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This invention relates to directive antennas,

and more particularly to improvements in anten-
na systems of the type including curved or bara-
bolic reflector means for providing directivity.
The use of parabolic reflectors with antennas
is well known, being described in Radio Engi-
neers’ Handbook, by F. E. Terman, first edition,
1943, published by McGraw Hill Book Company,
on page 837 et seq. The sharpness of the direc-

tive heam obtained by such a structure is limited

substantially only by the size of the reflector.
However, prior art antennas of this type will op-
erate efficiently only at the single frequency ior
which they are designed. At other frequencies,
the spacing in wavelengths between the radiator
and. the reflector varies from its optimum value,
introducing variations in the impedance present-
ed by the antenna to its feed system and pro-
ducing undesirable side lobes in the directive

pattern.

3 Claims. (CL 250—33.65)
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ness of the beam, an auxiliary reflector % is pro-
vided near to and in front of the radiator I.

It is sometimes supposed that the operation of
a, system such as that of Figure 1 is closely anal-

agous to that of a searchlight in producing a

beam of licht. However, this is not the fact,
principally because the usual searchlight refiector
has a diameter of millions of wavelengths, while

- the reflector used with a radio antenna 1s ordi-
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Accordingly, it is the principal object of this

invention to provide an improved antenna system
of the described type capable of operation

~ throughout a relatively wide frequency band with

- minimum variation of directive pattern and m-
pedance.
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narily less than one hundred wavelengths in di-
ameter. This results in interaction between the
radiator and reflector, since the radiator is large
enough to intercept an appreciable fraction of
the beam produced by the reflector, and also be-
cause there is appreciable direct radiation from
the source which forms an interference pattern
with the energy from the focusing reflector.

The distance F is generally chosen so that di-
rect radiation from the primary radiator in the
forward direction is in phase with the energy
from the reflector, this arrangement usually hav-
ing the most favorable antenna pattern. If the
distance is chosen to be 3a at a particular operat-
ing frequency an increase in operating irequency
of 8 percent will cause the distance F to be 3%,

" If the distance 3\ gave the most favorable

Another ohject is to provide an antenna of the N

described type wherein a relatively large reflec-
tor may be used without incurring the disadvan-
tages inherent in similar systems of prior art
type. | | | S
A further object of the invention is to provide
an antenna systerm of the described type which 1s
simple to design and construct, and will meet
typical periormance reqguirements with a single
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eld pattern the frequency change of 8 percent
F=3¥:\ results in an inferior pattern because
the radiation from the primary radiator and the
reflector will now be out of phase in the Ior-

. ward direction. Furthermore, if the radiator is

"~ matched to the feed line when F=3\ then when
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primary radiater, In contradistinction to the -
for the cases F=3\ and F=3V,\. The impedance

usual array of a large number of radiator ele-
ments with graded energization and consequent
power division and feed system probiems.

" The invention will be described with reference
to the accompanying drawing, wherein:

Figure 1 is a schematic diagram of a prior art
antenna system including parabolic reflector
means, |

Ficure 2 is a schematic diagram of an antenna
system in accordance with the present invention,
and
. Pigure 3 is a perspective view of an anienna
system embodying this invention. -

Referring to Figure 1, a typical prior art an-
tenna comprises a half wave doublet 1 disposed at
the focus of a reflector 3 in the shape of a parab-
ola of rotation. In order to minimize direct for-
ward radiation, with consequent loss of sharp-
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F=3Y,\ the radiator will present a different im-
pedance to the feed line causing & serious mis-
match because the phase of the energy returned
from the reflector to the radiator will be opposite

mismateh caused by the change in frequency will
result in standing waves on the feed line and re-

duced system efficiency.
The above described difficulties can be met to

. g large extent by designing the reflector to make
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F one-quarter wavelength at the mean irequency
of operation. Then a 20 percent change in ire-
quency will be equivalent to a change of

20 percen.t X %

or only 149 wavelength, and the variation in im-
pedance will be correspondingly small throughout
a wide band of frequencies.

However, this is only a partial sclution and In
fact no solution at all when it is desired to use &
large reflector to obtain a very narrow beam. For
example, suppose that the mouth cf the refiector
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is to be 25 wavelengths in diameter, and the focal
length one-guarter wavelength. The length of
the reflector from vertex to mouth will then be
apout 156 wavelengths, or over 600 times the fo-
cal length. The radiator will be so far inside the ;3
mouth that the reflector will no longer operate
as a simple parabola at all, owing to diverse po-
larization of the energy following different pavis
within the refiector, and to the non-uniform 1ii-
lumination due to the nulls off the ends of the 0
radigtor.

