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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 fre-
quency energy with free space.

The invention is especially useful in the ultra-high-fre-
quency services, such as U. F. F. television broadcasting.
When used in television broadcasting, both the picture
and accompanying sound signal may be diplexed into
the same antenna by a transmission line -arrangement
forming part of the feed system for the antenna and
without the necessity for separate frequency selective
filters. Antennas for television broadcasting which utilize
coaxial and other two-wise transmission lines are limited
with respect to their power handling capabilities. This
invention utilizes hollow pipe waveguide throughout its
construction because of the attendant higher power
capability.

It is an object of this invention to provide an improved
antenna for ultra-high-frequency services capable of han-
dling very high input radio frequency power of the order
of 200 kws.

Ancther object of this invention is to provide an
omnidirectional broadcast antenna array of highly stable
mechanical construction which is utilizable at full power
even in heavy storm-loading areas. :

It is a further object of this invention to provide an
antenna array utilizing waveguide transmission line
throughout in which the frequency of operation of the
antenna can be changed from cne frequency to another
by a simple replacement of the wall of the waveguide
which contains the radiating elements.

Still another object of this invention is to enable the
diplexing of two radio frequency signals to a single trans-
mission line without interaction, and feeding the diplexed
signals from the single waveguide transmission line to a
number of surrounding waveguide lines which have one
wall slotted to act as antenna elements.

Yet another object of this invention is to provide means
for broadbanding one of two radio frequency signals
which are fed to a single antenna structure without in-
teraction with the other radio frequency signal fed to the
same antenna.

In accordance with the invention, these and other ob-
jects are obtained by an antenna system which includes
a hollow pipe waveguide forming the central member
which is utilized for bringing the radic frequency energy
up to a point intermediate the ends of the array,-and a
number of surrounding waveguides of special configura-
tion which have slots in one face to effect the interchange
of radio frequency energy between the guides and free
space. The slotted waveguides which surround the cen-
tral waveguide may be basically of isosceles trapezoid
cross-section. Alternatively, either the inmer or the
outer of the broad walls of the surrounding waveguides
may be arcuate. Metal ridges are attached to the inner
broad wall of the surrounding waveguides to lower the
cut-off frequency. The slots which act as the antenna
elements are cut in the outer walls of the specially shaped
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surrounding waveguides. The outer walls of the sur-
rounding waveguides may be made in the form of cover
plates into which the slots are cut so that the frequency
of operation may be changed to any frequency of op-
eration occurring over a broad frequency band by simply
changing the outer cover plate to another containing dif-
ferently dimensioned and differently positioned slots.
The slots may be excited by being positioned off the
center line of the walls. -

Radio frequency emergy is conveyed up the central
waveguide member where it is transferred to the specially
shaped surrounding guides in which it is propagated both
upward and downward along the entire length of the
aperture. Adjustable shorting bars are provided at the
upper and lower ends of each of the specially shaped
guides.

An important feature of the invention is the cross-sec-
tional configuration of the antenna structure which results
from a central waveguide surrounded by a plurality of
waveguides. 'This cross-sectional configuration yields an
antenna array structure which may be made from 20 to
40 wavelengths or more long yet have high bending and
flexure strength and therefore capable of standing high
wind velocities and severe ice loading.

A more detailed description follows in conjunction with
the accompanying drawing wherein: . ’

Figure 1 is a side elevation of an omnidirectional
antenna array in accordance with the invention;

Tigure 2 is a cross-section along the line 2—2 of

Figure 1;

Figure 3 is a cross-section along the line 3—3 of
Figure 1;

Figure 4 is a cross-section along the line 4—4 of
Figure 1; :

Figure 5 is a cross-section along the line 5—5 of
Figure 1; .

Figure 6 is a cross-section along the line’ 6—6 of
Figure 1;

Figure 7 is a cross-section along the line 7—7 of
Figure 1;

Figure 8 is a cross-section of loaded rectangular wave-
guide which may be utilized in the invention;

Figure 9 is a cross-section of loaded isosceles trape-
zoidal waveguide which may be utilized in practicing the
invention;

Figures 10, 11, 12 and 13 show alternative configura-
tions of cross-sectional arrangements of antenna arrays
embodying the principles of the invention; and

Figure 14 is a graph utilized in explaining the inven-
tion.

