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1

This inveniion relates generally to high fre-
quency antennae, and more particularly relates
to an antenna system arranged to operate on
circularly polarized waves so that its horizontal
field strength patitern closely approaches a circle.

For the transmission of television signals it is
conventional practice in this country to radiate
a modulated csrrier wave which is horizontally
polarized. In England vertical polarization of a
carrier wave modulated by a composite television
signal is preferred. However, whether the modu-
lated carrier wave ke horizontally or vertically
polarized, interference hetween the direct ray and
a reflected ray cannot be eliminated. In general,
a carrier wave reflected from any plane surface
will have its amplitude and phase changed de-
pending upon the dielectric constant of the re-
flecting surface and the angle of incidence of the
wave. As long as the angle of incidence of the
reflected wave is not too large, the phase of a
wave polarized in the plane of incidence remains
unchanged upon reflection, while the phase of &
wave polarized perpendicularly to the plane of
incidence is reversed. When the angle of in-
cidence exceeds a certain value, which depends
upon the dielectric constant of the reflecting sur-
face, the phase angle is reversed whether the
wave is polarized in the plane of incidence or
normal thereto.

It will be appreciated that a modulated carrier
wave may be reflected by a horizontal surface,
that is by the surface of the earth or by water, as
well as by vertical surfaces, such as buildings and
obvher vertical structures which may be arranged
between the transmitter and the receiver. Thus,
no matter whether a horizentally polarized or a
vertically polarized carrier wave is transmitted,
reflection of the wave will usually take place, and
subsequently the responge curve of the receiver
will be a function of the frequency due to the dif-
ference in phase between the direct ray and the
reflected ray.

Tt has been suggested to radiate a modulated
carrier wave which is circularly polarized. Under
usual conditions g circularly polarized wave will
reverse its sense of rotation upon reflection. It
is well understood in the art that a circulariy
polarized wave may be considered as the resultant
of two waves polarized linearly in a direction nor-
mal to each other and having g phase difference
in time of 90 degress. Hence, a circularly polar-
izad wave ray be considered as being composed of
o, horizontally polarized and a vertically polar-
ized wave. Upon reflection on a flat surface one
of the component waves will have its phase re-
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versed, while the phase of the other component
wave remains unchanged with the effect that the
sense of rotation of the reflected circularly polar-

 ized wave is reversed.

Thus it is possible to radiate a modulated -car-
rier wave which is circularly polarized and which
has a predetermined sense of rotation. When the
receiver is arranged to receive only circularly po-

larized waves having the predetermined sense -of
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- isrized wave in all horizontal directions.

rotation, a deflected wave will not be received by
such & receiver. The transmission of signals by
means of a circularly polarized carrier wave also
has other advantages as will appear hereinafter.

It is usuaily desired to radiate a circulariy po-
How-
ever, a conventional antenns system comprising
two dipole antennae displaced by 90 degrees.frem
each other and energized with a 90 degrees phase
shift with respect to each other will not radiate a
circularly polarized wave uniformly in all horizon-
tal directions. Strictly speaking, a circwlarly po-
larized wave will only he radiated in the direction
of a plane.  Accordingly, a conventional antenna
system caa not be used for radiating a circularly
polarized modulated carrier wave into a large area
as required for the iransmission of television
signals.. '

It is furthermore desirable to utilize a directive
antenna so that the energy radiated from the
antenna has 2 maximum in the horizontal direc-
tion and a minimum in the vertical direction.
Thus, a directive radiating system preferably
should have a horizontal fleld strength pattern
which approaches a circle so that a large area
may be covered as uniformly as possible by one
transmitting antenna.

It is an object of the present inventicon, there-
fore, to provide a high frequency anteana system
suitabie for operation on circularly polarized
waves.

Another object.of the invention is to provide a
high frequency directive antenna system which
will radiate a circularly pelarized wave in all hoxi-
zontal directions with a maximum field strength

5 in the horizontal plage.

