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This invention relates to directional wave

signaling systems and has for its principal

object to obtain, without the use of reflec-

tors, a sharply directional characteristic—

g and particularly a degree of sharpness more
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pronounced than that commonly represented
by the well known cardioid figure. -~ ~

A further object is to achieve the above
described result with compact and prefera-
bly inexpensive equipment. :

Referring to the drawings: :

Figure 1 1s a perspective view illustrating
the antenna system of my invention,

Fig. 2 is a'plan view of the antenna sys-
tem shown in Fig. 1. ,

Fig. 8 illustrates the individual charac-
teristics of the two antennz forming the
system shown in Figs. 1 and 2, and also
shows the resulting characteristics of the
system.

In the co-pending application of Kolster
and Kruesi, Serial No. 255,888 filed I'ebru-
ary 21, 1928 there is disclosed and claimed
a uni-directional radio antenna in which the

conductors are arranged within a relatively

compact space. The directional character-
istics of such a system have been found to
approximate a cardioid. Although an an-
tenna having directional characteristics cor-
responding to a cardioid is sufficiently di-
rectional for many purposes, it is desirable
in some instances to utilize antenna systems
having more accentuated directional char-
acteristics. In accordance with this inven-
tion I propose to accentuate the directional
characteristics of an antenna system, by em-
ploying an antenna having substantially uni-

directional characteristics, as for example.

an antenna of the kind disclosed. in the
above copending application which has the
characteristics of a cardioid, together with
another bilaterally directional antenna.

Referring to the drawings for a detailed:

description of my system and method, I have

shown a unidirectional antenna of the type:

disclosed in my copending application No.
255,888 which may be outlined briefly as

comprising a plurality of antenna conduc-

tors 11 and 12. In order to obtain a desired

distribution of energy in these conductors,.

they are preferably included as oppbsite.

sides. of a single looped conductor, the loop
being tuned by means of a capacitance 14
connected across its terminals. The loop
construction provides a conductor 15 inter-
connecting conductors 11 and 12. Extend-
ing across the loop, and in spaced relation-
ship to conductors 11 and 12, is a third
antenna conductor 13 which is connected to

. conductor 15 at a point intermediate of con-

ductors 11 and 12, and which preferably ex-
tends substantially parallel with respect to
antenna conductors 11 and 12.

The lower end of conductor 13 is con-
nected to ground, or other point of neutral
potential with respect to the loop, through
a phase shifting device such as variable
capacitance 16. It is evident that the cur-
rent in any one -of the conductors 11, 12,

-or 13 is equal to the vector sum of the cur-

rent in any of the other two conductors, and,
that the relative phase displacement be-
tween the current in different conductors
may-be varied to a certain extent by adjust-
ing condenser 16. ‘
Coupled to the antenna system is a suit-
able signaling circuit shown conventionally
at 19, which may be a radio receiver or a
source of oscillations.” As my system has

been particularly effective for transmission
of radio signals, T have shown the signaling -

circuit 19 as comprising a tuned inductance
21 or other suitable oscillatory circuit, sup-
plied with energy from an.oscillation gen-

erator 22. The oscillatory circuit of the gen- -

erator is: preferably coupled to the loop in
such a manner as to secure a non-symietri-
cal distribution of current in the several
conductors.
shown. the high potential side of inductance
21 connected to one side of the loop by means
of the conductor 28, the other side of the
loop being coupled to the oscillatory circuit
of the oscillation generator by means of its
distributed capacitance, represented by ‘the
capacitance 24. |

* The current distribution in the loop is pref-
erably adjustable, as by suitable means, such
as a central electrode 20 capacitatively re-
lated -and adjustable with respect to elec-

To secure this result I have
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trodes 25, these electrodes 25 being ¢onnect-
ed to the loop ends. Electrode 20 is likewise
connected to a point of neutral potential,
such as the ground 17.

With a proper distribution of current in
the loop, a nodal point will not fall at the
point of connection between conductors 13
and 15, and therefore current flow occurring
thru antenna conductor 11 will branch and
part will flow thru antenna conductor 12,
while another part will flow thru the third
antenna conductor 13. These currents,
which I may identify as I, 1., and I, cor-
responding respectively to the currents in
conductors 11, 12 and 13, preferably have
their phase angles adjusted with respect to
each other so that the antenna has substan-
tially wunidirectional characteristics. The
phase angle of eurrent I, is adjusted as by
means of varlable condenser 16 and when
operating under conditions of proper cur-
rent distribution and phase angles, the char-
acteristics of the antenna. will approximate
a- cardioid.

In my work with antenne of the kind de-
scribed above, I have found that a loop of
a given size will operate best upon one given
wave-length. T have also found that for a
given wave-length, the total length of the
loop should be siightly less than one-quarter
of that of the wave to which the loop is
tuned. I also prefer to space conductors 11
and 12 a distance apart equal to about fzth
to sth of the wave-length which it is de-
sired to employ. .