Referring now to Figures 1 to 7, an antenna array con-
structed in accordance with the invention contains a cen-
tral waveguide 21 of octagonal cross-sectional configura-
tion. The central waveguide 21 must be capable of sup-
porting two orthogonally disposed dominant polarized
transverse electric loads of propagation (TEi1), and pref-
erably should be able to support a mode having circular
symmetry (TMo1). Waveguides of circular cross-section
or of equilateral polygonal cross-section having an even
number of sides (4, 6, 8, 10 etc.) fulfill these requirements.
Also, coaxial transmission lines may be operated in the
coaxial TE11 mode as well as the TEM mcde to be used
as the central waveguide 21. -

The central waveguide 21 is surrounded by a number of
waveguides having a specially shaped cross-sectional con-
figuration. Each of the surrounding waveguides is identi-
cal. The waveguides are denoted by the reference charac-
ters 23q through 23h. The shape and positioning of these
waveguides 23a through 237 may be understood best by
referring to Figures 2, 3, 4 and 5 as well as to Figure:1.

Figures 2, 3, 4 and 5 are cross-sectional views along
the correspondingly numbered section lines of Figure 1.
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The surrounding specially shaped waveguides 234 through
23% are all ‘identical and are basically of isosceles trape-
20id cross-section, loaded throughout their entire length by
_metal ridges 25a through 25k occupying a substantial pro-
- portion of the broad wall dimension and having a height
xh Is a substantial proportion of the narrow wall dimen-

‘Becayse of the magnitude of the optimum diameter of
the central waveguide 21, rectangular or trapezoidal guides
having a two-to-one broad-to-narrow wall dimension ratio
are too small, that is, below cut-off, at the frequencies at
which the central guide 21 is designed to operate. The
metal ridges 25a through 25k lower the cutoff frequency
of the surrounding waveguides 234 through 23k so that
they will efficiently transmit the frequencies which can be
propagated in the central waveguide 21.

As shown in Figure 2, the surrounding waveguides 23a
fhrough 23k are terminated at the ends of the antenna
array by metallic short-circuiting blocks 274 through 274.
The shortcircuiting blocks 27 may be positioned about
Ag/4 from the center of the last layer of slots at each
end of the antenna array.

Referring now especially to Figures 1, 3 and 4, and as-
suniing that the antenna is being used for transmitting pur-
poses, the radio frequency energy is propagated up the
tentrsl waveguide 21 to a layer of coupling elements 29a
through 29k which are used to transfer the energy from
the central guide 21 to the surrounding rectangular guides
234 through 23h. The coupling elements 29a through
29h :are shown as simple voltage probes which extend
through a hole in the outer broad wall of the waveguide 23,
sthrough a clearance hole in the ridge 25 and into the in-
terior of the central guide 21.  Other coupling means than
the probes shown in the drawing, such as, for example,

s or slots, may of course, be used although the me-
chanical arrangement. of the probes shown.provides a
simple ‘mechanical adjustment of the degree of coupling
. between the individual surrounding guides 23a through
23h and the central guide 21, which may be varied easily
from the exterior of the antenna structure. - The layer of
coupling elements or probes 294 through 29k provides
the feed point for the antenna array which extends ‘both
up and down from this point.

_Figure 3 shows a metallic short circuiting plate 31
* Tocated in the central guide 21 beyond the feed point (sec-
tion 4—4, Fig. 1) from the associated radio frequency ap-
paxatus. This shorting plate may be used .for tuning and
matching by -altering its position in the central waveguide
21 above the feed point, as well as for preventing energy
from continuing on in the central waveguide 21.

