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THE ORIGINAL POLAR
DIVERSITY LOOP ANTENNA

Technical Innovation...the Secret of Success. Patented
POL |l actually contains 10 elements — ban each polarity.

Vertical Horzontal C 7
Elaments /\flern_anty\ /
ai= 175000 4
1 \/ S p

&

3 R E_I_me:c% el ‘F;‘LE?TEH nmﬂm (| na-wﬁ:_ F_u-ut%s J:%‘fﬁs m‘umm.‘_,-’(
Although it resembles a quad, it isn't one.
Only the POL 1l has the extra radiation
elements shown (No. 2); resulting in maore /
gain and better ability to reject unwanted s
signals. Its low angle of radiation puts
the power where it does the most good| S

Exceptional front to back ratio reduces
interference. Extra co-inductive elements give
32 dB rejection of unwanted signals. It's the quiet-
est of Lhis type antennz available,

Patented Orbital Gamma Match. Exclusively AVANTII
Extends the electromagnetic capabllities of the antenna to in-
crease gain and rejsction, improve band width, and helps pro-
tect against burnout!

Strong, Long Distance Performance With Dual Polarity.
Vertical polarity for mabiles and omni bases is combined with
the clear, quiet communications of horizontal polarity for
base to base. Since most interference is on vertical, ROL Il
can reduce that interference by 23 dB on horizontal.

Durnhllll'y and Economy. Rugged, compact aerospace
construction assures years of service. Lightwelght, minimum
‘wind |oading surface easily withstands extremes of wind and
weather. Will 1ake inexpsnsive light duty mast and rotor.

Quality Construction For Easy Installation. Advanced
technology simplifies assembly. New fiberglass impregnated
A.B.S. hub, new aluminum rear hub, rigid boom, extruded
aluminum mas? olamp assembly, and elements linked by
radiation wire provide unsurpassed durability.

Clear Communications In All Weather Conditions. D C.
ground construction for maximum stalic suppression.

Vertical/ Horizontal
Switchbox Included
eliminates arcing and burnout
that can oceur in other
switchboxes.

Stacking kit Model AV-130 available.
Sea page 18,

SPECIFICATIONS:

Forwerd Galn — 12 dBI Vertical To Horizonial Separation— 23 dB
Relection — 32 dB Band Width — Full 40 Channeis

Fower Multiplication — 18X Aotor Requirad — Light To

VEWR. — 1.31 Medium Duty

Static Suppression — D.C. Ground Alurninum Tubing — Aircrall Grade
Impedance — 50-52 Ohms Boom Langth — 4 Ft. 10 In,

FLF. Safety Factor — 2000 W. Waight — 13.5 Lbs.

Polarity — Vartical & Horizontal Wind Load — 2.0 8q. F1.

Patented and Made Only by AVANTI. U.S. Patent No.3475756




FIGURE 8-32
THE POLAR DIVERSITY LOOP (PDL) BEAM ANTENNA
{Courtesy Antenna. Spectalists Co.)
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A L PDL-I1
bH eH P C (AV-122)
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FIG. | represents the PDL in the FIG. 3 FIG. Z shows the same log :
. - cennected
horizontal mode. ABC and A'B'C’ are : for vertical polarity. Tegmina!s are
¢ach 1/2-wavelength, like a Quad. E bV and ev. :
Then. another {/2-wavelength element B .

{a~bM~c-dweH-f) s superimposed on
this. If stub bH-c-d-eH is omitted,

© then connections can be made at
terminal’ bH-eH, assuming equivalent xl X2
reactance is added.
by
A bH et c
: eV

FIG. 3 is the superimposition of '
X F1G. 1 on FIG. 2. The arm reactances
3 are represented by X;-X4. For
example, when the POL is receiving
horizontally-polarized waves, equal -
B currents Flow through X; and X as -
well as X3 and Xg; the bridge is
balanced so that no voltage exists
at B8 to B', thereby isolating the
. horizontal and vertical signals.

X4

The Polar Diversity lLoop (PDL)

A variation on the dual-polarization Quad is
Avanti's “"Polar Diversity Loop," the PDL-I1I1.
Refer to Figure 8-32. In this antenna the cross
braces are purposely made of aluminum tubing
and form part of the actual radiator. This
differs from the true Quad, where the cross
braces carry no RF current and are only used to
physically support the wire loaps. The PDL
design was unique enough to be patented.

