
3,034,118 F. E. PARISI 
OMNIPOLARIZED ANTENNA HORN 

May 8, 1962 

5 Sheets-Sheet i. Filed May 28, 1957 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



3,034,118 F. E. PARSI 

OMNIPOLARIZED ANTENNA HORN 

May 8, 1962 

3. Sheets-Sheet 2 Filed May 28, 1957 

/28 / 

INVENTOR. 

FRANKE. PARIS 

2 ? 

| 
A08 

?? ??? ????? ' %. 

  

  

  

  



3,034,118 F. E, PARISI 

OMNIPOLARIZED ANTENNA HORN 

May 8, 1962 

3. Sheets-Sheet 3 Filed May 28, 1957 

  



United States Patent Office 3,034,118 
Patented May 8, 1962 

3,03?,?18 
OMNPOELAREAED ANTENNA HORN 
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This invention relates to antennas and more particu 
larly to horn type, broadband antennas for omnipolarized 
radiation. 
A single, compact antenna horn or package capable of 

receiving or transmitting a wide range of microwave fre 
quencies regardless of polarization is desirable in the field 
of electromagnetic wave communication. It is particu 
larly desirable in military operations for countermeasures 
activities. For maximum usefulness in this field, it should 
be capable of not only operating over a wide range of 
frequencies, but also have a high sensitivity to both right 
and left hand circularly polarized, as well as linearly 
polarized, radiation. 

Accordingly, a primary object of the present invention 
is the provision of a microwave antenna for use with 
electromagnetic radiation over a wide range of frequencies 
regardless of the sense of polarization of the radiated 
energy. 

Another object is the provision of an antenna for elec 
trically polarized radiation which is capable of being selec 
tively switched for operation between left and right senses 
of polarization. - 
A sill further object is the provision of a horn type 

microwave antenna for transmitting selectively left or 
right hand circularly polarized radiation and for receiving 
electromagnetic radiation regardless of the sense of polari 
zation, including circular or elliptical polarization of either 
sense as well as linear polarization of any orientation. 
And a still further object is the provision of a broad 

band, horn type antenna compable of transmitting and 
receiving highly directional microwave radiation. 
Another object is the provision of a horn type, broad 

band, microwave antenna having incorporated therein as 
an integral part thereof, a bridge feed to effect proper 
conditions for the production of elliptically polarized radi 
ation. 
And a further object is the provision of a broadband 

antenna comprised of a pair of coaxially arranged horns, 
each capable of operation with omnipolarized radiation 
over a preselected portion of the overall range of fre 
quencies and which lend themselves to rugged, durable 
construction for operation alone or with suitable reflectors. 

Another object is the provision of a horn type antenna 
having two independent channels in the same structure, 
the channels lending themselves for use with such combi 
nations as a pair of receivers or transmitters, or one re 
ceiver and one transmitter, or a pair of receivers wherein 
one is a broadband receiver and the other is a highly 
selective receiver. 
A still further object is the provision of a pair of horn 

type antennas in a single coaxial structure, With each 
horn having two independent channels or a total of four 
independent channels in a single structure for selectively 
receiving and transmitting electromagnetic Wave signals. 
These objects, features and advantages are achieved 

generally by providing a horn loaded in one plane with di 
electric material having the equivalent of Substantially a 
quarter wavelength phase change in the radiation passing 
through it as compared to the radiation in a plane perpen 
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dicular to the dielectric loaded plane, and a coaxial line 
feed at forty-five degrees to these planes. 
By providing another coaxial line feed at ninety degrees 

to the first mentioned feed and means for selective opera 
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tion between the two, operation with right and left hand 
circularly polarized radiation is thereby achieved. 
By providing a second, smaller horn in the unused 

center portion of the first horn, with both horns in coaxial 
relation to each other and with each horn arranged for 
operation over a selected band of frequencies, a much 
broader band of overall operation is thereby achieved. 
By making the horn feed in the form of a coaxial line 

with a gap at the axis of the horn between the outer co 
axial cable and increased diameter inner cable, balanced 
voltages are developed in the waveguide to excite the 
desired mode. 
By flaring the aperture at the open end of the outer 

horn, the primary radiation pattern is further controlled. 
By adding dielectric material to the open end of the 

inner horn of the coaxial arrangement, additional control 
of the inner horn radiation is achieved. 
These and other objects, features and advantages of the 

invention will become more apparent from the following 
description of preferred embodiments of the invention 
and wherein: 
FIG. 1 is a diagrammatic cross sectional representa 

tion taken on line -i of FIG. 2 and illustrating a co 
axial horn made in accordance with the present inven 
tion; 

