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Maiter enclosed in heavy brackets [ 1 appears in the original patent but forms no part of this
reissue specification; matter printed in italies indicates the additions made by reissue - )

The present invention relates to antenna sys-
tems and deals specifically with the problem of
providing a television antenna designed for high
gain unidirectional performance throughout all
of the thirteen television channels.

Tn introduction, it may be well to point out
‘that throughout the history of radio unceasing
attempts have been made to provide antennas
capable of high gain performance over & fairly
broad band of frequencies. The successful solu-
tion of this problem has perplexed communica~-
tion engineers for many years, but the problem
has been greatly complicated by the advent of
commercial television, primarily due to the fact
that a broadcast signal covers only a few kilo-
cycles of the ether spectrum, while television
reception from even a single station requires
an antenna system adapted to respond to two
separate signals, each having a far greater spec-
trum width than a broadcast signal. C

The magnitude of the task involved begins to
become apparent when it is remembered that
the video or picture signal of a single television
channel covers aporoximately five hundred times
the ether spectrum width of a signal in the broad-
cast band, and the frequency modulation signal
which supplies the sound to the television receiver
is about fifteen times as wide. 'These figures in
themselves are staggering, but the full signifi-
cance of the problem is not appreciated until it
is remembered that, to be successful from a com-
mercial standpoint, a television antenna must
not only respond to the signals within a single
channe! but must respond with an equally high
degree of performance to any of the thirtesn
channels presently in use. Further, these thir-
teen channels are not continuous in the ether
spectrum, since the first six channels occupy the
frequency rance of from 44 to 88 megacycles (with
a break from 72 to 76 megacycles for non-Gov-
ernment fixed and mobile applications), while
the other seven channels function at a consider-
ably hicher frequency and occupy the range of
from 174 megacycles to 216 megacycles. The de-
sign of a successful television antenna presup-
posed that it should reject other signals, yet the
presence of the standard frequency modulation
band (88 to 108 megacycles) between the two
groups of television channels even further com-
‘plicates the problem of satisfactory electrical
design.

Yhen the extreme range of frequencies to
which the antenna must respond is considered,
it will be apparent that the conventional methods
of broad banding an antenna strueture, as by
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2 .
lowering the @ of the circuit by decreasing the
L/D (ength to diameter) ratio fall hopelessly -
short of achieving the desired result, and it has
become more or less universal practice to provide
a television receiver with a more or less con-
ventional dipole that-is deliberately mismatched
to the transmission line. This gives a very poor
gain at resonance, but the degree of mismatching
is greatly reduced on either side of resonance,
with the result that a fairly uniform response is
achieved across a range of frequencies wide
enough to reasonably cover one television channel
(6 megacycles). Such an arrangement, however,
falls far short of offering a full solution to the
problem, since it necéssarily fails to produce any-
thing even approaching high gain performance,
is incapable of operation over the entire range
of 44 to 216 megacycles and does not yield a bi-
directional radiation pattern over all of this
range. In addition, it is noted that even if satis-
factory response over the entire spectrum could
be achieved, a conventional antenna of this type
would fail to reject the signals in the standard
frequency modulation band, which could cause
interference with the television signal. -

Tt is accordingly the primary object of the pres-
ent invention to provide a television antenna
system, wherein a single antenna array and con-
ventional twin conductor transmission line may
be employed for high gain performance through-
out all of the present television channels, and
wherein the different components of the antenna
are so designed and related as to achieve high
gain performance, surpassing the performance-of
even a resonant dipole and so designed as to dis-
criminate against frequency modulation signals
between the upper and lower groups of tele-
vision channels. : -

A Turther object of the invention resides -in
the provision of an antenna system having the
performance characteristics noted above, yet hav-
ing a pronounced unidirectional pattern, extend-
ing substantially unchanged to the full upper
and lower limits of the present thirteen fre-
qusncy bands. The importance of a unidirec-
tional pattern in a television receiving antenna
cannot be overstressed, since if the antenna tends
to pick up signals other than those emanating
directly from the transmitting station, the time
interval between signals picked up directly and
those reflected will cause reflected signals to
produce multiple images or ghosts, as they are -
called, and cause serious deterioration of the
guality of the picture received. It is thus im-
portant that the antenna be designed to operate
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within a beam width of from 60 to 90 degrees,
and that its front-to-back and front-to-side ratio
be extremely high to reject unwanted signals.

