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17 Claims.

The present invention relates to antennas, and
more particularly to antennas for use with wide
band television transmission and reception,

The primary object of the present invention
is to provide an antenns system which will have
an extremely broad tuning range when directly
connected to & transmissfon line of ordinary im-
pedance characteristic (for example a two-wire
line having impedances from 300 to 600 ohms, or
a pair of concentrie lines having less impedance).
Stated In another way, it is desired to provide
such an antenna which when directly connected
to the transmission Hne has & fiat impedance
versus frequency characteristic over a broad
range, as seen looking foward the antenna from
the transmitter or receiver terminals.

A secondary object I8 to provide an antenns
system which requires no special impedance
matching circuit between the antenna and the
feeder line in order to match the surge impedance
of the line to the impedance of the antenna.

It has heretofore been proposed to use a half
wave dipole for wide frequency band communice.-
tion. Although the dipole has a sufficiently broad
tuning characteristic to give satisfactory trans-
mission and reception over a band of frequencies
such as may be used in television, it has been
found that when this type of half wave antenna
is matched to the transmission line in any of the
known ordinary ways -(as by the use of shunt im-
pedance elements, or fanning and tapping of the
- transmission lines, or by the use of the quarter
wave section of line) the tuning characteristic of
the dipole is made very much narrower and is
insufficient for the band of frequencies now gen-
erally used for television purposes. As a result
of tests made on half wave dipoles, the conclusion
was reached that the desired flat impedance
versus frequency characteristic over a broad
range must be obtained without the use -of the
usual impedance matching circuits between the
antenna and the transmission line.

The above menticned difficulty in using the
half wave antenns is overcome and the foregoing
objects achieved in accordance with the present
invention, generally, hy providing a multiple di-
pole system, the component elements of which
are effectively arranged in parsllel, and by break-
ing and feeding one of the dipole elements at the
center. Although it has just been stated that the
. component elements of the multiple dipole are

effectively in parallel, it should be understood that
by the term “effectively” it is deemed that all the
dipole elements radiate in parallel or receive in
parallel (depending upon whether the antenna is
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used for transmission or reception), while in
practice from a direct current standpoint the di-
pole elements may, if desired, be actually con-
nected in series. ~

A better understanding of the invention will be
had by referring to the following detailed de-
scription, which 1s accompanied by drawings
wherein: .

Pigs. 1 to 15, inclusive, illustrate various em-
bodiments of the present invention;

Figs. 1a, 2a, and 3a illustrate the individual
current distributions in the conductors of the an-
tenns systems of Figs. 1, 2 and 3, respectively:
and :

Figs. 1b, 2b, and 3b illustrate the distribution
of the total current in the antenns systems of
Figs. 1, 2 and 3. .

The theory underlying the present invention
will now be given, particularly with reference to
Fig. 1. While this theory is belleved %o be an
approximately correct explanation of the prin-
ciples underlying the present inveniion, further
investigation may lead to some modification of
this theory. It is tobe understood, of course, that
the invention is independent of any theory which
may be advanced to account for the results ob-
tailned. : . o ‘

Fig. 1 shows, in effect, & double dipole compris-
ing two. half wavelength conductors A and B of

.equal length, except for the break in the center

of conductor B for connection to the transmis-

- sion Iine TL, In turn extending to a suitable
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transmitter or receiver (not shown). Conductors
A and B are very closely spaced from one an-
other, perhaps a distance of one one-hundredth
of & wavelength, and are electrically connected at -
their ends. The currents flowing in the two con-
ductors will be in the same direction in space,
glthough in opposite directions within the an-
tenna circuit due to phase reversal at the ends.
‘The arrows indicate the direction of current flow
in the conductors. Consequently the arrange-
ment will be almost identical in its radiation
characteristic with that of a single wire half wave
dipole antenns. With such close spacing, the
mutual impedance, that is, the coupling between

_'the two conductors, Is almost equal to the im-
pedance of one wire, For example, with a spac-
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ing of one one-hundredth of a wavelength the

