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24 Claims.

This invention relates to antennas for radio
communication.
Short wave antennas suffer from the disadvan-
tage of having to be rather critically tuned to the
-8 working frequency, and from the further disad-
vantage of necessitating the use of some kind of
an impedance matching device between the an-
tenna and the transmission line connecting the
antenna with the radio equipment. It is an ob-
jt::ct; of my invention to provide an exceedingly
simple form of short wave antenna which will
operate over a considerable range of frequency,
and a further object of my invention is to provide
an antenna with which a transmission line may
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pedance matching devices.

My antenna consists simply of a pair of con-
ductors which at one end are spaced at the spac-
ing of the transmission line, and are coupled
thereto, and which gradually diverge to a much
wider spacing at their other ends. In effect,
therefore, the antenna consists merely of a grad-
ually diverging extension of the conductors of
the transmission line, and, in one aspect, the in-
vention resides in the discovery that radiation
may be obtained from a transmission line by
eradually increasing the spacing between the
wires of the line.

The desired radiation takes place in the direc-
tion of the axis of the pair of conductors, and is
caused by the expansion of the current or the
travelling wave of energy in the conductors. Re-
flection will cause a standing wave, instead of a
travelling wave, and result in radiation sideways
from the antenna. Despite this, the radiation
in the direction of the antenna is still consider-
ably greater than that obtainable from a simpls
doublet. However, as a refilnement the harmonic
rsdiation may be lessened by reducing the stand-
ing waves, and to so do is a further object of my
invention. It is not feasible, in the case of a

_ transmitting antenna, to avoid standing waves
by closing the end of the antenna with a surge
resistance, because of the excessive losses which
would take place therein.

To lessen the standing wave I reduce the re-
flected energy by radiating as much of the energy
fed to the antenna as possible. To merely in-
crease the dimensions of the antenng, is not prac-
ticable, for to increase the length without in-
creasing the spacing, that is, to decrease the an-
gle of divergence, does not increase the radia-
tion, and on the other hand, to keep the same
angle of divergence necessitates so wide a spacing
as to make the antenna structurally inconven-
ijent. To overcome this I employ a plurality of
antennas or pairs of diverging conductors, ar-
ranged end to end, so as to radiate cumulatively.

I have also found that a pair of converging
conductors, like a pair of diverging conductors,
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be coupled without the use of intermediate im-.

(CL. 250—33) -

will radiate energy, but this radiation is in oppo-
site phase. The antenna may therefore comprise
a plurality of pairs of conductors which succes-
sively diverge and converge, with means coupling
the antennas which reverse the phase of -the en-
ergy fed thereto.

While the terminology employed in the fore-
going description may apply more particularly to
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a transmitting antenna the structure set forth is

equally useful as a receiving antenna.

The invention is further described in the fol-
lowing specification, which is accompanied by a
drawing in which ‘

Figure 1 represents one form of my invention;

Figure 2 is a modification employing straight
conductors; '

Figure 3 shows the use of a plurality of diverg-
ing and converging antennas;

Figure 4 is & section of Figure 3 taken on the
line 4—4; and

Figure 5 is a modification of Figure 3 showing
an alternative form of phase reversing coupling
means between the successive antennas. :

Referring to Figure 1 it will be seen that the
antenne consists of a pair of conductors 2, 4,
which are connected to a transmission line 6
at points 8 and 10, which are spaced ab the
spacing of the transmission line. From the points
8 and 10 the conductors 2 and 4 gradually di-
verge to a much wider spacing at the ends 12
and 14. The extension of the conductors may
be curved, as shown, and one form- which is
quite successful in operation is an expansion ac-
cording to an exponential law.