A further object of the invention is to provide
an antenna with the electrical characteristics
noted, yet so designed that it is inherently
matched to a conventional 300 ohm twin Ilead
transmission line without the need of resorting to
quarter-wave sections or other matching devices.
The importance of this feature is readily apparent

(=11
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when it is remembered that conventional re- -

ceivers, as now manufactured, are almost invari-
ably matched to a 300 ohm line, and that use of
any tybe of matching section between the line
and the antenna necessarily causes the circuit to
become frequency sensitive and thus nullifies any
broad banding characteristics that the antenna
itself might possess.

A further object, and one of considerable im-
portance from a commercial standpeint, resides
In the provision of an antenna having the func-
tional characteristics heretofore discussed, and
at the same time being of a physical construc-
tion such that it is readily capable of mounting
on a single rotatable mast and designed in such a
manner that it may be commercially manufac-
tured at reasonable cost; and when installed is
rugged, durable, capable of withstanding high
winds and heavy ice loading; yet having its total
weight sufficiently low that it may safely he
mounted on any reinforecing.

The present invention accomplishes the ohiects
noted by the provision of an antenns system
‘which uses, in combination, a folded dipole con-
nected to the twin leads of a conventional 200
ohm transmission line, together with a reflector
spaced from the dipole, and a second folded di-
pole positioned on the opposite side from the
reflector and joined to the first by an additional
length of transmission line. The desired results
heretofore outlined are achieved by the simpile
.expedient of designing the center dipole for low
frequency operation, and using a sescond dipole
sulted to operation over the upper group of fre-
quency channels; but calculating the length of
the transmission line and the second dipole so
that, at low frequencies, the cireuit of the second
dipole acts as a quarter-wave section, presenting
substantially infinite impedance to the low fre-
quency- signals and thus preventing the second
dipole frem' interfering with the performance of
the first. The manner in which this is accom-~
‘plished is best illustrated with reference to the
drawing of this specification, wherein:

Figure 1 is a diagrammatic view of an antenna,
system as contemplated by these teachings: and

Plgure 2 is a perspective view of the preferred
commercial embodiment of the invention as pres-
‘ently manufactured.

In the diagrammatic illustration of Figure 1
the dipole 10 is designed to operate over the low
‘frequency group of channels and is adapted to
‘be connected directly to the twin leads of the
transmission line at the points (1 and 2. The
high frequency dipole 13 is also of folded form
and is designed to operate over the upper group
‘of frequency channels.

The ends of the folded dipole I3 are also con-
nected to the transmission line at the points 1
and {2 by conductors i4 and 5, but these con-
ductors include looped sections 16 and 7 so that
they are somewhat longer than the actual dis-
‘tance between the dipoles 0 and | 3, and the
Iength of the sections 16 and I7 is so calculated
that the electrical length between the points 11

4
and 12 and the midpoint 18 of the high fre-
quency dipole is a quarter-wave length of the
mean frequency at which the low frequency di-
pole 10 operates. Thus the impedance of the
high frequency dipole circuit, looking toward it
from the points Il and 12, is extremely high;
and it follows that during low frequency opera-
tion this. circuit acts as a quarter-wave section
and prevents the presence of the dipole [3 from
interfering with the normal functioning of the
dipole 10. The dipole {0 and the reflector 19 then
function to provide an efficient unidirectional
array. At frequencies in the upper six chan-
nels (174 megacycles to 216 megacycles) of the
television spectrum, the dipole {0 functions as
the reflector for the high frequency dipole 13, so
that here again an efficient unidirectiona] effect

* Is attained. Thus, by the expedient of utilizing
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one folded dipole as a reflector for the other, it is
not only possible to attain high gain performance
throughout the entire television spectrum, but it
is also possible to accomplish unidirectiona] char-
acteristics through the entire frequency range by
the use of only three elements.

In the commercial embodiment of the inven-
tion illustrated in Figure 2, the entire array is
mounted on.a single fitting 21 at the top of 5 mast
22. A cross arm 23.extends both forwardly and
rearwardly from the mast and carries a back
fitting 24 to support the reflector 25, and a front
fitting 26 to support the high~frequency dipole
21. The low frequency dipole 28 is mounted
directly on the fitting 21, and a twin lead 300 ohm
transmission. line 29 or any suitable radio fre-
quency transmission line is joined.to the ends of
the dipole 28 at the points 31 and 32. The pair of
conductors extending between these pocints and
the second. dipole is in this case formed of an
additional length of transmission line which ex-
tends in a loose loop 33 to the ends 34 and 35 of
the high frequency dipole. The transmissior line
is pesitioned parallel with the mast 22 but spaced
to the rear of the low frequency dipole 28.