In Fig. 3 T have shown a curve 3 plotted
upon polar axes 1 and 2, which curve ap-
proximates a true cardioid and represents
the characteristies of the antenna described
above. Substantially all of the energy
transmitted is concentrated in one direc-
tion, represented by the axis 2. As a means
for obtaining a more sharp. directional sys-
tem, I'have shown another pair of antenna
conductors 26 and- 27 which are arranged

‘o opposite sides of the plane eontaining

antenna conductors 11 and 12. In order to
cooperatively associate these conductors 26
and 27 with the signaling circuit, I prefer-
ably couple the same directly to conductor
13. Conductors 26 and 27 are therefore
shewn as connected to the junction between
conductors 13 and 15, by means of conduec-
tors 28 and 29, while the other ends of an-
tenna conductors 26 and 27 are connected to
the other end of antenna conductor 18, by
means of conductors 31 and 32. Conductors
26 and 27 are preferably arranged in a
plane with conductor 13, and this plane is
preferably arranged substantially at right
angles to the plane of conductors 11 and 12.
Each of the conductors 26 and 27 may be
considered as forming portions of two sep-

arate loops, completed by conductor 13 in

common. - Since conductors 26 and 27 are
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connected in shunt with conductor 13, as-
suming a downward flow of current in con-
ductor 13 corresponding to an upward flow
of current in conductor 11, and a downward
flow of current in conductor 12, correspond-
ing downward flows of current will occur
in both conductors 26 and 27.

As is well known, if two antenna conduec-
tors are excited by currents in phase and
are spaced apart one-half a wave tength, the
combined effect is to concentrate the raciat-
ed energy in two opposite directions along
an axis at right angles to the plane of the
conductors. Theoretically the characteris-
tics of such a system approximate a figure
8. . Therefore assuming that conductors 26
and 27 are spaced apart a distance equal to
one-half the wave length of the exciting
energy, then their combined effect may be
represented by a figure 8 as shown by curve
4 of Fig. 3.

In Fig. 3 curve 4 is plotted along an axis
at right angles to the axis of cardioid 3.
Ordinarily as explained above the effect of
conductors 26 and 27 would be represented
by a curve having its axis of maximum di-
rectional strength at right angles to the
plane of spaced conductors 26 and 27.
However in my system conductors 26 and
27 are coupled to conductor 18 and are
therefore excited by current out oi phase
with the current in conductors 11 and 12.
Accordingly the energy radiated from con-
ductors 26 and 27 is out of phase with the

-energy radiated from the remainder of the =

system as represented by cardioid 3, the
amount of phase difference being actually in
the neighborhood of 90 degrees. This dif-
ference in phase can be conveniently repre-
sented by plotting curve 4 on an axis ar-
ranged at an angle of 90 degrees with re-
spect to the axis of curve 5. The resultant
characteristic curve 5 of the combined sys-
tem is obtained by subtracting curve 4 from
the cardioid 8. This result characteristic
curve is more accentuated along the direc-
tion of axis 2, thus indicating that less en-
ergy is being transmitted in directions other
than parallel to axis 2.

Theoretically the best directional effects
can be obtained by placing conductors 26
and 27 approximately one-half wave Iength
apart. In practice however to avoid struc-
tural difficulties, I prefer to position con-
ductors 26 and 27 somewhat closer together.
The combined characteristics of conductors
26 and 27 taken alone will then be bilateral-
ly directional but will be a modified figure
8. For all practical purposes such a modi-
fied figure 8 is suflicient to secure the desired
results  of this invention. Whatever spac-
ing is employed between conductors 26 and
27, I prefer to arrange the same symmetri-
cally upon opposite sides of the plane of
conductors 11, 12 and 13, except where they
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may be shifted to an unsymmetrical posi-
tion to distort the resultant characteristics.

It is ‘apparent that the antenna may be
built of a self supporting structure of rigid

“metal rod or tubing. It may also be mount-

ed upon a rotatable and tiltable support in
order to facilitate interchange of signals
between any two stations.

My invention may be embodied in a wide
variety of antenna systems and the partic-
ular construction shown and described can

~ be materially simplified. For example I
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can dispense with tuning condenser 14 and
can rely upon the capacitance between elec-
trodes 25 for tuning the loop. Likewise the
system will operate without the ground con-
nection 17 and with condenser 16 connected
to electrode 20.

I claim:

1. In an antenna system, an antenna com-
prising a pair of spaced conductors forming
opposite sides of a loop, a third conductor
extending -in the general direction of said
pair .of conductors, phase shifting means
associated with said third conductor, an-

‘other antenna comprising a pair of spaced

conductors arranged in a plane at an angle
to the plane of said pair of conductors and
on opposite sides thereof, means for com-
bining said antennz, and a signaling circuit
cooperatively associated with both said an-
tennse.

2. In an antenna system, an antenna com-
prising a pair of spaced conductors forming
opposite sides of a loop, a third conductor
extending in the general direction of said
pair of conductors, phase shifting means
associated with said third conductor, an-
other antenna comprising a pair of spaced
conductors arranged in a plane at an angle
to the plane of said pair of conductors and
on opposite sides thereof, means for cou-

pling said last named conductors to said
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third conductor, and a signaling circuit co-
operably associated with the antennee.

3. In an antenna system, an antenna com-
prising a loop, a conductor extending across.
said loop, phase shifting means associated
with said conductor, a pair of conductors
arranged on opposite sides of the general
plane of the loop, means for coupling said
last named conductors to said first named
conductors, and a signaling ecircuit asso-
ciated with said antenne.

In testimony whereof, I have hereunto
set my hand. ’

GEOFFREY GOTTLIEB KRUESI.