Electrically the PDL resembles a Wheatstone
bridge circuit; the tubing across each "V" adds
another 1l/2-wavelength such that horizoantal and
vertical signals are isolated from each other
by the balancing effect af the bridge. This
balance is remotely controlled at the radio
location so the operator can choose the desired
polarization. RF flowing in the extra 1/2-wave
cross sections is in phase with the Quad loop
currents and adds to the gain in a way not
possible with conventional Quad antennas.
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The POL type raliecior antenna
conversion will improve operation of a
home base as wal) as ncrease is rangs.

The average quad beam antcnoa on the
murker loday incorporares the use of 2 PDL
(Polar Diversity Loop) type reflecror,

These reflectors usuully comprise

—crossed elements fustened 10 1he boani ol the
umennu, The ends of these elements are
three to five feet long and are maue of high
density GRP.

Reflection of the
single copper wire
elements,

By increasing uhe number of wires doing
the reflection the forward Bain will also
increase.,

The forward gain on & beam antenna is the
radiated power in the direcian the antenna
is pointed,

A simple five wire modification can
increase the forward gain considerably.

Approximaely 371 of 12 Lauge wire is
required for the outside of the firsy wire of
the conversion. This js usually found on

signal is achicved by a
stretched berween the

MLOST untensie an the market toduy using the
PDL, design,

The second and third requite o 1otal of
50t of gauge wire.

—_The farth wnd fifth_cequire_15f of 18
Eaugn wire.

It will pay to shop around for the wire as
insuluted wire {5 usually cheuper thon non
insuluted, 1t is 2 simple marcer ol striping off
the insulation,

Several buse clips will be fequired and
their size will depend on the diameter of the
elements. The base clips will be the biggest
investment io this conversion so choose the
sizes carefully, A total of 16 base clips will
be required if the outside wire is already on
the antenna,

The actual time required 1o convert he
reflecior will be an hour or two bur allow »
full half day il it is necessary to take down
the antenny from its mounting pole.

The wire shoul) b properly sieeiched 1o

5-WIRE .
MODIFICATION-

Preveni sagging, One way is 10 sirech the
wire berween stakes driven into the ground
and maﬂci$ the spots 1o be connecied io the -
elements. This will ensure even distribution
between the clemen R

Allow two inches ar both ends 56 that the
ends of the wires may be twisted together,
For additional security solder the twisted
ends.

Each wire starting from the outside wire
must be spaced 18 inches from each other

© vonverted antenna  should have
approximately the same SWR as that before
the conversion.

ED. Obviously use of this DL quad beam s
illegal for transm ig on the ch.
lrequencies but it is nice 1o know what can
be done when the antenna restrictions are
lilted. 4@
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ABSTRACT OF THE DISCLOSURE

As antenna structure having a closed loop and diagonal
members connected to the loop at the perimeter thereof.
The antenna provides for the transmission and reception
of both vertically and horizontally polarized signals in a
single array. :

Field of the invention

This invention pertains to the antenna art, and in par-
ticular, to the antenna art concerned with polarization
diversity.

Description of the piror art

The conventional practice in many communications
services is to use radio waves which are linearly polarized
in the vertical direction. This is particularly true when
one of the stations is mobile, because of the difficulty in
radiating horizontal polarization from the vicinity of a
large metallic object such as an automobile. However,
there are disadvantages in using vertical polarization,
since many noise sources produce predominantly vertical
polarization. Furthermore, the reliability of communica-
tions can frequently be impaired by using vertical polari-
zation, since the majority of interfering stations presently
use vertical polarization. The problem of interference is
particularly severe in the radio services assigned to the
so-called “citizens bands” as the number of operating sta-
tions continues to increase. Thus there exists a real need
for a simple antenna system which is capable of operat-
ing on either horizontal or vertical polarization. The use
of dual-polarization antennas would permit almost twice
as many stations to operate in the same frequency band.

In the high frequency portion of the frequency spec-
trum below 30 mHz., long distance communications are
generally possible only because the radio waves are re-
flected from the ionosphere. Upon reflection, the polariza-
tion of the wave is rotated. Thus the polarization of the
wave at a particular receiving site may be considerably
different from that at the transmitter. Furthermore, the
amount of rotation is time dependent, since the character-
istics of the ionosphere are continually varying. In order
to combat this effect, antenna systems which respond to
both vertical and horizontal polarization are coming into
increasing use. A possible method of operation is to com-
bine the signals received on separate horizontal and verti-
cal antennas. A hybrid network which combines the in-
puts into two isolated ports in either sum or difference
signals may be used for this purpose. Such an antenna
system is commonly called a “polarization diversity” an-
tenna, although two separate antennas are, of course,
necessary. An alternate type of diversity antenna system
uses two antennas of the same polarization which are
spaced some distance apart compared to the wavelength.
This type of system is called a “space diversity” system.
In many communications services, polarization diversity
is superior to space diversity in improving reliability and
has the advantage of requiring much less space.

