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This invention relates to antennas and, more particu 
larly, to a low noise temperature paraboloidal antenna. 

Contemplation of a worldwide space satellite commu 
nication complex has provoked renewed interest toward 
the reduction of the noise encountered in radio receivers. 
Very little thermal noise attaches to radio signals during 
transmission in space communications because of the 
cold medium that outer space presents to propagating 
signals. Thus, conventional receiver components are out 
dated and inadequate for use in space communications 
as they result from a design goalwhich requires only 
that the noise contributed by the receiver shall be com 
parable, and preferably, no greater than that attaching 
to received signals transmitted in the long established 
manner, that is, essentially within the atmosphere which 
is replete with thermal energy. Further, developments 
of such low noise-generating components as the maser 
ampli?er, have focused attention upon the antenna of 
receiver systems as the prime contributor to the overall 
system noise. 
The high directivity of paraboloidal antennas and their 

advantages in cost, size and Weight as compared with 
other directional antennas make such antennas attractive 
for use in space communication. A great deal of ther 
mal noise energy, however, reaches the feeding element 
of such antennas directly from the vicinity of the periph— 
cry of the paraboloidal re?ector without re?ection from 
the re?ector. This “spillover,” as it is commonly called, 
represents most of the noise energy contributed to the 
receiver system by the antenna. In space communica 
tions spillover is all the more detrimental as it accounts 
for an inordinate proportion of the total noise energy 
picked up by the antenna. 

It is, therefore, the object of the present invention ‘to 
improve the noise characteristics of'antenna systems and, 
more particularly, to reduce spillover in paraboloidal 
antennas while maintaining a reasonable antenna gain. 

In accordance with the above object, a ring focus para 
boloidal re?ector, as described in my Fatent No. 2,482,15 8 
issued September 20, 1949, is illuminated by or focuses 
upon a feed located in the vicinity of the re?ector ring 
focus. The feed is connected by a waveguide to trans 
mitting and/or receiving equipment situated behind the 
re?ecting surface of the paraboloid. A radial transmis 
sion line, forming part of the feed, carries energy be 
tween the waveguide and the ring focus with annular 
uniformity of phase, amplitude and polarization. 
More speci?cally, a gap, the width of which is suf?cient 

to couple all the currents in the waveguide wall, whether 
longitudinal, transverse or oblique, equally to and from 
the radial transmission line is cut in the walls of the 
waveguide. This eifects signal coupling with annular 
uniformity of intensity. Further, a piston strategically 
located with respect to the gap terminates the waveguide 
so that the resultant signal (the combination of the re 
?ected signal and the directly coupled signal) coupled 
between the waveguide and the radial transmission line 
occurs in time phase circumferentially, i.e., with annular 
uniformity of phase. To complete the impedance match 
of the waveguideto the feed, an iris is provided inside 
the waveguide in the proximity of the gap and between 
the previously mentioned equipment and the gap. 

Annular quarter-wavelength deep corrugations cut 
transversely in the walls of the radial transmission line 
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afford a surface presenting uniform annular character 
istics to the signal carried by the radial transmission line 
independent of the local polarization in any particular 
radial direction. Hence, the feed accommodates and ra~ 
diates or intercepts a signal wave front exhibiting uni 
form annular phase, intensity, and polarization and a. 
cosinusoidal intensity distribution across theyaperture of. 
the feed. 
By varying the angle formed by the direction of prep 

agation of the radial transmission line with the axis, the 
peak (of the cosine) intensity may be directed toward 
any portion of the re?ector, depending upon the size 
of the reflector, which provides the most advantageous 
compromise between minimum spillover and maximum 
antenna gain under the particular circumstances. 

Alternatively, if a uniform intensity distribution across 
the aperture of the feed is desired a layer or coating of 
dielectric may replace the corrugations or the radial 
transmission line may be terminated in a “box” born 
with similar annular uniformity of characteristics result 
mg. ' 

According to another feature of the invention, a pod 
estal having a base substantially equal in diameter to 
the ring focus is mounted upon the re?ector to furnish 
a housing for either a ?rst stage of ampli?cation for a 
receiver or a last stage of, ampli?cation for a transmitter. 
The pedestal also constitutes one wall of the radial trans 
mission line, and isolates opposite sides of the re?ector 
from one another. 
The above and other features of the invention will be 

considered in detail in the following speci?cation taken 
in conjunction with the drawings in which: 

FIG. 1 is a side elevation of an antenna system illus 
trating the invention; 
FIG. 2 is a front elevation of the antenna of FIG. 1; 
FIG. 3 is a modi?cation of the feed shown in FIGS. 

