
Sept. 22, 1953 K. T. BAINBRIDGE 2,653,238 
DUAL FREQUENCY ANTENNA 

Filed Oct. 26, 1945 

AZAAWOf ZZ W 6 Wy 
Af2 A/AWG AAFS 47 day 
M/6ZA (2 45722 AA22WZZ 

| 1 
A 

/ 

INVENTOR. 
KENNETHT, BAINBRID 
BY 

24cee-24ee. 
ATORNEY 

  



Patented Sept. 22, 1953 2,653,238 

UNITED STATES PATENT OFFICE 
DUAL FREQUENCY ANTENNA 

Kenneth T. Bainbridge, Santa Fe, N. Mex, as 
signor, by mesne assignments, to the United 
States of America as represented by the Secrets 
tary of War 

Application October 26, 1945, Serial No. 624,902 
9- Claims. 

1. 
This invention relates to antennas for comi 

munication Systerns and more particularly to an 
&ntenna, having a reflector adapted to transmit 
and receive electromagnetic energy in a directive 
tale. 
In certain radio object locating Systems, it 

is desirable to utilize a “friend or foe' interro 
gation (EFF) with a target search indication in 
a directional manner. Heretofore, one antenna. 
has been utilized for directional Searching and 
tracking, such as by scanning a particular Sector 
in space with a pencil type bean Which is chair 
acteristically narrow in azimuth and elevation, 
while a separate antenna has been required for 
the IFF interrogation. In order to facilitate 
recognition of targets such as aircraft or ships, 
it is desired that the IFF be directional and co 
operate with the target searching and tracking 
system particularly for early Warning of ap 
proaching targets. This may be achieved, ac 
cording to the principal object of the invention, 
by utilizing a single directional antenna, adapted 
to transmit and receive energy at two different 
frequencies simultaneously, Such as a micro 
wave frequency having a wavelength of the 
order of centimeters for Searching and a longer 
wave frequency for the IFF. 

It is another object of the invention to pro 
vide an antenna having a single reflector adapt 
ed to transmit and receive two different signals 
of electromagnetic waves of energy in Such a 
way that neither interferes with the other. 

It is still another object of the invention to 
provide an antenna, with feed elements adapted 
to be excited separately from two different 
sources and suitably mounted to illuminate a 
single directional reflector. 

For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description, 
taken in connection with the accompanying 
drawings, in which like numerals are employed 
to designate like parts throughout the same and 
in Which: 

Fig. i is a front elevation view of one embodi 
ment of the antenna, according to the invention; 

Fig. 2 is a side elevation view of the antenna 
of Fig. 1 with a diagrammatic illustration of 
the radiation patterns produced by the antenna; 

Fig. 3 is a side elevation similar to Fig. 2 show 
ing another embodiment of the antenna, accord 
ing to the present invention; and 

Fig. 4 is a perspective view of the modification 
of the antenna shown in Fig. 3. 
In the drawings, O designates a reflector hav 
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ing a generally parabolic reflecting surface or 
surface otherwise suitably shaped to reflect a 
bean of radiant energy in a directional path. 
Refiector O is preferably shaped as a paraboloid 
of revolution but may also be in the form of a 
parabolic cylinder. By way of example and for 
simplification of illustration and description, the 
invention Will be described herein as pertaining 
to a reflector formed as a paraboloid of revolution 
which when properly illuminated by a suitable 
radiating element is adapted to reflect energy 
in a pencil type bearin characteristically narrow 
both in azimuth and elevation. 
One means of illuminating reflector 0 is by 

a radiating element located at the approxi 
mate focal point of reflector f0. Radiating ele 
ment if may be of any suitable design adapted 
for radiating microwave energy having wave 
lengths of the order of centimeters. Thus radiat 
ing element may be in the form of a dipole 
of conventional design or in the form of a wave 
guide aperture type or horn type radiator, energy 
being fed thereto by means of a transmission 
line f2. Transmission line 12 may be a hollow 
pipe wave guide or coaxial conductor type trans 
mission line located in any well known manner, 
but preferably passing through the vertex region 
of reflector 0 as shown. Radiating element 
is so arranged that energy radiated therefrom 
may be horizontally or vertically polarized and 
for the present description it may be considered 
that the radiant energy is horizontally polarized. 
As thus far described, it will be understood 

that the antenna embodying reflector () andra 
diating element is of a well known type and 
is adapted to radiate energy in a pencil type ra 
diation pattern as generally indicated by the 
solid line configuration of Fig. 2, with the axis 
of the pattern being substantially coincident 
with the axis of reflector 10, this axis being 
designated A. 
As will be understood, it is desired that this 

antenna, be utilized for simultaneously trans 
mitting or receiving energy having a different 
wavelength than that radiated by element f. 
This may be achieved according to the inven 
tion by feeding the energy to reflector 6 by 
means of at least one other radiating element. 
According to one embodiment of this invention 
this additional radiating element designated 3 
may be of any suitable design, such as a folded 
dipole as shown in the drawings, fed by means 
of a transmission line 4 extending through a 
suitable aperture 5 in a reflector C. Radiator 
13 is disposed and arranged so that energy 
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emanating therefrom has a polarization which is 
perpendicular to that radiated by element and 
is preferably of a longer wavelength than the 
energy from element E, such wavelength being 
preferably of the order of meters or longer. 