A conventional type of antenna presently used for re-
ceiving both horizontally and vertically polarized waves
in the HF and VHF frequency bands consists simply of
two half-wavelength dipoles arranged perpendicular to
-each other. The dipoles may be crossed at their midpoints
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or oriented as an inverted L. A disadvantage of this ar-
rangement lies in the broad directional response which
is sensitive to noise and interference arriving from un-
desired directions. Such an antenna is said to have low
directivity. Low directivity also means low gain, which re-
sults in relatively low conversion of the passing wave into
a useable signal at the receiver input. Although conven-
tional array techniques can be used to improve the di-
rectivity and gain, the antenna structure resulting there-
from is large and unwieldy. For services where a rotat-
able directional beam is desired, the conventional ap-
proaches are often not practical. For example, an array
consisting of three pairs of dipoles for use at 14 mHz.
would require six 33-foot pieces of conducting rod or tub-
ing for dipole elements. Adding a boom for supporting
the dipoles would result in structures containing more
than 200 feet of rod or tubing and weighing about 70
pounds or more.

Summary of the invention

The invention disclosed herein involves, in one aspect,
a center fed compact loop antenna structure which is ca-
pable of selectively receiving two orthogonal linear polari-
zations with directivity and gain characteristics which are
superior compared to conventional antenna systems of
the same size. The antenna in another aspect of the in-
vention comprises two loop elements, one of which is
connected to feed lines (driven) while the other is not
(parasitic). The utilization of the driven loop for both
horizontal and vertical polarizations (or any other pair
of orthogonal polarizations) is not found in the prior art.

The present invention thus provides a single loop an-
tenna capable of selectively obtaining response from two
orthogonal polarizations.

The present invention utilizes a loop antenna with two
independent pairs of terminals at each of which the maxi-
mum voltage is developed when the loop is immersed in
one of two fields with orthogonal polarizations.

Due to the unique configuration of the antenna of this
invention, a significant reduction in the length of antenna
elements required and a corresponding reduction in the
antenna weight is provided. As mentioned previously, an
array of three pairs of dipoles operating at 14 mHz.
would consist of a total of approximately 200 feet of con-
ducting rod or tubing. On the other hand, a three element
array of square element loops constructed in accordance
with the present invention, would only require approxi-
mately 126 total feet of tubing. The longest element at 14
mHz. would be 22 feet or approximately 30% shorter
than the half wave dipole element utilized in the prior
art. The weight of such an array would be approximately
one half of the half-wavelength dipole array.

Brief description of the drawings

The invention will be better understood from the fol-
lowing detailed description thereof taken in comjunction
with the accompanying drawings, in which:

FIGURE 1 is a schematic illustration of the conduct-
ing portions of the loop antenna embodiment of this in-
vention;

FIGURE 2 is a schematic diagram illustrating exam-
ples of impedance matching and balancing circuits for
use with the present invention;

FIGURE 3 is a perspective view illustrating the con-
struction of a square loop polarization diversity antenna
structure according to the principles of the present inven-
tion and including a parasitic element;

FIGURES 4a and 4b show directive patterns which
have been measured for a two loop array constructed ac-
cording to the teachings of the present invention and as
iltustrated in FIGURE 3, FIGURE 44 being a pattern
for horizontal polarization in the azimuthal plane; and
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FIGURE 4b, a pattern for vertical polarization in the
azimuthal plane;

FIGURES 5 and 6 are schematic diagrams useful in
understanding the advantages of the present invention and
illustrating the instantaneous direction of flow of the RF
currents;

FIGURE 7a is a schematic diagram illustrating the
instantaneous RF currents for an operating frequency
whose wavelength is less than the perimeter of the loop,
and FIGURE 7b illustrates the currents for an operating
frequency whose wavelength is greater than the perime-
ter of the loop; and

FIGURE 8 is a schematic diagram illustrating the in-
stantaneous RF currents when equal currents are cou-
pled into the antenna terminals.

