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This invention relates to antenna systems for radi 
ation and/or reception of ultra high frequency electro 
magnetic waves, and more particularly to antenna sys 
tems for maintaining a wide radiation beam over abroad 
band of frequencies. . m 
As is well known in the art, electromagnetic horns of 

various configurations have long been used as impedance 

10 ture 
the outer region of the aperture, thus advancing the cen 

2 
cording to the main feature of this invention, a radiator 
of the type just described is modified by a conducting 
cylinder disposed in the aperture effectively to divide 
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transformers between the wave guide systems of micro 
wave apparatus and free space. The more conventional 
configuration consists of a section of rectangular wave 
guide flared at one end in one or both planes to provide 
a rectangular aperture-lying in a flat plane. While ra: 
diators of this type are useful in certain applications, 
and by suitable modification, as by insertion of septa 
and the like, can be made to provide specific radiation 
patterns, their radiation patterns are very sensitive to 
changes in frequency. The radiation beam width of a 
simple horn type radiator depends upon the electrical di 
mensions of the horn, and thus for a given horn, a change 
in wave length of the transmitted or received signal re 
sults in a corresponding change in the width of the beam, 
Thus, a change in wave length of 2:1 would result in 
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the aperture into two concentric wave guides having by 
virtue of their different diameters, different propagation 
velocities. With proper relative spacing between the cy 
lindrical conductor and the inner and outer conductors 
of the coaxial conductor horn, the relative phase of the 
energy, passing through the central portion of the aper 
ture may be made to advance with respect to that near 

ter of the equiphase surface. As a result, the total sur 
face becomes nearly spherical with the consequence that 
the radiation beam is widened. Further control of the 
radiation pattern may be achieved by insertion of addi 
tional cylindrical conductors in the aperture, the rela 
tive diameters of the conductors and their relative lengths 
and positions in the aperture determining the radiation 
characteristics of the total lens structure. Variations in 
these parameters also determine the relative amounts of 
energy transmitted and reflected by the structure; i.e., 
the match of the antenna to the associated apparatus and 
free space. Further adjustment of the propagation char 
acteristics of the various portions of the lens may be 
obtained by the insertion of dielectric materials hav 
ing dielectric constants greater than that of free space 
in one or more of the concentric wave guides. In a 
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preferred embodiment, the dielectric material also func-. 
tions as the support for the cylindrical conductors to pro 
vide an integral rigid structure. . . . . . . 
The foregoing and other objects of the present...inven 

tion will now become apparent, and a better understand 
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roughly a 2:1 change in beam width. Accordingly, ra: 
diators heretofore available are unsatisfactory in certain 
communications and radar applications where it is de 
sirable to maintain a wide radiation beam over a large 
frequency range. . . :: . . . . . . . . 

Accordingly it is a primary object of the present in 
vention to provide a radiator for electromagnetic radi. 
ation having a wide beam width which is maintained 
over a wide range of frequencies. . . . . . . . 
Another object of the invention is to provide an elec 

tromagnetic lens having a wide beam width maintainable 
over a broad band of frequencies and which is useful 
with linearly, elliptically or circularly polarized waves. 
Another object of the invention is to provide an anten 

na having the foregoing characteristics which is relatively 

ern high speed, high altitude aircraft. . . . . . . . 
The invention is based in part upon the fact that the 

phase of field in a space. bounded on at least two sides 
electric field progresses at a velocity greater than the ve: 
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ing of its construction and applications had from the 
following detailed description when taken in connection 
with the accompanying drawing in which: 

Figs. 1. and 2 are diagrams illustrating the field pat 
terns encountered in a coaxial waveguide type of elec 
tromagnetic radiator; 

Fig. 3 is a cross-section view of the electromagnetic 
lens in its most basic form illustrating the principal of 
the invention; 

