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57 ABSTRACT 

Apparatus is disclosed for feeding a single biconical 
antenna of the type having an upper and a lower cone 
which are connected to a coaxial feed line, the apices 
of said cones being in close proximity. The apparatus 
comprises means for vertically feeding said antenna, 
the vertical feed means being located at the apices of 
the cones. Means are also provided for horizontally 
feeding the antenna, the horizontal feed means being 
located in the vicinity of the apices of said cones. This 
combination of feed apparatuses permits the utiliza 
tion of the vertical, horizontal, slant linear and circu 
lar polarization without the necessity of an external 
polarizer. 

12 Claims, 5 Drawing Figures 
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POLARIZING FEED APPARATUS FORBICONICAL 
ANTENNAS 

The present invention relates to feed apparatus for 
biconical antennas and more particularly to method 
and apparatus for feeding a biconical antenna which 
permits the reception or transmission of waves of any 
polarization, including slant, linear or circularly polar 
ized waves, without the need for conventional polariz 
ers normally employed for this purpose. 
The biconical antenna is capable of providing a uni 

form omniazimuthal pattern over a frequency range ex 
ceeding an octave. Because of this feature, biconical 
antennas have proved useful in a number of applica 
tions, particularly those having to do with reconnais 
sance. However, it was not previously known how to 
construct a biconical antenna which could be utilized 
with polarizations of all orientations without physical 
reorientation of the antenna. Prior art attempts to over 
come this problem have normally been accomplished 
through the use of an external polarizer fitted about the 
antenna or within the throat of the bicone itself. Such 
polarizers were necessary because the feed apparatuses 
previously available for use with biconical antennas 
have been able to produce only either vertical or hori 
zontal polarization. Due to this deficiency, the encum 
berance and limitations inherent in the use of external 
polarizers were deemed unavoidable. 
Two principal types of polarizers are currently being 

used with biconical antennas. Both of these types of po 
larizers consist of a series of concentric cylinders hav 
ing parallel wires arranged on the surface of each cylin 
der. The angle which the wires make with one axis of 
the bicone increases for each successive cylinder. Nor 
mally, the wires are produced by printed circuit tech 
niques and are separated and supported by a low loss 
rigid foam structure. The basic principle of operation 
for both types of polarizers is identical. Either a vertical 
or horizontal feed structure is used in the biconical an 
tenna. For example, consider a biconical antenna 
which is vertically fed. Ideally, the polarizer will permit 
vertically polarized waves to pass through the feed 
structure unhampered. Horizontally polarized waves 
will be redirected through the polarizer and emerge as 
vertically polarized waves at the feed. In this way either 
polarization is received by the vertical polarized feed as 
a vertically polarized wave. 

In the first type of polarizer, the printed wires are res 
onant at the frequency of the signal. When a vertical 
feed structure is employed, a horizontal wave is re 
ceived by the first set of wires located on the outermost 
cylinder. These wires are offset from the horizontal by 
a small angle. The wires of this cylinder accept a com 
ponent of the horizontal field and reradiate it at the off 
set angle. The wires on the next successive concentric 
cylinder are offset at a greater angle from horizontal, 
but are at a relatively small offset angle with respect to 
the set of wires on the first concentric cylinder. The set 
of wires on the second concentric cylinder accepts the 
wave reradiated from the first concentric cylinder and 
in turn reradiates this energy with the polarization de 
termined by its own offset angle. Each successive set of 
wires on each successive concentric cylinder progres 
sively shifts the polarization until it is vertically polar 
ized and can be accepted by the feed. It can be seen 
from the resonant character of the wires used, that this 
type of polarizer is frequency sensitive. 
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2 
The second type of polarizer is not as frequency sen 

sitive as the one previously described. In this type of 
polarizer, the ends of the wires are grounded at the top 
and bottom of the polarizer to form the boundary of a 
twisted guide. Again using the vertical feed as an exam 
ple, the set of wires on the first concentric cylinder will 
be offset from the vertical axis by a small angle (as op 
posed to the horizontal axis with the resonant polariz 
ers previously described). The offset angle of each suc 
cessive set of wires on each successive concentric cylin 
der is increased to form a twisted guide which will duct 
a horizontally polarized wave received at the outside 
cylinder of the polarizer to the feed as a vertically po 
larized wave. 
Although the second type of polarizer is not as fre 

quency sensitive as the first, it is frequency limited and 
represents a significant design problem if greater than 
octave frequency coverage is desired. Both polarizers 
normally represent a loss in antenna efficiency, an in 
crease in antenna size and greater development and 
production costs. The present invention relates to 
methods whereby the external polarizer can be elimi 
nated through a novel design of feed apparatus. 

