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The present mventlon relates generally to “omni-
directional antennae and more particularly to azimuthal-
1y omni-directional antennae which respond equally  to
radiation ‘of arbitrary polarization when utilized -as re-
ceivers, and which ‘may be employed to transmit cir-
cularly or elliptically polarized wave energy having either
sense’ of rotation; according to the arrangement of the
antenna.

Briefly descrlbmg the present invention in its basxc
embodiments, it comprises a plurality of rod-like first
elements diverging from a common apex as elements of a
cone, and a further rod-like extension of each first element,
the extensions extending generally along the circumference
of the base of the cone to form a loop. The first ele-
ments and the extensions may be each' of length N4
at the operating: frequency of the antenna.

The - cone-like structure comprising the basi¢c device
of ‘the present invention may be duplicated to provide a
dipole, or operated with respect-to a ground plane, and
the dipole may operate in free space or be located with
its center a distance N/2 above:a ground plane.

The theory. of operation of the present invention is
briefly 'as follows. The first or cone elements of  the
basic antenna are driven. co-phasally ‘and may be con-
sidered, ‘when operated with respect to a ground plane,
to define a cone, and therefore to have a relatively wide
band response and an. omni-directional radiation - pat-

tern in azimuth, the pattern making an angle of about

45° with the ground plane. The ‘ficld pattern for the
circumferential elements is essentially that of a small
loop and is accordingly smular to that of the cone' ele-

- ments,

Assuming the axis of the cone antenna to"be vertical,
voltages for the cone elements and the circumférential
¢lements’ are approx1mately 90° out-ofiphase, = The an-
tenna  will therefore receive cifcular polarization or' el-
liptical polarization of either sense of rotation, and will

respond to either wvertical polarization, or horizontal -

polarization, and to any intermediate ‘polarization angle

The antenna may be arranged -as a transmitter-of cir-
cularly or elliptically polarized: waves, rotating in either
sense depending on the relative direction of loop- cur-
rents, i.e., on the sense of extension of the circumferen-
tial anienna elements in space with respect to the cone
axis.

The antenna may preferably employ four elements to
form a cone, but is not limited to four. ~Each element
includes "an -essentially vertical ‘portion and an essen-

tially horizontal -portion, phased by 90° in a preferred -

embodiment, but one portion may be lengthened at the
expense of the other, to change the phasing. Thereby
the antenna may be employed to generate elliptically
polarized waves., The circumferential or H element, in
‘the preferred embodiment, is- an- extension of the cone
or V._elément, but.operating characteristics. .may be
varied. by connecting the ends of the V. portions. inter-

‘ 35 cone, and are connected to the first elements,
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intermediate the ends of the V portions. The basic
antenna, accordingly, permits -of a wide variety of modi-
fications, with concomitant variations of characteristics,
' The H elements are arranged to form a.circular loop,
ini‘the- -preferred embodiment of the invention. - However,

tiiangtlar or square loops: may- be: employed, ‘or; loops

following  any - geometric conﬁgura‘uon
‘The Vee antenna  configuration is‘known to provide

~-wide bandwidth antenna response, ‘which is variable with
the angle of the Vee.

In the present antenna the total
number of antenna elements employed may also be a
function of the angle of the Vee, ie., for-a large vertex

- angle five or six rather than four, elements may be em-
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ployed, while for a small vertex angle only two or three
may be permitted.

It is, accordingly, a broad object of the present in-
vention to provide a mnovel omni-directional antenna
which is sensitive to arbitrary polarization; ,

It is another object of the invention to provide an

_antenna comprised of rods; each rod having a portion

coincident with a generating element of a cone and a
portion coincident with the circumference of the base
of the cone,

- A further object of the present invention resides in the
provision of an antenna comprised of plural radiating
elements, each .radiating element comprising two por-
tions which have voltages in 96° time phase and which
are apprommately in 90° space phase.

It is a further object of the invention to provide &

4 conical” antenna having discréte antenna elements each

of lenigth A/4, where \ is the operating wave length and
wherein first elements extend from the apex 'to the base
circumference of an’imaginary cone. and certain other
elements ' extend ‘circumferentially of the base of the

A further object of the invention resides in provision
of an antenna having elements responsive simultane-
ously to two. polarizaticns 90° apart in space and 90°
apart.in time phase, respectively.
~ It is’ another object of the present invention to pro-
vide a cone antenna having an omni-directional radia-
tion pattern in azimuth for an arbitrary polarization.