Fig. 4 is a cross-section view of a preferred embodi 
ment of the invention; and 

45 
Fig. 5 is a cross-section view illustrating the invention. 

as applied to a circular waveguide horn radiator. 
With reference now to the drawing and more particu 

larly to Figs. 1 and 2, in a simple horn radiator of the 

simple to manufacture and sufficiently rugged to with 
stand the environmental conditions encountered in mod 
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coaxial waveguide type excited in the dominant TE mode 
(illustrated in Fig. 2) the equiphase surfaces 10 of radi 
ant energy emanating from the aperture 12 become in 
creasingly flat as the dimension of the aperture becomes 
larger with the consequence that the resulting radiation 
beam, becomes narrower. At constant frequency, of 
course, the beam width is constant at a width determined 
by the dimension at the aperture, but should the fre 

v- . . . . . . . . . . . quency of transmitted or received radiation increase, the 
by conductive walls placed substantially parallel to the 
locity in free space, this increase. in velocity resulting . 
from the interaction of waves reflected from the bound 
ary walls. This field velocity or phase velocity may be 
controlled by controlling the spacing of the boundary 
walls. This phenomena is applied to a horn radiator of 
the coaxial waveguide type, normally consisting of a co 
axial line the outer conductor of which is flared to pro 
vide an aperture, with the inner conductor coextensive 
with the flared outer conductor so that the aperture lies 
in a flat plane. When a horn of this type is excited in 
the dominant TE mode, the equiphase surfaces of radi 
ant energy become increasingly flat as the electrical di 
mension of the aperture becomes larger with the 'conse: 
quence that the radiation beam becotnes narrower. Ac 
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electrical dimension of the aperture likewise increases 
causing the beam to become narrower. : . . . . 

In accordance with the present invention, a conducts 
ing cylinder 14, preferably of metal, is disposed in the 
aperture of the radiator concentrically with the inner 
conductor 13 and the outer conductor 15 of the coaxial 
waveguide. As shown in Fig. 3, the cylinder 14 may 
be tapered slightly in the same direction as the taper of 
the flared opened end 15a of the outer conductor 15 of 
the Waveguide, and is of such a dimension that the coaxial 
waveguide formed by inner conductor 13 and cylinder 14 
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is of smaller dimension than the waveguide formed by 
cylinder 14 and the flared portion 15a. Thus it is seen 
that cylinder 14 divides the aperture into two concentric 
waveguides, which by virtue of their different diameters 
have different propagation velocities, The smaller inner 

  



3. 
guide has a greater propagation velocity than the con 
centric outer guide, and therefore advances the relative 
phase of energy passing therethrough, that is, along the 
path A, with respect to that in the outer guide, designated 
by the arrows B. The center of the equiphase surface 
emanating from the lens is thus advanced and the total 
surface becomes more nearly spherical with the result that 
the radiation beam is widened. By proper selection of the 
length, diameter, and position of a single cylinder 14 in 
the aperture, it is possible to maintain a beam width of 
approximately 70 substantially constant over a range 
of frequency of 2:1. - 
While the structure illustrated at Fig. 3 is useful in ex 

plaining the principle of operation of the antenna, and 
has utility in certain applications, to maintain substan 
tially uniform band width over a wide frequency range 
the diameter of cylinder 14 necessarily is so small that 
the cutoff frequency of the inner waveguide is approached 
within the operating frequency range of the antenna. At 
frequencies near or below the cutoff frequency, the cylin 
der introduces objectionable reflections, obviously an un 
desirable condition. This disadvantage is overcome by an 
extension of the basic concept hereinabove described, and 
the introduction of means to delay the field at the periph 
ery of the aperture and not the field at the center of the 
aperture. In a preferred embodiment, illustrated in Fig. 
4, this is accomplished by the introduction of dielectric 
materials having relatively high dielectric constant near 
the periphery of the aperture, and the use of concentric 
conducting cylinders to divide the aperture into concentric 
waveguides in the manner discussed in connection with 
Fig. 3. 
More specifically, the electromagnetic lens of Fig. 4 

comprises a coaxial waveguide having an outer conductor 
16 and inner conductor 18, the outer end of the outer 
conductor being flared as shown at 20. Instead of the 
single cylinder of Fig. 3, the embodiment of Fig. 4 in 
cludes two conducting cylinders mounted within the aper 
ture concentrically with inner conductor 18. A first of 
these cylinders, designated 22, is of frusto-conical shape 
and has a flare angle somewhat less than that of the flared 
open end 20 of the outer conductor. 16. Cylinder 22 is 
supported relative to the flare 20 by a mass of rigid di 
electric material 24 of generally torroidal shape, which 
is in turn, supported inside the flange 20. Dielectric ma 
terial 24 may be Teflon or polystyrene, which have di 
electric constants of approximately 2.0-2.5, or preferably 
a metal powder loaded plastic foam material, which has 
recently become available, and whose dielectric constant 
may be adjusted to any value between 1.0 and about 
4.0 by controlling the proportions of the plastic-metal 
mixture. It will be noted that the diameter of the smaller 
end of cylinder 22 is slightly larger than the inner diam 
eter of conductor 16, and that the dielectric material 24 
extends radially beyond the larger diameter of cylinder 22. 