A further object of the invention is to provide
a3 high frequency directive antenna system or an-
tenna array arranged for operation on circularly
polarized waves and having a field strength pat-
tern in the horizontal plane which closely ap-
proaches & circle, ‘

In accordance with the present invention,
there is previded-a high frequeney directive an-
tenna system cemprising a horizontal radiator
including a plurality of conductors arranged
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horizontally with a common axis, connected to-
gether at their ends and forming each a pe-
ripherally incomplete loop. One of the con-
ductors is open at its mid point to provide a
pair of terminals. The horizonta] radiator has
an eflfective electrical length which is substan-
tially equal to one-half wavelength at the high
frequency. A first transmission line is connected
to the terminals for transfer of high frequency
energy between the horizontal radiator and the
first transmission line. There is also provided
a vertical radiator including a dipole conductor
arranged vertically along the common axis of
the horizontal radiator. The vertical radiator
has an effective electrical length which is sub-
stantially equal to one-half the wavelength at
the high frequency. Finally, a second transmis-
sion line is provided which is connected to the
vertical radiator for transfer of high frequency
energy between the vertical radiator and the
second transmission line.

For a better understanding of the invention,
together with other and further objects there-
of, reference is made to the following description,
taken in connection with the accompanying
drawing, and its scope will be pointed out in
the appended claims.

In the accompanying drawing, Fig. 1 is a per-
spective view, with parts broken away, of a high
frequency antenna system embodying the pres-
ent invention, while Fig. 2 is a perspective view
of an antenna array having two stacked antenna
systems in accordance with the invention.

Referring now more particularly to Fig. 1 of
the drawing, there is illustrated a high frequency
directive antenna system comprising a horizontal
radiator | and a vertical radiator 2. Horizontal
radiator I is essentially a folded half-wave dipole
bent into a circle to form two peripherally in-
complete loops or conductors 3§ and 4. The
open ends of conductors 3 and 4 are connected
together electrically by capacitance plates 5 and
6. Accordingly, conductors 3 and 4 are capaci-
tance loaded at their ends to secure a more near-
ly uniform current distribution. As illustrated
in Fig. 1, conductors 3 and 4 are arranged hori-
zontally with a common vertical axis along which
vertical radiator 2 is arranged. Conductors 3
and 4 have been illustrated as tubes of toroidal
shape having equal inner diameters. However,
it is to be understood that conductors 3 and 4
may also have different inner diameters and that
more than two conductors may be provided.
Conductor 4 is open at its mid point to form
a pair of input terminals 7 which are connected
to impedance matching box 8 by two parallel
conductors 19.

Conductors 3 and 4 with their capsacitance
plates § and 6 form a horizontal radiator having
an effective electrical length which is substan-
tially equal to one-half the wavelength of the
modulated carrier wave to be transmitted or re-
ceived. Actually the effective electrical length
of each loop 3 and 4 is substantially equal to
one-half the wavelength of the carrier.

Vertical radiator 2 may consist of a conven-
tional vertical half-wave dipole. Preferably,
however, vertical radiator 2 consists of a so-called
coaxial vertical dipole or sleeve antenna. ‘Thus,
vertical radiator 2 includes a coaxial transmis-
sion line I1 comprising center conductor 12 and
cylindrical conductor 13 coaxial with center
conductor 12. Coaxial conductor ! may form
an extension of a low loss coaxial transmission
line 15. It will be seen that center conductor
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{2 extends beyond cylindrical conductor 13.
Vertical radiator 2 further includes outer con-
ductor 16 in the form of a large pipe or cylinder
surrounding cylindrical conductor {3 and con-
nected at (7 to the free end of cylindrical con-
ductor i3. Accordingly, cylindrical conductor {3
and outer conductor (6 together form a sleeve
or a collar.