A further object of the present invention resides in
the provision .of an antenna capable .of transmitting
omni-directional- elliptically polarized wave energy ‘hav-
ing any desired degree of ellipticity.

The above and’ still further objects, features and ‘ad-
vantages of the present. invention will become apparént
upon consideration’ of the following: detailed . description

- of ‘several specific embodxments thereof especially: when'

- taken'in con]unctlon w1th the accompanymg drawmgs,
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mediate the ends of the H portions, or the H portxonsr :

wherem‘
Figure 1a is a. view m elevation of | a cone antenna
operating with respect to a ground plane;
" Figure 1b'is a representation of the radiation pattern
of the antenna of Figure 1a, in vertical section; )
Figure 2a is a view in elevation of a dipole compnsed
of two cones, as in Figure 1a;
Figure 2b is a representation in section of the radia-

- tion pattern of the antenna of Figure 2q;

Figure 3a is a view in elevation of a dipole antenna
accordmg to Figure 2a, but operatmg with respect to a
ground plane;

Figure 3b is a representation of a radiation pattern
pertaining to the antenna of Figure 3a;

Figure 4 is a view in perspective of & conical antenoa
according to the invention;

Figure 5 is:a view in perspective of a dlpole antenna_
employing two conical antennae of the type 111ustrated in
.Figure 4; and '
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Figures 6 and 7 are views in perspective of modifica-
tions of the antenna of Figure 4.

Referrmg now more spec1ﬁcally to the accompanymg
drawings; Figure la illustrates a generally conical or. Vee

antenna identified by the reference numeral 1, which is:

mounted with its apex adjacent to a ground plane 2.
The- ground plane 2 may preferably have a diameter of
about 3A, or more, where \ is the operating wave length
of the antenna. . In a practical application of the _present
system, the ground. plane 2. may be constituted of - the
metallic fuselage of an aircraft.
radiation pattern of the antenna is illustrated in Fig-
ure 15, and constltutes, when the axis of the conme 1

In such case the.
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- the pattern of the vertical elements.
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is vertical, an omnj-directional pattern 3 taken about .

the vertical axis 4 of the cone 1, the pattern making

an angle of approximately 45°  with the plane of the
ground plane 2.

The antenna 1 of Figure 1 may be employed as one
element of a ‘dipole 5, which is center fed. In such
case, the dipole 5 may subsist in free space, as in Fig-
ure 2a, the radiation pattern 6 remaining omni-direction-
al, but the effective angle of the radiation pattern 6 with
respect to the horizontal being substantially or approxi-
mately zero, as is illustrated at Figure 2b. Referring
to Figure 35, a ground plane 2 may be employed in
conjunction with the dipole 5 and the center of the
dipole 5 may be located approximately A/2 above or
below the ground plane 7. In such case the radiation
pattern 8 of the antenna is symmetrical about the verti-
cal axis 9, and makes an angle of about 15° with the
horizontal plane 10.

The character of the antennae 1 or 5 may be such as
to provide response to circularly polarized wave energy
having either direction of rotation and in general to
wave energy of arbitrary direction. When the antenna
is utilized as a transmitting antenna, its transmission
characteristics are such as to generate circularly polar-
ized wave energy in space, in a preferred embodiment.
The plane of polarization may rotate either clockwise
or counter-clockwise, depending upon the arrangement
of certain elements of the antenna, to be described here-
inafter.

Reference is now made to Figure 4 of the accom-
panying drawings, wherein is illustrated structural fea-
tures of the antennae of Figures 1 to 3, inclusive. Fig-
ure 4 of the accompanying drawings illustrates a ground
plane 19, which may be constituted of the metallic fuse-
lage of an aircraft. A supporting. connector 20 for a
cone antenna 21 is secured to the ground plane 19 and
through this support, which may be or include a con-
ventional coaxial connector, radio frequency. energy
is ‘supplied to the antenna or is abstracted from the an-
tenna. . The antenna itself includes four elements, 22,
23, 24, and 25, which lie on the surface of an imagi-
nary come, the connector 20 constituting. or lying at
the apex of the cone. The elements 22-25 may lic on
generating elements of the cone 21 or they may make
an acute angle with such generating elements. In gen-
eral, if the axis of the cone is vertical, the elements 22~
25 have very large projections on the vertical axis, so
that they may respond primarily to vertically polarized
radiant energy wave.

