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3,414,903 
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Bay, Fla., assignors to Radiation Incorporated, Mel 
bourne, F la., a corporation of Florida 

Filed Mar. 10, 1965, Ser. No. 438,582 
7 Claims. (Cl. 343—753) 

ABSTRACT OF THE DISCLOSURE 
An antenna system comprising a source of electromag 

netic waves, a lens, and a dielectric horn structure‘ inter 
posed between the'source and lens. The ?rst null'of the 
radiation pattern produced by the source is provided at 
an angle approximately equal to the sum of the? guiding 
structure taper angle and the complement of the critical 
angle of the structure dielectric, the critical angle of the 
structure ‘dielectric being the angle of incidence of internal 
electromagnetic waves on the boundary of the structure 
above which total re?ection of the incident wave is 
achieved. Whereby all of the energy in the main lobe 
of the radiation pattern is con?ned interiorly of the guid 
ing structure and directed toward the lens. ‘ 

The present invention relates generally to antenna 
systems, and more particularly to high aperture e?iciency 
dielectric antennas. 

In prior art antenna systems which have been em 
ployed to produce a highly directive radiation pattern, 
such as re?ector antennas and lens antennas, numerous 
proposals have been made for improving aperture e?i 
ciency to the maximum theoretical e?iciency of 100 per 
cent. In lens and re?ector antennas, the problem'is ag 
gravated by the lossof energy radiated from theffeed or 
exciter because of spillover radiation; that is, that por 
tion of the radiated energy which fails to strike {the lens 
or re?ector. While lens antennas are generallyjsuperior 
to re?ector antennas from a noise temperature standpoint 
in that the spillover lobes of the former are in a forward 
direction, nevertheless the directivity characteristics, and 
hence aperture e?iciency, fall signi?cantly below the 
maximum attainable values for aperture-type antennas. 
This is a result of the radiation losses caused byfthe non 
incidence of the radiated waves on the lens. Hence, ef 
?ciency and noise temperature improvements can‘fbe ob 
tained by reducing the forward spillover. 

In accordance with an embodiment of the present 
invention, an antenna system is provided which comprises 
an electromagnetic wave transducer, such as an exciter, 
a dielectric guiding “structure, and a lens. The dielectric 
guiding structure is interposed between the wave trans 
ducer and lens, and is provided with an increasing taper. 
The dimensions of the source of radiation, or electro 
magnetic wave transducer, may ‘be predetermined to 
provide a ?rst null of the radiation pattern at an angle 
approximately equal to the sum of the guiding structure 
taper angle and the complement of the critical angle of 
the structure dielectric. Portions of those waves which 
are radiated from the transducer at angles between the 
taper angle and the sum of the taper angle and the critical 
angle complement, and would not otherwise be incident 
on the lens in the absence of the guiding structure, strike 
the boundary between the guiding structure and free space 
at an angle greater than the critical angle of the boundary, 
and are totally re?ected to the lens, thus signi?cantly 
reducing spillover. In addition to reduced spillover, the 
amplitude distribution across the base becomes more 
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nearly uniform with the attendant efficiency increase. The 
lens itself corrects the phase distribution existing across 
the base of the guiding structure such that a constant 
phase distribution is provided thereby. 

It is, accordingly, a primary object of the present in 
vention to provide an antenna system having high aper 
ture e?iciency. 

It is another object of the present invention to provide 
a lens antenna having a dielectric guiding structure to 
reduce spillover. 

It is still another object of the present invention to 
provide an aperture-type antenna having substantially 
uniform amplitude distribution and constant phase dis 
tribution of electromagnetic energy across the ‘aperture. 
The above and still further objects, features and at 

tendant advantages of the present invention will become 
apparent from a consideration of the following detailed 
description of speci?c embodiments thereof, especially 
when taken in conjunction with the accompanying draw 
ings in which: 
FIGURE 1 is a perspective view of an exemplary di 

electric guiding structure in accordance with the present 
invention; 
FIGURE 2 is an exploded planar diagram of an an 

tenna system employing the dielectric guiding structure 
of FIGURE 1; 
FIGURE 3 illustrates the preferred radiation distri~ 

bution pattern of an exciter employed in the antenna 
system of FIGURE 2; and 
FIGURE 4 illustrates the resultant amplitude distri 

bution across the base of the dielectric guiding structure. 
Referring now to the drawings, FIGURE 1 illustrates 