The effective electrical length of vertical radi-
ator 2 is also substantially equal to one-half
the wave-length of the modulated carrier wave
to be transmitted or received. The length of
center conductor {2 extending beyond cylindrical
conductor 13 and outer conductor 1§, preferably
equals the length of outfer conductor 5, each
being individually equal in length to one-quarter
the wave-length of the carrier wave to be trans-
mitted or received.

The capacitance formed by plates 5 and §
may be made adjustable to vary the rescnant
frequency of horizontal radiator {. Accordingly,
it will be seen that the physical length of each
loop 3 and 4 will be less than one-half the wave-
length of the carrier wave to be radiated. In
some cases it may alsc be advantageous to pro-
vide a capacitance between input terminals 7
of conductor 4 for adjusting the resonant fre-
quency of horizoantal radiator {. Vertical radi-
ator 2 should be arranged along the common
vertical axis of conductors 3 and 4. However,
vertical radiator 2 need not be arranged sym-
metrically with respect to a horizontal plane
passing between conductors 3 and 4.

Vertical radiator 2 is, preferably, connected to

g5 @ coaxial transmission line 15. Horizontal radia-

tor I is connected through impedance matching
box 8 to parallel wire line 28 shielded by cylin-
drical conductor 2i which is grounded as shown.
Impedance matching box 8§ may, for example,

40 consist of a quarter wave transmission line of
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suitable characteristic impedance or of a network
consisting of lumped elements and matches the
terminating impedance of parallel wire line 28
and the input impedance of horizontal radiator
{ which may be of the order of 35 ohms.

Both horizontal radiator | and vertical radia-
tor 2 are connected to a source of a modulated
carrier wave indicated schematically at 22.
Parallel wire line 20 is directly connected to
source 22, while coaxial transmission line {5 is
connected to source 22 through phase shifter 23.
Phase shifter 23 is arranged so that the modu-
lated carrier wave from source 22 is transferred
to vertical radiator 2 with a 90 degrees phase
shift in time with respect to the modulated car-
rier wave transferred to horizontal radiator {.
Provided the length of parallel wire line 20 is
equal to the length of coaxial transmission line
{6 between source 22 and their respective radia-
tors | and 2, phase shifter 23 should shift the
bhase of the modulated carrier wave by 90 de-
grees. However, the electrical length of parallel
wire line 28 need not be the same as that of
coaxial transmission line {5. In that case phase
shifter 23 should be arranged so that the phase
of the wave transferred to vertical radiator 2
has a 90 degrees phase-shift in time with respect
to the phase of the wave transferred to horizon-
tal radiator 1.

In order to radiate a circularly polarized wave
from the antenna system of Fig. 1, the ampli-
tudes of the waves transferred to horizontal ra-
diator { and to vertical radiator 2 should be
equal. Actually, in view of the fact that the
radiation resistance of radiators { and 2 may he
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different, the wave radiated from horizontal ra-
diator | should have the same amplitude as the
wave radiated from vertical radiator 2.
Horizontal radiator | radiates a horizontally
polarized wave into space, while vertical radiator
9 yadiates a vertically polarized wave. ~Both
horizontal radiator | and vertical radiator 2 ra-
diate energy predominantly in a horizontal plane.

Tt is well understood in the art that when a hori--

zontal radiator is fed with a wave thai is 90
degrees out of phase in time with respect to that
of the wave fed to a vertical radiator, & circu-
1arly polarized wave is radiated into space. The
field strength pattern of horizontal radiator !
closely approaches a circle as is well understood
in the art. Conseguently, the field strength pat-
tern of the antenna system comprising horizon-
tal radiator | and vertical radiator 2 will be sub-
stantially uniform in &1l horizontal directions.
Furthermore, the antenna system of the inven-
tion will radiate a substantially circularly polar-
ized wave in all horizontal directions.

The antenns system illustrated in Fig. 1 has
been described particularly as a transmitting an-
tenna system. However, it is to be understood
that the antenna system of Fig. 1 may also be
employed with receiving eguipment. I¢ is im-
materisl whether the antenna system of the in-
vention is used for radiating energy into space
or for abstracting energy from an incident high
frequency elecfromagnetic wave.