Reflector O appears parabolic to microwave 
radiation and is therefore effective to concern 
trate the microwave energy from the radiating 
element into a pencil type radiation pattern, 
However, in the case of the long wave radiation. 
emanating from the dipole radiating element 
f3, reflector O is believed to act essentially aS 
a plane reflector to form the long waves into a 
single broad main lobe which is Substantially 
coaxial with the microwave pencil beam pattern 
as indicated by the broken line configuration of 
Fig. 2. It will be understood that radiating ele 
nent 3 is So disposed that the energy emanat 
ing therefrom has its plane of polarization per 
pendicular to that from the radiating element 

and therefore, as shown, will be so disposed 
that the long wave radiation will be of Vertical 
polarization. If desired the radiating elements 

and 3 may be arranged so that their axes 
or the planes of polarization of energy radiated 
thereby are at an angle of about 45° to the hori 
Zontal. While a single long Wave radiating ele 
ment has been described, it has been found that 
the pattern produced thereby is usually too 
broad for efficient use, and that a more Syn 
metrical and desirable pattern may be produced 
by symmetrically spacing a plurality of elements 
3 about the radiator f. Thus, as shown in 

Figs. 1 and 2, there are preferably six long wave 
radiating elements 3, the primary patterns of 
Which combine to form the long Wave lobe as 
indicated in the broken line configuration of 
Fig. 2. 

Fig. 3 shows a modification of the dipole 
radiating elements for the IFF. In this en 
bodiment, the coaxial line 6 feeding energy to, 
and Supporting, a dipole 3 does not paSS through 
reflector O but instead extends in front of and 
Substantially parallel to the aperture plane of 
reflector 0 with its axis substantially perpen 
dicular to the axis of transmission line 2. Di 
pole 3 is oriented as previously described with 
reference to FigS. 1 and 2 and therefore dipole 
3 and coaxial line 6 lie in a plane substantially 
perpendicular to the aperture plane of reflector 
f0. Dipole 3 may be coupled to coaxial line 
6 either directly or through a stub line 

which may extend perpendicularly forward 
from coaxial line 6. 

In the case where a plurality of dipoles 3 
(Such as Six as indicated in Fig. 1) are used, a 
number of coaxial lines 6 may be used each 
Supporting and exciting one or more dipoles 3. 
AS shown in Fig. 4, it is found advantageous to 
utilize a lattice-like structure 8 for Supporting 
and feeding energy to dipoles 3. Structure 8 
may be of any desired shape depending on the 
number and arrangement of dipoles 3. As 
shown, structure 8 comprises three parallel 
coaxial lines 6' maintained in Spaced and 
proper relation. With each other and With re 
flector O by means of struts or bars 9 which 
connect line 6' and complete the substantially 
rectangular structure 8. Structure 8 may be 
Supported by legs or brackets 20 connecting its 
corners to the edge portion of refector or in 
any other Suitable manner. Each of lines 6 
Serves to support and feed energy to one or 
more dipoles in proper phase relationship, the 
he 6' and dipoles 3 being disposed in the 
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4. 
manner described with reference to Fig. 3. 
With the arrangement of Figs. 3 and 4, the ma 
jor reflection of energy radiated by dipoles 3 
is from the adjacent surfaces of coaxial lines 
6 or 6', the currents flowing on the outer sur 

faces of coaxial lines 6 and 6’ being effective 
to give major directivity to the longer wave 
length radiation from dipoles 3 and the sur 
face of reflector O having a relatively minor 
effect on the directivity. 
With elements if and 3 simultaneously 

radiating energy at two different frequencies 
With their planes of polarization perpendicular 
to each other, it has been found that there is 
no interference one with the other either on 
reflection from reflector 0 or from the coaxial 
lines 6 or 6' or while traveling out into space 
in patterns having Substantially coinciding axes 
of directivity. 
With the two different radiations from ele 

ments and 3 simultaneously impinging upon 
the reflecting surface of reflector 0 with their 
polarization planes perpendicular to each other, 
it has been found that there is no interference 
One With the other. The receiving of both 
microwave and long wave (IFE) response may 
be shown on a PPI (plan position indication) 
indicator Such as a cathode ray tube and the 
target picked up may be shown as a narrow 
azimuth microwave echo followed at a slightly 
greater radial distance by a stronger wide arc 
signal indicating the IFF response. 