Fitted within cylinder 22 and supported on the cylinder 
and on a portion of dielectric 24 along the surface 26 is a 
Second mass of similar dielectric material 28, also of gen 
erally torroidal form, on which is supported a second cyl 
inder 30 also of frusto-conical shape. The smaller diameter 
of cylinder 30 is substantially equal to the smaller diameter 
of cylinder 22 and has a similar angle of flare whereby 
cylinders 22 and 30 together define a passage for wave. 
energy having substantially parallel sides. It will be evi 
dent that in fabrication, dielectric material 24 may be 
deposited in the flared open end of the coaxial wave 
guide and the cylinder 22 fitted in place, and the dielectric 
member 28 and its associated cylinder 30 separately 
fabricated and machined and then inserted in place with 
in cylinder 22. The outer surface of dielectric members 
24 and 28 are similarly tapered as shown. 
From the foregoing description, it is seen that the 

cylinders 22 and 30 together with the conductors of the 
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inner conductor 18 and cylinder 30, a second guide be 
tween cylinders 22 and 30, and a third guide between the 
flared portion 20 and the cylinder 22. The first-men 
tioned waveguide is unloaded, and is of such dimensions 
that of the three it has the highest propagation velocity. 

. The third contains more dielectric material or material 

0 
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of higher dielectric constant than the second whereby 
energy at the periphery of the aperture is delayed more 
than in either of the second or first guides. As a conse 
quence, the total radiation pattern from the lens has a 
wide beam and substantially spherical wave front. The 
lens structure being circularly symmetric, the polariza 
tion of the energy may rotate about the axis of the struc 
ture without effect upon the radiating properties of the 
lens, and is thus equally well adapted to elliptically or 
circularly polarized waves as to linearly polarized waves. 

In applications of the antenna where dust may be en 
countered, it may be preferable to cover the aperture, a 
cap 31 formed of thin, radiation permeable plastic mate 
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rial being shown for this purpose. Internally of its 
crown, the cap is preferably provided with a boss 32 
having an opening therein for receiving the tip 18a of 
the center conductor of the coaxial waveguide. Thus, in 
addition to sealing the lens, the cap provides lateral sup 
port for conductor 18. 
The invention has been described in connection with 

two possible physical embodiments; namely the single 
conducting cylinder of Fig. 3 and the double-cone, di 
electric-loaded embodiment of Fig. 4. It will be under 
stood that in arriving at a desired radiation pattern it 
may be possible to devise many alternative combinations. 
For example, a two-cone lens without dielectric loading 
may be useful in some applications, and it will be appre 
ciated by those skilled in the art that considerable adjust 
ment of the angle of taper of the conducting cylinders, 
their locations relative to each other and relative to the 
flared open end of the coaxial waveguide, and the angle 
of flare of the coaxial waveguide (as well as the number 
of conducting cylinders) are subject to individual adjust 
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ment without departing from the spirit of the invention. 
Likewise, the structure of Fig. 4 is subject to modification, 
Such as the relative angles of flare of the outer conductor 
and the two cylinders, as well as the external shape of 
the dielectric material. 
Although the circular cylindrical conductors positioned 

in the aperture have been described as rigid elements, 
it is within the contemplation of the invention to deposit 
conductive material on the surfaces of dielectric mem 
bers 24 and 28 on which the cylinders 22 and 30 are 
positioned, such as by plating or painting. It can be 
expected that in certain applications it may be desirable 
to have a very thin conducting boundary for one or more 
of the concentric transmission lines; it is possible with 
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this technique to reduce the overall weight of the antenna 
System. Accordingly, it is intended that the term "cyl 
inder' should cover this alternate construction. w 