FIG. 2 is a cross section taken on line 2-2 of FIG. 1 to 
more clearly show construction; 
FIG. 3 is a segmentary cross sectional view to enlarged 

scale taken on line 3-3 of FIG. 2 to more clearly show 
construction of the inner horn feed; 
FIG. 4 is a schematic representation of a bridge feed 

arrangement for achieving polarized radiation and illus 
trating operation of applicant's invention; 

FIG. 5 is a section on line 5-5 of FEG. 6 illustrating 
a mechanical arrangement of applicant's invention which 
combines features of the four waveguides and bridge 
shown in FIG. 4 into a simplified physical structure; 

FIG. 6 is a cross section on line 6-6 of FIG. 5; 
FIG. 7 is a cross section on line 7-7 of FIG. 5 particu 

larly illustrating the coaxial line feed system; 
FIG. 8 is a cross section on line 3-8 of FIG. 5. show 

ing the feed system for polarization in the opposite sense 
to that in FIG. 7; 

FIG. 9 is a segmentary view taken on line 9-9 of 
FIG. 2 to show feed construction. 

Referring first to FIG. 4, a horn feed arrangement 
illustrating the theory of operation of applicant's inven 
tion is designated generally by the numeral i0. The feed 
10 is applied to four ridge loaded waveguides 2, 14, ió 
and 18 having ridges 11, 13, 15 and i7 respectively ap 
pearing in cross section in FIG. 4. The waveguides 12 
and 14 are arranged in opposed relation and the wave 
guides 16 and 18 in opposed relation about the sides of a 
square central area 20 which may be considered placed 
symmetrically about an axis 21 extending perpendicular 
to the plane of the drawing. The two opposed wave 
guides 2 and 14 are also loaded with dielectric material 
23 and 25 respectively to make them ninety electrical de 
grees longer than the other two waveguides 16 and 18. 
A suitable dielectric material for this purpose is known 
commercially as Teflon, 
About the waveguides are an inner coaxial ring 22 and 

outer coaxial feed lines 24 and 26 forming a bridge net 
work 28. Waveguides 12, 18, 4 and 16 are connected 
through waveguide to coaxial junctions to taps or points 
30, 32, 34 and 36 respectively on the inner cable of the 
coaxial line 22 and are equally spaced about the inner 
coaxial feed ring 22. A microwave signal device 35 is 
connected through a voltage balancing structure, herein 
termed a balun 37, and the coaxial feed line 24 to a point 
38 on the inner feed ring 22, midway between the taps 
34 and 36 for the waveguides 14 and 16 respectively, and 
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the point 40 midway between the taps 30 and 32 for the 
other two waveguides 12 and 18 respectively. The sig 
nal device 35 may be a signal generator or signal receiver 
depending on whether the horn 10 is used for transmit 
ting or receiving signals as will be hereinafter described. 

In similar manner, another signal device 39, similar to 
the signal device 35, is connected through a balun 41 
and the coaxial feed line 26 to a point 44, between the 
junctions 32 and 34 for the waveguides E8 and 14, and 
the point 46 between the junctions 30 and 36 of the wave 
guides 2 and 6 respectively. 

In the operation of the horn feedi 1G, with only the sig 
nal device 39 operating as a generator to energize the cir 
cuit, it will be noted that the appearance of a positive 
potential at point 46 and a negative potential at point 
44 will cause the points 30 and 36 to be positive with 
equal amplitudes and the points 32 and 34 to be negative 
with equal amplitudes. The points 33 and 40 will be at 
zero potential. The transmission line 24 will therefore 
have no effect on the signals of the generator 39. Result 
ing excitation of the waveguides 2 and 16, and 14 and 
18 will be in two perpendicular mode orientations which 
add vectorially to produce a resultant field with a space 
orientation represented by a vector 42. 

