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10 Claims. (CI. 343—853)

This invention relates to an antenna array and more
particularly to a method of and means for enabling an
increase in the maximum gain of an antenna array with-
out discarding or completely altering an ex1stmg or
available antenna system.

Following the instaliation of an antenna system for use
with a given communication means, it is often discovered
that the signal strength of the existing system is inade-
quate. For example, in commercial television broad-

. casting stations, the growth in size of a neighborhood or
service area requires the station to extend the area cov-
ered by its transmission. Such action is necessary on the
part of the station in order to properly serve the adver-

tisers who make use of its services and the public who'

rely on the various programs provided by the station for
their entertainment and information. Any increase in
the power limit permitted would also make it desirable to
increase the signal strength of a station to permit it to
provide the additional service to its service area.

In increasing the strength of a signal from an antenna
system that is operating at or mear maximum output,
several courses of action can be taken.
of the required characteristics could be purchased but it
may not be available in time and, if avallable might not
be economically feasible.

An existing antenna, deSIgned for telev1s1on broad-
casting, whlle inadequate, is an expensive piece of equip-
ment and the discarding thereof so as to replace it with
an entirely new antenna will mean considerable expense
to the station over and above the cost of the new an-
tenna. The combining of two known types of antennas,
such as a super-turnstile and a super-gain, will be less
expensive, and can be done more quickly.

The present invention is directed to an antenna array
in which a second antenna system, chosen in accordance
with the requirements therefor, is mounted underneath an
existing antenna system which is inadequate as to power
output, in order to obtain increased signal strength from
the resulting array.

An existing antenna is usuvally designed in such a
manner that an additional load cannot be placed upon it.

However, a second antenna having a larger cross section

can be placed underneath an antenna so that it will support
an existing type.
array incorporating two antenna systems, it is:necessary
to feed the signal so that the phase front of the departing
signal will be substantially uniform. The larger dimen-
sions of the second antenna system will serve to adversely

distort signals radiated from the over-all antenna array.:
This is: due to the fact that the wave front radiated from -
the second antenna system will not be uniform and in

phase with that radiated from the top or exnstmg
antenna system.

.- An object of the invention is to increase the gain of an
existing or available antenna system in a simple and
relatively inexpensive manner.

Another object is to modify an existing television
antenna system having an array of radiating -elements,

A new antenna-

In feeding a signal to such an antenna’
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: 2
which has been operated at or near maximum output, in
a novel manner to increase the gain of the array.

Another object is to operate a television antenna array
including two normally independent antenna systems
having different dimensions in such a manner that the
same signal radiated therefrom will not be adversely dis-
torted or altered due to the dlﬂ?erent structural dimen-
sions of the systems.

A still further object is to attain the above objects
with a simple and compact construction.

In accomplishing these objects a second antenna sys-
tem, -chosen in accordance with the requirements there-
for, is mounted underneath an existing or available an-
tenna system which could be in use and in operation at
or near a maximum output found to be inadequate. The
second antenna system is larger in lateral dimension so
as, for example, to provide the necessary  structural
strength to support the existing antenna system which is
mounted on the top thereof. A signal is fed from a
transmitting means to both antenna systems. The dif-
ference in structural dimension of the two antenna sys-
tems would normally serve to adversely distort the wave
front radiated therefrom due to the fact that the waves
radiated from one system would not be uniform and in
phase with the waves' radiated from the other. The
present invention eliminates this difficulty by providing
a new and novel means for feeding a signal to a plurality
of antenna systems which are 1ncorporated into an
antenna array.

Junction boxes are located in each antenna system to
which are connected the radiating elements used on the

- associated antenna systems, the radiating elements of one

system being electrically connected to the junction boxes
located in that system, and the radiating elements of the
other system being electrically connected to the junction
boxes located in that system. The junction boxes in one
system are connected to those in the other system by
electrical conductors.  The lead-ins from a transmitting
device are in turn connected to the conductors connect-
ing the junction boxes. In order to compensate for the
difference in structural dimensions of the two antenna
systems, the point at which the lead-ins are connected to
the conductors connecting the junction boxes is removed
from a point mid-way between the junction boxes to a
point whereby the -signal fed to both antenna systems

5 will .be radiated from each system in an in-phase rela-

tionship, presenting thereby a wuniform over-all wave
front. The exact distance involved will depend upon
the particular antenna arrangement which is used and is
to be determined by experimentation therewith.

A more detailed description of the invention follows in
conjunction with a drawing in ‘which like reference nu-
merals refer to like parts and in which:

Figure 1 shows picterially one embodiment: of the
invention, wherein a super-gain antenna system is
mounted underneath a super-turnstile antenna system.’