A transmitting antenna in accordance with
the present invention which radiates a circularly
polarized wave substantially uriformly in all
horizontal directions may be used with advantage
in & television system. In densely populated
areas reflections of the modulated carrier wave
from buildings and other vertical structures
cause blurring of the reproduced television pic-
ture in view of the difference in time between
the direct and a reflected wave. This drawback
may be substantially eliminated by radiating a
circularly polarized wave having a preferred
sense of rotation. Since the sense of rotation of
a circularly polarized wave is reversed when the
wave is reflected, reception of the reflected wave
may be prevented by providing a receiver cireult
which is only responsive to the preferred sense
of rotation of the circularly polarized wave. A

preferred receiver circuit which is only respon-

sive to circularly polarized waves having a pre-
determined sense of rotation is described in
United States Patent No. 2,350,331, granted on

June 6, 1944, to H. Salinger, and assigned to the

same asSighee as is this application.

When reflection of the received wave from
buildings and other vertical structures is too
infrequent to cause appreciable distortion of the
received signal, a circularly polarized wave may
also be used for improving the signal to noise
ratio at the receiver. To this end the receiver
antenna may consist of a conventional hali-wave
dipole. The dipole antenna may be oriented in
any direction in a plane normal to the line con-
necting transmitter and receiver without loss of
signal strength. Hence, the receiving antenna
may be arranged in a direction so that the effect
of local noise sources is minimized.

The phase and the amplitude of the wave ra-
diated by horizontal radiator § may not be ex-
actly equal in all horizontal directions. - Accord-
ingly, the wave radiated in certain horizontal
directions by the antenna system of Fig. 1 may
be elliptically polarized instead of circularly po-
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larized. The wave radiated by the antenria sys=
tem- of Fig. 1 is only circularly polarized when
the amplitudes of the modulated carrier wave
radiated from horizontal radiator { and vertical
radiator 2 are equal and when the phase differ-
ence in time between the two waves radiated
from radiators ! and 2 is 90 degrees. In order
to overcome this drawback, it may be advan-
tageous to use an-antenna. array such as shown
in Fig. 2.

Referring now to Fig. 2, in which like com-
ponents are designated by the same reference
numerals as were used in Fig. 1, there is pro-
vided an sntenna array comprising two stacked
antenns systems 3§ and 3f. Anterna systems
20 and. 34 each comprise a horizontal radiator |
and a vertical radiator 2 which may be identical
to radiators ! and 2 of Fig. 1. However, input
terminals 32 of antenns system 39 are arranged
opposite to input terminals §3 of antenna sys-
tem &{ in a vertical plane passing through the
common vertical axis of antenna systems 38
and 34,

Bothr antenna systerss 39 and 34 are connected
to modulated carrier scurce 35. To this end
parallel wire line 36, which may be shielded by
grounded tube 271, interconnects modulated car-
rier source 858 to horizontal radiator { of antenna
systermn 28, Phase shifter 28 coupled to modu-
lated carrier source 35 is connected to coaxial
transnission line 48 for transferring high fre-
auency energy from source 35 to vertical radiator
5 of antenna system 80. Phase shifter 38 is ar-
ranged so that the phase of the high frequency
energy transferred to vertical radiator 2 has a
90 degrees phase shift in time with respect to
that of the energy transferred to horizontal
radiator i.