Visualizing the resultant radiation designated by the 
vector 42 as coming upwardly out from the plane of the 
paper, radiation from the waveguides 12 and 4 will be 
delayed ninety degrees because of the quarter wavelength 
increase in electrical length caused by the dielectric ma 
terials 23 and 25. Circularly polarized radiation with a 
clockwise or right hand sense is thereby obtained. This 
is because the vector 42 is the resultant of two vectors 
which are in space quadrature due to the geometrical ar 
rangement of the waveguides 12, i4, 16 and 18, and in 
time quadrature due to the difference in electrical ength 
between the pairs of waveguides 2 and 4, and 6 and 8 
respectively. 

Similarly, when the other signal generator 35 excites 
the circuit 10, the points 44 and 46 will be at zero poten 
tial and the feed line 26 will have no affect on the gen 
erated signal. A resultant field with a space orientation 
represented by a vector 43, which is rotated in space by 
an amount 50 which is ninety degrees from the vector 42, 
will occur. Again, because of the quarter wavelength 
delaying effect of the dielectric materials 23 and 25 in the 
waveguides 2 and 14, the resultant radiation vector 43 
will be circularly polarized. But in this instance, it will 
be circularly polarized in a left hand sense. It will be 
noted that changing operation from signal generator 39 
to 35 can be viewed as introducing an additional one 
hundred and eighty degree phase delay. Hence, it has 
the effect of reversing the sense of the circular polariza 
tion. 
While the above discussion related to signal generators 

39 and 35 and to transmission of radiation, the principles 
are the same for receiving radiation. For receiving radia 
tion, the signal generators 35 and 39 would be suitable 
receivers instead. The explanation here given was in 
terms of transmitting rather than receiving because of 
ease of presentation. However, it should be understood 
that the arrangement may operate for receiving electro 
magnetic radiation as well as transmitting and that the 
signal devices 35 and 39 refer to either signal generators 
or signal receivers. In some instances it may be desirable 
to have one receiver as 35 a broad band receiver for 
broad search coverage and the other receiver as 39 a 
highly selective receiver for increased sensitivity to a se 
lected frequency. Also, in some instances it will be de 
sirable to use both a transmitter and receiver with the 
same horn. Thus, one of the signal devices as 35 may be 
a transmitter and the other signal device as 39 may be a 
receiver, or vice versa. 

Referring now to FIG. 5, a simplified mechanical ar 
rangement and modification over that of the representa 
tion in FIG. 4 is designated generally by the numeral 48. 
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The simplified mechanical arrangement 48 in FIG. 5 suc 
ceeds in combining the four waveguides 12, 4, 16 and 13, 
bridge feed arrangement 50 and baluns 37 and 41 of 
FIG. 4 into a unitary, integrated structure. This struc 
ture contains the electrical equivalent of FIG. 4 as an im 
proved mechanical configuration. 
The mechanical configuration 48 in FIG. 5 comprises a 

cylindrical outer shell or waveguide 52 of conductive ma 
terial as brass or copper with a closure 54 of similar 
material at the back end. The front end 56 is open. Set 
centrally of the shell or waveguide 52 is a filler 58 of 
conductive material such as copper or brass. 
The filler 58 has an axis 60 coinciding with the axis of 

the circular housing 52. The rearward portion of the 
filler S3 may be of increased diameter, circular cross sec 
tion with openings 62 and 64 at right angles to each other 
and transverse to the axis 60. The openings 62 and 64 
house feed systems 66 and 68 for exciting left and right 
hand circularly polarized radiation respectively, as will be 
hereinafter more fully described. The upper portion of 
the filler 58 is cut away to form raised sections having 
four surfaces 70, 71, 72 and 73 disposed in pairs 70, 72 
and 71, 73 in opposite relation to each other to provide 
ridge loading in the waveguide or shell 52 forming two 
pairs of ridges in substantially perpendicular relation to 
each other and having functions comparable to the four 
waveguides described in connection with FIG. 4, but 
combined in FIGS. 5 and 6 without lateral metallic 
boundaries. 