The generally vertical or V elements 22-25 each
proceeds to a generally horizontal or H extension, the
latter being identified, respectively, by the reference nu-
merals 26, 27, 28 and 29, and the extensions subsisting
along the circumference of the base of the cone. Each
of the elements 22, 23, 24, 25, 26, 27, 28 and 29 is
preferably A/4 in length, at the operating wave length
A of the antenna. The elements 26, 27, 28 and 29 sub-
sist generally in a horizontal plane or in a plane gener-
ally perpendicular to the axis of the cone 21. Accord-
ingly, the elements 26, 27, 28 and 29 of the antenna
respond to honzontally polarized wave energy.

The response of the vertical elements 22 23, 24 and
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25 of the antenna is essentially that of a vertically dis-
posed cone, which in turn approximates that of a verti-
cal rod, i.e., has an omni-directional pattern in azimuth,
the pattern making generally an angle of about 45°
with respect to the ground plane 19, assumed to be hori-
zontal. The radiation pattern of the elements 26, 27,
28 and 29 is essentially that of a horizontal loop and
accordingly is essentially the same radiation pattern as
The two sets of
elements respond, however, to vertical and horizontally
polarized waves, respectively, in major part,’ and in ad-
dition since the element 22 is in series with the element
26 electrically, the element 23 is in series with the ele-
ment 27 electrically, the element 24 is in series electrically
with the element 28 and the element 25 is in series with
the element 29, respectively, the voltages at these ele-
ments have a 90° phase displacement. It follows from
the spatial relation of the elements and the electrical
phase relation of the elements that the antenna will
respond to circularly polarized wave energy regardless
of the direction of rotation of the plane of polarization.

As respects transmission of wave energy, the antenna
of Figure 4 radiates circularly polarized emergy, but the
direction of rotation of the plane of polarization de-
pends upon the direction in which extend the elements
26, 27, 28 and 29 with respect to the axis of the cone,
ie., whether these extend counterclockwise or clock-
wise.

It will be realized that while I have illustrated the
antenna of Figure 4 of the accompanying drawings as
including four radiating devices, that this number is not
critical and that either more or fewer radiating ele-
ments may be employed. - It will further be appreciated
that while the elements 22, 23, .24 and 25 may be taken
to fall on the surface of a cone, they may similarly
be considered to fall on the surface of a pyramid, and
that while for four elements the pyramid is rectangular,
three elements may be utilized, or five elements may be
utilized, changing the nomenclature of the pyramid
without essentially changing the broad operating char-
acteristics of the antenna. Similarly, the elements 26,
27, 28 and 29 are shown as elements of the circumference
of the base of a cone. These elements may be linear,
if desired, constituting elements of the base of a pyra-
mid .

The advantage of the conical antenna configuration is
in that the response band of a conical antenna is known
to be wider than the response band of a rod. antenna,
In the limit, nevertheless, the present antenna may con-
sist of a single element 22 coupled with a single element
26, i.e., may be essentially L shaped. In such case,
however, the vertical antenna element will provide an
omni-directional pattern in azimuth while the horizontal
element will not. The necessity for employing plural
antenna elements is that the horizontal elements of the
antenna are required to simulate a loop, whereby the
radiation pattern for horizontally polarized energy will
essentially duplicate the radiation pattern for vertically
polarized energy. The most effective mode. of .con-
structing the antenna to have the desired vertical angle
of cone such that substantially identical radiation pat-
terns exist for both vertical and horizontal polarization,
is the four element configuration.

In the system of Figure 5 of the accompanying draw-
ings, the antenna of Figure 4 is shown employed as one
element of a dipole antenna, comprising oppositely ex-
tending cones 30 and 31. The cones 30 and 31 are
energized in parallel by means of a transmission line
comprising an outer conductor 32 and an inner conductor
33, the elements of the cone 30 being connected all in
parallel to the outer conductor and the elements of the
cone 31 being connected all in parallel to the inner con-
ductor 33, whereby the cones are driven in phase opposi-
txon as'is appropriate to a dlpole The base of the cone
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the ground plane 19, whereby the drive points for the
cones are approximately A/2 from the ground plane 2§

The polarization response characteristics of the an-
tenna may be modified so as to produce polarization with
any desired degree of ellipticity, by changing the relative
lengths of the vertical and horizontal elements of the an-
tenna. Moreover, solely vertical polarizations are ob-
tained, for example, when the vertical antennae elements
are connected to the centers of the horizontal antennae
elements, and for the specified lengths, i.e., one quarter
wave length for both vertical and horizontal elements,
the degree of ellipticity may be modified by changing
the point of connection to the horizontal elements along
the length of the latter.