Slots 33 cut in the broad wall.of a rectangular wave-
guide may be fed by means of probes or loops or by care-
Tully positioning such slots to one sidc or the other of the
center axis of the broad wall. A waveguide of trapezoidal
‘cross-sectional shape behaves in substantially the same way
‘a8 reptangntar guide, and off-center positioning of .the
‘Slots to couple the wave .in the trapezoidal guide between
the guide and free space is.shown in Figures 1, 3 and 5.
‘When off-center positioning is used, no.probes or’loop cou-
plings are required to excite the slots. The degree of slot
conpling is a function of the amount of offsetting of the
‘sfot from ‘the center line of the broad wall.
~ In the-embodiment of the invention shown in Figures 1
through 5, the slots 33 associated with a single specially

- shaped waveguide, for example the one denoted by the
reference character 23a, may be -excited with .in-phase
.voltages by spacing the slots 33 center-to-center a _half-
guide wavelength (measured along the axis of the antenna
array) and-offsetting the center of adjacent slots on oppo-
site sides of the center line of the exterior broad wall.
For a given slot offset distance, the effective shunting.im-
pedance of the slot across the guide at the slot center may
" be made'a pure resistance by slightly adjusting the Jength
of the indjvidual slot. The width of the individual slots
-33 may. be used ‘within certain limits-to control the -band
width characteristics. ' If the upper and lower halves of
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the antenna are to be fed in phase, and the distances from
the feed point to the coupling elements 29 are to be equal,
the two slots adjacent to the feed point are offset on the
same side as shown in Figure 1. The distance of the cen-
ter of the first layer of slots from the feed point at the
coupling elements 29 may be adjusted from approximately
\g/4 upwards for broadbanding and matching purposes.

All of the surrounding specially shaped waveguides 23a
through 234 may be excited in phase by propagating a
mode having circular symmetry in the central guide 21.
The lowest order mode having circular symmetry is the
TMo1 mode. This mode may be launched in the central
guide 21 by means of an axial probe 35 extending into one
end of the guide 21. The probe 35 may be an extension of
the inner conductor of a coaxial transmission line or, as
shown in Figure 1, may be a probe extending transverse
(across the narrow dimension) to a rectangular wavegnide
37 in which the TE10 mode of propagation is present.

However, for television broadcasting purposes, the use
of only the TMo: mode in a cylindrical guide 21 requires
that the picture and sound signals be diplexed into a single
feed line. Systems presently in use for this diplexing
operation embody frequency-selective filters. Such filters
are critical in construction and adjustment in the ultra-
high frequency range. A preferred method of feeding
the antenna array -of this invention without the use of
frequency-selective filters in the diplexing operation will
now be described.

Two polarized dominant waves (for example, the TEu:
mode in circular guide) are excited in the central wave-
guide 21 orthogonally disposed with respect to one an-
other and in 90° time relation. The resultant wave is a
linearly polarized wave whose principal electric vector
has an apparent rotation at radio carrier frequency. This
is called circularly polarized (for two equal-amplitude
‘TE11 waves) or rotating polarization propagation. The
circularly polarized wave excites the voltage probes 29«
through 294 at the feed point with equal amplitude and
progressively phased voltages.

Referring now to Figures 1, 5 and 6, one method of
converting a linearly polarized TEi1 wave to a circularly
polarized wave is shown. Two oppositely disposed phase-
shifting fins 39 are attached to the inside of the cylin-
drical guide 21. The phase shifting fins 39 are at an
angle of 45° with respect to the incident TE11 wave. For
example, in Figure 6 the direction of the electric field is
shown as being vertical and the phase shifting fins shown
in Figure 5 are rotated through 45°. The TEu wave
of Figure 6 may be divided into two equal orthogonally
disposed components, one component perpendicular to a
plane common to the two phase shifting fins 39 and an-
other component parallel to the same plane, The fins
produce a relative phase delay between the two com-
ponents due to the different loading presented to the two
components of the TEu wave. By properly adjusting
the size and length of the phase shifting fins 39, a 90°
phase difference is produced. These two components are
in the proper time relation and spatial disposition to
propagate as a circularly polarized wave.