Description of the preferred embodiment

Referring now to FIGURE 1, there is illustrated an
antenna structure 10 including conducting rod, tubing or
wire elements 12, 14, 16 and 18 supported in a square
loop configuration. The conducting loop may be con-
structed of a continuous element or of separate elements.
Each side is preferably one-quarter wavelength in length
in order to produce a reasonably high gain, although
shorter lengths may be used where available space or
longer than one-quarter wavelength when permissible.
Therefore, the lengths of the sides of the driven antenna
10 need not be exactly one-quarter wavelength, since
reactance can be introduced to bring the antenna to res-
onance.

The antenna 10 also includes a first pair of conduct-
ing diagonal members 20z and 26b which extend from
opposite corners of the loop to a pair of closely spaced
terminals 22¢ and 22b in the vicinity of the center of
the loop. A second pair of conducting diagonal mem-
bers 24a and 24b similarly connect from the remaining
corners of the loop to another pair of terminals 26¢ and
26b in the vicinity of the center of the loop. Each pair
of terminals 22a, 22b and 26a, 26b provides a means
for feeding or receiving one of two orthogonal polariza-
tions for linearly polarized waves incident upon the an-
tenna structure 10.

The input impedance observed at terminal pairs 22a,
22bh and 26a, 26b depends upon the size of the loop in
wavelengths. Standard matching impedance techniques
are, of course, available for matching the input imped-
ance of the antenna structure 10 to a desired value. Vari-
ous types of reactive networks can be utilized for a prop-
er feed to the loop, and it is convenient and preferred to
use ferrite-core transformers for this purpose since the
high impedance to ground can be used to advantage in
converting from the balanced mode of excitation of the
loop to the unbalanced mode used in coaxial cables. Such
cables can then be used to couple the received signal from
the antenna terminals to the receiver input terminals.

One technique of achieving an impedance match be-
tween the antenna terminals and the impedance of co-
axial cable is shown in FIGURE 2 where terminal pairs
22a, 22b and 26a, 265 correspond to the same terminal
pairs as illustrated in FIGURE 1. A pair of inductances
28 and 30 are each respectively connected between ter-
minal pairs 22a, 22b and 264, 26b. At VHF frequencies
it is preferable to use ferrite-cores for the inductances 28
and 30 so that their physical size is minimized. The out-
put from each inductance is respectively taken from ter-
minal pairs 32 and 34, with the inductance and the posi-
tion of the tap designed to provide the proper real input
impedance to match the cable impedance. The inductors
28 and 30 are preferably placed at right angles to each
other to minimize coupling between the output circuits
for the two orthogonal polarizations. For loop dimensions
other than one-quarter wavelength, alternate reactive ele-
ments may be used in the matching circuit.

Referring now to FIGURE 3, there is illustrated the
preferred embodiment of the invention which includes a
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driven loop 10, similar in construction to the loop 10 as
shown in FIGURE 1 and as previously described, and a
parasitic loop 40 formed by conducting members 42, 44,
46 and 48 which may be a continuous element or a series
of connected separate elements. In either case, the con-
ducting members are electrically joined at the corners to
form a continuous conducting loop. A series of insulating
members 50, 52, 54 and 56 support the parasitic loop at
each corner and are further supported by a hub 58 which
may be formed of either insulating or conducting mate-
rial. The driven loop 10 and the parasitic loop 40 are
both supported by a boom 60 which may be constructed
of either insulating or conducting material. A central in-
sulating hub 62 supports the conducting diagonal mem-
bers 204, 205 and 24a, 24b. The hub 62 must be a good
insulator at radio frequencies and preferably contains the
matching circnit shown in FIGURE 2 or its functional
equivalent. A pair of transmission lines 64 and 66 emerge
from the inside of the hub 62 with one of the transmis-
sion lines connected to one of the pairs of terminals 224,
22b or 26a, 26b connected to the respective conducting
diagonal members, and with the other transmission line
connected to the remaining pair of conducting diagonal
members. A mast 67 supports the entire antenna struc-
ture, and a rotator 68 is provided for rotating the antenna.

The parasitic loop 40 is formed with a perimeter ap-
proximately 4% larger than one wavelength (free space)
at the operating frequency and is spaced approximately
one-eighth wavelength along the boom 60 from the driven
element 10. Alternately, the size of the parasitic Ioop 40
may differ from 4% larger than one wavelength, in which
case one or more reactive elements may be inserted at
suitable points in the loop to adjust the current induced
in the loop to the proper phase.