It Will be understood from the description 
above that the antenna as described is adapted 
to transmit and receive energy of two different 
frequencies simultaneously in such a way that 
neither interferes with the other and that energy 
of both frequencies is adapted to be directed in 
a directional path. 
What is claimed is: 
1. An antenna for radiating energy of two 

different frequencies Simultaneously connprising, 
in combination, a reflector shaped as a parab 
oloid of revolution, a radiating element located 
in the approximate focal point of said reflector 
and adapted to radiate polarized energy within 
the microwave frequency region for illuminating 
Said reflector, said reflector reflecting said mi. 
crowave energy in a pencil-type radiation pat 
tern, at least one additional radiating element, 
disposed in front of said reflector and adapted 
to radiate energy of a lower frequency than said 
microwave energy and with its plane of polari 
zation perpendicular to the plane of polarization 
of the microwave energy, a coaxial conductor 
line for feeding energy to and supporting said 
One additional radiating element, said conductor 
line being disposed substantially parallel to both 
the aperture plane of said reflector and the ai 
ditional radiating element which it supports, 
Said coaxial conductor line acting as a reflecting 
Surface for a major portion of the lower fre 
Cuency energy radiated by said additional 
radiating element, both said radiating elements 
being adapted to radiate energy of both said 
frequencies simultaneously without one inter 
fering with the other in directive radiation pat 
terns having their axes of directivity substan 
tially coinciding. 

2. An antenna as claimed in claim 1 wherein 
a plurality of additional radiating elements are 
provided and Symmetrically spaced relative to 
Said microwave radiating element, at least a pair 
of Said radiating elements being aligned, and 
Wherein a plurality of coaxial conductor lines are 
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respectively provided for feeding energy to and 
supporting each pair of said additional radiating 
elements, and means for Supporting said coaxial 
conductor lines in proper position in front of 
said reflector. 

3. An antenna for transmitting and receiving 
radiant energy of two different Wavelengths si 
multaneously, comprising a single parabolic re 
flector, a single dipole radiating element dis 
posed at the approximate focus of said reflector, 
means for feeding microwave energy to said Sin 
gle dipole, said dipole being adapted to radiate 
the energy fed thereto towards said reflector, 
six folded dipole radiating elements disposed in 
front of said reflector and Symmetrically Spaced 
With respect to said single dipole; said folded 
dipoles being adapted to radiate energy of a 
Wavelength at least 1.5 times the Wavelength of 
said microWave energy, said single dipole and 
Said folded dipoles being So disposed With respect 
to each other that the planes of polarization of 
the energies radiated thereby are perpendicular 
to each other, said reflector being effective to di 
rect said microwave energy without interference 
With the energy of longer wavelength, the pat 
terns of Said radiations simultaneously having 
a substantially common axis of directivity. 

4. An antenna, as in claim 3 wherein said six 
dipoles are disposed in two rows of three dipoles 
each and Said parabolic reflector is a paraboloid 
of revolution, the axis of said paraboloid passing 
through the geometric center of the pattern 
formed by said six folded dipoles. 

5. An antenna, as in claim 3 wherein said six 
dipoles are disposed in two rows of three dipoles 
each and Said parabolic reflector is a paraboloid 
of revolution, the axis of said paraboloid passing 
through the geometric center of the pattern 
formed by Said six folded dipoles, said antenna, 
further comprising coaxial conductors for Sup 
plying energy to said six folded dipoles and for 
mechanically Supporting said dipoles, the outer 
Surfaces of Said coaxial conductors acting as a 
reflector for the energy of the longer wavelength. 

6. An antenna, comprising a parabolic reflector, 
a radiating element disposed at the focal point of 
said reflector for radiating energy polarized in a 
given plane, at least one additional radiating ele 
ment in front of said reflector and displaced from 
said focal point for radiating energy polarized 
in a plane that is at right angles to the polariza 
tion plane of the first named radiating element, 
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and at least one transmission line for feeding 
energy to and Supporting said additional radiatr 
ing element, said line being disposed in front of 
said refector in a plane at right angles to the 
plaine of polarization of the first named radiating 
element. 

7. An antenna, comprising a parabolic reflector, 
a radiating element disposed at the focal point 
of Said reflector for radiating energy polarized in 
a given plane, a plurality of radiating ele 
ments disposed in front of Said reflector for radi 
ating energy polarized in a plane that is at right 
angles to the plaine of polarization of the energy 
from Said one element, and a plurality of trans 
Imission lines for feeding energy to and Support 
ing said plurality of elements, said lines being 
disposed in a plane at right angles to the plane 
of polarization of said One element and acting 
as a reflector for the energy from said plurality 
of elements. 

8. An antenna, structure adapted to be placed 
in front of an antenna, reflector, comprising a 
plurality of parallel transmission lines, a plu 
rality of antenna, elements arranged in parallel 
roWs, each row of elements respectively being 
mounted upon a respective one of said lines, said 
transmission lines being aligned with Said ele 
ments and acting as a reflector for energy from 
Said antenna, elements, and bracket means in 
terconnecting and supporting said lines. 

9. The antenna structure of claim 8, wherein 
Said elements comprise dipoles arranged in three 
rOWS, With tWo dipoles in each row. 

KENNETH. T. BAINBRIDGE. 
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