Between the two opposed ridges 71 and 73 and the 
outer shell 52 are placed solid dielectric radiation phas 
ing inserts 75 and 77 respectively of such material as 
Teflon. The inserts 75 and 77 are of a length corre 
sponding to the dielectric inserts 42 and 43 respectively 
in FIG. 4 to provide quarter-wave electric phase differen 
tials between the radiation passing through them and that 
emanating from the space between the ridges 70, 72 and 
the outer shell or waveguide 52. 
The feed system 66 includes an outer coaxial line 74 of 

electricaily conductive material as brass or copper 
anchored in electrically conductive engagement with the 
waveguide 52 at its point of entrance. The outer coaxial 
line or conductor 74 terminates near the axis 60 of the 
waveguide shell 52 to form a centrally located gap 76 with 
one end of an anchoring stem 78 of conductive material. 
The other end of the stem 78 is fixed in electrical engage 
ment with the waveguide shell 52 at a point 180 degrees 
from that at which the outer conductor 74 is anchored. 
The feed system, 66 also has an inner coaxial conductor 80 
passing centrally inside the outer coaxial conductor 74 
and in electrical engagement with the free end of the 
anchoring stem 78. The ends of the coaxial conductors 
74 and 80 outside the waveguide shell 52 may be connect 
ed to a receiver or signal generator as 35 or 39 in FIG. 4, 
depending upon whether transmitting or receiving electro 
magnetic radiation is desired as described in connection 
with FIG. 4. 
The small diameter coaxial line portion 30 of the feed 

System, 66 forms a type of balun that is well suited to the 
mechanical structure 48. It shows most clearly in FIG. 7. 
The unbalanced voltage in the small diameter coaxial line 
80 appears across the gap 76 in the center at the axis 60 
of the waveguide shell 52 and feeds the larger diameter 
coaxial line 74 and anchoring stem 78 with balanced 
(equal and opposite) voltages which develop between the 
Waveguide shell 52 and ridges 70, 7A, 72 and 73 to excite 
the waveguide in corresponding perpendicular component 
orientations of the desired mode. This excitation by the 
feed System 66 produces polarized radiation in a left hand 
Sense in manner comparable to that described in connec 
tion with F.G. 4. 
The feed System 68 is constructed similarly to that 

of the feed system 66 and produces excitation in the same 
manner except that it is displaced ninety degrees with 
respect to the feed system 66 and effects a right hand 
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circular polarization as described in connection with FIG. 
4. While the feeds 66 and 68 lie in planes different dist 
ances from the closure 54, it has been found that both 
feeds should preferably be in the same plane as shown and 
described hereinafter in connection with FIG. 1. 
The parts shown in FIGS. 5, 6, 7 and 8, together with a 

flared aperture, as will be described in connection with 
FiG. 1, for matching impedance with space and for con 
trolling the primary radiation pattern constitute a single 
horn for selectively transmitting left and right hand 
elliptically polarized radiation or receiving elliptically or 
linearly polarized radiation of any sense or orientation. 
A second, smaller horn placed in the unused center 

portion 82 of the filler 58 forms a complete coaxial horn 
system operable over a wider range of frequencies than 
possible with a single horn. Such a coaxial horn will 
hereinafter be more fully described in connection with 
F.G. 1. 

Ridge loading of the waveguide has been herein prefer 
ably used because of its desirable properties. It effects a 
lower cutoff frequency of the desired mode, thereby allow 
ing a smaller waveguide to be used for a given frequency 
range. It also has the desirable property of raising the 
cutoff frequency of the second order mode which is an 
undesired mode, to thereby permit operation over a wider 
range of frequencies. It also effects a lower characteristic 
impedance, making it easier to obtain a match with the 
coaxial output. 

Referring to FIG. 1 in more detail, a pair of coaxial 
horns made in accordance with the present invention 
and utilizing principles discussed in connection with FIGS. 
4 and 5 is designated generally by the numeral 85. The 
coaxial horns 86 are comprised of an outer horn 88 having 
an octagonal cross sectional waveguide shape, and an innar 
horn 90 having a square waveguide cross sectional shape. 
The horns 88 and 9 have a common axis 92. The use of 
octagonal and square cross sectional waveguide shapes 
are the result of compromise from circular waveguides to 
achieve ease in fabrication. 
The body of the outer horn 88 is a length of cctagonal 

waveguide of conductive material as brass or copper 
loaded with oppositely disposed pairs of ridges 94, 98 
and 96, 109 (FIG. 2) of similar material and placed at 
right angles to each other about the axis 92. The wave 
guide 88 has a closure 102 of conductive material at one 
end and an outward horn flare opening i34 at the other 
end. The horn flare i84 serves to achieve a suitable 
primary radiation pattern and a suitable impedance match 
between the waveguide 88 and space. 