However, in actual practice I find that the
refinement of an exponential curve is not es- -
sential, and that the conductors 2 and 4 may
be straight conductors strung between the points
8 and 12, and the points 10 and 14, under direct
tension, and without the use of intermediate
shaping or guy wires, and such an arrangement
has been indicated in Figure 2. . .
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No impedance matching device is necessary '

with this antenns, so that in actual practice.the
antenna is exceedingly simple to erect, it being
necessary merely to provide a pair of support-
ing points 12 and 14 at a desired distance from
the termination of the transmission line, and
then to continue the conductors of the trans-
mission line directly to the spaced points 12 -
and 14. o

Whatever amount of energy has not been radi-
‘ated when the travelling wave reaches the end
of the antenna is reflected, and thus causes a
partial standing wave, which will extend back
along the transmission line 6. If the trans-.
mission line is short, this may be neglected, but
if the transmission line is long, and the antenna
is relatively small, so that only a small portion
of the energy is radiated, it may prove desir-
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2
able to employ an impedance matching device
between the transmission line and the antenna,
as Is indicated by the impedance matching unit
16, shown in Figure 2.

If, instead, the antenna is made to radiate
more energy, the standing wave will incidentally
be reduced, and the impedance matching device
may be dispensed with. To merely make the
antenna much longer, while keeping the same
spacing at its open end, does not help, because
such & procedure merely slows up the rate of
spread of the energy, and does not increase the
quantity of energy radiated. On the other hand
it ordinarily is not structurally possible to make
the antennsa considerably longer while maintain-
ing the same angle of divergence of the con-
ductors, owing to the great spacing which would
be needed at the open end of the antenna. The
same result may be accomplished without these
disadvantages by using a plurality of antenna
sections arranged end to end. Since a converg-
ing antenns is similar in operation to a diverging
antenna, except ior a reversal in phase, it be-
comes especially convenient to use s plurality
of antenns sections which are successively di-
verging and converging, and such antennas heave
been indicated in Figures 3 and 5.

Referring to Figure 3 it will be seen that 2
transmitter 20 is coupled to a diverging antenna
22 by a transmission line 24. The diverging an-
tenna 22 is followed by a converging antenna
24, which is coupled to the diverging anfenna
22 by & pair of conductors 26 and 28. The spac-
ing between these conductors is kept constant,
so that practically no radiation takes place there-
from, but at the same time the conductors are
electrically crossed in order to reverse the phase
of the energy being fed from antenna 22 to
antenns 24. TFor this purpose each of the con-
ductors is supported, at least approxzimately, in
the form of a helix, a feature which is more
clearly indicated in the section taken on the
line 4—4, and constituting Figure 4. ‘The pitch
of the hélices should be sufficiently great that
the physical distence in space batwesn the an-
tennas 22 and 24 is substantielly cqual to the
distance along the conductors 26 and 28, so
that the phase displacement of the wave traval-
ling in space will coincide with thet of the en-
ergy wave travelling on the conductors 26 and
28. The converging antenna 24 is followed by
2 diverging antenna 30, and the adjzcent ends
of the antennas 24 and 30 are coupled by phase
reversing coupling conductors 32 and 34.

A modification of the arrangement shown in
Figure 3 is indicated in Figure 5, in which a
transmitter 20 is coupled by a transmission line
24 to a diverging antenna 22, followed by a con-
verging antenna 24, which in turn is followed by
& diverging antenna 30, much as in Figure 3.
However, in this case the antennas 22 and 24
are.coupled by conductors 40 and 42, which are
a half wave in length, in order to reverse the
phase of the energy flowing therethrough, and
which are bent back upon themselves so as to
be substantially nonradiating. The connection
between the antennas-24 and 30 is made sim-
ply by crossing the conductors, as shown, the
conductors being separated slightly at the cross-
ing point by an insulator in order %o prevent a
short circuit between the conductors. In the
arrangements shown. in Figures 3 and 5 any
desired number of antenna sections may be em-
ployed. '

The plane of polarization of the radiated
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energy coincides with the plane of the conduc-

tors, so that if the conductors are positioned in

a horizontal plane the energy is radiated with
horizontal 'polarization, and if the conductors
are positioned in a vertical plane the energy is
radiated with vertical polarization.