Figure 2 is a cross-sectional view of the super-gain
antenna system taken 1mmed1ately below line 2—2 of
Figure 1, and

Flgure 3 is a diagrammatical view of the antenna
array including a top anténna system such as a super-
turnstile antenna and a bottom antenna system such as a
super-gain antenna, as shown in Figure 1, showing the
circuit for feeding a signal to the over-all antenna array.

Referring to Floures 1 and 2, a television broadcastmg
antenna system is shown. A super-gain antenna 1 is
mounted underneath and along the’ longltudlnal axis of
a super-turnstile antenna 2. It is to be presumed that
the ‘super-turnstile antenna is an existing antenna that is
installed or quickly available. The supports for the two
antenna systems may be fastened together at point 26
in any manner known in the art. The lower or super-
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gain antenna 1 has a larger lateral dimension than that

of the super-turnstile antenna 2, as will be more fully =~

discussed later. The array comprising the two antenna
systems,, namely. the super-gain antenna 1 and super-
turnstile ‘antenna. 2, is,adapted to be vertlcally “mounted.
on a_ tower, mountam or burldmg, not. shown.

The super-gain, antenna 1. comprlses a plurahty of dipole
radratrng elements arranged in.groups. -of. four in quad-
rature relatronshrp about. the hollow, square support 4,.
each group including. a: pair. of North-South radiators
32 and East-West radiators 30. For the sake of descrip-.
tion, there are, shown four groups.of such dipole arrange-
ments, but it is to be understood that.the . invention - is,
not_so, limited and that. any. nurnber of such arranoe-
ments may be used. Two junction boxes 5 and 6 are
located inside the support 4, While the wiring for feed-
ing a signal to-the radiating elements.30. and 32 would
normally be_placed inside the hollow support 4 in.actual,
usage, for purposes of - descrrptron, the. -wiring has been
shown’ as, extending along the surface of the support 4.

Coaxr(.l connecting lines.7 which are of equal length
serve to connect one. pair of dipoles of each group, for.
example. the North-South dipoles 32, to junction box 6.
Coaxial connecting lines 8 which are of equal length
sérve. to-connect the other pair of dipoles of each group,
for example the East-West. dlpoles 39, to junction box 5
As is more.clearly shown in Figure 2, the coaxial con-
nectmg lines 7 and 8 will be coaxially connected to each.

dipole at each.of the groups to provide proper phasing.

and electrical -operation_of the antenna array.

The super-turnstlle antenna 2-of Figure 1 ~comprises
a plurahty of radiators which are arranged in groups .of.
four in quadrature relationship about the. outer -surface
of..a support 16, each group including a pair of North-
South radiators 34 and East-West radiators 36. For pur-
poses of descrrptlon there .are .shown four groups . of.
radiators, but it is to be understood that. any number of
such groups may be used. As in the case.of the super-
gam antenna 1, the wiring of the super-turnstlle antenna
2 is .shewn as extending along the outer surface of the
support 10, for purposes of description. Two junction
boxes 15 and 16 are located in or on the support 10.
Coaxzial connecting lines 17 which-are of ‘equal .length
serve to connect one pair of the radlators for example
North-South radiators 34, of each group to- junction
box 16.. Coaxial connecting lines 18 which are ,of equal
length serve to connect the other pair of -radiators of
each group, for example East-West radiators 36, to
junction. box 15. .

While coaxial connecting lines 17 and 18 in the super-
turnstile antenna 2, as wel] as 7 and 8 in the super-gain
anienna. 1 have been indicated -as- being equal in length,
a pattern which may be desrrabre due to the contour of
the surroundmg land area could -be obtained from the
antenna array by utilizing - different coaxial line lengths
to the varicus radiators.

A source. of television picture -and. sound signals, P
and S, respecnvely, is connected by - leads 20 and 21,
respectively, -to -any d1p1ex1ng means 19.. The output of
the. .diplexing means..is . fed through lead-ins 22-and 23
to. the antenna array, lead-in 23 having -incorporated.
therewith a 90° phase shifter.

Referring now .to Figure 3, the lead-ins 22 and-23
from the diplexer 12 are inserted into and along the
length of the hollow support 4 of the super-gain antenna
1. The junction box 15 located in the super-turnstile
antenna 2 is electrically connected to junction box -5
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located in the super-gain antenna -1 by means.-of an

clectrically conducting -lead 24.
located in. super-turnstile . antenna 2-is -electrically .con-

Junction box 16 also.