Solid dielectric polarizers 106 and 108 as Teflon or 
other suitable material are placed between the ridges 94 
and 98 respectively in the body of the outer horn 88. 
They are of a length 109 to establish the required space 
and time relationship between the electric field vectors 
of the desired mode orientations for electrical polarization 
over the operating frequency range as discussed in con 
nection with FIGS. 4 and 5. Both the ridges 94 and 98 
are undercut by an amount 10 (FiG. 1) running the 
length of the solid dielectric polarizers 106 and 108 to 
maintain a constant characteristic impedance. 
The outer horn 88 also includes near its back end, a 

pair of feeds 2 and 114 at right angles to each other 
mounted in suitable transverse openings in a plate 6 
of conductive material anchored in conductive engage 
ment with the back ends of the ridges 94, 96, 93 and 109 
and through a hollow axial conductor i8 to the back end 
closure 102. The feeds 12 and 1:4 are similar in con 
struction to those described in connection with FIGS. 7 
and 8 and include an outer coaxial conductor 20 in 
electrical engagement with the waveguide 88 and termin 
nating at the axis 92 at a dielectric spacer support 122. The 
feed 112 also includes an inner coaxial conductor 124 in 
electrical engagement with the upper end of a solid con 
ductor rod 26 extending from the spacer 122 and termi 
nating on the opposite side of the waveguide 88 in substan 
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6 
tially the same plane 128 as that of the outer coaxial con 
ductor 12}. 

Similarly the feed 12 has an outer and inner coaxial 
conductors 130 and 132 respectively, similarly anchored 
in electrical engagement with the waveguide 88 in the 
same plane 28, as the feed 112. However, to avoid 
physical interference with the feed 112, the feed 114 at 
the axis 92 is offset from the feed 112 so that its dielectric 
spacer support 134 is offset from the dielectric spacer 
support 122, as shown in FEGS. 1 and 9. 
The inner horn 90, with some structural differences 

as will be herein described, is essentially a smaller version 
of the large horn 88. It includes a square waveguide 135 
and a solid core 136 of electrically conductive material. 
The solid core 136 has about its periphery oppositely dis 
posed ridges 138, 140, 142 and 144 arranged in pairs at 
right angles to each other. Solid dielectric polarizers 
146 and 148 of such material as Teflon are placed be- . 
tween the ridges 142 and 144 respectively and respec 
tive flats of the waveguide 135 to produce elliptically 
polarized radiation from the horn 90, as described in 
connection with FIGS. 4 and 5. The ridges 142 have 
undercut portions 150 running the length of the dielectric 
polarizers 46 and 148 for maintaining constant imped 
ance. The horn 90 also includes a closure 152 of conduc 
tive material at its back end to provide a backup cavity 
153 for a pair of feeds 154 and 156 which are quite 
similar to the feeds 112 and 114. The feeds 154 and 156 
include outer coaxial conductors i55 and 57 and inner 
conductors 159 and 161 respectively. Both feeds 154 
and 56 are in electrical engagement with the waveguide 
135 at the same plane 163. The outer conductors 155 
and 157 are bent at the axis 92 to avoid physical inter 
ference. They are also provided with dielectric spacer 
inserts or supports 165 and 166 respectively similar in con 
struction and purpose to the inserts 122 and 34 described 
above in connection with the feeds 112 and 114 for the 
horn 88. 
The ridges 140, 142, 144 and 146 are preferably ar 

ranged with an inward taper 68 at the forward end to 
produce improved aperture match. Since an outward 
flare 158 at the forward end of the inner horn 90 has a 
detrimental effect on the match of the outer horn aper 
ture 104, the flare 158 of the inner horn is kept at a 
minimum. To reduce the size of the flare 58 of the 
inner horn and still insure good inner horn radiation pat 
terns and aperture match, solid dielectric loading 160 with 
such material as Teflon is used. The dielectric loading 60 
has the added advantage of assisting in the match of the 
outer horn to space. This solid dielectric loading 160 
is retained in place by a metal tip 162 and screw 70 in 
the front end of the core 136. 
The placement of the inner horn 90 with respect to 

the outer horn 88 is determined by the range of fre 
quencies handled by each hornbecause the center of radia 
tion of each of the horns varies as the frequency changes. 
A polystyrene radome 64 at the open end of the flare 
104 of the outer horn may be used to provide a suitable 
closure for protecting the entire assembly 86 from the 
weather. 

