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CERCULARLY §'i-~ ' YED SLGT ANTENNA 

John L. Kerr, Neptune, Ni, assignor to the United 
States of America as represented by the Secretary of 
the Army 

Filed Jan. 2, 1959, Ser. No. 784,828 
8 Claims. (61. 343-771) 

(Granted under Title 35, US. Code (1952), sec. 266) 

The invention described herein may be manufactured 
and used by or for the Government for governmental 
purposes, without the payment of any royalty thereon. 
The invention relates to antenna devices and systems 

and particularly to such devices and systems for radiating 
polarized electromagnetic signal wave energy in different 
directions, for use in radio beacons or other microwave 
signaling systems. 
A general object of the invention is to improve such 

devices and systems from the standpoint of providing the 
desired directional control of the radiated signal energy 
with apparatus which is of simple design, of relatively 
low cost, compact and of small size. 

Another object is to provide an antenna device which 
is adjustable to give any one of several different types of 
directivity control of a radiatedantenna beam. 
A more speci?c object is to radiate polarized micro 

wave signal energy omnidirectionally in a given plane; 
for example, uniformly in all horizontal directions. 

Another speci?c object is to provide an antenna sys 
tem which will radiate microwave signals with a desired 
polarization and in a broadly directive radiation pattern 
in any desired direction. 

Another speci?c object is to provide an antenna sys 
tem capable of radiating directive or shaped microwave 
beams in any desired direction. 

These objects are obtained in accordance with the 
invention by an antenna structure comprising for its prin 
cipal components, a parallel-plate, radial transmission 
line section and an array of like rectangular (or sub 
stantially rectangular), hollow-pipe waveguide sections 
each including one or more apertures or slots in one of 
its broad walls for radiating the incident wave energy in 
the desired polarized form. The parallel-plate, radial 
line section is fed at a centrally located point through 
a coaxial line input with the microwave signal energy 
to be radiated and propagates this energy outwardly and 
radially to the waveguide array. The individual aper 
tured waveguide sections of the waveguide array are 
mounted adjacently around the circumference of the ra 
dial line section in such manner that different portions 
of the received signal energy in desired amplitude and 
phase relationships, for example with equal amplitudes 
and in the same phase, are respectively fed into the 
input of a different one of the waveguide sections and 
are propagated longitudinally thereover. All of the rec 
tangular waveguide sections are oriented so that their 
narrow walls are disposed radially with respect to the 
longitudinal center line of the parallel-plate radial line, 
and these waveguide sections extend longitudinally in 
parallel with each other in a direction which is parallel 
to that center line. Each of the waveguide sections is 
terminated in an individual matched load. 

In one embodimentt of the invention, each aperture 
or slot radiator in each waveguide section is of the con 
ventional X-slot, circularly-polarized type and is respon 
sive to the incident microwave energy received over that 
waveguide section to radiate that energy in circular polar 
ized form into the surrounding air medium in a direc 
tion which is perpendicular to the broad wall of the 
waveguide section in which it is located. The wave 
length spacing between the X-slot radiators in adjacent 
waveguide sections around the ‘circumference of the ra 
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2 
dial line is made of the optimum value to provide the 
best omnidirectional radiation characteristic for the an 
tenna structure, which is one-half of a free-space wave 
length (A/Z) at the operating frequency. Each of the 
waveguide sections is dielectrically loaded to make the 
broad dimensions of the cross-section of the rectangular 
waveguide sections in the order of M2 to obtain this op 
timum spacing between the X-slot radiators in adjacent 
waveguide sections. The parallel-plate radial line sec 
tion may or may not be dielectrically loaded. To com 
pensate for undesired reduction in radiated wave power 
due to the limitation in slot length with reduction in the 
broad dimension of the cross-section of each waveguide, 
the X-slots are also dielectrically loaded to bring them 
near resonance for maximum radiated wave power. The 
use of the optimum wavelength spacing between the X 
slot radiators, and the design of the antenna structure 
as descirbed above, to insure that the circularly-polar 
ized microwave energy radiated by each of its X-slot 
radiators is of the same amplitude and phase, results 
in a good overall omnidirectional radiation pattern in 
the horiozntal plane for the antenna beam. 