It will now be recognized by ones skilled in the art 
that the principles of the invention may also be applied 
to a horn radiator of the type shown in Fig. 5 comprising 
a flared hollow circular waveguide 34. In this configura 
tion also, when excited in the dominant TE mode, the 
equiphase surfaces of wave energy emanating from the 
aperture 36 become increasingly flat as the diameter of 
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coaxial waveguide divide the aperture of the radiator into 
three concentric waveguides; namely, a first guide between 75 

the aperture increases, resulting in a narrowing of the 
beam. This effect can be minimized and the beam width 
maintained substantially constant over a wide range of 
frequencies by the insertion of one or more conducting 
cylinders, such as 38, in the aperture of the horn to 
divide the aperture into concentric waveguides having 
relative propagation velocities so as to produce the de 
sired phase distribution across the aperture. As in the 
coaxial waveguide embodiment, a two-cone lens may be 
used, with or without dielectric loading, with the angle 
of flare and position of the cylinders in the aperture sub 
ject to considerable modification. 

: 
y 
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While the invention has been described primarily with 
reference to the transmission of radio energy it will be 
apparent to those skilled in the art that the constructions 
described herein may also be used for the reception if 
desired since a radio horn is in essence a reversible device. 5 ir 
Further modifications of the inventive concepts 

closed herein may now become apparent to those skilled 
in this art. It will be understood that the scope of the 
present invention is to be regarded as subject only to 
those limitations of the appended claims. - 
What is claimed is: - 
1. An electromagnetic lens comprising, a coaxial wave 

guide having an outer conductor of circular section, an 
open end of which is flared to provide an aperture, and 
an inner conductor of circular section coaxial with said 
outer conductor and extending beyond the flared open 
end of said outer conductor, and a pair of hollow con 
ductors of frusto-conical shape disposed in said aperture 
coaxially with said inner and outer conductors with the 
smaller ends thereof directed inwardly and spaced apart 
along the extending portion of said inner conductor, said 
hollow conductors being insulated from each other and 
from said inner and outer conductors and spaced to divide 
said aperture into three concentric waveguides having 
successively increasing propagation velocities from the 
outer portion of the aperture to the inner portion of the 
aperture. 

2. An electromagnetic lens comprising, a coaxial wave 
guide having an outer conductor of circular section, an 
open end of which is flared to provide an aperture, and 
an inner conductor of circular section coaxial with said 
outer conductor and extending beyond the flared open 
end of said outer conductor, a pair of hollow conductive 
cylinders of substantially frusto-conical shape both flared 
in the same direction as the flared open end of said outer 
conductor disposed in said aperture coaxially with said 

3. 
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6 . . 
at least one hollow cylindrical conductor of substantially 
frusto-conical shape flared in the same direction as the 
flared end of said outer conductor disposed in said aper 
lure coaxially with said inner and outer conductors and 
sulated therefrom, the smaller diameter of said frusto 

iconical conductor being substantially equal to the diam 
-eter of said outer conductor and the larger diameter 
thereof being slightly smaller than the diameter of said 
aperture, whereby said conical conductor divides the aper 
ture into at least two concentric waveguides, the smaller 
and larger diameters of said frusto-conical conductor 
being so related to the diameters of said outer conductor 
and said aperture that the innermost of said concentric 
waveguides has the higher propagation velocity. - - - - 

5. An electromagnetic lens comprising, a coaxial wave 
guide having a hollow outer conductor of circular sec 
tion, an open end of which is flared outwardly to provide 
a circular aperture, and an inner conductor of circular 
section coaxial with said outer conductor and extending 
beyond the flared open end of said outer conductor, a 
pair of similar hollow conductive circular cylinders of 
substantially frusto-conical shape both flared in the same. 
direction as the flared end of said outer conductor dis 
posed in said aperture coaxially with said inner and outer 
conductors, the smaller diameter of said cylinders being 
substantially equal to the diameter of said outer conduc 
tor, said cylinders being spaced apart along the extending 
portion of said inner conductor and from the flared open 
end of said outer conductor by a rigid dielectric medium 
having a dielectric constant greater than 1.0. 