The high frequency energy transferred to hori-
zonjal radiators ¢ of entenna systems 33 and 31
should be in phase, as well as the energy trans-
ferred to vertical radiators 2 of anftenna systems
36 and &!. Accordingly, parallel wire line £f,
which may be shielded by grounded tube 3§, con-
nects modulated carrier source 35 to horizontal
antenna | of antenna system 3{ through phase
shifter 2. In case parallel wire lines 38 and 4t
have the same length or differ in length by a
full wavelengih of the modulated carrier wave,
a phase shifter such as 22 is not required. Co-
axial cable 43 connests modulated carrier souree
25 to vertical radiator 2 of antenna system 34
through phase shifter 46, Phase shifter 48 -is
arranges so that the energy fed fo vertical radi-
ator 2.of antenna system §{ is 90 degrees out of
phase in time with respect to the phase of the
energy transferred to horizontal radiator { of
entenna system 3t

By arranging input terminals 32 and 23 oppo-
site to each. other the slight difference in phase
or amplitude of the wave radiated by horizontal
radiators { in certain horizontal directions is
equalized. Accordingly, the wave radiated by
the antennsa array of Fig. 2 should be circularly

" polarized in all horizental divections with an al-

most perfect cireular field strengih pattern.
The distance petween antenng systems 38 and 34
is not very critical. Preferably, this distance is
of the order of a wavelength of the modulated
carrier.

t is also feasible to utilize an antenna array
comprising more ‘than two stacked antenna
systems such as 238 -and 8. In that case the in- ‘
put terminals. such as 32 and 3%, of the antenna
systems should be arranged symmetrically about -
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the commen vertical axis of the antenna systems
and in a vertical plane passing through the com-
mon axis. In other words, the input terminals
of adjacent antenna systems should be arranged
opposite to each other. However, for most prac-
tical purposes an antenna array comprising two
stacked antenna systems, as illustrated in Fig. 2,
will be sufficient for radiating a wave which is
circularly polarized in all horizontal directions
with a substantially circular field strength
pattern.

While there has been described what is at
present considsred the preferred embodiment of
the invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and it is, therefore, aimed in the ap-
pended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A high frequency directive antenna array
comprising two stacked antenna systems each
having a horizontal radiator including a plurality
of conductors arrangeq horizontally with a com-
men vertical axis, connected together at their
ends and forming each a peripherally incomplete
loop, one of said eonductors being open at its
mid point to provide a pair of terminals,  said
horizontal radiator having an effective electrical
length substantially equal to one-half wavelength
at said high frequency, a first iransmission line
connected to said terminals for transfer of high
frequency energy between said horizontal radia-
tor and said first line; each of said two antenna
systems further having a vertical radiator in-
cluding a dipole conductor arranged vertically
along said common axis, said vertical radiator
having an effective electrical length substantially
equel to one-half said wavelength, and a second
transmission line connected to said vertical radia-
tor for transfer of high frequency energy between
said vertical radiator and said second line, the
terminals of said two horizonial radiators being
arranged opvosite to each other in a vertical
plane passing through said common axis.

2. A high frequency directive antenns array
comprising two stacked antenna systems each
having a horizontal radiator including a plurality

of conductors arranged horizontally with a com-~ -

mon vertical axis, connected together at their
ends and forming each a peripheraily incomplete
loop, one of said conductors being open at its mid
point to provide a pair of terminals, said hori-

zontal radiator having an effective electrical *

length substantially equal to one-half wavelength
at said high frequency, a first transmission line
connected to said terminals for transfer of high
frequency energy hetween said horizontal radi-
ator and said first line; each of said two antenna
systems further having a vertical radiator in-
cluding a coaxial member having a cylindrical
conductor and a center conductor extending be-
yond said cylindrical conductor, a further outer
conductor surrounding said cylindrical conduc-
tor, said outer conductor being connected to the
free end of said eylindrical conductor, said verti-
cal radiator being arranged vertically along said
common axis and having an effective electrical
length substantially equal to one-half said wave-
length, and a second transmission line connected
to said coaxial member for transfer of high fre-
quency energy between said vertical radiator and
said second line, the terminals of said two hori-
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zontal radiators being arranged opposite to each
other in a vertical plane passing through said
common axis.