an exemplary dielectric guiding structure which may be 
employed in antenna systems such as will hereinafter be 
described. In its exemplary form the dielectric medium 
10 comprises a solid conical structure for guiding energy 
radiated from an exciter in the direction of increasing 
diameter toward a lens (as shown in FIGURE 2). The 
speci?c structure of the dielectric guide will, of course, 
depend upon the shape and dimensions of the associated 
antenna elements; that is, the electromagnetic wave trans 
ducer (exciter or receiving element) and the lens. The 
guide may readily be constructed of any dielectric ma~ 
terial, such as Styrofoam, cross-linked polystyrene (e.g. 
Rexolite 1422), or arti?cial dielectric material capable of 
providing the desired critical angle for a particular ap 
plication. - 

The operation of the dielectric antenna system may be 
best understood by reference to FIGURE 2, wherein 
heuristic ray tracing theory is employed for purposes of 
analysis, and wherein is shown, in planar diagrammatic 
form, an exploded view‘ of the antenna system. An electro 
magnetic transducer 12, such as a horn, is suitably cou 
pled to a waveguide 13 or other appropriate signal trans 
mission line depending on the particular transducer. A 
dielectric guiding structure 10 of the type shown in FIG 
URE l is inserted into the mouth of horn 12, and a phase 
correcting lens 15 is disposed adjacent the base of the 
guiding structure. 

Exciter 12 provides a means for transferring electro 
magnetic energy from the input transmission line, such 
as waveguide 13, to dielectric guiding structure 10 and 
may comprise, for example, a metal horn, as shown, a 
dielectric rod or tube antenna, a helix, a log periodic 
array, or some other small radiating or receiving element. 
The dielectric guiding structure is tapered or ?ared 

‘at an angle on the order of the complement of the critical 
angle of the particular dielectric employed. As used here, 
the term “critical angle” has its usual de?nition; that is, 
the angle de?ning total internal re?ection, or the angle 
marking the dividing point between which a ray incident 
on the boundary between two dielectric media will either 
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be totally re?ected therefrom or totally or partially trans 
mitted therethrough. Total internal re?ection will occur 
for rays incident on the boundary at any angle greater 
than the critical angle of the particular dielectric ma 
terial in which the ray is travelling. 
The lens 15 is employed to modify the phase distribu 

tion of the electromagnetic waves appearing across the 
base of the guiding structure to provide a constant phase 
distribution for waves emanating from the system. The 
lens may be of conventional design, such as a dielectric 
lens for delaying the electromagnetic wave in accordance 
with its dielectric constant to convert a spherical wave 
front into a plane wave front. The focal point 17 of lens 
15 is positioned in the dielectric medium of the guiding 
‘structure such that, when the antenna components are as 
sembled, it is at the phase center of the exciter. In the 
event that the lens is fabricated of a dielectric material, 
its dielectric constant may be selected to be greater than 
that of guide 10 in order to minimize length and weight, 
but this is not critical for proper operation. 
When the exciter dimensions are so chosen that the 

?rst null of the radiation pattern occurs at an angle ap 
proximately equal to the sum of the guiding structure 
taper angle and the complement of the critical angle of 
the dielectric, an almost uniform amplitude distribution 
is obtained across the lens (FIGURE 4). In addition, the 
transfer of energy from exciter 12 to the base of the di 
electric structure is accomplished in an extremely effi 
cient manner with an unusually small amount of energy 
lost in spillover past the lens, resulting in a high directivity 
for the resultant radiation pattern. 

For purposes of explaining the theory of operation of‘ 
antenna systems in accordance with the present invention, 
resort is had to the heuristic ray tracing convention. 
Brie?y, this convention consists of drawing vectors per 
pendicular to surfaces of equal phase and applying to the 
vectors or rays the optical laws governing light rays. The 
technique is especially appropriate where antenna dimen 
sions are large in terms of wave lengths of the electro 
magnetic energy involved. Reference will also be made 
to the radiation pattern and resultant amplitude distribu 
tion illustrated in FIGURES 3 and 4, respectively. As 
shown in FIGURE 2, those rays striking the guiding struc 
ture boundary at an angle greater than the critical angle 
43c, of the guide dielectric material are totally re?ected to 
ward, and are thus incident on the lens. As is well known, 
¢c,=arc sin 1/\/s, where e is the dielectric constant of the 
guide. Such rays would, in the absence of the guiding 
structure, fail to strike the lens and would represent 
energy loss in the form of spillover lobes. The guiding 
structure ?are -or taper angle ¢f is selected to be on the 
order of the complement of the critical angle, i.e. 
¢I~90°|——¢c,, and the electromagnetic transducer is de 
signed to provide a ?rst null of the radiation pattern at 
an angle equal to the sum ¢f+(90°l—¢cr) to provide an 
almost uniform amplitude distribution (FIGURE 4) 
across the lens with very little loss caused by spillover 
radiation. The result is an aperture efficiency for the an 
tenna system approaching 100 percent. 
The darkened portion of the exciter pattern in FIG 

