parts of the previous figures.

The lincar array of Fig. 3 uses the rectangular radiaters:
as previously described in connection with Fig. 1.. One
construction of this array utilizes a feed-guide 15 having
one wide wall thicker than one-quarter wavelength. A 60
channel is cut out of this wide wall with width a and
depth b as shown, where width a is the internal dimen-
sion of the width of feed guide 15 and depth b is one-
quarter wavelength. The dimension a will lie between
one-half- wavelength and one wavelength. At regular g5
intervals partitions 16 are placed in the channel with
distance ¢ between adjacent surfaces equal to the narrow
internal dimension of feed-guide 1S.. The dimension ¢
will generally be somewhat less than one-half wavelength
at the operating frequency. Each partition has a thick- 79
ness which permits the desired radiator spacing s between
centers of each radiator thus formed. In one typical
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embodiment of the invention the spacing s may. be- one-
half” wavelength- at the operating  freguency but- this
spacing may be varied to vary the configuration- of' the
directive- pattern of the: antenna- array: Feed apertures
are drilled in.the center of each radiator-and -through the:
feed-guide. UW-shaped probes 17 are- supported: in- a
groove cut in- every: othier- partition- ¥6- and- the ends of
the probes project through the- feed' apertures: into the:
main feed-guide 15. The-Usshaped'probes provide phase:
reversal’ at- every other radiator- to- compensate: for the
increased’ distance- from the féed end of guide-15: This
phase reversal- may be: better understood’ by- considering:
the: U-shiaped: probe I7 as- made: up- of two L-shaped-
probes as shown. in Fig. 1. The fact' that one: of' the
L-shaped probes is bent in the direction of propagation of
energy in féed-guide- 15* while: the: other: L-shaped! probe
is bent in-a direction opposite the: difection- of- propa-
gation: in' feed-guide 1§ will‘result inv the- phase-reversal-
mentioned' above. If the distance: s is one-half'a wave-
length- as- suggested  above; the ends of the probes ex-
tending- into' feed-guidée 18 will' be- excited’ in phase: op-
position. The phase- reversal' off the U:shaped' probes
will compensate for the phase reversal within-féed-guide
15° causing the rectangular radiators: to- be excited in
phase. If it is desired to- feed all of the  rectangular
radiators in phase epposition this may be accomplished
by using- individual  L-shaped probes each' bent in' the
sanie-direction-butspaced one-half wavelength apart along
feed-guide- 18, The rectangular radiators may be ar-
rayed: in- many other and' different- combinations: in- ac=
cordance with well-known antenna- theory:

The linear array shown in- Fig, 4 is: constructed’ from
the same- feed-guide 15 as is used for the- consiruction
of the array shown in Fig: 3. Instead of cuttiig a- chan-
nel, however, cylindrical openings I8 are- drilled in the
thick wide wall of guide ¥5 having- a. diameter e, and a
depth b, the depth being-equal to one-quarter wavelength..
The dimension e should be of sufficient size to support
the dominant mode in a circular waveguide. The spac-
ing s will depend on the manner in which the individual
antennas are arrayed and on:the shape of the field pattern
to be achieved. Small feed’ apertures 19 are drilled
completely through the wall in. the center of openings
18 and’ U-shaped probes 29 are positioned" as explained
above.

The linear arrays of radiators described. produce a
narrow fan-shaped beam of electromagnetic energy. This
beam may be scanned either mechanicaily or electrically
using various well known scanning methods. This scan-
ning may be accomplished by mechanically or electrically
varying the wavelength in feed-guide I5 or by me-
chanically- varying the position: of the. array in space.

This invention is not to be limited by the. above de-
scribed specifications but. is to be limited only by. the
following claims.

What is claimed is:

1. Apparatus for radiating electromagnetic. energy
comprising a section of waveguide one-guarter wavelength
long-and- short circuited at one end thereof, said section
of waveguide having a small aperture positioned in the
center of said short circuited end through which said sec-
tion of waveguide is energized; and a feed probe extend-
ing centrally along the length of said section of wave-
guide, said feed probe having one end bent and fastened
to a wall at the open end of said section of waveguide,
said feed probe having its other end projecting through
said aperture in said short circuited end of said section
of waveguide whereby said feed probe when energized
excites an electromagnetic field in said section of wave-
guide.

2. A linear array antenna having a plurality of ele-
ments as in claim 1, which antenna comprises a length
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of waveguide having one thick wide wall with a channel
cut therein, said wide wall having a thickness greater than
one-quarter wavelength and said channel having a depth
of one-quarter wavelength; a plurality of partitions at
equally spaced intervals in said channel, the distance be-
tween adjacent surfaces of said partitions being equal to
the narrow internal dimension of said waveguide and
each of said partitions having a thickness to position the
radiators thus formed a predetermined distance apart; an
aperture in the center of each of said formed radiators; a
groove in the upper center of alternate partitions; and a
U-shaped probe, positioned in each of said grooves so
that the ends of said probes project through said apertures.