In a modi?cation of this ?rst embodiment, one or 
more linearly-polarized slot radiators of suitable length 
extending in parallel with, perpendicular to, or at a 45 
degree angle or other angle with respect to the longi 
tudinal axis of the waveguide section, are employed at 
corresponding points in the broad walls of the adja 
cent waveguide sections, in place of the X-slot radiators 
therein, to produce linear polarization of the radiated 
microwave energy. 
A second embodiment of the invention ditfers from 

the ?rst embodiment in’ the addition of means, such as 
a sector of a shorting ring or other suitable wave block 
ing means, placed around any desired major portion of 
the circumference of the antenna structure in the plane 
of the X-slot or linearly-polarized slot radiators there 
in, which operates effectively to block off radiation from 
all of these radiators except for a small number of radi 
ators in adjacent waveguide sections, say two or three, 
thereby con?ning radiation to the latter slot radiators 
and enabling a broadly directive pattern in the radiated 
microwaves to be attained in the general direction in 
which these slot radiators radiate. 
A third embodiment of the invention involves the 

combination of the antenna structure of the ?rst or 
second embodiment with a biconical horn to provide a 
more directive pattern for the radiated wave energy in 
the vertical plane. 
A feature of the invention applicable to any one of 

the above-described embodiments thereof is a linear ar 
ray of two or more X-slot or linearly-polarized slot radi 
ators in a broad wall of each of the adjacent waveguide 
sections, such as to provide proper phase and amplitude 
distribution of the wave energy radiated thereby to give 
a more directive or shaped antenna beam in the vertical 
plane. 
The various objects and features of the invention will 

be better understood from the following detailed de‘ 
scription thereof when it is read in conjunction with-the 
several ?gures of the accompanying drawings in which: 

FIG. 1 is a front perspective view of one embodiment 
of an antenna device in accordance with the invention 
for radiating circularly-polarized microwaves omnidirec 
tionally in a horizontal plane; ' 

FIG. 2 is a cross-sectional view taken along the line 
2--2 in FIG. 1 and partially broken away to show the 

' internal structure of the antenna device more clearly; 
FIG. 3 is a front perspective view of a second embodi 

ment of the invention comprising the antenna device of 
FIG. 1 combined with auxiliary structures for adapting 
it to radiate circularly-polarized microwaves in a broadly 
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directive radiation pattern in any desired direction, or to 
provide a more directive radiation pattern in the ver 
tical plane; 
FIGS. 4(a), (b), (c) and (:1) respectively show dia 

grammatically linear arrays of X~slot or linearly-polar 
ized slot radiators of different types which could be 
used in accordance with the invention in the Waveguide 
sections of the antenna device of FIG. 1 or 3 to pro 
vide a more directive or shaped pattern in the vertical 
plane for the radiated antenna beam; 
FIGS. 5, 6, 7 and 8 respectively show di?erent omni 

directional and directional antenna beam radiation pat 
terns at frequencies within the X-band range actually 
obtained in tests of experimental models of antenna de— 
vices with structure essentially as shown in FIGS. 1 and 
2 or FIG. 3 with suitable dimensions for the component 
elements; and 
FIG. 9a is a curve showing the variation of voltage 

standing wave ratio (VSWR) with frequency in the X 
band 7 frequency range measured on an experimental 
model of the antenna device in accordance with the in 
vention, in which the component elements have the di~ 
mensions indicated in FIG. 9b. 

Referring to FIGS. 1 and 2, the embodiment of the 
antenna device of the invention shown therein comprises 
a cylindrical member 111 formed by three nesting, invert 
ed cup-shaped members 12, 13 and 14 of which the outer 
and inner cup-shaped members 12 and 14 are made from 
a conductive material, such as brass, and the intermediate 
cup-shaped member 13 from a dielectric material, such 
as “polystyrene.” The top, horizontal plate portions :15 
and 16 of the outer and inner cup~shaped members, to 
be referred to hereinafter as the plate 15 and plate 16, 
respectively, with the inclosed space between them form 
a parallel-plate, radial transmission line section which is 
fed through a probe member 17 comprising an extension 
of the inner conductor of a coaxial line input section 18, 
projecting through centrally-located, aligned holes in the 
plate 16 and the dielectric cup-shaped member 13 into 
the inclosed space between the plates 15 and 16 of the 
radial line section, for feeding the microwave energy 
to be radiated into that line section. 
A plurality of hollow-metal pipe waveguide sections 