.mutual impedance hass been computed as 73

ohms resistance and 38.5 chms inductive react=
ance, whereas the self-impedance of a single wire
half-wavelength dipole is 73.2 ohms resistance
and 42.5 ohms inductive reactance. It will thus
be seen that two conductors A and B of the an-
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tenna are very closely coupled by their mutual
impedance as well as having an electrical con-
nection at their ends removed from the trans-
mission line. The dotted lines Ia and Is Mustrate
the current distributions in the two conductors
A and B, respectively.
1f we are to assume that the antenna system
of a single half wavelength dipole is in free space
and that the total current in the antenna is one
ampere at the center thereof, it will be found
that the power radiated is 73 watts and the radia-
tion resistance is approximately 73 ohms. The
effective resistance of the single wire antenna
facing the transmission line TL will then be
equal to
) Power (in witts)
Iﬂ

‘where I is the current in the antenna, in turn
equal to

73

I
Assuming the total current in Fig. 1 1o be the
same as in the single wire antenna first dis-
cussed, then the current in each of the wires
A and B will be one-half the total current, and
the power in both antennas will be equal. The
effective resistance of the antenna of Fig. 1, how-
ever, at the terminals of the conductor B con-
nected to the transmission line TL, will now be

Power (in watts)
(Current in conductor B)?

73
I\®
| 0
which is equal to 73X4=292 ohms. If will thus
be seen that by means of the antenna system of
Fig. 1, by connecting the transmission line in
series with only one wire which carries half the
total current, that we will have obtained a radia-
tion resistance which is equal to four times the
radiation resistance of the single wire dipole,
without the use of any special impedance match-

=73 ohms

or

ing circuié between the antenna and the trans--

mission line. This resistance of 292 ochms is of
the order of the surge impedance of the trans-
mission line used, and consequently we thus have
an antennsa system of extremely flat impedance
versus frequency characteristic over & broad
range.

" -In g practical embodiment of an antenna sys-
tem of the type shown in Fig. 1, having the di-
wmensions appearing on the drawing, and using a
wavelength of approximately 1.35 meters, the
measured resistance of the antenna of Fig. 1 as
seen by the transmission line was 424 ohms, which
would correspond to a single wire radiation re-
sistance of one-fourth of this value, or 106 ohms.
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The surge impedance of the transmission line -

used was 443 ohms. It will thus be observed that
by means of the present invention we are able to
obtain an antenna system wherein the surge im-
pedance of the transmission line very closely
matches the resistance of the antenna. The 106
ohm value of resistance in the practical embodi-
ment given above is somewhat higher than the
radiation resistance which might be expected
from an antenna placed at the height above
ground used in these tests. At the risk of stating
an obvious conclusion, it should be observed that
the difference between the 73 ohm radiation re-
sistance of a single wire antenna assumed above

2,283,014

in the theoretical case, and the 106 ohm valuc
just mentioned, is caused mainly by the fact that
in the theoretical instance the antenna was as-
sumed to be in free space, whereas in the prac-
tical case the antenna was placed at a finite dis-
tance above ground. It should be noted that al-
though & wavelength of 1.35 meters was used in
the practical case of Fig. 1, the lengths given for
the wires A and B from end to end is 69 cm,,
which is equivalent to a half wave at 1.38 meters.
This difference of 3 cm. between 2 true half wave

‘at 1.35 meters and a half wave at 1.38 meters is

believed to be due to various complex factors,
such as may be due to the bolts and insulators
used. At this time it should also be noted that
the wavelength of 1.35 meters employed was the
medium wavelength corresponding to the center
of an extremely wide band of wavelengths.

Fig. la illustrates the current distribution in
each of the conductors A and B of the antenna
of Fig. 1. Fig. 1b illustrates the total current of
the antenna of Fig, 1.

Pigs. 2 and 3 illustrate two other embodiments
of the double dipole arrangement of the present
invention wherein the lengths of the conductors
A and B are greater than one-half wavelength,
in the one case three-fourths of a wavelength,
and in the other case five-fourths of a wave-
length. Both of these antenna systems give a
higher impedance to the transmission line TL
than does the system of Fig. 1.