Feeds 12, 114, 54 and 156 may be connected to suit 
able radio signal generators or receivers 35 and 39 as de 
scribed in connection with FIG.4, depending upon wheth 
er the transmission or reception or combined reception 
and transmission of omnipolarized radiation, as explained 
in connection with FiG. 4, is desired. Thus, the horn 
structure 86 achieves four independent channels in a single 
compact structure for use with receivers or transmitters 
or combinations of both. . 
The construction as described has been found suitable 

for a range of frequencies from 1000 to 4500 megacycles 
in one pair of coaxial horns and a range of 5000 to 12,000 
megacycles per second in another pair of coaxial horns 
by scaling the physical size of the horns. They are also 
suitable for other frequency ranges of operation where 
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desired. This invention is not limited to the specific de 
tails of construction and operation as equivalents will 
suggest themselves to those skilled in the art. 
What is claimed is: 
1. In a horn for electromagnetic wave radiation, the 

combination of a waveguide, means for excitation of the 
waveguide in two transverse mode orientations having a 
definite wave phase relationship, ridges inside of and in 
spaced relation to said waveguide aligned with said mode 
orientations, and means including dielectric phase shift 
material between the ridges and the waveguide in one of 
the mode orientations for shifting the wave phase in said 
one of said mode orientations with respect to the wave 
phase in the other mode orientation. 

2. In a horn for electromagnetic wave radiation, the 
combination of a waveguide, means for excitation of the 
waveguide in two perpendicular mode orientations having 
a definite wave phase relationship, ridges inside of and in 
spaced relation to said waveguide aligned with said mode 
orientations, and means including dielectric phase shift 
material between the ridges and the waveguide in one of 
the mode orientations for shifting the wave phase in said 
one of said mode orientations by a quarter wave period 
with respect to the wave phase in the other mode 
orientation. 

3. In a horn for electromagnetic wave radiation, the 
combination of a waveguide, a pair of feed means coll 
pled to said waveguide, each feed means oriented for ex 
citation of the waveguide in two transverse mode orienta 
tions having a definite wave phase relationship, means 
including dielectric phase shift material in said waveguide 
for shifting the wave phase in one of said mode orienta 
tions of each feed means with respect to the wave phase in 
the other mode orientation. 

4. In a horn for electromagnetic wave radiation, the 
combination of a waveguide, a pair of feed means coul 
pled to said waveguide, each feed means arranged for 
excitation of the waveguide in two perpendicular mode 
orientations having an in phase wave relationship, means 
including dielectric phase shift material in the waveguide 
for shifting the wave phase of one of said perpendicular 
mode orientations of each feed means by a quarter Wave 
period with respect to the wave phase of the other respec 
tive mode orientation, and a half wave period between 
the phase shift in said one mode orientation of one of the 
feed means and the one mode orientation of the other feed 
eaS. 
5. In a horn for electromagnetic wave radiation, the 

combination of an octagonal sided waveguide of elec 
trically conductive material having a closure at one end 
and an impedance matching flared opening at the other 
end, four ridge members of electrically conductive ma 
terial inside said octagonal waveguide, one of said ridge 
members in spaced relation to each of alternate internal 
sides of the octagon defining two sets of opposed ridges 
with one set disposed in substantially perpendicular rela 
tion to the other set, the space between the two opposed 
ridges in one set and the corresponding sides of the wave 
guide being loaded with solid dielectric material for 
changing the phase of waves passing therethrough with 
respect to waves passing through the space between the 
other pair and the waveguide, and a coaxial to wave 
guide transition having an inner and outer conductors 
in transverse relation to said waveguide at a position 
distal from said closure, one of said conductors coupled 
to a hexagon side midway between two adjoining ridges 
and the other conductor coupled to an opposing hexagon 
side. 