19 of distorted rectangular cross-sections are respectively 
mounted at equally spaced points around the circumfer 
ence of the radial line section formed by the plates 15 
and 16 and the inclosed space between them, and form 
the outer portion of the cylindrical member 10. The 
rectangular waveguide sections 19 are all oriented so that 
their narrow walls are disposed radially with respect to 
the center-line or longitudinal axis 241 of the radial line 
section which extends in a direction perpendicular to the 
planes of the plates 15 and 16 of the radial line section. 
The waveguide sections 19 extend longitudinally in paral 
lel with each other in a direction which is perpendicular 
to the planes of the plates 15 and 16 of the radial line 
section and therefore in parallel with the longitudinal 
axis of that section. The waveguide sections 19 are ter 
minated at their ends, near the bottom of the cylindrical 
member 111, in individual matched loads 21 which as 
shown may be tapered pieces of a solid dielectric ma 
terial, such as “Polyiron,” inserted into the interiors of 
the waveguide sections at that point; and at their other 
ends, near the top of the cylindrical member 11}, connect 
directly with the dielectric material-?lled space between 
the parallel plates 15 and 16 of the radial line section at 
respective points spaced around its circumference. As 
shown, the radially-disposed adjoining walls between the 
adjacent waveguide sections 19 may be formed by ?at 
rectangular metal sheets or vanes 11 a?ixedat their 
upper ends to the plate 15' of the radial'line section and 
at their lower ends to a ring-shaped retaining metal plate 
22 forming the bottom of the cylindrical member 1a, 
and extending through radially-disposed slots‘in the inter 
vening portion of the dielectric cup-shaped member 13. 
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Each of the waveguide sections 19 contains at a cor 

responding point intermediate to the two ends of the sec 
tion a circularly-polarized X-slot radiator 23 of conven 
tional type, which, as shown, consists of two narrow slots 
of equal length crossed at right angles, cut into the outer 
broad Wall of the waveguide section, that is, the wall 
forming a portion of the outer surface of the cylindrical 
member 10, at the proper spot so that it will radiate any 
incident Wave energy received over that section in circu 
lar polarized form outwardly into the surrounding air 
medium in a direction perpendicular to the plane of the 
broad waveguide wall in which it is located. Such X-slot 
or circularly-polarized slot radiators are described and 
their operation completely explained in the article “Cir 
cularly Polarized Slot Radiators” by Alan 1. Simmons on 
pages 31 to 36 of the IRE Transactions on Antennas 
and Propagation, for January 1957. As stated in this 
article, such X-slot radiators have the following desirable 
properties: 

(1) They are inherently matched, independent of slot 
length; 

(2) When the slot arms are made resonant, approxi 
mately 75 percent of the incident wave power is radiated 
with a VSWR of 1.12; and 

(3) When fed from one end of the Waveguide, the 
slots radiate right~hand circular polarization; and from 
the other end, left-hand circular polarization. 

Preferably, the center of the X-slot radiator 23 in each 
Waveguide section 19 is located at a corresponding point 
halfway between one sidewall and the longitudinal center 
line of the waveguide section. ' 
The portions of the dielectric cup member 13 within 

the inclosed space between the plates 15 and 16 of the 
radial line section and extending into the interior of each 
of the waveguide sections 19 serve to load these sections 
dielectrically, which effectively enables the length of the 
broad dimension of the cross-section of each of the Wave 
guide sections 19 to be reduced to a size to bring the 
wavelength spacing. between the adjacent waveguide sec~ 
tions around the circumference of the radial line to the 
optimum value providing the best omnidirectional radia 
tion characteristic for the antenna device, which is half of 
a free-space wavelength (M2) at the operating frequen 
cy. In order to effectively compensate for the reduction 
of radiated Wave power with reduction in the broad di 
mension of each waveguide which limits the length of the 
X-slots, the slots themselves are also loaded with any 
suitable dielectric material to bring them near resonance 
for maximum radiated wave power. 
The antenna device of FIGS. 1 and 2 operates as 