When the loop is properly adjusted, the parasitic loop
40 will act as a reflector, with the directional response of
the antenna including the driven loop and the parasitic
loop being effectively limited to one hemisphere with
maximum response from a single direction. Such a re-
sponse characteristic is illustrated in FIGURE 4, which is
a polar plot of the relative voltage received for various
azimuthal angles of arrival of an incoming wave. FIG-
URE 4a, diagrammatically illustrates the response to a
wave with horizontal polarization, while FIGURE 4b il-
lustrates the response for vertical polarization. The uni:
directional characteristic illustrated in FIGURE 4 is bene-
ficial in discriminating agent interfering signals and noise.
A figure of merit for this type of unidirectional pattern
is the front-to-back ratio, that is, the ratio of maximumn
response in one direction to the response in the opposite
direction. Front-to-back ratios as high as 30 decibels have
been observed with two element antenna arrays con-
structed according to FIGURE 3. It is to be understood,
of course, that other combinations of the driven elements
of FIGURE 1 and suitable parasitic loops acting as either
directors or reflectors can be used to achieve unidirec-
tional performance.

Each driven loop 10 consrtucted according to FIGURE
1 is a complex radiating element and an exact theoretical
solution for its operation is not possible. However, the
basic principles of operation are believed to be known
and a description thereof is given below. By the principle
of reciprocity, directional pattern and polarization re-
sponse can be determined by considering the antenna
formed by the loop 10 as a transmitter rather than as a
receiver, although it is to be understood, of course, that
the antenna 10 can be used for either the transmission or
the reception of signals. The pattern and polarization are
determined by the current distribution which exists on
the antenna when 2 generator is impressed across its ter-
minals as shown in FIGURE 5. Voltage generator 31 is
connected to terminals of the horizontal conducting diag-
onal elements 20a and 205 which are in turn connected
to the conducting loop elements 12, 14, 16 and 18 and
loop corners 70a and 70b. The instantaneous direction of
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flow of the radio frequency currents produced by genera-
tor 31 are shown by the arrows placed along the side of
each conducting member. It may be particularly noted
that no current is shown in the vertical conducting diag-
onal members 24a and 24b. This condition is obtained
since by virtue of the symmetry of the structure, no volt-
age difference exists between the loop corners 724 and 72b
and thus no current will flow in the vertical members 24a
and 24b.

Let us now consider the field produced in the plane pass-
ing through horizontal members 20a and 205 and lying
perpendicular to the plane of the loop shown in FIG-
URE 5. The field in this plane determines the response
of the loop to a wave arriving with a direction of propaga-
tion in this plane. The direction of the electric field in this
plane determines the polarization of the transmitted wave
and thereby the polarization of maximum response when
the antenna structure is used for the reception of signals.

It is readily seen that the currents in the horizontal
members 20a and 205 of FIGURE 5 will give rise to an
electric field in the same direction, that is, in the afore-
mentioned plane. Furthermore, referring to FIGURE 6,
it can be seen that the currents in the conducting loop
members 12, 14, 16 and 18 can be resolved into com-
ponents which are parallel and perpendicular to the afore-
mentioned plane, As shown in FIGURE 6, reference ar-
rows 74 and 76 represent the currents in the horizontal
diagonal members 204 and 205, whereas reference arrows
78, 80, 82 and 84 repersent the currents in conducting
loop members 12, 14, 16 and 18 respectively. As can be
seen in FIGURE 6, the horizontal components of the
loop currents which are parallel to the aforementioned
plane are shown as 78b, 80b, 82b and 84b. Note that
these currents are all in the same direction although op-
positely directed with respect to the currents represented
by reference arrows 74 and 76. Since there will be phase
and amplitude differences between the currents in hori-
zontal diagonal members 20q, 200 and the horizontal
components of the loop currents represented by 785, 805,
'82b and 845, an electric field in the horizontal plane will
be produced by these horizontal components of the cur-
‘rent in the total antenna structure.