Fig. 2a Hlustrates the current distribution in

the individual wire conductors A and B of the
antenna of Fig. 2, while Fig. 2b illustrates the
total current of the antenna of Fig. 2.
- Similarly, Fig. 3a illustrates the current dis-
tribution in the conductors A and B of the an-
tenna of Fig. 3, while Fig., 3b illustrates the total
current in the antenna. The current distribu-
tions of Figs. 2a, 2b, 3a and 3b are theoretical,
assuming, of course, the presence of sine wave
distribution throughout the conductors. In
practice, however, the current may differ some-
what from the actual graphical illustrations
shown in these fisures. In practice, it is helieved
that the current distribution at the terminals of
the transmission line TL. connected to the an-
tenna will differ from that shown in the draw-
ings due to complex factors. It will be evident
from an inspection of the current distributions
of PFigs. 2a, 2b, 3a and 3b that the overall effec-
tive current in the antennas of Figs. 2 and 3 is
the same as that for a single wire of the same
length from end to end.

Fig. 4 illustrates a system of the same type as
shown in Figs. 2 and 3, with the conductor B
open at the cenfer. The transformation effect
of Fig. 4 and the current distributions will now
be reversed from that of Figs. 2 and 3.

Pig. 5 illustrates the same arrangement of Fig.

4 with a resistance R placed in series at the cen-

ter of conductor B. This resistance gives a trav-
eling wave eiffect along the conductors A and B
and provides a wider frequency characteristic for
the antenna than that obtained in the systems of
Figs. 1, 2, 3 and 4. At this time it should be
noted that the currents in the antenna systems
of Figs. 1, 2, 3 and 4 will be standing waves while
that in Pig. 5 may be given a traveling wave
effect by means of resistance R, depending, of
course, upon the value of this resistance. -

Fig. 6 illustrates an arrangement similar to
Fig. 4 except that the length of the conductors
from end to end is now a full wavelength. The
current distributions are indicated in dotted lines
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and the currents in the four legs of the conduc-
tors are all in the same directions, as indicated
by the arrows. It will be evident from plotting
the current distributions that if the break in the

center of the conductor A were closed to provide 5

a single continuous straight wire, the currents
in the two conductors would be equal and oppo-
site and the radiation resistance would be negli-
gibly small.

Fig. 7 shows an arrangement similar to Fig, 6, 10

except that a quarter wavelength loop C of high
impedance is now Inserted at the open terminals
of conductor A. The length of this loop is one-
fourth of the mean wavelength, corresponding to

the center frequency of the band of frequencies 15

to be transmitted or recelved:

The antennas of Figs. 6 and 7 give the same
directive gain as a full wavelength single wire
dipole as compared with a half wavelength dipole,

and are equivalent in effect to a.simple single 20

wire antenna a full wavelength long.

Although Fig. 1 illustrates an arrangement
wherein there is obtained an impedance trans-
formation ratio of 4:1, and the other figures

illustrate antennas giving different impedance 26
. is due to the fact that the larger diameter con-

transformation ratios, occasions may sarise where
1t is desired to obtain an arrangement giving a
transformation ratio of 9:1. Figs. 8 and 9 illus-
trate two antenna arrangements wherein there

are provided three conductors spaced along the 30

sides of a triangle for giving such a transforma-
tion ratio. The individual conductors of these
two figures are each one-half wavelength long,
and each take one-third of the total current.

The triangle may or may not be equilateral in 35°

form. The system of Fig. 8 differs somewhat
from that of Mg, 9 in that the third wire has
its ends electrically open, the continuity of the
second and third wires of Fig. 8 being broken at
the center. These conductors are, like the con-
~ductors in the previous figures, closely spaced with
respect to one another.

Figs. 10, 11 and 12 illustrate antenna arrange-
ments for obtaining an impedance transforma-

tion ratio of 16:1. In these three figures, four 45

closely spaced conductors are employed, each
conductor taking one-fourth of the total cur-
rent. )

Fig. 13 illustrates a still further embodiment

wherein there are employed four closely spaced 50

conductors each effectively one wavelength long
from end to end for the medium wavelength of
the band to be transmitted or received. In this
figure each of the conductors is broken at the

center to provide two legs extending in the same 55

straight line, each leg being one-half wavelength
long, the last leg being open. Current distribu-
tion in each conductor of the system of Fig. 13 is

substantially the same as that shown in the con-, -
ductors of Figs. 6 and 7. The impedance trans- o

formation ratio of Fig. 13 is also 16:1 as compared
to a single wire antenna one wavelength long.
As mentioned before in connection with Fig. 8, if
the last dipole conductor of ¥ig. 13 were closed,

the currents in the conductors would be of op- 65

posite phase and the radiation resistance would
be negligibly small.

