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. This invention relates to high frequency

signaling systems, and particularly to a sys--

tem of the binaural type by means of which
. it is possible to give to a listener-an idea of
the position of the source of sound . produc-
ing the transmitted signal.
~In a system for the. dissemination of

speech, music or.other sounds such as a ra-.

dio broadcast or & wire distribut;infsystem,
it is desirable to create within the listener a
sense of the position from which the sound
emanates; for example, it is particularly sat-
isfying to be able to follow the movements
of participants during the broadcasting of a
play or to know the source of individual
elements entering into the orchestration of a
musical selection. o '
This invention resides in a high frequency
transmission system which may be either of
the radio broadcast or the wire distributing

type which is adapted to give to the listener.

“at the receiving station a _sense of the rela-
tive position of the sound fhat is conveyed
electrically

The conveyance of such sense of po
requires the transmission of two signals,

practically identical when separately con-,

sidered but containing a small phase and

. amplitude difference such as is necessary to

30

somewhat negatived. - .
' 11 be clearly understood-
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produce the same position discrimination as
16 afforded by the direct transmission of
sound to the ears. The electrical circuit
must therefore be capable of conveying these
relations with a perfect balance of phase
.and amplitude, because if onme channel of
transmission is distorted in somewhat dif-
ferent manner from the other the result is.

This invention wi
from the following description when read
in connection with the attached drawing of
which Figure 1 shows schematically a form
of embodiment of the invention and Figs. 2,

3 and 4 serve to make clear the description-

of the principle of operation of the inven-
tion. . __ . o

In Fig. 1 the transmitting station com-
prises the microphones P, and P, which are
separated preferably by a distance equal to
the distance between the ears of the avera%e
person. A -barrier such as 1 may also be

inserted between the microphones in orderto -

further simulate the separation existing be-
‘tween the ears of human beings. I
_phone P, is connected by the circuit 2 with

beings.. Micro-

the primafy winding of the transformer 3,

with the input circuit of the modulator M.
This modulator may be of any well known

type. In the form shown in the drawing it .

comprises a vacuum tube 4 having its input
eircuit connected not only with the circuit
2 but also by means of the transformer 7
with a source of carrier oscillations 6. The
output side of this modulator is connected
by the transformer 8 with the circuit 9,
which in turn is connected with the. ihput
side of the power amplifier 22, whose output
side is connected with the antenna T,. In
like manner the microphone P, is connected
by the circuit 10 with the primary winding
of the transformer 11 which has 1ts second-

_ary winding connected with the input side

which has its secondary winding connected

of the modulator M,. - Also connected with -

this input side through the- transformer 13

is-a source of oscillations 6, the connection

including the phase shifter PS,.. The out-

v put side of the modulator M, is connected by .

over the transmission system. - & the transformer 12 with the circuit 9, which
position® is connected through the amplifier 22 with

- the antenna T,. In order to carry out this
invention, the modulators M; and M, should

80 .

_be of the type that effects the transmission -

not only of the side bands but also of the
_carrier frequency oscillations themselves..
3 The recelving station comprises the anten-
na R,, which is connectéed by means of the

L3

input circuit 14 with the detectors D, and -

D, through the transformers 15 and 186.
The output sides of these detectors are con-
nected by the transformers 18 and 20 with
the receivers 19 and 21, respectively.
Bridged across the receiving circuit at the
points 23 is a braneh circuit comprising an
‘amplifier 24, a filter 25 adapted to transmit
therethrough the carrier frequency. and to.
‘suppress the side bands. - The output side of

this filter is connected with the input side of -

the detectors D, and D,. A phase shifter
‘PS, is connected between the filter 25 and the
detector D,, and in like manner the phase
shifter PS, is connected with.the input side
“of the detector D,. C

. The manner in which this. circuit func-

tions in order to attain the objects of the in-
vention is as follows: . ' .

