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NEW YORK. 
ELECTRIC-WAVE TRANSMISSION SYSTEMI. 

Application filed October 20, 1925, serial No. 63,575. 
This invention relates to electric wave 

transmission systems, and more particularly 
to systems for transmitting binaural effects. 

It is well known that a listener determines 
the location of Sound at least in part by 
virtue of the difference in intensity and the 
difference in phase of the sounds reaching 
his two ears. 
From this discovery it was also found 

that by providing, at a pick-up point, speech 
transmitters separated a distance approxi 
mately equal to the distance between the 
ears of a human being and by connecting 
the transmitters to separate telephone re 
ceivers, binaural or location effects could 
transmitted to a distance. 

It has further been disclosed that binaural 
effects may be transmitted by radio by Sup 
plying the waves from the separate pick-up 
transmitters to two individual radio trans 
mitters operating on different carrier fre 
quencies, or wave lengths, with separate 
radio receivers. 
The present invention constitutes an im 

provement over prior known systems and 
has for an object the transmission of binau 
ral or location effects by means of a single 
carrier frequency wave or channel. 
Another object is to transmit binaural 

effects over a multiplex signaling circuit by 
means of a single carrier frequency wave. 
A further object is to transmit binaural 

effects by means of separate side-bands of 
a common carrier frequency wave. 
A feature of the invention is a multiplex 

carrier current system for transmitting bin 
aural effects over wires by means of a single 
carrier frequency wave. 
Another feature is a system operating on 

the successive modulation principle for 
transmitting binaural effects by radio on a 
single wave length or carrier frequency 
WaWe. 

This invention provides novel means for 
utilizing electric waves for the transmission 
of binaural or location effects. The means 
provided is adapted to permit waves from 
separate pick-up transmitters, spaced apart 
a suitable distance, for example, having a 
separation about equal to that of the human 
ears, to separately modulate the same car 
rier frequency wave. Suitable filters are 

adapted to effect a selection of one side-band 
from one wave modulation and the oppo 
site side-band from the other wave modu 
lation, which side-bands may be transmitted 
together with an unmodulated carrier fre 
quency component, over a wire line. At the 
receiving end, other filters are adapted to 
separate the side-bands into two receiving 
channels including associated detectors and 
telephone receivers for reproducing the 
Sounds impressed upon the pick-up trans 
mitters. 

If a listener applies the telephones to his 
ears a true impression of the location of 
the original Sounds is received, because the 
Sounds received in his two ears have sub 
stantially the same difference in intensity 
and phase as the original sounds at the two 
pick-up transmitters. 

In another application of the invention, 
adapted for radio transmission of binaural 
effects, the side-bands selected from the first 
modulations may be caused to modulate a 
radio frequency carrier wave. Means is 
provided to select the opposite side-bands 
respectively of each of the second modula 
tions and also an unmodulated component, 
having the proper frequency to enable de 
tection of the side-bands. The selected 
waves may if desired be amplified and sup 
plied to an antenna. 
A receiving station including a selective 

network and radio frequency detector, two 
separate receiving channels each comprising 
individual filters, detectors, and receiving 
devices, is adapted to receive the transmitted 
waves and to derive therefrom separate 
sound waves conveying the binaural effect. 
The invention is illustrated in the at 

tached drawings wherein: 
Fig. 1 shows a wire binaural transmission 

system. 
Fig.2 shows a binaural radio transmitting 

system. 
Like reference characters have been used 

throughout the figures of the drawings to 
indicate like parts. 
The system of Fig. 1 includes the separate 

pick-up transmitters 10 adapted to supply 
currents corresponding to sound waves to 
the modulators 11 which are supplied from 
a common source with a carrier wave of 
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frequency suitable for transmission over a 
wire line. The modulators 11 may be of 
any well-known type preferably employing 
space discharge tubes, such, for example, as 
is described in Patent 1,350,752 to Wan Der 
Bijl, August 24, 1920. The source 12 is 
preferably a space diseharge oscillator of 
any well-known form. The modulating de 
vices 11 have their output terminals con 
nected to respective filters 13 and 14. These 
filters may be of any well-known type de 
signed to pass waves included within a de 
sired band and to exclude waves outside this 
band. Filters of this type are described in 
Patent 1227,113 to Campbell, May 22, 1917. 
More specifically, filter 13 is preferably de 
signed to pass the upper side-band compo 
nent of the modulated wave produced by the 
associated modulator 11 and filter 14 is pref 
erably designed to pass the lower side band 
component of the modulated wave produced 
by the modulator associated with it. Each 
filter may also pass a wave component of the 
carrier frequency. All other waves are 
preferably excluded by these filters. 
The filters 13 and 14 both have their out 

put terminals connected to the input ter. 