follows. The electromagnetic wave energy in the micro 
wave frequency range fed into the parallel-plate radial 
line section through the coaxial line input 13 Will be 
propagated outwardly and radially with its E-vector per 
pendicular to the planes of the plates 15 and 16 in that 
line section. Different portions of the energy arriving at 
the circumference of'the radial line section which are 
of equal amplitude and in the same phase, will be fed 
into the input of each of the waveguide sections 19 and 
will energize them in the dominant TE“, mode. This 
energy will be propagated over thesewaveguide sections 
in a direction which is perpendicular to that of the prop 
agated wave energy in the parallel-plate radial-line sec 
tion. ' 

The matched load 21 of each waveguide section serves 
to substantially prevent re?ections of the Waveguide en 
ergy received over that section, and to prevent generation 
of spurious modes. The X-slot radiator 23 in each of 
the waveguide sections 19 in response to the microwave 
energy incident thereon will radiate a circular polarized 
Wave of the same phase and amplitude for each radiator, 
outwardly into the surroundhig air medium in a direc~ 
tion which is normal to the plane of the particular broad 
wall of the waveguide section in which it is located. Be 
cause of the elected optimum wavelength spacing of 
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7\/2 between the X-slot radiators and the above-described 
design of the antenna device which insures that the radia 
tion from each of the X-siot radiators 23 is of same 
amplitude and phase, a uniform omnidirectional radia 
tion pattern in one plane of the radiated antenna beam 
is obtained. 

The overall size of the antenna device of FIGS. 1 
and 2 may be increased or decreased to accommodate 
different numbers of waveguide sections 19 spaced around 
the circumference of the parallel-plate line section, with 
out substantial deterioration in the omnidirectional radia 
tion characteristic of the antenna. One experimental 
model which was built and tested, employing twenty 
X-slot radiators having an angular displacement of 18 
degrees between adjacent radiators, had an outside di 
mention of 4.1" diameter. The actual omnidirectional 
radiation patterns obtained by tests on this model at an 
operating frequency of 9300 mcs., for horizontal, ver 
tical and 45-degree polarization, respectively, of a lin 
early polarized receiving antenna, are given in FIG. 5. 
It will be noted that the omnidirectional characteristics 
obtained for this antenna are extremely uniform and the 
ellipticity ratio is less than 1 decibel. The radiation pat 
terns are relative voltage plots. 

Another experimental model of an antenna device in 
accordance with FIGS. 1 and 2, which was built and 
tested, having six waveguide sections each with a single 
X-slot radiator, spaced around the circumference of the 
parallel-plate radial line section, with an angular dis 
placement of 60 degrees between the slot radiators in 
adjacent waveguide sections, had an outer diameter of 
1.3”. FIG. 6 shows the actual omnidirectional radia 
tion patterns obtained by tests on this model at an op 
erating frequency of 8900 Incs., for horizontal, vertical 
and 45-degree polarization, respectively, of the linearly 
polarized receiving antenna. It will be noted from these 
patterns that satisfactory omnidirectional radiation char 
acteristics and ellipticity ratio (better than 3 decibels) are 
obtained also with this smaller antenna device. 
The antenna device of the invention shown in FIGS. 1 

and 2 may be modi?ed to include in each waveguide 
section an individual linearly-polarized slot radiator 24 
of the type illustrated in FIGS. 417, c or d dis 
posed so that it extends in parallel with, per endicular 
to, or at a 45-degree or other angle with respect to the 
longitudinal axis of the waveguide sections, in place of 
the X-slot radiator shown, at a corresponding point, in 
order to produce linear polarization instead of circular 
polarization of the radiated omnidirectional antenna 
beam. Also, by making the waveguide sections in the 
antenna structure of FIGS. 1 and 2 somewhat longer, 
vertical linear arrays of two or more of the X-slot ra 
diators or of the linearly-polarized slot radiators of differ 
ent types, as illustrated diagrammatically in FIGS. 4a, 
b, c and d, respectively, for the different types of 
radiators, to provide a desired phase and amplitude 
distribution of the radiated wave energy portions, such 
as can be utilized in each waveguide section to give a 
more directive or shaped radiated antenna beam in the 
vertical plane. 