__In the antenna gystem illustrated in Figs. 1 to
13, inclusive, it has been assumed that the con-
ductors of the multiple dipoles are all of the
same diameter. This does not have to be the case,
however, and, if desired, the conductors of the
multiple dipole may have different diameters, par-

ticularly in cases where it is desired to depart, 75

above or below, from an even 4:1, 9:1, or 16:1
etc, transformation ratio. When conductors of
different diameters are employed in the antenna
systems of the invention, it will be found that
the conductor of larger diameter wiil carry the
larger current. The difference in the amount of
current carried by the conductors of different
diameters results in a different transformation
ratio from the case where conductors are all of
the same diameter, If the conductor which is
directly fed by the transmission line is made to
have a smaller diameter than the other con-
ductor or conductors of the antenna system, the
transformation ratio will be larger than the ratio
for an antenna having conductors of the same
diameter and, by the same token, if the con-
ductor of the antenna which is directly fed by
the transmission line has a larger diameter
than the other conductors of the antenna sys-
tem, the transformsation ratio will be less than
that of a similar antenna system wherein the
conductors are all of the same diameter. The
reason the larger diameter conductor carries a

‘greater current than the smaller diameter con-

ductor in the antenna system of the invention

ductor has liess series reactance per unit of
length than the smaller diameter conductor,

Figs. 14 and 15 show two diTerent antenna
arrangements actually tried out in practice
wherein the conductors of the antenna system
have different diameters. ' The similarity of the
system of Pig. 14 to that of Fig. 1, and the
similarity of the system of Fig.15 to that of Fig. 9,
will be appreciated from an inspection of these
figures. . ’ :

In the system of Fig. 14 the conductor B’
is of less diameter than conductor A’, each of
these conductors consisting of telescoping rods

0 (as shown) for obtaining the desired length.

The ends of the conductors B’ and A’ are made
of smaller lengths than the main portions, and
are slidable within the main portions of the
conductors for tuning purposes. In addition,
metallic short circuiting tuning sliders 8, 8 are
provided at both ends, the sliders making con-
tact with both conductors A’ and B’ and being
adjustable in both directions over the lengths of
the conductors B’ and A’ for making small ad-
justments In impedance. These sliders also
serve to support the upper conductor B’ from
the lower conductor A”.  The lower conductor A’
iIs mounted on a hollow metallic tubular con-
ductor T which- contains within it a transmis-
ston line TL extending from suitable transmit-
ting or receiving apparatus (not shown) to the
conductor B’ through insulators M. Conductor
B’ is here shown, by way of example, as being
& one-half inch hollow conductor while con-
ductor A’ is five-eighths of an inch in diameter.
The two legs of conductor A’ are effectively con-
nected together through the outer. surface of
metallic conducting tube T. In this particular
antenna system the transformation ratio was
purposely made greater than 4:1 in order to
match the surge impedance of line TL which
was equal to 360 ohms. Similarly, by suitable
choice of dimensions there may be obtalned,
within reason, any desired antenns resistance
to match the impedance of the transmission
line. By reversing the order of the diameters
of conductors A’ and B’, that is, by making the
diameter of conductor A’ smaller than that of
B’, a transformation ratio less than 4:1 can be
obtained. ‘The tubular conductor T in this case
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merely serves as a transmission line shield for
the entire length of the tube, and also &s &
support :for the conductors A’ and B'.

Fig. 15 illustrates a multiple dipole antenna
system of the three-conductor type employing
telescoping rods A’’, B’” and C”’ with metallic

sliders in the same manner as these features are

employed in Fig. 14. In Fig. 15, however, the
three conductors are of the same diameter, al-
though, if desired, they may have different di-
ameters in accordance with the principles set
forth above. The same reference numerals have
‘been used in both Fig. 14 and Fig. 15, excep} for
the difference in prime designations, to designate
corresponding elements.