The phase shifting fins 39 utilized in the present inven-
tion are different in design from those .of the prior art
in that they occupy a very small proportion of a diameter
of the central waveguide 21. By -making the phase shift-
ing fins of the form $hown in Figure 5, they may be uti-
lized .in a circular.or polygonal waveguide which propa-
gates low order circular modes (for example the TMo1)
without acting as mode filters for such waves. The length
of such fins for a given amount of phase shift must be
longer than those.of prior design because the amount of
shift in phase per guide wavelength is much less. The
ends of the fins 39 are tapered from the wall of the wave-
guide' to their full height. “This taper may be a gradual
taper or, for convenience in mechanical construction, it
may ‘be of stepped configuration. If the taper of the
fins is of step form, each step may conveniently be made
Ag/4 in length-to provide a reflectionless transition,
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An incident linearly polarized wave with its principal
electric vector oriented in 90° spatial relationship to the
case just described, like that, for example, shown in Fig-
ure 7 where the direction of the electric field is horizontal
rather than vertical, will produce a circularly polarized
wave having its rotational sense opposite to that of the
TEi11 wave of Figure 6. The two contra-rotating cir-
cularly polarized waves are completely decoupled from
each other independent of the frequency at which the
circular waveguide is terminated in a matched load.

Since the two TEi1 modes are inherently decoupled,
two radio frequency signals within the same frequency
band may be propagated simultaneously in the guide 21
without interaction. Referring to Figures 1 and 6, a
rectangular waveguide 41 having its broadwalls parallel
to the longitudinal axis of the circular guide 21 may be
used with- a TE10 mode in the rectangular guide 41 to
excite a directionally polarized TEi11 wave in the circular
waveguide 21.

Similarly, referring to Figures 1 and 7, a rectangular
waveguide 43 with the same mode of propagation, TE1o,
may be used to excite a TE11 mode in the octagonal cen-
tral guide 21 at right angles to the other wave. In con-
junction with the phase shifting fins 39, these two modes
produce two contra-rotating circularly polarized waves
in the circular waveguide 21 as explained above in con-
nection with Figures 1, 5 and 6.

The three decoupled feed points thus provided by the
axial probe 35 and the two rectangular wave guides 41,
43 allow a diplex or triplex feed of the antenna array of
Figure 1. This feed system may employ all three modes
for triplexing three signals into the same antenna as long
as they are closely spaced in the frequency spectrum, or
two signals may be diplexed and the third feed terminal
terminated in an absorbing resistor for stabilization and
broadbanding purposes.

With the increasingly stringent requirements of side-
band transmission without phase shift arising in the radio
frequency equipment, it appears more and more desirable
to provide ultra-high-frequency broadcast antennas capa-
ble of accepting and radiating two or more radio fre-
quency signals without the use of frequency selective
filters.

As an example, assume that it is desired to diplex a
broadband picture signal with a narrow band sound sig-
nal, the problem encountered in ultra-high-frequency tele-
vision transmission. The broadband picture signal is fed
to the rectangular waveguide 41 in the TEio mode to
create a circularly polarized TE1n1 wave in the circular
waveguide 21. The accompanying sound transmission is
coupled to excite the TE10 mode to the rectangular wave-
guide 37 and the axial probe 35 in the circular waveguide
21 excites the TMo: mode. -An absorbing resistance load
is used to terminate the other rectangular waveguide 43.

The radio frequency signal from the picture transmitter
coupled to the rectangular waveguide 41 is converted by
the polarizing fins 39 to a circularly polarized wave which
couples progressively to the probes 29 to excite the sur-
rounding waveguides in phase rotational fashion. The
slots 33 in the outer walls of the surrounding waveguides
23 produce a field which is progressively phased with re-
gard to the several slots 33. Energy from the sound
transmitter which is coupled to the axial probe 35 will
excite the slots 33 in an in-phase relationship.

Any picture energy which is refiected due to incorrect
termination of the circular waveguide 21 because of
antenna element mismatch or similar inconsistencies is
converted by the polarizing fins 39 to a linearly polarized
wave at right angles to the incident wave and is therefore
returned to the rectangular waveguide 43 to be absorbed
ir the resistive load. The radio frequency transmitter
for the sound signal coupled to the axial probe 35 is there-
fore decoupled from either direct or reflected picture en-

ergy.

A resistive load termination for the reflected energy is
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very desirable because of the increased bandwidth over
which the antenna system offers a constant load to the
transmitter and also because of the improved isolation
between the picture and sound signals.