With the conductors in a horizontal plane a
standing wave tends to cause side radiation. By
locating the conductors in a vertical plane the
directivity in azimuth may be maintained re-
gardless of the presence of standing waves, but
even in such case it is desirable to prevent waste
of the energy radiated thereby, and it is there-
fore desirable to make the length of the-con-
ductors or the number of antenna sections suffi-
ciently great, in accordance with the foregoing
instruction, to reduce the standing wave.

In connection with Figures 3 and 5, the de-
sired radiation will, of course, take place in
the direction of the axis of the transmission
line 24 and the diverging conductors. Taken
from another point of view, we can consider
merely the upper half of Figures 3 and 5 as
being in a vertical plane with its'image in the
ground; we will then have two serially con-
nected conductors (conductor 26 and the upper
antenna leading to transmission line 24 in Fig-
ure 3). Radiation will cccur substantially in
the direction of a line perpendicular to the bisec-
tor of the angle between these two conductors.

It will be understood by those skilled in the
art that if improved directivity is desired a plu-
rality of these antennas may be employed abreast
or in broadside, that is to say, collaterally spaced
apart in parallel formation along a line at right
angles to the desired direction of communication.

Since the preferred radiation is from the trav-
elling wave, and is due to the expansion of the
lines of force between the current charges trav-
elling along the conductors, the divergence
should preferably be fairly gradual, and the
spacing at the open end, while variable over a
great range, should be in the neighborhood of a
fifth of the length, and the length of each an-
tenna section should be of the order of magnitude
of five to ten waves long.

The antenna is equally suitable both for trans-
mission and reception, the energy in the latter
case being collected and converged into the trans-
mission line without the necessity of an imped-
ance matching device.

I claim: )

1. The method of directively radiating or col-
lecting high frequency electrical energy which
includes directing energy of opposite polarity
in a plurality of gradually diverging paths di-
verging and extending longitudinally in the de-
sired direction of radiant action.

2. The method of unidirectionally radiating
or collecting high frequency electrical energy
which includes directing energy of opposite po-
larity in a plurality of gradually converging
paths converging and extending longitudinally in
the desired direction of radiant action.

3. The method of radiating or collecting high
frequency electrical energy which includes di-
recting energy of opposite polarity successively in
& plurality of gradually diverging and converg-
ing paths and phase reversing the energy as
it is directed from one path into another.

4. A uni-directional antenna comprising a
gradually diverging pair of conductors excited in
phase opposition, diverging and extending lon-
gitudinally. only- in the desired direction of ra-
diant action. :
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5. A uni-directional antenna comprising a
gradually converging pair of conductors excited
in phase opposition, converging and extending
longitudinally only in the desired direction of

_ radiant action.

6. A uni-directional antenna comprising a pair

of .conductors excited in phase opposition, ex-’

tending longitudinally in the desired direction
of radiant action, the effective portions of which
gradually diverge and converge successively.

7. A ‘uni-directional transmitting antenna

comprising a pair of conductors excited in phase
opposition, extending longitudinally in the. di-
rection of desired transmission, the radiating
portions of which gradually diverge and converge

successively in the direction of desired trans-.

mission.

8. In combination, a two conductor transmis-
sion line excited in phase opposition, and an an-
tenna connected thereto extending longitudinal-
ly in the direction of transmission, comprising a
gradually diverging extension of the conductors
of the transmission line at their remote open
ends.

9. In combination, a two conductor transmis-
sion line excited in phase opposition, and an an-
tenna extending longitudinally in the direction
of desired radiant action comprising. an open
ended pair of conductors which at one end are
spaced at the spacing of the transmission line
and are coupled thereto, and. which gradually
dngasrge to a much wider spacmg at their open
en

10. In combmation, a transmission line, and an

antenna extending longitudinally in the direction

of desired radiant action connected thereto com-
prising a pair of open ended conductors of the
order of magnitude of a number of wave lengths
long which are widely spaced at the ends remote
from the transmission line and energized with
energy of opposite polarity, and spaced at the
spacing of the transmission line at their junction

. therewith.
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11..A uni-directional antenna comprxsmg a
plurality of pairs of gradually diverging-con-

ductors extending longitudinally in the direction

of desired transmission and energized in phase
opposition.