4

in lateral dimensions of the super-gain antenna as com-

" pared to that of the super-turnstile antenna, the lead-in

22 is connected to lead 25 and lead-in 23 is connected
to lead 24 at points 26 and 38, respectively. The points
26 and 38 are removed from the midpoint 27 of the leads
24 and 25 a distance such that the phase angle of the
signal, shown as 6%y in Figure 3; is equal ‘to the-phase
angle of the signal between the plane of radiation of the
lower or;super-gain antenna 1.and the plane of radiation:
of the top or:super-turnstile. antenna 2, shown _as :%pace
in Figure 3. By so connecting the lead -ins 22 and-23:to
the connecting. leads_24.and 25, the phase of the signal
fed to each of the antenna systems 1 and 2 will “differ
in.such:a manner, the signal-fed.to the -super-gain-antenna
1 being delayed in phase, that the signals radiated from
both antennas will. be in substantially the proper phase
relationship with one another and a uniform wave front
will .be .presented .by. the over-all' antenna array. The
signal transmitted by the.antenna array as a whole.will,
therefore, not- be- adversely altered due to the difference-
in. lateral drmensrons of the two antenna systems in-;
corporated in the antenna array, and will be of greater
strength than.the.maximum output capable of being put
out. by. the top portion 2 .alone.

The points 26 and 38 on connecting leads 25 and-24.
at. which. lead-ins 22 -and 23- will be connected in. the
actual. installation. of an .anfenna . such as . is descrlbed
will. be dependent upon: the exact physrcal and electrical:
dlif‘erenoes, of- the . antenna. systems and: the supporting,
structures which.are used to.give a-particular combination.
of :antenna.array..

It may be seen that an antenna array has been. provrded-
capabl_e,‘of large srgnai strength  whereby use ‘may-: be.
made .of .an existing antenna system by propezly feeding
the signal to be:radiated to a plurality of antenna systems
incorporated -in. a single antenna- array. . The. antenna
array of the invention is simple and compact in construc-
tion and wiil radiate a uniform wave front which is free. -
of-undesired. distortion. and srgnal imperfection. When:
8% dees not-equal. 6% a net tilt in-the departing wave
front will result, which can be . utilized effectively in,
certain types of service areas where a downward tiit of
the departing .wave front is desirable.. In a special case,
when the centers of the antennas are not. colinear a vary-,
ing tilt: can  be obtained in_ various azimuthal directions:
which is highly usefuliin the situation where the. trans-.
mitting site is on a plateau overlooking a valley. In this.
situation, a downward tilt may be desired towards. the
valley and no tilt or a very small tilt desired along the.
plateau,  When the antennas are not colinear, the value
of tilt can be made to vary in various azimuthal direc-
tions, as desired, by proper displacement of the upper
antenna from the center axis of the lower antenna.

While the invention has been: described in connection..
with an _antenna array ccmsmtmg of super-gain and super-.
turnstile antenna systems, it is to be understood that the.
invention -is nof necessarily limited to such. an antenna
array, A specific application. of: the invention is a super-.
gain antenna. of: 8 to 10 sections located under, a :12-bay:
super-turnstile -antenna,. Such -a :combination -can: give;
a gain- of about 18 by.combining designs. - Other ultra--
high frequency antennas such as slotted or pylon antennas;
may-be used. Another application of the invention is a
large diameter U, H. F. antenna of- a .gain of the order.
of :20- which is placed under an existing U. H. F. pylon:
antenna.. .

Having: described my invention,. what I claim is::

1..In a broadcasting system, an antenna array.compriss

. ing, in combination; first-and second antennas of :different;

70

nected to junction box 6 located in the super-gain antenna .

1 by means of an electrically .conducting lead 25.; In
the normal feeding of an antenna array, the lead-ins 22
and 23 would be -coaxially connected to. the mid-point-
of leads: 24 and 25. To .compensate for the. difference.

lateral dimensions located in an end-to-end. relationship:-
aleng the longitudinal .axis .of said array, means: for elec-
trically’ connecting said antennas;-and means for feed:
ing signals to be radiated by.said antennas-to said con::

- necting means at-a point removed from. the mid=point

78

between . the .ends: of - said: connecting means, -said_point;.
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being located from said mid-point at an electrical distance
equivalent to the delay in the wave front of the antenna
of smaller lateral dimensions relative to the wave front
of the antenna of larger lateral dimensions.

2. A system as defined in claim 1 wherein the antennas
are colinear.

3. A system as defined in claim 1 wherein the centers
of the antennas are not colinear.

4. In a broadcasting system, an antenna array compris-
ing, in combination, first and second antennas of different
lateral dimensions located in an end-tc-end relationship
along the longitudinal axis of said array, each of said
antennas including a plurality of radiators, junction boxes
located in each of said antennas, means for electrically
connecting said radiators of each of said antennas to
the junction boxes located in the antenna of which they
are a part, means for electrically connecting each of said
junction boxes located in one of said antennas to the cor-
responding one of said junction boxes located in the other
of said antennas, a source of signals to be radiated by
said antennas, and means for feeding said signals from
said source to said second-mentioned connecting means
at a point removed from the mid-point between the ends
of said second connecting means an electrical distance
equivalent to the delay in the wave front of the antenna
of smaller lateral dimensions relative to the wave fromt
of the antenna of larger lateral dimensions.