It is therefore a prime object of the present invention 
to provide a feed apparatus for a biconical antenna 
which will simultaneously accept vertical and horizon 
tal polarization without physical reorientation of the 
antenna and without the necessity of an external polar 
izer. 

It is a further object of the present invention to pro 
vide a feed apparatus for a biconical antenna which will 
accept slant linear polarization as well as circular polar 
ization without the necessity for an external polarizer. 

In accordance with the present invention, apparatus 
is provided for feeding a single biconical antenna of the 
type having an upper and lower cone which are con 
nected to a coaxial feed line and in which the apices of 
said cones are in close proximity. A means for verti 
cally feeding the antenna is located at the apices of the 
cones. Means for horizontally feeding the antenna is 
additionally provided, the horizontal feed means being 
located in the vicinity of the apices of the cones. The 
combination of a vertical feed apparatus and a horizon 
tal feed apparatus in a single biconical antenna permits 
the generation and reception of horizontal, vertical, 
slant linear and circular polarizations simultaneously in 
the same antenna structure without the necessity of ex 
ternal polarizing mechanisms. 
The results obtained through the use of the method 

and apparatus disclosed herein are achieved through 
the use of separate vertical and horizontal feed appara 
tuses used in combination. Three separate methods of 
combining the vertical and horizontal feed apparatuses 
in a biconical antenna are herein described for pur 
poses of illustration. The first and third embodiments 
of the present invention disclosed herein exemplify two 
parallel type combinations for the vertical and horizon 
tal feed apparatus. The second embodiment exempli 
fies a form of series combination which can be used to 
achieve the desired results. 
The drawings, which form a part of this application, 

illustrate several preferred embodiments of the present 
invention wherein like numerals are used to refer to 
like parts. 
FIG. 1 is a plan view of a typical biconical antenna 

with a vertical feed apparatus. 
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FIG. 2 is a plan view of a typical biconical antenna 
with a horizontal feed apparatus. 
FIG. 3 is a plan view of the first embodiment of the 

present invention showing a horizontal feed loop con 
nected in parallel with the vertical feed apparatus. 
FIG. 4 is a plan view of the second embodiment of 

the present invention showing a horizontal feed loop in 
series with the vertical feed apparatus in a biconical an 
tenna. 
FIG. 5 is a plan view of a third embodiment of the 

present invention wherein two feed lines are utilized, 
one of which feeds the horizontal loop and the other 
which feeds the vertical feed apparatus in a parallel 
configuration. 

FIG. illustrates a vertical feed structure for a bicon 
ical antenna. The typical biconical antenna comprises 
two cones, a lower cone, designated as 1, and an upper 
cone designated as 2. The apices of lower cone 1 and 
upper cone 2 are in close proximity in the throat area 
3 of the biconical antenna. For purposes of better illus 
trating the feed structures shown in these drawings, the 
throat portion 3 of each of the biconical antennas 
which appear in the drawings has been slightly ex 
tended. The biconical antenna in FIG. 1 is fed by a co 
axial feed line consisting of an outer conductor 5 and 
an inner conductor 4. The outer conductor 5 is opera 
bly connected to the lower cone 1 and the inner con 
ductor 4 extends through the throat portion 3 and is op 
erably connected to the upper cone 2. This is the typi 
cal configuration for a vertically fed biconical antenna. 

The field of the TEM mode in the coaxial feed lines 
extends radially from the outer conductor to the inner 
conductor. As the wave propogates beyond the coaxial 
feed to the throat and then to the cones of the antenna, 
it emerges as a vertically polarized wave with the field 
extending from the lower cone to the upper cone. 
When used in this way, the bicones can be viewed as 
extensions of the coaxial feed line, the upper and lower 
cones serving as matching extensions to free space for 
the inner and outer conductors respectively. 