3. A linear array antenna, of the type having a plurality
of elements as in claim 1, said antenna comprising a
length of waveguide having one thick wide wall, said
wall having a plurality of cylindrical openings therein,
said wide wall having a thickness greater than one-quarter
wavelength and said cylindrical openings having a depth
of one-quarter wavelength; an aperture in the center of
each of said openings; a plurality of grooves in the upper
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center of said thick wall of said waveguide, each groove

connecting alternate pairs of adjacent cylindrical open-
ings; and a U-shaped probe positioned in each of said
grooves so that the ends of said probes project through
said apertures.

4. Apparatus for radiating electromagnetic energy com-
prising, a section of rectangular waveguide one-quarter
wavelength long and short circuited at one end thereof,
said waveguide being dimensioned in cross section to op-
erate only in the dominant mode, said section of wave-
guide having a small aperture positioned in the center of
said short circuited end through which said section of
waveguide is energized; and a feed probe extending cen-
trally along the length of said section of waveguide, said
feed probe having one end bent and fastened to the center
of one of the broader walls at the open end of said sec-
tion of waveguide, said feed probe having its other end
projecting through said aperture in said short circuited
end of said section of waveguide whereby said feed probe
when energized excites an electromagnetic field in said
section of waveguide.

5. An antenna array comprising a length of rectangu-
lar waveguide, a plurality of ome-quarter wavelength
waveguide sections extending from a broad wall of said
waveguide, said broad wall closing one end of each of
said waveguide sections, said broad wall being formed with
a plorality of openings therein, each of said openings
being disposed at the center of a closed end of one of
said waveguide sections, each of said waveguide sections
being provided with a feed probe extending centrally along
the length of said waveguide section, said feed probe
having one end bent and fastened to a wall at the open
end of said waveguide section, said feed probe having its
other end projecting through said opening in said closed
end and into said waveguide whereby electromagnetic
energy in said waveguide energizes said feed probe.

6. An antenna array as in claim 5 wherein said one-
quarter w'avelength waveguide sections are rectangular in
cross section.

7. An antenna array comprising, a length of rectangular
waveguide, a plurality of one-quarter wavelength rectangu-
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lIar waveguide sections extending from a broad wall of
said waveguide, said waveguide sections having their
broader wall perpendicular to the longitudinal axis of
said waveguide, said broad wall of said waveguide clos-
ing one end of each of said waveguide sections, said broad
wall of said waveguide being formed with a plurality of
openings therein, each of said openings being disposed at
the center of a closed end of one of said waveguide sec-
tions, each of said waveguide sections being provided
with a feed probe extending centrally along the length
of said waveguide section, said feed probes having one end
bent and fastened to a broad wall of said waveguide sec-
tion at the open end thereof, said feed probe having its
other end projected through said openings in said closed
end and into said waveguide whereby electromagnetic
energy in said waveguide energizes said feed probe.

8. Apparatus as in claim 7 wherein said waveguide sec-
tions have a cross section substantially identical to the
cross section of said waveguide.

9. Apparatus as in claim 7 wherein the spacing between
the centers of said waveguide sections measured along the
longitudinal axis of said waveguide is greater than the
narrower dimension of said waveguide sections.

10. Apparatus as in claim 7 wherein the spacing be-
tween the centers of said waveguide sections measured
along the longitudinal axis of said waveguide is greater
than the narrower dimension of said waveguide sections,
said antenna array further comprising, conductive mem-
bers disposed between adjacent waveguide sections and
electrically connected to the broad walls thereof at said
open end of said waveguide sections.

11. An antenna array comprising, a length of a rec-
tangular waveguide, a plurality of one-quarter wavelength
waveguide sections extending from a broad wall of said
waveguide, said broad wall closing one end of each
of said waveguide sections, said broad wall being formed
at a plurality of openings therein, each of said openings
being disposed at the center of a closed end of one of said
waveguide sections, each of said waveguide sections being
provided with a feed probe extending centrally along the
length of said waveguide section, said feed probe having
one end bent and fastened to a wall at the open end of
said waveguide section, said feed probe having its other
end projecting through said openings in said closed end
and into said waveguide whereby electromagnetic energy
in said waveguide energizes said feed probe, and a con-
ductive member extending parallel to the said broad wall
of said waveguide and spaced therefrom by substantially
one-quarter wavelength, said conductive member being
formed with openings therein coincident with the open
ends of said waveguide sections.
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