Best results are obtained by providing a low
frequency dipole 78 inches in length with s 3.25
inch center-to-center distance beiween its upper
and lower spans. The reflector is 98 inches long
and is spaced 38.5 inches hehind the dipole 28.
The high frequency dipole is 29 inches Iong with
1.5 inch center-to-center distance between its up-
per and lower spans and is spaced 13.75 inches
forwardly of the low frequency dipole. A 300
ohm twin lead transmission line is utilized as the
lead in, and it has been learned that with the
spacing and the dimensions of the parts given as
above, it is unuecessary to form depending sec-
tions, such as the sections t6 and 17 of Figure 1,
and that excellent results are achieved by merely
allowing the section of line 33 to be suspended. in
a-rather loose loop between the points 31—22 and
the points 34—35, since in this particular con-
struction the parts are so dimensioned that, at
low frequencies, the electrical length between the
points 31—32 and the fitting 26 causes the cir-
cuit of the dipole 27 to have almost infiriite tm-
pedance. :

Experiments with antenna systems constricted
as described above Have showh that they are not
only efficient from an electrical standpoint, bt
are also highly satisfactory by reason of their
mechanical design. It will be readily seetr that
an antenna of this type may be easily corstiucted
out of readily availdble materials, and may be
easily oriented so that its unidirectionial pattern
lies'in any direction desired. The stivcture is in-
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herently strong and rugged, so that it will be
capable of withstanding strains due to high winds
or excessive ice loading, yet at the same time it
can be economically manufactured and conven-
fently assembled. It follows that it is well suited
to commercial sale, and may be installed in any
typical installation with ease.

The antenna is capable of achieving high gain
performance surpassing even the gain of a reso-
nant diploe, and it effectively discriminates
against signals in- the {frequency modulation
channel between the upper and lower groups of
television frequencies. It has been learned that
the unidirectional pattern of the system is sub-
stantially unchanged at all points between the
upper and lower limits of operating frequencies,
and that the front-to-back and front-to-side ra-
tios are quite high, so that the system responds
well to signals coming directly from the transmit-
ter but fails to respond to reflected signals and
thus avoids ghost images on the screen of the
television receiver. .

The form of the invention illustrated and de-
scribed herein is the preferred embodiment of
these teachings, in the form now commercially
manufactured. It is shown as an illustration of
the inventive concept, however, rather than by
way of limitation, and it is pointed out that var-
ious modifications and alterations may be in-
dulged in within the scope of the appended
claims.

Having thus described the invention, what I -

claim as new and desire to protect by United
States Letters Patent is:

1. In an antenna system, the combination, with
a radio frequency transmission line, of a first
folded dipole directly joined to the ends of the
transmission line; a reflector spaced from the
first dipole at one side thereof, and a second fold-
ed dipole shorter than the first and on the oppo-
site side of the first: and means for isolating
said second dipole from the first dipole at the res-
onant frequency of the first dipole comprising a
pair of conductors joining said second dipole to
the transmission line; said conductors being of
length greater than the spacing between said first
and second dipoles.

2 Tn an antenng system, the combination, with
a radio frequency transmission line, of a first
folded dipole directly joined to the end of the
transmission line; a reflector spaced from the
first dipole at one side thereof, and a second fold-
ed dipole shorter than the first and on the oppo-
site side of the first; said second dipcle also be-
ing joined to the transmission line by a pair of
conductors of such length that the sum of the
lengths of the conductors and the second folded
dipole is substantially equal to a shorted quarter
wave length line at the resonant frequency of the
first dipole. :

3. In an antenna system, the combination, with
a radio frecuency transmission line, of a pair of
folded dipoles comprising a first and second di-
pole at substantially the same horizontal level
and spaced apart from each other whereby one
may act as a reflector for the other, and means
for isolating sajd second dipole from the first di-
pole at the resonant frequency of the first dipole
comprising an additional lcose loop of transmis-
sion line joining said second folded dinole to the
transmission line and the first folded dipole.

4. Tn an antenna system, the combination, with
a radio frequency transmission line, of a first di-
pole directly joined to the ends of the transmis-
sion line; a reflector spaced from the first dipole
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6
at one side thereof, and a second folded dipole on
the opposite side of the first dipole and joined to
the transmission line by a pair of conductors of
such length that the sum of the lengths of the
conductors and the second folded dipole is sub~-
stantially equal to a shorted quarter wave length
line at the resonant frequency of the first dipole.