5. In a broadcasting system, an antenna array com-
prising, in combination, first and second antennas of
different lateral dimensions located in an end-to-end re-
lationship along the longitudinal axis of said array, each
of said antennas including a plurality of radiators, junc-
tion boxes located in each of said antennas, means for
electrically connecting said radiators of each of said
antennas to the junction boxes located in the antenna of
which they are a part, means for electrically connecting
each of said junction boxes located in one of said antennas
to the corresponding one of said junction boxes located
in the other of said antennas, means for feeding signals
to be radiated by said antennas to said second-mentioned
connecting means at a point removed from the mid-point
between the ends of said second-mentioned connecting
means by an electrical distance equal to the electrical
distance between the planes of radiation of said antennas,
whereby a uniform wave front is radiated from said an-
tenna array.

6. A system as defined in claim 5 wherein the antennas
are colinear.

7. A system as defined in claim 5 wherein the centers
of the antennas are not colinear.

8. In a television broad casting system, an antenna
array comprising, in combination, a super-turnstile an-
tenna and a super-gain antenna system each including
a plurality of radiators, said super-turnstile antenna
mounted on top of and along the longitudinal axis of said
super-gain antenna, said super-gain antenna having a
larger lateral dimension than that of said super-turnstile
antenna, junction boxes located in each of said antenna
systems, means for electrically connecting said radiators
of each of said antenna systems to the junction boxes
located in the system of which they are a part, means for
electrically connecting each of the junction boxes located
in one of said antenna system to the corresponding one of
the junction boxes located in the other of said antenna
systemns, a source of television signals, to be radiated
by said antenna systems means for feeding said signals
from said source to said second-mentioned connecting
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means, at a point removed from and above the mid-point
of said second-mentioned connecting means between said
junction boxes at an electrical distance substantially equal

to the electrical distance between the planes of radiation

of said two antenna systems, so that a uniform wave front
is radiated from said antenna array.

9. In a television broadcasting system, an antenna ar-
ray comprising, in combination, a super-turnstile antenna
and a super-gain antenna system each including a plu-
rality of radiators, said super-turnstile antenna mounted
on top of and along the longitudinal axis of said super-
gain antenna, said super-gain antenna having a larger
lateral dimension than that of said super-turnstile anten-
na, a pair of junction boxes located in each of said anten~
na systems, means for electrically connecting the North-
South radiators of said super-gain antenna to one of said
pair of junction boxes located in said super-gain antenna,
means for electrically connecting each of the East-West
radiators of said super-gain antenna to the corresponding
one of said other one of said pair of junction boxes located
in said super-gain antenna, means for electrically con-
necting the North-South radiators of said super-turnstile
antenna to one of said pair of junction boxes located in
said super-turnstile antenna, means for electrically con-
necting the East-West radiators of said super-turnstile
antenna to said other one of said pair of junction boxes
located in said super-turnstile antenna, means for elec-
trically connecting said junction boxes connected to-said
North-South radiators in said array, means for electrical-
ly connecting said junction boxes connected to said East-
West radiators in said array, a source of television signals,
means for feeding said signals from said source to each
of said junction box connecting means, said feeding means
being connected to said junction box connecting means
at points removed from and above the centers of said
junction box connecting means between said junction
boxes at an electrical distance substantially equal to the
electrical distance between the planes of radiation of said
two antenna systems, so that a uniform wave front is
radiated from said antenna array.

10. An antenna array .adapted to be mounted in a ver-
tical position, said array comprising in combination, first
and second antennas each including a plurality of radia-
tors, said first antenna being mounted on top of and along
the longitudinal axis of said second antenna, said second
antenna having larger lateral dimensions than those of
said first antenna, junction boxes located in each of said
antennas, means for electrically connecting the radiators
of each of said antennas to the junction boxes located in
the antennas of which they are a part, means for elec-
trically connecting each of said junction boxes located in
said first antenna to the corresponding one of said junc-
tion boxes located in said second antenna, means for feed-
ing signals to said second-mentioned connecting means at
points removed from and above the centers of said sec-
ond-mentioned connecting means by an elecirical distance
equal to the electrical distance between the planes of
radiation of said antennas.

References Cited in the file of this patent

UNITED STATES PATENTS
1,874,966 GIeen —mm e Aug, 30, 1932
2,660,710 Blancher oo Nov. 24, 1953
2,755,467 EYg6S wommm oo July 17, 1956

OTHER REFERENCES
1057 Foot FM-TV Antenna, RCA Products Dept.