1 and 2; 
FIG. 4 is a feed according to the invention having a 

box horn aperture; and 7 
FIG. 5 is an embodiment of the invention in which a 

dielectric coating is substituted for the annular corru- - 
gations. 
As indicated by FIGS. 1 and 2, the elements compris 

ing the embodiment of the invention disclosed therein 
are concentric about a common axis 34. For purposes 

. of easy visualization the antenna system of FIGS. 1 and 
2 willbe explained operating as a transmitting antenna. 
Of course, it may be employed to receive signals as well 
in a manner reciprocally related to transmission and it, 
is, in fact, as a receiving antenna that the improved 
noise characteristics realized by the invention are ex 
ploited. , v > 

A ring focus paraboloidal re?ector 36 is generated by 
rotating a parabola axis about axis 34 which is parallel 
to and spaced from the parabola axis. Hence, a ring 
focus 43, as distinguished from the point focus of con 
ventional paraboloids, is formed. The aperture of re 
?ector 36 in a practical antenna system would probably 
be at least ten times the diameter of ring focus 48 and, 
therefore, the diameter of the antenna feed, as they are 
related in size. For convenience of illustration in FIGS. 
1 and 2, however, the ratio of feed diameter to re?ector 
aperture is shown as larger than that given above. Re 
ference is made to Patent No. 2,482,158, previously men 
tioned, for further elaboration upon ring focus para- ‘ 
boloidal re?ectors. 

Feed ill for illuminating re?ector as is coupled to a 
transceiver 12 through a circular waveguide 14 which is,‘ 
in turn, connected to an ampli?er 16 which would con 
stitute the last stages of a transmitter (or the ?rst or in 
put stages ‘of a receiver). It is a feature of- a ring focus 
para-boloidal re?ector that it has a nonre?ecting surface 
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at its center. It is this feature which makes it practicable 
to 'place transmitter components such as ampli?er 16 so 
close to feed 10'. The signal, ampli?ed for transmission, 
is launched in a circular waveguide 13 in the TEn mode. 

It is desired to radiate from feed ill a signal wave front 
having annular uniformity of amplitude, phase,’ and po 
larization. What is meant by uniform polarization herein 
is that the direction of polarization is substantially the 
same all the way around the aperture or mouth of feed 
10; To this end, the currents induced in the walls of 
waveguidelS by the propagating signal are broken by 
an annular gap ‘22' extending completely around wave 
guide 18 and are coupled therefrom into a radial trans 
mission line 33. In order to couple the transverse, lon 
gitudinal, and oblique currents all equally, i.e., to couple 
with annular uniformity of signal intensity, the choice of 
the Width of gap 22 is strategic. For if gap 22 is too 
narrow coupling in favor of longitudinal currents occurs 
and if it is too wide coupling in favor of transverse cur 
rents occurs. The portion of the signal which evades di 
rect coupling to radial transmission line 38 continues to 
a point shortly beyond gap 22 where a piston 24 termi 
nates Waveguide 18. The signal is re?ected from piston ' 
24 and returned to gap 22 Where it also is coupled to 
radial transmission line 38. The directly coupled cur 
rents are not in time phase around the circumference 
of the walls of Waveguide 13. For example, the trans 
verse currents are 90 degrees out of phase with the lon 
gitudinal currents. So in order to have the resultant 
coupled signal be in phase agreement all around the 
circumference of gap 22, i.e., exhibit annular uniformity 
of phase, piston 24 must be adjusted in position to cause 
the re?ected-currents to combine with the directly cou 
pled currents in the proper proportion. The adjustment 
of piston 24 to ful?ll this function is an empirical one, as 
is the width of gap 22, and the position of an iris 20 
placed in waveguide 18 to match it, impedance-wise, to 
the rest of feed 10. 