According to the present invention, the reflec-
tor 7 is in the form of g section of g circularparab-
ola, and does not include the vertex (indicated at
2) of the parabgcla. A direciive antenng §t is dis- 19
pcsed at the fozal point of the refiector §, which -
may be at any convenient distance from the ver-
tex 8§, and is outside the plane of the mouth of
the parabola.

The antenna i comprises g radiator 13 at the £0
focus of a reiatively small auxiliary refiector i5.
The focal length of the reflector {5 is approxi-
mately one-guarter wavelength, and the reflec-
tor i5 18 oriented 1o direct a relatively broad beam
over the surface of the refiector 1. o

Since the reilector 5 needs only to concen-
trate the radiation into g beam angle of, for ex-
ampie, 30 degrees by 60 degrees, it has a small
mouti ocpening and may be designed with the rel- -
atlvely short focal length of one-quarter wave- 30
length without introducing polarization difficul-
ties. A cylindrical parabola 5 with the radiator

3 along the focal line obviates this difficulty.

The larger reflector 7 is “illuminated” by the -
small antenna i, providing a very sharp beam 4o
paraliel to the axis of the paraboloid. This beam
misses the antenna |f entirely, so that no en-
ergy can be returned from the reflector 1 to the
anienng f1. Thus there is no critical relation- = .
ship 1o be maintained between the wavelength 40
and the foeal length of the main reflector, and
efficient operation is obtained throughout a wide
frequency band. The directivity is substantially
the same as that which would be obtained (but -
only at the design freguency) with g complete 4
- ecircular paraboloid having a mouth area equal
to that of the section 1. -

¥Figure 3 shows the principal details of a typi-
cal empodiment of the present invention. The
maln refiector 7 comprises a screen of “expanded 50
metal” or the like, secured by spot-welding to a
supporting structure including curved ribs 17 and
[§ mounted on a bracework structure, designated
generally by the reference numeral 21. The
auxiliary reflector 15 is similerly constructed and
supported by the structure 22. In the present
Hlustration, the reflector 15 is in the form of a
Eylindrical varabola, with its focal line horizon-

al. |

The radiator (3 comprises g horizontal doublet
with its element supported by the transmission
line 14 by which it is connected to the feed sys-
tem. A line balance convertor {8 is provided be-
hind the reflector {5 for counling the line {4 to
a coaxlal feed line 23. The antenng (i, com-
prising the radiator {3 and reflector.i5, may be
of the type described in U. 8. Patent No. 2,430,353
issued November 4, 1947, to Robert W. Masters,
and entitled Antenna. |
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The operation of the system of Figure 3 is
the same as that of the system of Figure 2. The
beam emitted from the reflector T is horizontally
polarized, since the doublet 13 and the reflector
19 are disposed horizontally.

Although the invention has been described with
reference to a specific embodiment thereof, it will
be apparent without further illustration to those
skilled in the art that it is not limited thereto.
For example, the directive antenna (1 may be 2
direetive array, rather than a simple dipole and
reflector. 'The reflector 15 need not be a para-
bolic, but may even be a flat screen, depending
upon the particular design and performance re-
guirements.

Summarizing hriefly, the present invention con-
templates the use of a reflector in the form of
a portion of a paraboloid, with the vertex omitted,
“Illuminated” by a directive antenng at its focus.
The beam formed by the reflector does not im-
pinge on the primary radiation source, thus
avoiding impedance variations and ensbling
pbroad-~-band operation.

I claima as my invention:

1, A directive antennsa system inecluding a re-
flector in the form of g portion of a paraboloid,
said portion exciuding the vertex of said parab-
oloid, radiator means near the focus of said re-

. flector, and an auxilisry reflector adjacent said

radiator means and oriented to direct radiation
from said radiator means substantially cniv to
said first-mentioned reflector, said radiator and
said auxiliary refiector being located outside the

- peam formed by said parabolic refiector.

2. A directive antenna system inecluding a re-
flector having a reflecting surface in cross-sec-
tion in the shape of a portion of a parabola en-
tirely on one side of the parahola axis and ex-
cluding the parabola vertex, means to radiate or
receive electromagnetic energy substantially at
the focus of the reflector, and an auxiliary re-
flector arranged to have a radiation pattern with
said means which pattern includes substantially
cnly sald reflecting surface and excludes sub-
stantially all portions outside said surface, said
auxiliary reflector being located on the side of
the parabolg axis opposite the said reflecting por-
tion surface and thereby being located outside the
radiation pattern of the system.,

3. The system claimed in c¢laim 2, said means
to radiate or receive the electromagnetic energy
being a dipole, and said guxiliary refiector hav-
Ing a reflecting surface in cross-section in the
shape of a parakola with the dipole substantially
at its foeal point.

THOMAS M. GLUYAS, Jk.
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