FIG. 3 shows an antenna structure of the general type 
shown in FIGS. 1 and 2 with auxiliary arrangements in 
accordance with the invention for modifying the radiation 
characteristics of the antenna directionally. One of these 
arrangements comprises a sector of shorting ring 25 placed 
around the circumference of the cylindrical member 10 
in the plane of the X-slot radiators 23 and operating 
effectively to block radiation from all these radiators 
except for a small number of adjacent radiators, say 
two or three of them, not covered by the ring, which 
are maintained open to radiate the incident wave ener 
gies in respective directions perpendicular to the broad 
waveguide wall in which they are located. The open 
slot radiators in combination will radiate a microwave 
beam with a broadly directive radiation pattern in the 
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6 
general direction in which the slots radiate. For ex 
ample, in an experimental model of the general type 
shown in FIGS. 1 and 2, with three X-slot radiators 
radiating and seventeen of them blocked by the short 
ing ring sector 25, a radiation pattern with half power 
beamwidth of 32 degrees was measured. The input im 
pedance of the antenna would be virtually unaffected by 
the shorting ring sector since the X-slot radiators ex 
hibit almost re?ectionless characteristics. As indicated by 
the curved arrows in FIG. 3, the shorting ring sector 25 
can be made adjustable in either direction so that it may 
be utilized for blocking radiation from all the radiators 
except for any group of three slot radiators (or any 
other selected small number) in adjacent waveguide sec 
tions located in any sector around the circumference of 
the radial line section, and thus effectively to change the 
direction of the radiated microwave beam accordingly. 
FIG. 7 shows an actual broadly directive radiation 

pattern in the horizontal direction at an operating fre 
quency of 9300‘ mcs., obtained with an experimental 
model of the antenna device of the invention shown in 
FIGS. 1 and 2 equipped with a shorting ring structure 
such as illustrated in FIG. 3, adjusted to block radiation 
from seventeen X-slot radiators and to allow radiation 
from three adjacent X-slot radiators, for a horizontal 
polarization of the receiving antenna. For comparison 
purposes, the smaller relative amplitude of the radiated 
antenna beam obtained with all twenty X-slot radiators 
radiating is shown in FIG. 7. FIG. 8 shows the actual 
broadly directive radiation pattern in the horizontal di 
rection at an operating frequency of 9300 mes. obtained 
with an experimental model of the same antenna struc 
ture equipped with a sector of shorting ring similar to 
that illustrated in FIG. 3 but adapted to block radiation 
from eighteen X-slot radiators and to allow radiation 
from the remaining two adjacent X-slot radiators. A 
radiation pattern with half-power beamwidth of 52 de 
grees was measured. As shown in FIG. 8, in this case 
the relative amplitude of the radiated antenna beam is 
less than the relative amplitude obtained with all twenty 
X-slot radiators radiating. 

Another possible modi?cation of the antenna structure 
of the invention illustrated in FIG. 3 involves the use of 
a biconical horn arrangement 26 placed around the cir 
cumference of the cylindrical member 10 so that it is 
fed from the radiating X-slot radiators therein, and op 
erating to provide a more directive radiation pattern of 
the radiated microwave beam in the vertical plane. As 
indicated by the vertical arrows in FIG. 3, the biconical 
horn arrangment could be arranged to be slid vertically 
in either direction along the outer surfaces of the wave 
guide sections to change the directivity in the vertical 
plane provided by this modi?cation. 

FIG. 9a is a curve showing the variation in voltage 
standing wave ratio (VSWR) over the X-frequency band 
from 7000 to 10,200 mes/sec. noted by measurement 
with a standing wave detector in a model of the antenna 
structure of FIGS. 1 and 2 which was constructed. As 
shown in the diagram of FIG. 9b, the vertical distance 
between the plates 15 and 16 in this structure was 0.250 
inch, the probe 17 (extension of inner conductor of a 
50-ohm coaxial line input) supplying the microwave en 
ergy to be radiated to the radial line section had a diam 
eter of 0.125 inch and extended into the inclosure be 
tween plates 15 and 16 for a distance of 0.220 inch. As 
shown, the measured VSWR was less than 2:1 over this 
microwave frequency range. This VSWR curve indi 
cates that the antenna is not a narrow band device im 
pedance-wise. 