URE 3 represents that portion of the energy radiated 
by the exciter which would normally be lost in spillover 
lobes in the absence of the' guiding structure. As il 
lustrated in FIGURE 3, the ?rst null of the radiation 
pattern occurs at approximately an angle of twice the 
?are angle of the structure. 

The amplitude distribution at the base of the dielectric 
guiding structure as illustrated in FIGURE 4 is the re 
sult of the summation of waves incident on the lens in 
a direct path from the exciter and waves reflected from 
the boundary of the guiding structure toward the lens. 

In practice, any lens may be employed which is ca 
pable of converting the spherical wavefront emanating 
from the exciter to a plane wavefront to produce the 
desired highly directive antenna system. In one antenna. 

10 

15 

30 

40 

45 

50 

55 

65 

75 

system, built in accordance with principles of the present 
invention as discussed herein, the dielectric guiding 
structure was a solid cone having a dielectric constant e 
of 1.02, a base diameter of approximately 18 inches, and 
a ?are or taper angle of approximately 6.5 degrees which 
was substantially the complement of the structure dielec 
tric critical angle. The antenna system ‘yielded a measured 
gain of 33 db at 9.4 gc., corresponding to 100 percent 
aperture e?iciency. In a second practical embodiment, 
the dielectric guiding structure again 'had a dielectric 
constant of 1.02, a base diameter of approximately 18.5 
inches and a ?are or taper angle approximately equal 
to twice the complement of the critical angle or about 15 
degrees. In the latter system, the measured gain was 30.8 
db at 8 gc. corresponding to about 77 percent aperture 
efficiency. In other embodiments, the taper angle of the 
dielectric structure was varied between one-third and three 
times the critical angle of the dielectric with suitable re 
sults. 
Wave polarization is not critical in antenna systems 

according to the present invention, and may thus be of 
any conventional form, for example, linear, circular, and 
so forth, as dictated by the exigencies of the speci?c use 
or application. 

While I have described one particular embodiment of 
my invention, it will be understood that various changes 
and modi?cations in the speci?c details of construction 
and operation described may be resorted to without de 
parting from the true spirit and scope of the invention as 
de?ned by the appended claims. 

I claim: 
1. In an antenna system for translating electromagnetic 

wave energy between a signal line and free space, an elec 
tromagnetic wave transducer coupled to said transmission 
line, lens means for refraction and phase correction of 
said electromagnetic wave energy, said lens means hav 
ing a focal point in proximity to the phase center of said 
transducer, and dielectric guiding means for establishing a 
boundary between the dielectric medium thereof and free 
space to substantially con?ne the propagation of elec 
tromagnetic waves between said transducer and said lens 
means interiorly of said boundary, wherein said dielectric 
guiding means comprises a solid dielectric mass having a 
monotonically increasing cross-sectional area from said 
transducer to said lens, said guiding means having an 
angle of taper at least approximately equal to the com 
plement of the critical angle of said boundary, where 
said critical angle is the angle of incidence of said elec 
tromagnetic waves on said boundary above which total 
re?ection of the incident wave obtains. 

2. A dielectric antenna comprising a source of electro 
magnetic radiation, a lens for correction of the phase dis 
tribution of and for refraction of electromagnetic waves 
incident thereon from said source, and dielectric wave 
guide means interposed between said source and said 
lens for directing electromagnetic waves emanating from 
said source toward said lens and for inhibiting the escape 
of electromagnetic wave energy into free space from the 
region between said source and said lens; 

wherein said dielectric waveguide means comprises 
a solid dielectric structure having a dielectric con 
stant relative to the dielectric constant of free space 
de?ning a critical angle at the boundary therebetween 
such that electromagnetic waves incident on said 
boundary from within said structure at an angle 
greater than said critical angle are re?ected there 
from to strike said lens; 