It will be appreciated, of course, that when de-~
sired the principle of using different diameters
for the conductors A’ and B’ may be incorporated
in any of the systems illustrated in Figs. 1
to 13, inclusive. Although the systems of Figs.
14 and 15 are the only ones illustrating tuning
sliders S, S and telescoping rods, it will be ob-
vious that these features are equally applicable
to the antenna systems illustrated in the other
figures. - ’

What is claimed is: .

1. An antenna system operative over a wide
range of frequencies comprising an gerial con-
ductor having a pair of separated arins arranged
end to end and providing terminals at the ad-
jacent ends of said arms, another aerial con-
ductor arranged parallel to said first conductor
and spaced very close thereto relative to the
length of the operating wave, connections be-
tween the ends of said last conductor and points
on said arms removed from the adjacent ends of
said arms, whereby the impedance of said an-
tennga system at said terminals is increased over
that of a single conductor dipole, and a two-wire
open feeder line having a predetermined imped-
ance directly connected to said terminals, the
impedance of said antenna at said terminals be-
ing of the order of the impedance of said two-
wire open feeder line, whereby said antenna sys-
tem has an extremely flat impedance versus fre-
quency characteristic over said range of fre-
quencies.

9. An antenna arranged to operate as & slmple
dipole having a driving point impedance so in-
creased over that of s single conductor dipole
as to permit direct matching of the impedance of
the antenna to.that of a two-conductor trans-
mission Lne, comprising a plurality of parallel
acrial conductors spaced very close compared to
the wavelength, connected together at points op-
positely disposed relative to their midpoints, and
carrying currents in phase, the total effective
current for the production of radiation at any
point in the antenna being substantially greater
than the current at the corresponding point of a
simple dipole for a given input current, whereby
the radiated power for a given input current is
substantially increased as compared to that of
a simple dipole with a consequent increase in the
radiation Tesistance to a value capable of direct
matching to said two-conductor line, said an-
tenna having a pair of terminals intermediate
the ends of one of said aerial conductors, and a
two-conductor transmission line having a pre-
determined impedance directly connected to said
terminals, the impedance of said antenna at said
terminals being of the order of .the impedance
of said transmission line.- :

3. An antenna system operative over a wide
range of frequencies comprising an aerial con-
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ductor having a palr of separated arms extending
in the same straight line and providing terminals
at the adjacent ends of sald arms, another aerial
conductor arranged parallel to said first conduc-
tor and spaced very close thereto relative to the

_operating wavelength, means for connecting the

erds of sald arms removed from said terminals
to the ends of said other aerial conductor, where-
by the impedance of said antenna system at said
terminals is increased over that of a single con-
ductor dipole, and & two conductor transmission
line having a predetermined impedance directly
connected to said terminals, the impedance of
said antennsa at sald terminals being of the order
of the impedance of said transmission line,
whereby said sntenna system has an extremely
flat impedance versus frequency characteristic
over said range of frequencies.

4, An antenna system comprising a conductor
having a pair of separated arms arranged end
to end, another conductor arranged parallel to
said first conductor and closely spaced therefrom,
means for connecting said arms to said other
conductor at points removed from the adjacent
ends of said arms, said conductors having differ-
ent diameters, whereby the impedance of said
antenna system at said adjacent ends is increased
over that of a single conductor dipole, and a
two-conductor transmission line having a prede-
termined impedance directly connected to the
adjacent ends of said arms, the impedance of
said ‘antenns system at said adjacent ends being
of the order of said transmission line.

5. An antenna system comprising a first con-
ductor having a pair of separated arms arranged
er:d to end, another conductor arranged parallel
to said first conductor and closely spaced there-
from, means for connecting said arms to said
other conductor at points removed from the ad-
jacent ends of said arms, sald first conductor
having a smaller diameter than said other con-
ductor, whereby the impedance of said antenna
system at sald adjacent ends is-incréased over
that of & single conductor dipole, and a two-
conductor transmission line having a predeter-
mined impedance directly connected to the ad-
jacent ends of said arms, the impedance of said
antenna system at said adjacent ends being of
the order of said transmission line, :

6. An antenna system in accordance with claim
5, characterized in this that said conductors are
each approximately one-half wavelength long at
a particular frequency in the band to be trans-
mitted or received.