Referring now more particularly to Figures 6 and 7 of
the accompanying drawings, Figure 6 illustrates an an-
tenna in which each rod and its extension has a total
length of A/2, but in which the H elements are shorter
than the V elements. - Thereby, the phase relations and
relative instensities of the H and V components of the
radiation pattern are modified, and the resultant pattern
is elliptically polarized. Additionally, five radiators are
employed.

In Figure 6 a typical V element is 41 and a typical H
element 42, the radiators collectively being identified by
the reference numeral 40. For the sake of example, the
V element 41 is assumed of length \/3, and the H ele-
ment 42 is assumed of length A/6. Thereby, when the
antenna is used as a transmitter the V element predomi-
nates in current intensity, and the phase relation of volt-
ages in the series antenna elements is no longer 90°.
The resultant radiated energy remains omni-directional
in azimuth, but is elliptically rather than circularly
polarized.

In the limit one of the H or V elements may be re-
duced to zero length, whereupon the radiation pattern
will be plane polarized correspondingly.

In Figure 7 the V elements 45 are connected to an
intermediate point, as 46, of the H elements 47. The
lengths of the V elements 45 may then be preferably
selected to provide a good impedance match to the H
elements 47. Since the latter extend in opposite senses
from the junction, 46, they radiate effectively as an ele-
ment of short length, and if equal as an element of zero
length, i.e., their net radiation is zero.

Tests on antennae constructed in accordance with the
present invention show that directional patterns, and volt-
age standing wave ratios, remain reasonably constant
over a frequency bandwidth of at least 2 to 1.

Patterns may also be modified by increasing or de-
creasing the V angle, and by increasing or decreasing
the relative lengths of the V sections to the loop ele-
ments, and by stacking dipoles where it is desired to in-
crease directicity.

While 1 have described and illustrated several specific
embodiments of my invention, it will be clear that varia-
tions of the details of construction which are specifically
illustrated and described may be resorted to without de-
parting from the true spirit and scope of the invention as
defined in th appended claims.

What I claim is: ‘

1. An antenna comprising a conical device consisting
of a plurality of linearly extensive elements, each of said
elements having a length of approximately A/2, where
A is the operating wave length of the antenna, each of said
elements comprising two portions, each of length ap-
proximately A/4, wherein one of said portions extends
between apex and circumference of an imaginary cone,
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the other portions extending along the circumference of
the base of said cone to form a loop, said elements being
electrically interconnected culy at said apex.

2. The antenna according to claim 1, where said
plurality is four.

3. An antenna according to.claim 1, wherein the total
length of the plurality of other portions extend substan-
tially completely around the circumference of the base
of said cone. _ , ) C

4. An antenna according to claim 1, wherein i§ fur-
ther provided a ground plane, said ground plane lying
generally perpendicular to the axis of said cone and im-
mediately adjacent to the apex of said.cone. ,

5. The conibination according to claim 1, wherein is
provided a further conical device substantially duplicat-
ing the first named device, the apices of said devices
being immediately adjacent and the axes of the conical
devices being substantially co-lineaf.

6. The combination according to claim 5, wherein the
axes of said first-namied device and of said further device
are substantially vertical.

7. The combination according to claim 5, wherein is
provided a ground plane extending generally perpendic-
ularly of said axis, said apices being spaced from said
ground plane by a distance equal to substantially A/2.

8. An antenna comprising a device consisting of a
plurality of linearly extensive elements, each of said
elements composed of two electrically connected portions
of which one portion of each element extends along a
wall of an imaginary geometric figure having an apex
and a base, and extending between the apex and the base,
the one portion being substantially symmetrically spaced
relative to one another on the surface of said imaginary
figure, the remaining portion of each of said elements
extending all in the same sense along the perimeter of the
base of said geometric figure, the length of each of the
above-mentioned elements being approximately A/2,
where A is the operating frequency of said antenna, said
elements being electrically interconnected only at said
apex.

9. The combination according to claim 8, wherein is
further provided a transmission line coupled to the apical
ends of all the first-mentioned portions.

10. The combination according to claim 9, wherein
said portions are each of length A/4.

11. A wide band omni-directional antenna comprising
a Vee having a plurality of radiating elements of essen-
tially one polarization and a continuation of each of said
radiating elements, said continuations arranged to form
a loop having its axis approximately parallel to the di-
rection of said one polarization and a phase of voltage
substantially ‘displaced from the phase of voltage in the
first-mentioned radiating elements, the latter extending
each from apex to perimeter of base of an imaginary
cone, the radiating elements of said antenna being inter-
connected only at the apex of said Vee.
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