In FIG. 2 apparatus for generating a horizontal polar 
ization in a biconical antenna is shown. The means for 
generating horizontal polarization in the antenna is 
preferably in the form of a horizontal loop 6 located in 
the throat portion 3 of the biconical antenna. This hori 
zontal loop 6 is actively fed by the coaxial feed line, one 
conductor of which is operably connected to each end 
of the loop 6. 
FIG. 3 illustrates the combination of a vertical and 

horizontal polarization feed apparatus connected in a 
parallel combination in a single biconical antenna. In 
this embodiment the inner coaxial conductor 4 of the 
feed line is connected to supply the horizontal loop 6 
as well as the upper cone 3. The horizontal loop 6 is 
connected between the inner conductor 4 and the 
lower cone 1. The design of the vertical and horizontal 
feeds and the matching sections are such that energy 
and phase division between the vertical and horizontal 
modes of energy in the bicone can be controlled. If, at 
a particular frequency, a 90 phase difference between 
equal horizontal and vertical waves exists in the bicone, 
circular polarization will result. The feed networks are 
designed to achieve this difference by their design and 
by the division of energy in each feed. 
FIG. 4 illustrates a second embodiment of the present 

invention wherein the vertical and horizontal feed ap 
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4 
paratus are connected in series. The horizontal loop 6 
is preferably connected in series with the inner conduc 
tor 4 of the coaxial feed line which feeds the upper 
cone 3. The loop 6, illustrated in this embodiment, can 
be in the form of a spiral or a horizontal loop similar to 
that shown in FIG. 3. The energy division between the 
vertical and horizontal mode is determined by the ef 
fective radiation resistance of the loop 6 and the verti 
cal feed to the bicone. For equal power division, the ra 
diation resistances of each mode should be equal. 
These resistances are controlled, in part, by the design 
of the antenna and feed elements and by the matching 
impedance of the loop 6. The actual design parameters 
will be chosen to optimize the polarization effects de 
sired. The same factors, including the phase shift and 
wave propagation, which affect the design of the paral 
lel mode, shown in FIG. 3 and described above, would 
affect the design of the series mode configuration 
shown in F.G. 4. 
FIG. 5 illustrates a third embodiment of the present 

invention. In this embodiment two separate coaxial 
feed lines are utilized to feed the vertical and horizontal 
feed apparatuses, respectively. A power divider 9 is 
used to divide the input power between the two coaxial 
feed lines, generally designated as A and B, respec 
tively. Feed line A consists of an inner conductor 7 and 
outer conductor 8, each of which is connected to a dif 
ferent end of horizontal loop 6 located in the throat 
portion 3 of the bicone. The second output of power 
divider 9 is fed to a processing network 10, the output 
of which feeds the second coaxial feed line B. Coaxial 
feed line B is comprised of an inner conductor 4 and an 
outer conductor 5. The outer conductor 5 is operably 
connected to the lower cone 1 and the inner connector 
4 is operably connected to the upper cone 3 thus form 
ing the vertical polarization feed apparatus. The pro 
cessing network 10 can be utilized to supply several 
functions, including phase and amplitude variation with 
frequency. This type of network need not be restricted 
to only one feed line but may be placed at either or 
both lines, as necessary. Similarly, the power divider 9 
need not be restricted to equal power division. 
The external circuitry shown in FIG. 5 as a power di 

vider 9 and a processing network 10 can provide great 
flexibility in the performance which can be obtained 
from a biconical antenna. A lower radiation efficiency 
or an undesired phase shift from either feed apparatus 
can be compensated for in this circuitry. Through 
proper shaping of the characteristics of the external cir 
cuitry, compensation for feed structure deficiencies 
over a range of frequencies can be made thereby in 
creasing the operationg bandwidth of the bicone for 
combined feed structure operation. In addition, the ex 
ternal circuitry is not limited to operating performance 
enhancement. For special applications, it may be desir 
able to receive only one polarization over a certain 
band. This is accomplished by placing two bandstop fil 
ters between quadrature hybrids in the feed line asso 
ciated with the particular polarization. Out-of-band fre 
quencies are passed while in-band frequencies are re 
flected to a load. 
Even more sophisticated processing is possible with 

this arrangement. The characteristics of the external 
circuitry can be made time variable as well as fre 
quency variable. Devices such as pin diodes and varac 
tors can be employed to vary the characteristics as de 
sired. The antenna can be adjusted for vertical, slant or 
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right or left hand polarization on command. This facil 
ity is useful in identifying the polarization of received 
signals and can also be used in coding a transmitted sig 
nal. This flexibility can be achieved almost instanta 
neously. It would be virtually impossible to obtain this 
performance with fixed polarizers. 