7. An antennga system operative over a wide
range of frequencies comprising an serial con-
ductor having a pair of separated arms arranged
end to end and providing terminals at the ad-
jacent ends of said arms, another aerial con-
ductor arranged parallel to said first conductor
and spaced very close thereto relative to the
length of the operating wave, connections be-
tween the ends of said last conductor and points
on said arms removed from the adjacent ends of
said arms, whereby the impedance of said an-
tenna system at said terminals is increased over
that of & single conductor dipole, said connections
being adjustable over the lengths of said con-
ductors, and & two conductor feeder line having
a predetermined impedance directly connected
to said terminals, the impedance of said antenna
at said terminals being of the order of the im-
pedance of said feeder line, whereby said an-
tenna system has an extremely flat impedar ce
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vetsus frequency characteristic over sald range
of frequencies. :

8. An antenna system operative over a wide

range of frequencies comprising an aerlal eon-
ductor having & palr of separated arms arrenged
end to end and providing terminals at the adja-
cent ends of said arms, another gerial conductor
arranged parallel to said, first conductor end
spaced very close thereto relative to the length
of the operating wave, connections between the
"ends of said last conductor and points on said

arms removed from the adjacent ends of said’

- arms, whereby the impedance of said antenna
system at said terminals is increased over that of
a single conductor dipole, and a two conductor
feeder line heving a predetermined impedance
directly connected to said terminals, the Imped-
ance of sald antenng at sald terminals being of
“the order of the impedance of said two conductor
feeder line, whereby said antenna system has an
extremely flat impedance versus frequency char-

acteristic over sald range of frequencies, said -

other conductor being electrically open at its
center, b ’

" 8, An antenns system operative over a wide
“range of frequencies comprising an seria] con-
ductor having a pair of separated arms arranged
end to end and providing terminals at the adja-

cent ends of said arms, another aerial eonductor
arranged parallel to sald first conductor and 30

spaced very close thereto relative to the length
of the operating wave, connections between the
ends of said last conductor and points on said
arms removed from the adjacent ends of sald
arms, whereby the impedance of said antenna
system ab said terminals is increased over that

of & single conductor dipole, and & two conductor -

feeder line having a predetermined impedance
directly connected to said terminals, the imped-
ance of said antenna at said terminals being of
the order of the impedsnce of said two conductor
feeder line, whereby said antenna system has an
extremely fiat impedance versus frequency char-
acteristic over sald range of frequencies, said
conductors each having g length from end to end
approximately equal to one wavelength, said
other conductor being electrically open at its
center, ‘

10, An antenna system operative over a wide

range of frequencies comprising an aerial con-
ductor having g pair of separated arms arranged
end to end and providing terminals at the adja-
cent ends of said arms, another aerial conductor
arranged -parallel to.said first conductor and
spaced very close thereto relative to the length
of the operating wave, connections between the
ends of sald last conductor and points on said
- arms removed from the adjacent ends of said

arms, whereby the impedance of said antenna .

system at said terminals is increased over that
of a single conductor dipole, and a two conductor
feeder line having a predetermined impedance
directly connected to said terminals, the imped-
ance of said antenns at sald terminalg being of
the order of the impedance of said two conductor
feeder line, whereby said antenns system has an
extremely flat impedance versus frequency char-
acteristic over said range of frequencies, and a
metallic tubular shield surrounding the conduc-
tors of sald feeder line and serving to- support
sald conductors of said antenna system.

11, An entenng system for transmitting or re-
ceiving & wide band of frequencies comprising g

first conductor having a pair of separated arms .
extending in the same straight line, second and 78

5 jmpedance

50

third conductors arranged parallel to and closely
spaced from seld first conductor, sald three con-
ductors being arranged in a triangle; and means
for connecting sald arms to sald second and third

8 conductors at points removed from sald adja-

cent ends, whereby the impedance of ssid an-
tennsa system at sald adjacent ends is Increased
over that of a single conductor dipole, and a
two-conductor transmission Ine having & pre-

10 determined impedance directly connected to the

adjacent ends of said pair of arms, the impedance
of said antenns system at sald adjacent ends
being of the order of said transmission ithe,

12, An antenna system for transmitting or

15 recelving e wide band of frequencies comprising

& first conductor having a pair of separated arms
extending In the same straight line, second, third
and fourth conductors arranged parallel to and
closely spaced from said first conductor, -said