6. An electromagnetic lens comprising, a coaxial wave 
guide having a hollow outer conductor of circular sec 

inner and outer conductors, the smaller ends of both 
said cylinders being substantially the same diameter as 
said outer conductor and the larger ends of both having 
smaller diameters than that of the flared opened end of 
said outer conductor, said cylinders being spaced apart 
along the extending portion of said inner conductor and 
separated from the flared open end of said outer con 
ductor by a rigid dielectric material having a dielectric 
constant greater than 1.0, said dielectric material extend 
ing beyond the outer diameter of said concentric cylin 
ders and having an outer surface tapered inwardly from 
the periphery of the flared open end of said outer con 
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tion, an open end of which is flared outwardly to provide 
a circular aperture, and an inner conductor of circular 

5 section coaxial with said outer conductor and extending 
beyond the flared open end of said outer conductor, a 
pair of similar hollow conductive cylinders of substan 
tially frusto-conical shape both flared in the same direc 
tion as the flared end of said outer conductor disposed 
in said aperture coaxially with said inner and outer con 
ductors, the smaller diameter of said cylinders being 
substantially equal to the diameter of said outer con 
ductor and the larger diameter of said cylinders being 
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ductor to the periphery of the larger end of the furthest. 
extending of said cylindrical conductors. 

3. An electromagnetic lens comprising, a coaxial wave 
guide having a hollow outer conductor of circular sec 
tion, one end of which is flared to provide an aperture, 
and an inner conductor of circular section coaxial with 
said outer conductor and extending beyond the flared end. 
of said outer conductor, a pair of hollow conductive 
cylinders of substantially frusto-conical shape both flared 
in the same direction as..the flare on the outer end of said 
outer conductor disposed in said aperture coaxially with 
said inner and outer conductors, said cylinders being 
spaced apart along the extending portion of said inner 
conductor to divide said aperture into three concentric 
waveguides, the outer two of said three concentric wave 

approximately equal to the diameter of said aperture, 
said cylinders being spaced apart along the extending 
portion of said inner conductor and from the flared open 
end of said outer conductor by a dielectric medium hav 
ing a dielectric constant greater than 1.0, the spacing 
between the first of said cylinders and the flared outer 
end of said outer conductor being greater. than the spac 
ing between said cylinders and between the second cylin 
der and said inner conductor thereby to divide said aper 
ture into three concentric waveguides having successively 
increasing propagation velocity from the outer portion 

55 of said aperture to the inner portion of said aperture. 
7. An antenna for the production of a wide beam 

radiation pattern having a substantially spherical wave 

6) 

guides being filled with rigid dielectric material having . 
a dielectric constant greater than 1.0, the outer Surface 
of said dielectric material being flared inwardly from the 
periphery of the flared opened end of said outer conduc 
tor to the outer periphery of the furthest extending one 
of said cylindrical conductors. 

4. An electromagnetic lens comprising, a coaxial wave 
guide having a hollow outer conductor of circular sec 
tion, an open end of which is flared outwardly to provide 
a circular aperture, and an inner conductor of circular 
section coaxial with said outer conductor and extending 
beyond the flared open end of said outer conductor, and 
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front comprising, in combination, a coaxial waveguide 
having a hollow outer conductor of circular section, an 
open end of which is flared outwardly to provide a cir 
cular aperture of diameter greater than the diameter of 
said outer conductor, and an inner conductor of circular 
section coaxial with said outer conductor and extending 
beyond the flared open end of said outer conductor, a pair 
of hollow conductive cylinders of substantially frusto 
conical shape both flared in the same direction as the 
flared open end of said outer conductor disposed in said 
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aperture coaxially with said inner and outer conductors 
and spaced apart along the extending portion of said 
inner conductor, the smaller diameter of said cylinders 
being substantially equal to the diameter of said outer 
conductor and the larger diameter of said cylinders being 
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substantially equal and somewhat smaller than the diam 
eter of said aperture, said cylinders being separated from 
each other and from the flared portion of Said outer cons 
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ductor by a rigid dielectric material extending inwardly 
to the cylindrical plane of said outer conductor and ex 
tending beyond the outer diameter of said concentric 
cylinders and having an outer surface tapered inwardly 
from the periphery of the flared open end of said outer 
conductor to the periphery of the larger end of, the 
furthest extending of said cylindrical conductors, the di 
electric constant of said material being greater than 1.0, 
and a radiation permeable cap closing the open end of 
said furthest extending cylindrical conductor. O 
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