Figure 8 shows an alternative form of loaded rectangu-
lar waveguide 45 which may be used in place of the wave-
guides 23 through 23# of Figures 1 through 5. Instead
of utilizing the metal ridges 25 shown and described
above, a plate 47 forming a cap portion of a partial septum
49 may be used to lower the cutoff frequency of the rec-
tangular waveguide so that it will efficiently transmit
frequencies which can be propagated in an octagonal
guide in which one of its broad walls forms one of the
sides of the octagon.

Figure 9 is an isosceles trapezoidal waveguide 51 sim-
ilar to the specially shaped waveguides 23a through 23k
of Figures 1 through 5 which utilizes the plate and partial
septum 47, 49 arrangement like that of Figure 8. The
isosceles trapezoidal waveguide 51 may be directly sub-
stituted for the specially shaped surrounding waveguides
23 in Figures 1 through 5 described above.

Figures 10, 11, 12 and 13 show alternative cross-sec-
tional configurations of antenna arrays which may be
used in practicing the inventicn. In Figure 10, the central
waveguide 21’ is circular in cross-section and the sur-
rounding waveguides 23’ are arcuate segments. These
arcuate waveguides 23’ are each loaded by metal ridges
25 like those described above in conjunction with Figures
1 through 5.

In Figure 11, the central waveguide 21’ is shown as
being of circular cross-section, surrounded by waveguides
23’ having an arcuate broad wall (the interchange for a
common wall between the central circular waveguide
21’), the other broad wall and the two narrow walls being
plane surfaces.

Figure 12 shows a cross-section which utilizes an oc-
tagonal central waveguide 21 surrounded by waveguides
23’"" having an arcuate outer broad wall.

Figure 13 is similar to the arrangement shown in Fig-
ure 10, except that the central circular waveguide 21’ is
filled with a dielectric medium 53 to lower the cutoff
frequency of waves which may be efficiently transmitted
and thus reduce the cross-sectional size of the resulting
antenna array. Some of the advantages of the arrange-
ment shown in Figure 13 are reduced wind resistance, re-
duced weight of the antenna array proper, and improved
pattern circularity as will be explained in further detail
below.

The surrounding waveguides 23’ may also be filled with
a dielectric medium 55 to lower the cut-off frequency of
waves propagated therethrough to dispense with the neces-
sity for the loading ridges 25 shown in the previous figures
or in conjunction with the ridged waveguides shown above
to further reduce the size of the surrounding waveguides.

Referring now to Figure 14, the non-circularity ratios of
the horizontal field pattern vs. antenna diameter for pro-
gressively phased antennas of four and eight slots are set
forth in graphical form. It will be seen that an antenna
utilizing four axial slots has minima in the horizontal
field pattern which beccme somewhat troublesome if the
diameter of the cylinder is larger than about 0.3A.

Since the antenna diameter for an antenna array in
accordance with this invention is the sum of the diameter
of the central waveguide 21 or 21’ plus twice the height
of the specially shaped waveguides 23 (or 23’, 23" or
23'""), it is apparent that more than four slots are needed
to provide a sufficiently circular pattern for reasonable
range of size of the inner central waveguide 21.

Also shown on Figure 14 is a plot of the relative phase
velocity, or Ag/A, for the TEn mode plotted against the
diameter of the central waveguide. The diameters at
which cutoff is obtained for the first three modes, TEu1,
TMo: and TEz1, are also indicated. A practical operat-
ing range of approximately 0.7n to 0.95) is chosen for
the inner cylinder diameter, being limited at the lower
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d_by the rapidly increasing phase velocity and at the

uiper end by the undesired TEz1 mode.
ﬂgmy, fpr the eight axial slot arrangement of Fxg-

ure 1, in which the rectangular gu1de height to width is

me one to two, the correspondmg antenna
dsometers are 1.07A to 1.4n for this range of cenfral

e¥lindsical wavegmde size. From Frgure 14, it can be
oan that a pon—clrculanty ratio minimum of about 0.7
e this range of values.