Observe now, that the vertical components of the loop
currents 78a and 80a as well as 824 and 844, which are
perpendicular to the aforementioned plane, are oppositely
directed. By symmetry, the vertical component of the cur-
rent at any point in the loop above the horizontal plane
through members 20g and 2056 will be matched by an
equal and oppositely directed (out of phase) vertical
component of .the current at a symmetrically located point
below the horizontal plane of symmetry. Thus, the verti-
cal component of electric field produced in the plane by
a vertical component on one side of the loop is ex-
actly cancelled by the oppositely directed vertical com-
ponent of electric field produced in the same plane by
the symmetrically located vertical component of cur-
rent on the other side of the loop. Since there is no cur-
rent in vertical members 24a and 24b, there will be no
vertically polarized field produced in the plane of sym-
metry,

Note that for the loop currents there is yet another
plane of symmetry which consists of a vertical plane pass-
ing through conducting diagonal members 24a and 245
perpendicular to the plane of the loop. In this case, also,
the wvertical components of the electric field cancel.
Hence, a vertically polarized incident wave arriving in
either the horizontal or vertical planes will produce no
voltage at the terminals of conducting diagonal members
20a and 265 of FIGURE 5. In actual practice, there will
be difficulty in maintaining exact symmetries in the struc-
ture. However, it has been found that polarization dis-
crimination (i.e., ratio of response of one polarization
compared to the response to the other) of 23 decibels is
not difficult to achieve in an antenna constructed to op-
erate at 27 mHz,
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The above discussion serves to explain why the antenna
of the present invention will produce at one set of ter-
minals a voltage when it is illuminated by a wave of a
particular polarization and no voltage (practically negli-
gible) when illuminated by a wave of the orthogonal
polarization. Exactly the same arguments can be ap-
plied to explain how the orthogonal set of terminals,
that is, the terminals terminating conducting diagonal
members 24a and 24b in FIGURE 5, will respond to a
vertically polarized wave, but not to a horizontally polar-
ized wave arriving in either of the planes of symmetry.
Note that the plane of symmetry which produces a null
for one polarization is the plane of maximum response
for the other. Under ordinary operating conditions, the
directional antenna such as is shown in FIGURE 3 will
be mounted on a mast with a rotator so that the plane
of symmetry (direction of maximum response) can be
aligned with the direction of arrival of the incoming wave,
thus maximizing response to the desired polarization and
minimizing response to the undesired polarization. How-
ever, even for waves arriving at angles not aligned in the
plane of symmetry, it must be realized that a degree of
polarization discrimination exists and it is not essential
to have exact alignment of the antenna with the direction
of the incoming wave in order to obtain the benefits of
the invention.

Since the above explanation and description depends
primarily upon the symmetry of the structure 10 insofar
as the obtaining of polarization discrimination is con-
cerned, it follows that this feature of the operation is not
sensitive to changes in frequency. Hence, by placing ap-
propriate tuning circuits between the orthogonal terminal
pairs 22a, 22b and 264, 26) the antenna of the present
invention can be made to operate over wide frequency
bands. In particular, if operation at two discrete bands
only is desired, the matching circuit need only be de-
signed for achieving the appropriate impedance trans-
formation at those two frequency bands. For example, by
insertion of proper reactive elements at terminals 22a, 22b
and 26a, 260, the antenna has been operated using the
driven element only at multiples of the frequency at
which the loop perimeter is equal to one wavelength. It
has been found that increased gain as evidenced by a
narrowing of the main lobe results from such an opera-
tion.

FIGURE 7aq illustrates schematically the antenna struc-
ture 10 of this invention. On the antenna 10 there is in-
dicated the direction of the loop currents induced by a
horizontal electric field when the perimeter of the loop
circumscribed by elements 12, 14, 16 and 18 is greater
than a wavelength at the operating frequency. The in-
stantaneous directional flow of the radio frequency cur-

‘rents is shown by the reference arrows along the side of

each conducting member, similar to the illustrations of
FIGURES 5 and 6. Notice in FIGURE 74 that the in-
duced current on the conducting diagonal arms 20a and
20b reverses on the conducting loop members 12, 14, 16
and 18.

FIGURE 7b illustrates the instantaneous directional
flow of the RF currents when the perimeter of the loop
is less than a wavelength at the operating frequency. In
this operating condition the induced current direction re-
verses on the diagonal members 20a and 205.

Referring to FIGURE 8 there are illustrated the in-
stantaneous currents in the loop when equal currents of
radio frequency are coupled into the terminals 224, 225
and 264, 26b. Under these conditions the polarization
becomes 45°. Thus proportioning of the current between
the terminals 22a, 22b and 264, 265 determines the polari-
zation angle, ¢.