2o four conductors being arranged in a quadrangle,

and means for connecting sald arms to said sec-
ond, third and fourth conductors at points re- )
moved from said adjacent ends, whereby. the
impedance of said antennsa system at sald adja-
cent ends 15 increased over that of a gingle econ-
ductor dipole, and a two-conductor transmission
. lne having a predetermined impedance directly
connected to the adjacent ends of sald pair of
arms, the impedance of said antenns system at
sald adjacent ends being of the order of said
transmission lne.
"13. An antenna system operative over a wide
‘range of frequencies comprising an serial con-
ductor having & pair of separated arms arranged

35 end to end and providing terminals at the aq-

Jacent ends of sald arms, another aerial con- -
ductor arranged parallel to sald first conductor
and spaced very close thereto relative to the
length of the operating wave, connections be-

40 tween the ends of said last conductor and points

on said arms removed from the adjacent ends of
-said arms, whereby the Impedance of said an-
tenna system at ‘said terminals is increased over
that of a single conductor dipole, and a two
conductor feeder line having a predetermined
directly connected to said terminals,
the impedance of said antenna at said terminals
being of the order of the Impedance of said two
conductor feeder line, whereby said antenns sys-
tem has an extremely flat impedance versus
frequency characteristic over sald range of
frequencies.

14, An antenna system operative over g wide
- range of frequencies comprising an aerial con-

55 ductor providing terminals intermediate the ends

thereof, another aeria} conductor arranged par-
allel to said first conductor and placed close .
thereto relative to the length of the operating
wave, connections between the ends of said last
conductor and the ends of sald first conductor,
whereby the impedance of said antenna system
at sald terminals is increased over that of g
single conductor dipole, and a two conductor
feeder line having g predetermined impedance
direcily connected to said terminals, the imped-

65 ance of sald antenna at said terminals being of

the order.of the impedance of said two conduc-
tor feeder line, whereby said antenns system
has an extremely flat impedance versus fre-

70 quency characteristic over said range of fre-

quencies, -

15. An antenna system operative over a wide
range of frequencies comprising an serial con-
ductor providing terminals Intermediate the ends
thereof, another aerial conductor arranged par-
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allel to said first conductor and spaced very close

thereto relative to the length of the operating
wave, connections between points at or near the
ends of said last aerial conductor and points on
said first aerial conductor removed from the ter-
minals, whereby the impedance of said antenna
system at sald terminals is increased over that
of a single conductor dipole, said connections be-
- ing adjustable over portions of the lengths of said
. eonductors, and a two-conductor feeder line hav-
ing & predetermined impedance directly con-
nected to sald terminals, the impedance of said
antenna at sald terminals being of the order of
the impedance of said feeder line, whereby said
antenna system has an extremely flat impedance
~ versus frequency characteristic over said range

of freguencies. .

16. An sntenna system comprising an aerial
conductor having ‘terminals intermediate the
ends thereof, another conductor arranged par-
allel to said first conductor and closely spaced
therefrom, means for connecting said first aerial
conductor to said other aerial conductor at points
removed from the terminsals of said first con-
ductor, said aerial conductors having different
diameters, whereby the impedance of said an-
tenns system at said terminsls is increased over
that of a single conductor dipole, and 2 two-

10
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conductor transmission line having a predeter-
mined impedance directly connected to said ter-
minals, the impedance of said antenns system at
said terminals being of the order of said trans-
mission line.

17, An antenna system operative over a wide
range of frequencies comprising an aerial con-
ductor providing terminals intermediate the ends
thereof, another aerial conductor arranged par- |
allel to said first conductor and spaced very close
thereto relative to the length of the operating
wave, connections between the ends of sald last
conductor and points on sald first aerial conduc-
tor removed from the terminsals, whereby the
impedance of zald sntenna system at said ter-
minals is increased over that of a single con-
ductor dipole, and & two conductor feeder line
heving & predetermined impedance directly
connected to said terminsls, the impedance of
said antenne at said terminals being of the order
of the impedance of said two conductor feeder
line, whereby said antenna system has an ex-
tremely Bat impedance versus frequency char-
acteristic over said range of frequencies, said
other conductor being electrically open af its
center., :

PEILIP S. CARTER.
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