12. In combination, a transmission line, an an-
tenna connected thereto comprising a pair of
conductors a number of wave lengths long which
are spaced at the spacing of the transmission
line at their junction therewith, and which grad-
ually diverge to a much wider spacing at their
remote ends, a second antenna comprising a pair
of conductors a number of wave lengths long ar-

» ranged in extension of the first antenna,and wide-

ly spaced at their near ends and closely spaced
at their remote ends, another diverging antennsa
arranged in extension of the converging antenna,
and phase reversing means for coupling said an-
tennas together.

13. A uni-directional antenna comprising a di-
verging pair of conductors excited in phase oppo-
sition, diverging only in the desired direction of
radiant action.

14. A uni-directional antenna comprlsing a
converging pair of conductors excited in phase
opposition, converging only in the desired direc-

* tion of radiant action.

15. A uni-directional antenna comprising a
pair of conductors excited in phase opposition,
extending longitudinally in the desired direction

~of radiant action, the effective portions of which

diverge and converge successively,

3

16. A highly directional antenna system com-
prising wires which are long relative tu the length
of the communication wave excited in phase

opposition, which first diverge from the excita-"

tion-end and then converge successively, where-
by radiant action occurs predominantly in a di-
rection substantially through the opposite apices
of the wires. '

17. A system in accordance with claim 16,
characterized in this, that said wires are in &
single vertical plane.

18. A highly directional anfenna system com-
prising a pair of conductors excited in phase
opposition, said wires being long relative to the
length of the communication wave and extending
in the desired direction of radiant action, the
effective portions of which diverge and converge
successively.

19. A highly directional antenna system com-
prising a pair of conductors angularly disposed
with respect to each other, said conductors being
long relative to the length of the communication
wave and open-ended, and means for exciting the
conductors in phase opposition whereby radiant
action occurs predominantly along the-direction
of the axis of the conductor system.

20. A unidirectional antenna system compris-
ing a diverging pair of conductors, the said con-
ductors being long relative to the length of the
communication wave, and means for producing
traveling waves thereon whereby radiation is pre-
dominantly along the approximate direction of
the length of the conductor system.

21. A system in accordance with claim 20 char-
acterized in this, that said conductors are open-
ended and disposed in the same vertical plane.

22. A directionsl antenna comprising a di-
verging pair of conductors which are long rela-
tive to the working wave length, and means at
adjacent ends of said conductors for energizing
same in phase opposition, said conductors being
arranged to be on the same side of said energiz-
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ing means and to extend away from said energiz-

ing means whereby radiant action occurs pre-
dominantly along the approximate direction of
the length of the conductor system.

23. A directional antenna comprising a pair of
open-ended, diverging conductors which are long
relative to the working wave length, and means
at adjacent ends of said conductors for energiz-
ing same in phase opposition, said conductors
being arranged to be on the same side of and to
extend away from said energizing means whereby,
radiant action occurs predominantly in a direc-
tion making equal angles greater than zero de-
grees with reference to said conductors.

24, A highly directional antenna system com-
prising a pair of electrical conductors which are
disposed at an angle with respect to each other
and serially connected together, said conductors
having an overall length which is long relative
to the operating wave length, high frequency
apparatus, and means for connecting sald appa-
ratus to one end of one of said conductors, the
other end of said connected conductor being con-
nected to one end of the second conductor of said
pair whereby high frequency energy flows
through the entire length of one conductor and
continues serially through the entire length of the

" other conductor, the conductors being adjusted

in length and impedance so that radiant action
occurs principally in the direction of a line per-

‘pendicular to the bisector of the angle between

said conductors.
NILS E. LINDENBLAD.
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