Ry leading the central waveguide 21 or 21’ with a di-
m magenal to increase its cutoff wavelength, as de-
sgribed i3 conjunction with Figure 13, the over-all cylin-
dor diagpter can be made smaller than the above rep-
resentative values, the antenna can be made to have a pat-
terp which will more nearly approach absolute circularity
iw the hogizpntal plane.

}a.prastice, an irnportant practical advantage is secured
_ tbg qngdividugl wavegurdes 23a through 23/ are made of U
shaped channgls.. When these individual channels’ are
assembled, the central’ wavegmde 21 of octagonal CIOss-
‘sestion, the metal vanes forming the narrow walls of the
* specially. shaped waveguide and the ridges 25 form the
Me portion of the antenna assembly. This portion, as-
syming that the speclally shaped surrounding waveguides
3341 ‘throygh k have cover plates, may be operated over a
son;[derahle portion of the U. H. F. range without change.
For A given U. H. F. television channel the slots 33 are
cut.in the cover plates forming the outside broad walls of
the surronnding  wayeguides 23a through 4.
° ‘Fhe antenna array of this invention has other advan-
tpges as well, some of which are: a very strong mechani-
el copstruction is obtained due to the radial vanes which
form the narrow walls of the specially shaped wave-
glndes 23; the array is fed at or near the center, which
#iyes an anteana having good bandwidth characteristics
with 9o beem tilting due to change in frequency; and no
protruding appendages appear on the outer surface of the
agignga. . o
. Dye 10 the fact that waveguide transmission is used
throughopt the antenna, the invention is capable of han-
#ling yery large amounts of radio frequency power. The
evlimdrical central waveguide 21 will easily and efficiently
- - tepmapeit 200 .or more kilowatts of ultra-high-frequency
- emergy. and it should be noted that with eight specially
" shoped waveguides 23a through 23h, each of the sur-
woeding guides need be capable of handling only ¥ of
the total average input power.
#o sm actual embadiment -built in accordance with the
pocseat invention and successfully tried out in practice, an

array. for service on U. H. F. television channel :

anienns

H (#18 to 824 megacycles) had the following dimen-
sioms: The central waveguide 21 was of octagonal con-
figmeation as shown in Figures 1 through 7 and had a ra-
divs from its .center axis orthogonal to cach side of the
actagosi of 5.72"". The swrrounding specially shaped
weaveguides 23 thad an inside dimension across the outer
broad wall of 6.94'" and a depth from the inside of the
outer broad wall to the :other broad wall of 2.64"°. The
ridges 28 were 21344” ‘wide and had a clearance from the
outer broed wall of .63’" with the corners near the outer
beoad wall having a radius of 93,"’. The angle of the
naemow. walls to the broadwalls of the isoscoles trapezoidal
guides were 67%2° and the length of the narrow walls
“was 38",

“¥he ceatral guide 21 and the three inner walls of the O

suerounding . waveguides 23 were fabricated of eight U
shaped chamnels of 34¢’’ aluminum with the ridges 25
. formed of the same ‘material.
wikich .canstitute the other broad walls were fabricated of
- 842" sheet alumninum. The slots were cut into the outer
beeed wlll and had the following pertinent dimensions:
: mMm %" wide and 7.18” long with a center
- tp copter gpacing .of 9.32* along the axis of the antenna
sy Al the slots were -identical and .were spaced al-
on one side or the other of the center line of

The outer cover plates
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the ‘specially shaped surrounding waveguides 23 by a dis-
tance of 0.45 -"to the center of the slot. The center
line of the probes 29 10 the center of the first adjacent
layer of slots 33 on each s1de was 9. 32, There were 12
layers of slots on each srde of the center feed point, mak-
ing a total of 24 layers of eight slots per layer. The cir-
cularly polarlzed fing 39 were positioned between the
feed point at the probes 29 and -the nearest rectangular
wavegulde 41 and were of stepped configuration. The to-
tal length of the fins was 633" with the first step being
14" in height and the second step ()\g/4 or 5%>" from
the end of the first step) being 34s” in height. The fins
39 were 4157 wrde, and were mechamcal]y and electrical-
ly attached to the side wall of the octagonal guide 21.