As an example of the principles of this invention, a two
element array, such as shown in FIGURE 3, was con-
structed for operation over the citizens band of approxi-
mately 26.965-27.275 mHz, The length of each side of
the driven and reflector elements was approximately 9'6",
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and the spacing between the driven and reflector elements
was about 4'8”. Impedance matching was provided by
two wire wound ferrite orthogonal coils.

The constructed two element array provided a forward
gain in both horizontal and vertical polarizations of more
than 8 db over isotropic, with a front-to-back ratio of
about 25 db and up to 30 db over the citizens band.
Polarization discrimination was about 23 db over un-
wanted signals.

As an alternative to the rectangular or square loop
configuration shown herein, it must be realized that any
closed loop structure can be utilized instead. As an ex-
ample, at VHF frequencies it may be more desirable to
construct the antenna of this invention of a circular wire
loop approximately one wavelength in length. Tests con-
ducted on both the rectangular loop and the circular
loop configuration have indicated that despite the capaci-
tive end effects in the square loop configuration, both
structures are electrically quite similar. Therefore, the
principle of operation of the circular loop is approximate-
ly the same as that indicated previously for the rectan-
gular loop.

The foregoing detailed description has been given for
clearness of understanding only and no unnecessary limi-
tations should be understood therefrom as modifications
will be obvious to those skilled in the art.

What is claimed is:

1. An antenna structure for diverse polarization sig-
nals, said antenna structure comprising:

a conducting loop member formed in a closed loop,
the perimeter of said loop being approximately one
wave-length in length at an operating signal fre-
quency for said antenna;

a pair of elongated diagonal conducting members ex-
tending from one end at the center of said loop mem-
ber to equally spaced points on the perimeter of
said loop;

a second pair of elongated diagonal conducting mem-
bers orthogonally disposed to said first mentioned
pair of diagonal members, said second pair of
diagonal members extending from one end at the
center of said loop member to equally spaced points
on the perimeter of said loop; and

feed means for coupling said signals to said loop mem-
ber, said feed means connected to said two pairs of
diagonal members at the center of said loop mem-
ber.

2. An antenna structure as claimed in claim 1, further
including a parasitic loop element adjacently spaced to
said loop member, said parasitic element formed in a
conducting loop substantially similar to said loop mem-
ber.

3. An antenna structure as claimed in claim 2, where-
in said parasitic loop element is positioned in a plane sub-
stantially parallel to the plane of said loop member.

4. An antenna structure as claimed in claim 1, where-
in said feed means comprises impedance matching means
coupled to said two pairs of diagonal conducting mem-
gers for transforming the impedance of said loop mem-

er.
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5. An antenna system comprising the antenna struc-
ture as claimed in claim 1, including impedance match-
ing means for operating said structure at multiple fre-
quencies.

6. An antenna structure as claimed in claim 1, where-
in said feed means comprises impedance matching means
coupled to said two pairs of diagonal members for
transforming the impedance of said loop member; and
further including a parasitic element spaced from said
loop member, said parasitic element formed in a con-
ducting loop substantially similar to said loop member;
and a boom connecting said parasitic loop element to said
conducting loop member.. ) i

7. An antenna structure as-described in claim 2, where-
in said conducting loop member is spaced from said
parasitic loop element approximately one-gighth wave-
length in length at an operating signal frequency for said
antenna. ‘

8. An antenna structure for diverse polarization sig-
nals, said antenna structure comprising: :

a rectangular shaped. loop member formed of relative-
ly thin conducting wire in a closed loop, the
perimeter of said - loop being approximately one
wavelength in length at an operating signal fre-
quency for said antenna;

a support hub formed of insulating material at
center of said loop; : ;

a pair of substantially rigid diagonal conducting mem-
bers interconnecting said support hub to equally
spaced points on the perimeter of said loop mem-
ber; '

a second pair of substantially rigid diagonal conduct-
ing members orthogonally disposed to said first men-
tioned pair of diagonal members, said second pair
of diagonal members interconnecting said support
hub at equally spaced points on the perimeter:of said
loop member; and - ‘

feed means secured ‘to said support hub for coupling
said loop member, said feed means including im-
pedance matching means connected to said two pairs
of diagonal members for transforming the imped-
ance of said loop member.

9. An antenna structure as claimed in claim 8, where-
in said two pairs of substantially rigid diagonal con-
ducting members are connected to the respective corners
of said rectangular shaped loop members. :

the
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