Although in the foregoing description, the antenna de 
vices of the invention have been explained'with reference 
to their use as transmitting devices for radiating micro 
wave energy, it should be understood that these same 
devices can be employed as well to provide equivalent 
operations in the opposite direction for microwave re 
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ceiving purposes. The invention is not limited to the 
precise structural arrangements illustrated and described 
since various modi?cations of these arrangements which 
are within the spirit and scope of the invention will occur 
to persons skilled in the art. 
What is claimed is: 
1. An antenna device comprising a parallel-plate ra 

dial transmission line section fed at a central point with 
high frequency electromagnetic wave energy to be radi~ 
ated, and adapted to propagate that energy outwardly 
and radially with respect to that point, a plurality of sub 
stantially rectangular hollow-pipe waveguides having un 
equal cross-sectional dimensions, mounted in a circular 
arrangement at respectively different spaced points around 
the circumference of the radial line section in such man 
ner as to be fed therefrom respectively with different 
portions of this energy in a desired relative amplitude and 
phase, said waveguides extending longitudinally in par 
allel with each other in a direction which is perpendicu 
lar to the planes of the parallel plates in the radial line 
section so that each waveguide will propagate a different 
one of the received energy portions in the dominant wave 
mode longitudinally in that direction, said waveguides be 
ing oriented so that their narrower walls are disposed ra 
dially with respect to said central point, an individual 
matched load terminating each waveguide for suppressing 
reflections and preventing generation of spurious waves 
modes, and at least one slot radiator at selected corre 
sponding points in an outer broad wall of each of said 
waveguides for radiating the incident wave energy re 
ceived over that waveguide in a desired polarized form 
outwardly into the surrounding air medium in a direc 
tion normal to that wall, to provide elements of a omni 
directionally radiated antenna beam. ' 

2. The antenna device of claim 1, in which the arrange 
ment of said waveguides with respect to the parallehplate 
radial line section is such as to cause the radiation from 
each of the slot radiators in each of the waveguides to be 
in the same phase and of the same amplitude, and the 
spacing between corresponding slot radiators in adjacent 
waveguides around the circumference of the radial line 
section is approximately a half-wavelength at the operat 
ing frequency in order to produce a more uniform omni 
directional radiation pattern in a given plane for the ra 
diated antenna beam. ‘ 

3. The antenna device of claim 1, in which both the 
parallel-plate line section and each of the waveguides are 
dielectrically loaded to enable the spacing between the 
slot radiators inaadjacent waveguides around the circum 
ference of the parallel-plate radial line section to be of the 
order of half a free-space wavelength at the operating 
frequency of the antenna device, which is the optimum 
spacing to give a more uniform omnidirectional radiation 
pattern for the radiated antenna beam, and the slot radi 
ators are also dielectrically loaded to bring them near 
resonance for maximum radiated power and thereby to 
compensate for the reduction in radiated power due to 
the limitation in slot length with reduction in the broad 
dimension of the cross-section of each waveguide to ob~ 
tain said optimum spacing between the slot radiators in 
adjacent waveguides. 

V 4. An antenna system comprising in combination a 
parallel-plate radial transmission line section fed at a 
central point with electromagnetic wave energy of micro 
wave frequencies to be radiated'and adapted to propa 
gate this energy outwardly and radially with respect to 
said central point, a plurality of hollow-pipe waveguides 
of elongated, substantially rectangular cross-section 
mounted at spaced points around the circumference of 