Sound emanating from a source (as indi-
cated by a star) in the vicinity of the micro-
phones P, and P, will affect these devices so

as to produce variations in the currents in
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the circuits 2 and 10. These current varia-
tions when impressed by the transforners 3
and 11 upon the input circuits of the modu-
lators M, and M, will modulate oscillations
of the carrier frequency supplied to the
modulators by the source 6. The oscillations
supplied to M, are 90 degrees out of phase
with the oscillations impressed by the source
6 upon the modulator M,. The phase rela-

tionships of the various currents are repre-

sented 1n Fig. 2 where C represents the oscil-

lations applied to M,, and S, and S, repre--

sent the side bands of that carrier. Similar-
ly C’ represents the carrier applied to M,,
and S/, and S’, represent the side bands of
that carrier. Both carriers and side bands
will be transmitted and will be received by
the receiving antenna R,. The currents in
this antenzia at any instant are substantially
shown by Fig. 2, and comprise two sets ot
side bands and the resultant carrier C..
These currents will be impressed upon the
input circuit 14 and in turn upon the de-
tectors D, and D,. A portion of the oscil-
lations of the carrier frequency will be am-
plified by 24 and selected by the filter 25,
and will be impressed upon the input cir-
cuits of the detectors D, and D, through the

hase shifters PS, and PS,, respectively. It
1s desirable to make clear that both sets of
side bands are present in the input circuits
of both detectors, and if the resultant car-
rier C; alone were applied to the input cir-
cuits of the detectors it would serve to de-
tect the signal carried by both sets of side
bands in each detector. This is so because
as shown in Fig. 2 the resultant carrier is not

" 90 degrees out of phase with the symmetri-
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cal mean of either set of side bands. For
that reason it has a component in phase with
the symmetrical mean of each side band
which would serve to detect both sets of side
bands and this would result in the loss of
the binaural effect in the receivers 19 and 21.
For that reason it becomes necessary to de-
rive from the resultant carrier secondary
carriers of the same frequency but differing
in phase from the resultant carrier so that
it will be possible to combine the resultant
carrier with each secondary carrier to pro-
duce carriers which are in phase with the
symmetrical mean of one set of side bands,
and 90 degrees out of phase with the mean
of the other set of bands. This desirable re-
sult is attained in the following manner: The
resultant carrier C, is impressed with the
side bands upon the input sides of the de-
tectors D, and D,. At the same time a car-
rier of the same frequency will be impressed
upon the input circuits of these detectors but
will be shifted in phase by the phase shifters.
'To be specific, 2 portion of the resultant car-

rier which is selected by the filter 25 will be.

shifted in phase by PS, to the degree repre-
sented by 6, and the carrier frequency thus

1,608,566

produced, which is designated C, in Fig. 3,
will be impressed upon the input side of de-

tector D;. The angle ¢ is of such magnitude

that the resultant of C, and C,, which is
represented by C, in Fig. 8, is in phase with
the symmetrical mean of the side bands S,
and S,. It will accordingly detect the sig-
nal impressed upon the side bands'S; and S,,
which detected signal will be impressed upon
the receiver 19. Since, however, the carrier
Cq is 90 degrees out of phase with the sym-
metrical mean of the side bands S’;, and S,
it will not detect the signal borne by these
side bands. The phase shifter PS, is ad-
justed to produce a carrier such as is repre-
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sented by C’. in Fig. 4, which carrier inakes -
= b}

an angle 6, with the resultant carrier C,.
The resultant of C, and C’y, designated C’y
is in phase with the symmetrical mean of 57,
and S’,, and therefore will detect the signal
upon these side bands but +will not detect
the signal upon S, and S, inasmuch as it is
90 degrees out of phase with the symmetrical
mean of the latter bands. The signal re-
sulting from the detection of D, will be im-
pressed upon the receiver 21 and the listener
will be enabled to determine the relative po-
sition of the source of sound in the vicinity
of the microphones P, and P, by the cect

produced upon his sense of hearing by the -

sound in the receivers 19 and 21. .

The amplifier 24, which is preferably a
unilateral device such as a vacuum tube,
serves to prevent reaction between the de-
tectors and the input circuit extending from
the antenna R, to the said detectors.

‘While this invention has been disclosed
as embodied in a particular form, it is
capable of embodiment in other and differ-
ent forms without departing rrom the
spirit and scope of the appended -claims.