The -entire antenna array was encased by a polymer
welded ﬁberglass cover of 8 sections, averaging about 30
inches in length and having an overlap section of about
one inch. This cover protects the antenna from rain,
snow and ice, and further has the advantage of present-
ing a smooth circnjar cylindrical exterior to reduce local
wind turbulence

Wh_at I claim i is:

1. An antenna comprising a transmission line having
an enclosmg side wall, a plurality of waveguides surround-
ing said transmission line, each of said surrounding wave-
guides havmg an outer ‘wall oppositely disposed relative
to said enclosmg side wall, each of said outer walls hav-
ing means adapted to interchange energy between said
surrounding waveguides and free space, elements associ-
ated with each of said surrounding waveguides coupling
sard transmrsswn line with each of said surrounding
wavegurdes for transferring radio frequency energy be-
tween said transmrssron line and said surrounding wave-

2. An antenna comprising a transmission line having
an enclosing side wall, a plurality of individual wave-
guides surrounding said transmission line, each of said
surrounding waveguides havmg an outer wall oppositely
disposed relative to said enclosmg side wall, each said
outer wall havmg a slot therein adapted to interchange
energy between said surrounding waveguides and free
space, coupling means between each of said surrcunding
waveguides and said transmission line adapted to trans-
fer radio frequency energy between said transmission line
and said surrounding wavegmdes

3, An antenna comprising a hollow pipe waveguide
having an enclosmg side wall, a plurality of surrounding
waveguides each having two broad walls and two narrow
walls, one of said broad .walls of each of said surround-
rng guides bemg the enclosing side wall of said hollow
pipe wayveguide, the other broad walls each having a slot
therein adapted to interchange energy between said sur-
roundrng wavegu_rc;le_s and free space, coupling element
means extending from the interior of each of said sur-
roundmg wavegurde,s through apertures in said enclosing
side wall into the interior of said hollow pipe waveguide
for. transfemng radio frequency energy between said hol-
low pipe waveguide and said surrounding waveguides.

4. An antenna comprising a hollow pipe waveguide
havmg an enclosing side ‘wall, a plurality of surrounding
waveguides each having two broad walls and two narrow
walls, one of said walls being the outer wall and opposite-
ly disposed relative to said hollow pipe waveguide, each
of said surrounding waveguides haviig means adapted to
interchange energy between said surrcunding waveguides
and free .space, coupling elements associated with each of
said surrounding waveguides extending through apertures
in said enclosing side wall into the interior of said hol-
low pipe wavegunide for transferring radio frequency en-
ergy ‘between said hollow plpe waveglude and sard sur-
roundmg waveguldes

5. An antenna comprising a hollow pipe waveguide
having an enclosing side wall and capable of supportmg
two dlrectronally Jpolarized orthogonally disposed waves,
a plurality of surrounding waveguides each having two
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broad walls and two narrow walls, one of said broad walls
of each of said surrounding guides being the enclosing
side wall of said hollow pipe waveguide, the other of said
broad walls having a plurality of slots therein adapted to
interchange energy between said surrounding waveguides
and free space, coupling elements associated with each
of said surrounding waveguides extending through aper-
tures in said enclosing side wall into the interior of said
hollow pipe waveguide for transferring radio frequency
energy between said hollow pipe waveguide and said sur-
rounding waveguides.

6. A slotted waveguide antenna adapted to interchange
energy between itself and free space comprising a central
hollow pipe waveguide having an enclosing side wall
and capable of supporting two directionally polarized
orthogonally disposed waves, a plurality of surrounding
waveguides each having two broad walls and two narrow
walls, one of said broad walls of each of said surround-
ing guides being the enclosing side wall of said hollow
pipe waveguide and having a ridge extending the entire
length thereof occupying the major proportion of the di-
mension between said broad walls, the other of said
broad walls having a plurality of slots therein displaced
from the center line of said broad wall and exposed to
ambient free space, coupling elements extending from
the interior of said surrounding waveguides through aper-
tures in said enclosing side wall into the interior of said
hollow pipe waveguide for transferring radio frequency
energy between said hollow pipe waveguide and said sur-
rounding waveguides, said surrounding waveguides ex-
tending away from said coupling elements in both direc-
tions along the length of said hollow pipe waveguide.