So that radial transmission line 38 carries the signal 
radiated from feed 10- with annular uniformity of phase, 
amplitude, and polarization, closely spaced, annular quar 
ter-wavelength deep corrugations 40 are cut in the walls 
of radial transmission line 38. Radial transmission line 
38 must have its walls separated by at least a distance of 
one-half the wavelength of the signal it is to accommo 
date in order to propagate such a signal. Then the ?ow 
of longitudinal currents in the walls of radial transmission 
line 38'is inhibited by the corrugations, thus presenting 
the same surface characteristics to both the electric and 
magnetic ?elds. The surface ?eld intensity, therefore, 
is not affected by local polarization, and’ a radiating mode 
having the desired uniformity of phase, intensity, and 
polarization can exist in radial transmission line 38. ' 
A pedestal 30 having its base substantially equal to the 

vertex circle of re?ector 36 is mounted on re?ector 36. 
Pedestal 30 provides a housing for ampli?er 16, so that 
waveguide 18 may be extremely short, reducing noise 
accumulated from that source, and also provides one wall 
of transmission line 38. Pedestal 3% prevents energy 
emanating from feed 10 from crossing axis 34' and im 
pinging, upon the opposite side of re?ector 36 and sup 
ports feed 10 thus obviating complex feed supports which 
otherwise would have to be located in the path ‘of the 
antenna beam. All this may be accomplished with no 
increase in‘ beam shadow over that for-med'by feed 10 
because the diameter of pedestal 30 is substantially co 
incident orless than that of ring. focus 48 of re?ector 
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36. Since’feed It) is severed into two sections by an- . 
nular gap '22, an annular dielectric lens 42, forming a 
window across the aperture of radial transmission line 
38, serves to connect and support the two sections of feed 
10;' In additionQlens 42:» may be employed‘ as a trim 
ming adjustment on the annular uniformity of the phase 
of the signal radiated from feed 19. 

e The wave front emanating from feed 10 exhibits annu 
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l'ar uniformity of polarization, phase and intensity and 
further, a cosinusoidal intensity distribution across the 
aperture or mouth of feed 10. The signal radiated from 
feed ill onto re?ector 36, considered in planes passing 
through axis 34, is a maximum in the direction of propa— 
gation of radial transmission line 38 and falls olf to nulls 
at approximately 45 degrees on either side of that di 
rection of propagation. 

In FIG. 1, the direction of propagation of radial trans 
mission line 38 forms an angle of 45 degrees with axis 
34, and re?ector 35 has its ring focus 48 in the plane of 
the re?ector aperture. _ Consequently, the peak intensity 
of the signal emanating from feed 14), signi?ed by arrow 
26 (FIG. 1), is directed so that the signal nulls impinge 
upon re?ector 36 near the aperture edge and the base of‘ 
pedestal 3%. Hence, very little energy is wasted as spill 
over (which in a receiving antenna means little thermal 
noise is intercepted) or in the form of radiation which 
falls upon pedestal 30, whilev at the same time annular 
uniformity of phase, intensity, and polarization of the 
signal radiating from feed 1d insures good illumination 
of re?ector 36. V ' 

It should be noted that feed 10 carries all linearly 
polarized signals, regardless of orientation, e.g., verti 
cally or horizontally polarized, with anular uniformity 
of phase, intensity, and polarization and cosinusoidal in 
tensity distribution in planes including axis 34. Conse 
quently, circularly polarized signals, which ?nd extensive 
application in space communications, receive the same 
treatment when applied to feed 10, as they may be 
thought of as two linearly polarized signals with polari 
zations rotated in space by 90 degrees with respect to one 
another and differing in phase by 90 degrees. 
FIG. 3' illustrates a radial transmission line 38 the di 

rection of propagation of which forms an angle of 90 
degrees with axis 34 of an antenna system like FIG. 1. 
This feed would ?nd application with a deeper para 
boloidal re?ector than the one shown in FIG. 1. It be 
comes evident that the angle made by the direction of 
propagation of radial transmission line 38 with axis 34 
controls the direction of radiation of signal energy from 
the feed and that this angle may be varied to suit the 
depth of the re?ector and other needs of the immediate 
situation. a 

FIG. 4 ilustrates' another embodiment of the inven 
tion in which the aperture of radial transmission line 38 
forms a “box” horn 46. The application of a box horn 
aperture provides a uniform intensity distribution across 
the aperture of the horn. This is discussed more fully 
in my monograph entitled “Parabolic-Antenna Design for 
Microwaves” published in the Proceeding of the I.R.E. 
November 1947, on pages 1284 through 1294. Annular 
uniformity of phase, intensity and polarization are again 
maintained by corrugations 40 cut in the wall of radial 
transmission line 38. _ ' 