5. Tn an antenna system, the combination, with
4 radio frequency transmission line, of a first di-
pole directly joined to the ends of the transmis-
sion line; a second folded dipole at substantially
the same horizontal level and on one side of the
first dipole and joined to the transmission line by
a pair of conductors of such length that the sum
of the lengths of the conductors and the second
folded dipole is substantially equal to a shorted.
quarter ‘wave length line at the resonant fre-
guency of the first dipole.. ’ . )

6. In an antenna system, in combination, an
untuned radio frequency transmission line, g firsh
folded dipole directly joined to the ends of the
transmission line; a reflector spaced from the
first dipodle at one side thereof and a second fold-
ed dipole shorter than the first joined to the
transmission line by a pair of conductors of such
length that the sum. of the lengths of the con-
ductors and the second folded dipole is substan-
tially equal to a shorted quarter wave length line
at the resonant frequency of the first dipole; the
dipoles being .at substantially the same horizon-
tal level and spaced apart from each other where-
by one may act as a reflector for the other.

7. A television antenna having a supporting
frame consisting of a vertical mast with a hori-
zontal cross arm extending in opposite directions
from its upper end; a first folded dipole mounted
across the top of said frame, and a radio frequen-
cy transmission line directly joined to said first
folded dipole; a reflector mounted on one end of

¢ the cross arm at substantially the same horizon-

tal level as the first dipole and spaced parallel
with and at one.side of said first folded dipole;
s second folded dipole shorter than the first
mounted on the other end of the cross arm par-
allel with and at substantially the same horizon-
tal level as the reflector and the first folded di-
pole and spaced from said first folded dipole on
the side opposite the reflector; and means for
isolating the said second dipole from the first di-
pole at the resonant freauency of the first dipole
comprising an additional loose loop of transmis-
sion line joining said second folded dipole to the
transmission line and the first folded dipole.

8. As an article of manufacture, & television
antenna comprising, in combination, a relatively
long rigid supporting arm; o short folded dipole
having closely spaced parallel spans substan-
tially half the length of said arm, with the
mid point of one of said spans crossing one end
of said arm at right angles thereto; a reflector
substantially three times the lengih of said short
dipole and crossing the opposite end of said arm
at right angles thereto; and a relatively long
jolded dipole having closely spaced parallel spans
substantially two and one-half times the length
of the short folded dipole and parallel with the
reflector, with the mid point of one of said spans
crossing said horizontal arm at right angles there-
to at ¢ point thereon infermediate the positions
of said short folded dipole and said reflector. and
spaced from suid reflector o distance sulbstantially
three times the distance of its spacing from the
short folded divole; together with supporting fit-
‘tings secured at each end of said arm and at the
intermediate point thereon for rigidly attaching
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said.reflector and beoth of seid dipoles in fized.an-
qular relationship on. said supporting arm., and
means for rigidly securing said supporting arm
in horizontal position. on. & vertical mast where-
by said reflector and said. dipoles may be sup-
ported in alignment and.at. substantially the same.
horizontal level.

&. A two band antenna suitable. for selective
receplion of television. or like wide. band signals
in. channels extending ever two widely spaced
bread. high frequency ranges while discriminating
against. signals of intermediate frequency, the
antenna. comprising a first folded dipole tuned to
a Jrequency-in.the low frequency band, g reflec-

tor parallel to and at substantially the same hor~ g

wzontal level as the first folded dipole, and a sec-
ond folded dipole tuned fto q frequency. in 'the
high frequency band parallel to the first folded
dipole and. at substantially the same Rorizontal

level as the first folded dipole and the reflector o

and positioned. on the side of the first folded. di-
pale opposite the reflector; with the second folded
dipole. spaced from the first folded dipole By sub-
stantially one-third the spacing lbetween the first
folded dipole and the reflector.,

10. As: an article of manufacture; a television
antenna comprising, in combination, a first folded
dipole; a reflector parallel with and spaced from
said first dipole at one side thereof, and a second

Jolded dipole shorter than the first positioned.par- o

allel therewith. at the same horizontal level as the

8 !
first and on- the opposite side. thereof from. said
reflector; with. said second dipole spaced from. the
first dipole a distance sueh that the sum of the
length. of the second folded dipole and the dis-
tance between. said. dipoles is equal to substan-
tially half of the length. of the first dipole.
GEORGE P. KEARSE.
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