Further, the separate feed outputs are not restricted 
to being combined in a power divider 9, but are capable 
of being used separately or being partially coupled. The 
two feed lines in FIG. 5 ideally represent two separate 
antennas, one vertically polarized and the other hori 
zontally polarized. Each can be directed to separate re 
ceivers or transmitters or other processing circuitry. 
The dual use of a single antenna optimizes the use of 
available antenna area, an important factor in airborne 
and military applications. 
The components described as being contained in the 

external processing circuitry can be contained within 
the bicone antenna. The interconnecting configuration 
used to connect the feed structures can perform match 
ing and amplitude or phase shaping functions over a 
frequency range. The application of microcircuitry per 
mits the location of pin and varactor diodes as well as 
small filter networks within the bicone throat area 
when necessary. 

In many practical cases the complexity and interac 
tion of the feed structure and the bicone causes the de 
sign approach to include a certain degree of experi 
mental verification. A myriad of structural variations 
on the basic concept of the present invention can thus 
be generated. While a limited number of embodiments 
have been disclosed herein for purposes of illustration, 
it will be apparent that many variations can be made 
therein, all without departing from the spirit of the in 
vention as defined in the appended claims. 

claim: 
1. Apparatus for actively feeding a single biconical 

antenna of the type having an upper and a lower cone, 
the apices of which are in close proximity comprising 
vertical feed means for exciting the antenna in a first 
mode and horizontal feed means for exciting the an 
tenna in a second mode, said vertical feed means and 
said horizontal feed means each being situated in the 
vicinity of the apices of said cones, means for transmit 
ting signals to and from said vertical feed means and 
said horizontal feed means respectively, said first and 
second modes interacting to permit the transduction of 
polarized waves of substantially all orientations by said 
antenna. 

2. The apparatus according to claim wherein said 
horizontal feed means comprises an actively fed hori 
Zontal loop. 

3. The apparatus according to claim 1 wherein said 
signal transmission means comprises a coaxial trans 
mission line, said line being operably connected to each 
of said feed means. 

4. The apparatus according to claim 3 wherein Said 
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6 
line has an inner conductor operably connected to one 
of said cones and an outer conductor operably con 
nected to the other of said cones to form said vertical 
feed means. 

5. The apparatus according to claim 4 wherein said 
horizontal feed apparatus is operably connected be 
tween said cones. 

6. The apparatus according to claim 4 wherein said 
horizontal feed apparatus is operably connected be 
tween one of said cones and the conductor operably 
connected to said one cone. 

7. The apparatus according to claim 1 wherein said 
signal transmission means comprises a first and a sec 
ond coaxial transmission line, said first line operably 
connected to said vertical feed means for actively feed 
ing same and said second line operably connected to 
said horizontal feed means for actively feeding same. 

8. The apparatus according to claim 7 wherein said 
horizontal feed means comprises a horizontal loop. 

9. The apparatus according to claim 8 wherein said 
loop has a first and a second end, said first end being 
operably connected to the inner conductor of said sec 
ond line and said second end being operably connected 
to the outer conductor of said second line. 

10. The apparatus according to claim 8 wherein said 
first transmission line has an inner conductor con 
nected to one of said cones and an outer conductor 
connected to the other of said cones to form said verti 
cal feed means. 

11. Apparatus for feeding a biconical antenna of the 
type having an upper and a lower cone the apices of 
which are in close proximity comprising means for ver 
tically feeding said antenna, a coaxial transmission line 
and a horizontal loop located in the vicinity of the api 
ces of said antenna, said loop having a first and a sec 
ond end, said first end operably connected to said inner 
conductor and said second end operably connected to 
said outer conductor such that said loop is actively fed 
by said line. 

12. A method for feeding a single biconical antenna 
such that said antenna can be utilized with polarization 
of any orientation, said antenna being formed of an 
upper and a lower cone the apices of which are in close 
proximity, having a horizontal loop situated in the vi 
cinity of the apices and being fed by a coaxial transmis 
sion line comprising the steps of: 

vertically feeding said antenna through an operable 
connection between the inner conductor of said 
transmission line and one of said cones and be 
tween the outer conductor of said transmission line 
and the other of said cones and 

horizontally feeding said antenna through an opera 
ble connection between one end of said loop and 
said inner conductor of said transmission line and 
between the other end of said loop and said outer 
conductor of said transmission line. 
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