As an alternative arrangement to that of FIG. 4, the 
Walls of radial transmission line 38 in FIG. 5 are coated 
with a di'electrical material 44 rather than corrugations 
40 shown in FIGS. 1, 3 ‘and 4. This likewise presents 
identical surface characteristics to both the electric and 
magnetic ?eld carried in radial ‘transmission line 38, but 
develops a uniform intensity distribution across the aper 
ture of the feed. 7 a 

What is claimed is: _ 
1. In an antenna system, a re?ector and a feed ele 

ment for radiating and intercepting electromagnetic sig-_ 
nals to and from said re?ector comprising a circular wave- ' 
guide centered about an axis, 'a radial transmission line 
centered about and extending completely around said axis, 
an annular gap in the wall of said waveguide, an iris lo— 
cated in said Waveguide and an adjustable piston termi: 
nating said-waveguide,’ said iris and said piston being 
located with respect to said gap so as to couplesaid sig 
nal with annular uniformity between said radial trans 
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mission line and said waveguide, said radial transmission 
line having walls separated a distance of at least one 
half the wavelength of said signal, and said walls having 
annular quarter-wavelength deep corrugations centered 
about said axis. 

2. In combination, a ring focus paraboloidal re?ector 
having a focal circle included in a plane perpendicular 
to and centered on the axis of said re?ector, a transceiver 
located behind the radiating surface of said re?ector, and 
an antenna feed comprising a circular waveguide centered 
about said axis, means for extending said waveguide 
through said re?ector to connect with said transceiver, 
an annular gap cut in the Wall of said waveguide at a 
point near said focal circle, a radial transmission line con 
nected across said gap and extending completely around 
said waveguide, said transmission line having walls sepa 
rated by a distance of at least one-half the wavelength of 
the signal applied to said feed, said walls having annular 
quarter-wavelength deep corrugations centered about said 
axis, and means for coupling said signal between said 
waveguide and said radial transmission line with annular 
uniformity of intensity, phase and polarization. 

3. In combination, a ring focus paraboloidal re?ector 
having a focal circle included in a plane perpendicular 
to and centered upon the axis of said re?ector, a pedestal 
having a base diameter substantially equal to or less than 
said ring focus diameter mounted upon said re?ector at 
the vertex of said re?ector, remote electronic equipment, 
said equipment being housed inside said pedestal, and an 
antenna feed comprising a longitudinal transmission path 
having at least one metallic conductor centered about 
said axis, means for connecting said transmission path to 
said equipment, a radial transmission line located near 
said focal circle, the surface of said pedestal constituting 
one wall of said radial transmission line, and coupling 
means between said radial transmission line and said trans 
mission path. 

4. In combination, a ring focus paraboloidal re?ector 
having a focal circle included in a plane perpendicular to 
and centered on the axis of said re?ector, the edge of said 
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re?ector also being included in the plane of said focal 
circuit, terminal equipment located behind the radiating 
surface of said re?ector, and an antenna feed comprising 
a circular waveguide centered about said axis, means for 
extending said waveguide through said re?ector to con 
nect with said terminal equipment, an annular gap in the 
wall of said waveguide at a point near said focal circle, a 
radial transmission line connected across said gap and 
extending completely around said axis, said radial trans 
mission line forming an angle of approximately 45 de 
grees with said axis, said transmission line having walls 
separated by a distance of at least one-half the Wave 
length of the signal applied to said feed, said walls hav 
ing annular quarter-wavelength deep corrugations cen 
tered about said axis, and means for uniformly coupling 
said signal between said waveguide and said radial trans 
mission line. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 
2,370,053 Lindenblad __________ __ Feb. 20, 1945 
2,407,690 Southworth __________ _._ Sept. 17, 1946 
2,477,694 Gutton _____________ __ Aug. 2, 1949 
2,482,158 Cutler ______________ .._ Sept. 20, 1949 
2,605,416 Foster ______________ __ July 29, 1952 
2,645,769 Roberts _____________ __ July 14, 1953 
2,659,817 Cutler ______________ __ Nov. 17, 1953 
2,878,471 Butler ______________ .. Mar. 17, 1959 
2,893,003 Arnold et a1. _______ _'___ June 30, 1959 
3,055,004 Cutler ______________ __ Sept. 18, 1962 

FOREIGN PATENTS 
581,457 Great Britain _______ __ Oct. 14, 1946 
708,614 Great Britain __________ __ May 5, 1954 
861,718 Germany ___________ __ Jan. 5, 1953 

OTHER REFERENCES 
Silver: Microwave Antenna Theory and Design, (page 

448 relied on). 