7. A slotted waveguide adapted to interchange energy
between itself and free space comprising a central hollow
pipe waveguide having an enclosing side wall and capable
of supporting two directionally polarized orthogonally
disposed waves, a plurality of surrounding waveguides
each having two broad walls and two narrow walls, one
of said broad walls of each of said surrounding guides
being the enclosing side wall of said hollow pipe wave-
guide, the other of said broad walls having a plurality
of slots therein displaced from the center line of said
broad wall and exposed to ambient free space, coupling
elements extending from the interior of said surrounding
waveguides through apertures in said enclosing side wall
into the interior of said hollow pipe waveguide for trans-
ferring radio frequency energy between said hollow pipe
waveguide and said surrounding waveguides, said sur-
rounding waveguides extending away from said coupling
elements in both directions along the length of said hollow
pipe waveguide, and means to couple further waveguide
means to said hollow pipe waveguide at a point remote
from said coupling elements with a circularly polarized
wave in the portion adjacent said coupling elements.

8. A slotted waveguide antenna adapted to interchange
energy between itself and free space comprising a central
hollow pipe waveguide having an enclosing side wall
and capable of supporting two directionally polarized
orthogonally disposed waves, a plurality of surrounding
waveguides each having two broad walls and two narrow
walls, one of said broad walls of each of said surrounding
guides being the enclosing side wall of said hollow pipe
waveguide and having a ridge extending the entire length
thereof occupying the major proportion of the dimension
between said broad walls, the other of said broad walls
having a plurality of slots therein displaced from the
center line of said broad wall and exposed to ambient
free space, coupling elements extending from the interior
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of said surrounding waveguides through apertures in said
enclosing side wall into the interior of said hollow pipe
waveguide for transferring radio frequency energy be-
tween said hollow pipe waveguide and said surrounding
waveguides, said surrounding waveguides extending away
from said coupling elements along the length of said
hollow pipe waveguide, and further waveguide means
cooperating with said hollow pipe waveguide in a por-
tion remote from said coupling elements to couple two
contra-rotating circularly polarized waves between the
portion adjacent said coupling elements and said further
waveguide means.

9. A waveguide antenna system comprising a central

waveguide having an enclosing side wall, a plurality of
surrounding waveguides each having two broad walls and
two narrow walls, one of said walls of each of said sur-
rounding guides being a portion of the enclosing side wall
of said central waveguide, antenna elements coupled to
a wall opposite said one wall to interchange energy be-
tween said surrounding waveguides and free space, means
for coupling said surrounding wave guides to said central
waveguide, further transmission line means cooperating
with said central wavegunide to couple two contra-rotating
circularly polarized waves between a portion adjacent said
coupling elements in said central waveguide and said
further transmission line means, and additional coupling
means cooperating with said central waveguide to couple
a mode having circular symmetry in said central wave-
guide.
10. A system for radiating the energy from two trans-
mitters comprising, a central transmission line having an
enclosing sidewall and being capable of supporting two
orthogonally disposed directionally polarized waves and
a wave having circular symmetry, a first input transmis-
sion line connected to said central transmission line to
couple energy from a transmitter to a lnearily polarized
wave in said central transmission line, a second input trans-
mission line connected to said central transmission line to
couple energy from another transmitter to excite a mode
therein having circular symmetry, a plurality of wave-
guides surrounding a portion of said central transmission
line, each of said surrounding waveguides having an outer
wall in spaced relation with the enclosing side wall of said
central transmission line, said outer wall having slots there-
in adapted to couple energy from said surrounding wave-
guides to free space, and elements associated with each
of said surrounding waveguides coupling energy from
said central transmission line to said surrounding wave-
guides.

11. A system as defined in claim 10, and in addition,
an output transmission line connected to said central trans-
mission line in orthogonal relation with said first input
line to couple a reflected linearily polarized wave there-
from, and phase shifting fins disposed within said trans-
mission line.
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