‘What is claimed is:

1. In a system for the binaural transmis-
sion of signals, the combination with a
transmitting station, of a receiving station,
a transmitting medium connecting the said
stations, the transmitting station compris-
ing two branch circuits, each having a trans-
mitter and a modulator adapted to trans-
mit side bands and carrier oscillations, of a
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source of carrier oscillations common to both -

modulators, and a phase shifter interpose:l
between the said source and one modulator
to vary the phase of the carrier oscillations
applied to that modulator with respect to
the carrier applied to the other modulator,
the receiving station comprising two branch
circuits connected with the said transmitting
medium, each having a detector and a re-
ceiver, a by-pass circuit having a filter
adapted to transmit the carrier frequency,
and phase shifters interposed between the
said filter and each of said detectors.

2. In a system for the binaural transmis-
sion of signals, the combination with g trans-

120

130



1,608,566

mitting station comprising a transmitting

circuit having two branch circuits connect-

ed in parallel therewith, each having a
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transmitter and a modulator of the carrier
transmitting type, a source of carrier oscil-
lations connected with both modulators, one
of the connections including a phase shifter
adjusted to render the oscillations applied
to one modutator 90° out of phase with the
oscillations applied to the other modulator,
of a receiving station comprising a receiv-
ing circuit having two branches connected: in
parallel therewith, each branch having a de-
tector and a receiver, and a frequency se-
lective circuit responsive to the carrier fre-
quency bridged across the said receiving cir-
cuit to filter out a portion of the carrier fre-
quency, the said frequency selective circuit
having branches connecting with each de-
tector, each branch having a phase shifter
therein to control the phase angle of the se-
lected carrier frequency with respect to the
resultant. carrier impressed by the receiv-
ing eircuit upon each detector. '

3. In a system for the binaural transmis;
sion of signals, the combination with a
transmitting station having means to sepa-
rately modulate carrier oscillations by the
signal variations resulting from the same
sound, the carrier oscillitions being of the
same frequency but differing in phase by
90°, of a receiving station having meuns to
receive the resultant carrier and both sets
of side bands, means to produce from the
resultant carrier secondary carriers of the
same frequency but displaced in phase from
the resultant carrier, means to separately
beat the resultant carrier and sets of side
bands with each of the secondary carriers,

and separate receivers for each audio-signal

resulting from such detection.

4. In a system for the binaural transmis-
sion of signals, the combination with a
transmitting station having means to sepa-
rately modulate carrier oscillations by the

signal variations resulting from the same

sound, the. carrier. oscillations being of the

" same frequency but differing in phase by

*)

90°, of a receiving station having means to

receive the resultant carrier and both sets of
side bands, means to produce from the re-
sultant carrier secondary carriers of the

same frequency but displaced in phase from.

8

the resultant carrier and from each other,

means to amplify the said secondary carrier, 3

means to separately beat the resultant car-
rier and side bands with each of the sec-
ondary carriers as amplified, and separate
receivers for each audio-signal resulting

from such detection.

5. In a system for the binaural transmis-
sion of signals, the method which consists in
the modulation of a carrier by electrical va-

‘riations resulting from sound waves, and
separately modulating by -another set of ¢

electrical variations resulting from the same
sound waves carrier oscillations of the same
frequency as employed in the first mentioned
modulation operation but differing in phase

by 90° therefrom, and transmitting both 7

sets of side bands and the resultant of both
carriers. :

6. In a system for the binaural transmis-
sion of signals, the method which consists
in the modulation of a carrier by electrical
variations resulting from sound waves, sep-
arately modulating by another set of elec-
trical variations resulting from the same
sound waves oscillations of the same fre-
quency as employed in the first mentioned
modulation operation but differing in phase

Y

Su

by 90° therefrom, selecting at a receiving

station a portion of the said carrier, chang-

carrier, and combining it in a detector with
the received side bands and the resultant
carrier, simultaneously -changing the phase
and impressing the remainder of the selected

‘carrier on a second detector together with

the side bands and the resultant carrier, and
receiving the resultant audio frequency sig-
nals from both detecting operations.

7. In a system for the binaural transmis-
sion of signals, the combination with a
transmitting station having means to pro-
duce two sets of side bands, based upon car-
riers of the same frequency and differing in
phase by 90° of a receiving system having
means 'to produce carriers from the trans-
mitted carrier, the said produced carriers be-
ing in phase with the mean of each set of
side bands.

In testimony whereof, I have signed my
name to this specification this 30th day of

December, -1925.
: 4 : R_ALPH K. POTTER.

ing the phase of a portion of the selected
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