3. A high frequency directive antenns array
comprising two stacked antenna systems each
having a horizontal radiator including a plurality
of closely spaced conductors arranged horizon-
tally with a common vertical axis, connected to-
gether at their ends and forming each g periph-
erally incomplete loop, one of said conductors
heing open at its mid point to provide a pair of
terminals, said horizontal radiator having an ef-
fective electrical length substantially equal to
one-half wavelength at said high frequency and
being so proportioned that its horizontal field
strength pattern approaches a circle, a first
transmission line connected to said terminals for
transfer of high frequency energy between said
horizontal radiator and said first line; each of
said two antenna systems further having a verti-
cal radiator including a coaxial member having a
cylindrical conductor and a center conductor ex-
tending beyond said eylindrical conductor, a
further outer conductor surrounding said cylin-

~ drical conductor, said outer conductor bheing con-

nected to the free end of said cylindrical con-
ductor, said vertical radiator heing arranged
vertically along said common axis and having an
2ffective electrical length substantially equal to
orie-half said wavelength, and a second coaxial
transmission line connected to said coaxial mem-
ber for transfer of high frequency energy between
said vertical radiator and said second line having

_a difference in phase of susbtantially 90 degrees
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®in time with respect to the phase of said high

frequency energy transferred between its asso-
ciated horizontal radiator and said first line, the
terminals of said two horizontal radiators being
arranged opposite to each other in a vertical
plane passing through said common axis.

4. A high frequency directive antenns array for
radiating circularly polarized waves substantially
uniformly in all horizontal directions comprising
& source of high frequency energy, a plurality of
stacked antenna systems each having s horizon-
tal radiator including a plurality of conductors
arranged horizontally with a common vertical
axis, connected together at their ends and form-
ing each a peripherally incomplete loop, one of
said conductors being open at its mid point to
provide a pair of terminals, said horizontal radia-
tor having an effective electrical length substan-
tially equal to one-half wavelength at said high
frequency, a first transmission line connected to
said terminals for transferring high frequency
energy from said source to said horizontal radi-
ator; each of said antenna systems further hav-
ing a vertical radiator including a dipoie con-

. ductor arranged vertically along said common

axis, said vertical radiator having an effective
electrical length substantially equal to one-half
said wavelength, a second transraission line con-~
nected to said vertical radiator tor transferring

5 high frequency energy from said source to said

vertical radiator, the terminals of said horizontal
radiators being arranged symmetrically about
said common axis and in a vertical plane passing
through said common axis, and phase shifting
means arranged between said radiators and said
source for energizing said array so that the phase
of the energy radiated from each of said hori-
zontal radiators is equal, while the energy radi-
ated from each of said vertical radiators is dis-
placed in phase by substantially 90 degrees in
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time against the phase of the energy radiated
from said horizontal radiators.

5. A high frequency directive antenna array
for radiating circularly polarized waves substan-
tially uniformly in all horizontal directions com-
prising a source of high frequency energy, two
stacked antenna systems each having a horizon-
tal radiator including a plurality of closely spaced
conductors arranged horizontally with a common
vertical axis, connected at their ends and forming
each a peripherally incomplete loop, said hori-
zontal radiator having an effective electrical
length substantially equal to one-half wavelength
at said high frequency, a shielded parallel wire
line for transferring high frequency energy from
said source to said horizontal radiator and elec-
trically coupled to one of said conductors at its
mid point; each of said two antenna systems fur-
ther having a vertical radiator including a co-
axial member having a cylindrical conductor and
a center conductor extending beyond said cylin-
drical conductor, a further outer conductor sur-
rounding said cylindrical conductor, said outer
conductor being connected to the free end of said
eylindrical conductor, said vertical radiator be-
ing arranged vertically along said common axis,
a coaxial transmission line connected to said co-
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axial member, phase shifting means for connect-
ing said source to said coaxial transmission line
for transferring high frequency energy between
said source and said vertical radiator having a
difference in phase of substantially 80 degrees in
time with respect to the phase of said high fre-
quency energy transferred to its associated hori-
zontal radiator, the mid points of the conductors
connected to said parallel wire lines being ar-
ranged opposite to each other in a vertical plane
passing through said common axis.

PAUL J. KIBLER.
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