6. In a horn for electromagnetic wave radiation, the 
combination of a waveguide of electrically conductive 
material having a closure at one end and an impedance 
matching flared opening at the other end, four ridge mem 
bers of electrically conductive material in said waveguide, 
said ridge members disposed in opposed pairs spaced 
from said waveguide with one pair in substantially per 
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S. 
pendicular relation to the other pair, the space between 
the two opposed ridges in one pair and the waveguide 
being loaded with solid dielectric material for changing 
the phase of waves passing therethrough with respect to 
waves passing through the space between the other pair 
and the waveguide, and a waveguide transition coupled 
to said waveguide at a position distal from said closure. 

7. In a horn for electromagnetic wave radiation, the 
combination of a waveguide of electrically conductive 
material having a closure at one end and an impedance 
matching flared opening at the other end, four ridge mem 
bers of electrically conductive material in said waveguide, 
said ridge members disposed in opposed pairs spaced 
from said waveguide with one pair in substantially per 
pendicular relation to the other pair, the space between 
the two opposed ridges in one pair and the waveguide 
being loaded with solid dielectric material for changing 
the phase of waves passing therethrough with respect to 
waves passing through the space between the other pair 
and the waveguide, and a waveguide transition coupled 
to said waveguide at a position distal from said closure, 
said transition being in a plane midway between two ad 
jacent ridges. 

8. In a horn for electromagnetic wave radiation, the 
combination of a waveguide of electrically conductive 
material having a closure at one end and an impedance 
matching flared opening at the other end, four ridge 
members of electrically conductive material in said wave 
guide, said ridge members disposed in opposed pairs 
spaced from said waveguide with one pair in substantially 
perpendicular relation to the other pair, the space between 
the two opposed ridges in one pair and the waveguide 
being loaded with solid dielectric material for shifting the 
phase of waves passing therethrough with respect to 
waves passing through the space between the other pair 
and the waveguide, and two waveguide transitions 
coupled to said waveguide at positions distal from said 
closure, one of the transitions being in a plane midway 
between two adjacent ridges, the other transition being 
in a plane at right angles to said one transition plane. 

9. A horn for electromagnetic wave radiation com 
prising a waveguide of electrically conductive material 
about an axis and having a closure at one end and an 
impedance matching flared opening at the other end, four 
ridge members of electrically conductive material about 
said axis in said waveguide, said ridge members disposed 
in opposed pairs spaced from said waveguide with one 
pair in substantially perpendicular relation to the other 
pair, the space between the two opposed ridges in one 
pair and the waveguide being loaded with solid dielectric 
material for shifting the phrase of waves passing there 
through with respect to waves passing through the space 
between the other pair and the waveguide, and two wave 
guide transitions coupled to said waveguide at positions 
distal from said closure, one of said transitions oriented 
for circularly polarized radiation in one rotational direc 
tion, the other transition oriented for circularly polarized 
radiation in the opposite rotational direction. 

10. A pair of horns, each as in claim 9, one being in 
side the other on the same axis with the inner horn scaled 
dimensionally for one band of frequencies and the other 
scaled dimensionally for another band of frequencies. 

11. In combination, a horn for electromagnetic wave 
radiation, means in said horn for elliptically polarizing 
wave radiation in one rotational direction, means in said 
horn for elliptically polarizing wave radiation in the oppo 
site rotational direction, a pair of electric signal devices, 
and means coupling one of said signal devices to one of 
said polarizing means and the other of said signal devices 
to the other polarizing means. 

12. The combination as in claim 11 wherein one of 
the signal devices is a broad band receiver and the other 
is a highly selective receiver. 

13. The combination as in claim 11 wherein one of 
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the signal devices is a receiver and the other is a signal 
generator. 

14. In a horn for electromagnetic wave radiation, the 
combination of a waveguide, four radiation means in 
opposed pairs about an axis inside said waveguide to 
form with said waveguide four wave directing means 
having open ends facing in the same direction, means 
in a pair of said opposed directing means for changing 
the phase of the wave radiation by a preselected value 
with respect to the radiation in the remaining pair of 
directing means, a pair of signal conducting means, and 

O 

10 
electrical bridge means coupling said conducting means 
to said wave directing means. 
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