wherien said dielectric structure has a conical con?gura 
tion, said lens being disposed at the larger diameter 
end of said structure and having a focal point within 
said structure corresponding to the phase center of 
said source, said conical con?guration having an angle 
of taper of between approximately one-third to three 
times the complement of the critical angle of said 
boundary. 
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3. A dielectric antenna comprising a source of electro 
magnetic radiation, a lens for correction of the phase dis 
tribution of and for refraction of electromagnetic Waves 
incident thereon from said source, and dielectric Wave 
guide means interposed between said source and said 
lens for directing electromagnetic waves emanating from 
said source toward said lens and for inhibiting the escape 
of electromagnetic wave energy into free space from the 
region between said source and said lens, 

wherein said dielectric guide means comprises a solid 
dielectric structure having a dielectric constant rela 
tive to the dielectric constant of free space de?ning a 
critical angle at the boundary therebetween such that 
electromagnetic waves incident on said boundary 
from within said structure at an angle greater than 
said critical angle are re?ected therefrom to strike 
said lens, 

wherein said dielectric structure has a conical con?gu 
ration, said lens being disposed at the larger diam 
eter end of said structure and having a focal point 
Within said structure corresponding to the phase 
center of said source, said conical con?guration hav 
ing an angle of taper of between approximately one 
third to three times the complement of the critical 
angle of said boundary, 

wherein said lens comprises a solid dielectric medium 
having a convex surface upon which said electro 
magnetic waves emanating from said source are in 
cident, and having a dielectric constant greater than 
said dielectric constant of said dielectric structure for 
convert-ing a spherical wave front to a plane wave 
front.' 

4. In an antenna system for translating electromagnetic 
wave energy between the signal transmission line and free 
space: 

source means coupled to said transmission line for di 
recting electromagnetic wave energy in a given direc 
tion and in a radiation pattern having at least a ?rst 
radiation null at a predetermined angle relative to 
said given direction; 

lens means for correcting the phase distribution of and 
for retracting the electromagnetic wave energy gen 
erated by said source means; and 

' solely dielectric waveguide means interposed between 
said source means and said lens means for interiorly 
con?ning all of the electromagnetic wave energy gen 
erated by said source within said predetermined an 
gle, said dielectric waveguide means comprising 

a dielectric mass having a monotonically increasing 
cross-sectional area in proceeding from said source 
means to said lens means, and having an angle of 
taper ‘approximately equal to the complement of the 
critical angle at the boundary of said dielectric wave 
guide means, 

said critical angle being the angle of incidence of 
internal electromagnetic waves on said boundary 
above which total re?ection of the incident wave 
occurs. 

5. In an antenna system for translating electromagnetic 

6 
wave energy between the signal transmission line and free 
space: 

source ‘means coupled to said transmission line for di 
" recting electromagnetic wave energy in a given direc 

5 » tion and in a radiation pattern having at least a 
?rst radiation null at a predetermined angle relative 
to said given direction; 

lens means for correcting the phase distribution of and 
for refracting the electromagnetic wave energy gen 
erated by said source means; and v 

solely dielectric Waveguide means interposed between 
said source means and said lens means for interiorly 
con?ning all of the electromagnetic wave energy gen 
erated by said source within said predetermined 
angle, said dielectric waveguide means comprising a 
dielectric mass having a conical con?guration with 
a monotonically increasing cross-sectional area'vin 
proceeding from said source means to said lens 
means, and having an angle of taper approximately 
equal to the complement of the critical angle atthe 
boundary'of said dielectric waveguide means, ' 

said critical angle being the angle of incidence of ‘in 
ternal electromagnetic waves on said boundary above 
which total re?ection of the incident wave occurs”, 

said lens means having a focal point within said di 
electric mass corresponding to the phase center of 
said source means. 

6. In combination: _ 
an electromagnetic wave launcher, 
lens means positioned relative to said launcher to 
modify the phase distribution of electromagnetic 
waves supplied thereto from said launcher, 

a tapered solid dielectric waveguide extending in in= 
creasing girth from said electromagnetic wave 
launcher to said lens and coupled to said wave 
launcher _ to receive electromagnetic wave energy 
therefrom said waveguide having a dielectric constant 
substantially greater than one, and having an angle 
of taper approximately equal to the complement of 
the critical angle‘ for total- internal re?ection of elec 
tromagnetic waves emanating from said launcher 
from the boundary formed by the tapered surface 
of said waveguide. 

7. The combination according to claim 6 wherein said 
launcher has a phase center at the focal point of said 
lens means. . 
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