. the radial line section in such an arrangement that the 
waveguide sections respectively receive therefrom differ— 
ent portions of this wave energy which are of the same 
amplitude and in the same phase and propagate the re 
ceived energy portions over the respective guides in a di 
rection which is normal to the propagation direction 
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of the wave energy in the radial line section, an individual 
matched load terminating each of said waveguides, each 
of said waveguides being oriented so that its narrower 
walls are radially disposed wtih respect to said central 
point, a plurality of radiators of the X-slot circularly po 
larized type in an external broad wall of each waveguide 
at corresponding selected points, normally adapted to 
radiate the wave energy incident thereon into the sur 
rounding air medium in a direction which is normal to 
the broad wall of the particular waveguide in which it is 
located, and adjustable wave blocking means placed 
around a portion of the circumference of the antenna 
structure in the plane of the corresponding slot radiators 
in the adjacent waveguides, for blocking out radiation in 
that plane from any desired major portion of the radiators 
in adjacent waveguides, and thereby providing a broadly 
directive radiation pattern for the beam radiated by the 
antenna device in the general direction in which the other 
slot radiators radiate. 

5. The antenna system of claim 4, in which said wave 
blocking means comprises a sector of a shorting ring ad 
justably movable in either direction around the circum 
ference of the antenna structure to cover the desired 
number of adjacent slot radiators to control the direc 
tivity of the radiated antenna beam accordingly. 

6. Microwave energy radiating antenna apparatus of 
overall cylindrical shape comprising three nesting, in 
verted cup-shaped members of circular cross-section the 
inner and outer members of winch are made from con 
ductive material and the intermediate member from di 
electric material, a ring-shaped plate member af?xed to 
the bottom of said outer and inner cup~shaped members, 
the upper plate portions of said outer and inner mem 
bers with the inclosed dielectric material-?lled space be 
tween them forming a parallel-plate radial transmission 
line section which is supplied at a central point with the 
microwave energy to be radiated and is adapted to propa 
gate this energy outwardly and radially with respect to 
said central point, a plurality of hollow-pipe waveguides 
of substantially rectangular cross-section at respective 
spaced points around the circumference of said radial 
line section respectively adapted to receive therefrom and 
propagate longitudinally over the respective guide differ 
ent portions of the received wave energy' which are of the 
same amplitude and in the same phase, the adjoining walls 
of said waveguide sections being formed by conductive 
plate vane members respectively extending longitudinally 
through radially disposed grooves in the side portions of 
said intermediate dielectric cup-shaped member at re 
spectively different spaced points around the circumfer 
ence of the radial line section and af?xed at their upper 
ends to said upper plate portion of the outer cup-shaped 
number of the radial line section and at their lower ends 
to said ring-shaped plate member, said rectangular wave 
guides being oriented so that their narrower walls are dis 
posed radially with respect to said central point and one 
of the broader walls of each guide forms a portion of 
the outer surface of the 'cylindrically-shaped antenna 
apparatus, and at least one slot radiator in said one broad 
Wall of each of said waveguides for radiating the incident 
wave energy in the desired polarized form outwardly into 
the surrounding air medium and in a direction which is 
normal to that of the broad wall in which it is located. 

7. The antenna apparatus of claim 6, in which the 
dielectric loading of said parallel-plate radial line sec 
tion and of each of said waveguides provided by the di 

7 electric cup portions inserted therein is utilized to enable 

70 

75 

the optimum spacing of a half-free space Wavelength at 
the operating frequency of said‘antenna apparatus to be 
atttained, and the slot radiators in the waveguides are 
also loaded dielectrically to bring them near resonance for ' 
maximum radiated power. 

8. The microwave energy radiating apparatusof claim 
6, in which the radiators in the outer broad wall of each 
of said waveguides are of the X-slot circularly polarized 



3,032,762 
9 10 

type, and a biconical horn arrangement is placed around 2,894,261 Yarw ________________ __ July 7, 1959 
the circumference of said cylindrically-shaped antenna FOREIGN PATENTS 
apparatus so as to be fed from the radiators therein, 
and operating to provide a more directive radiation pat- 882,430 Germany ————————————— —— July 9’ 1953 
tern of the radiated beam in the vertical plane, said bi- 5 1,155,201 France ——————————————— -- APT- 4, 1958 
conical horn arrangement being arranged to he slid ver~ OTHER REFERENCES 
tically in either direction along the outer surfaces of the 
waveguides to change the directivity in the vertical plane Pub. 1: Microwave Antenna Theory and Design by 
of the radiated beam. Silver, vol. 12 of MIT Rad. Lab. Series, chapter 9, page 

- - i I - ,, 10 298. 
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