30 

35 17. 

minals of an amplifier 15, which may be of 
any well-known type but preferably employ 
ing space discharge tubes. An amplifier 
of this type is disclosed in Arnold Patent 
1,448,550, March 13, 1923. Another band 
pass filter 16 is connected between the out 
put terminals of amplifier 15 and a wire line 
Any number of other signal channels such 

as 18 and 19 may also be connected to the 
wire line 17 at the points indicated. 

0 
The filter 16 is of the well known band 

pass type and is preferably designed to 
transmit the side-band components and the 
unmodulated component of carrier fre 
quency selected by filters 13 and 14, which 
components constitute the frequencies as 
signed to the binaural channel, and to ex 
clude any waves having frequencies corre 
sponding to the frequencies assigned to the 
channels 18 and 19. 
The wire line 17 is connected at its re 

ceiving end to a second channel filter 20, 
adapted to pass waves assigned to the bi 
naural channel and to exclude waves assign 
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ed to the channels 18 and 19. The output 
terminals of filter 20 are connected to sepa 
rate branches of the receiving circuit, which 
branches include separate filters 21 and 22, 
separate detectors 23 and 24, and separate 
telephone receivers 25 and 26. 
The filters 21 and 22 are adapted to select 

the respective side-bands of the binaural 
channel and to supply these side-bands to 
the respective detectors 23 and 24. The fil 
ters 21 and 22 may be identical with the fil 
ters 13 and 14, respectively. The detectors 
23 and 24 may be of any desired type such 
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as crystal detectors or space discharge tube 
detectors adapted to derive signals from the 
respective side-bands. 
The system shown in Fig. 1 may be ex 

tended to any desired degree to transmit 
binaural signals to a plurality of receiving 
stations. Other receivers may be connected, 
for example, to the output of detectors 23 
and 24 or other receiving circuits including 
suitable detectors or detectors and filters 
may be connected respectively to the output 
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terminals of filters 21 and 22 or filter 20. 
Channels 18 and 19 may be used to transmit 
binaural signals, telephone or telegraph 

: messages. 
When the system of Fig. 1 is in opera 

tion, the transmitters 10 are separated by 
a distance suitable to the production of 
binaural effects. In the simplest case this 
distance will be approximately equal to the 
separation between the ears of a human be 
ing. The sounds supplied to these trans 
mitters, from any source, accordingly have 
substantially the same differences in inten 
sity and phase as when supplied to the ears 
of a listener located at the same point. The 
waves from transmitters 10 are supplied 
through respective transformers 27 to the 
input circuits of the modulators 11. The 
modulating devices 11 cause the carrier wave 
from the source 12 to be modulated in ac 
cordance with the waves from transmitters 
10 and cause the modulated waves to be 
transmitted to the filters 13 and 14 respec 
tively. As already stated, filter 13 trans 
mits the upper side-band and attenuates 
the lower side-band, whereas filter 14 trans 
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mits the lower side-band and attenuates the 

carrier frequency waves. Consequently, 
the upper side-band of one modulation and 
the lower side-band of the other modula 
tion, with an unmodulated carrier compo 
nent, after being amplified by the amplifier 
15, are transmitted through the filter 16 to 
the line 17 to constitute a carrier wave 
adapted to produce binaural effects at the 
receiving station. 
The binaural carrier wave may be trans 

mitted over the line 17 simultaneously with 
other signals, consisting of carrier modu 
lated waves or unmodulated waves, trans 
mitted over the separate channels 18 and 
19. In order to separate the two side-bands 
from waves corresponding to the other chan 
nels, the filter 20 is provided. This filter 
transmits the side-bands of the binaural 
channel and attenuates the waves assigned to 
other channels. In the branch receiving cir 
cuits, filter 21 selects the upper side-band, 
whereas filter 22 selects the lower side-band 
of waves transmitted by filter 20. These 
side-bands which are each accompanied by 
a certain amount of the unmodulated carrier 
frequency component are detected in the 

upper side-band. Both filters transmit the 
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devices 23 and 24, respectively, and yield 
Sound waves having the characteristic dif 
ference in intensity and phase of the orig 
inal sounds at the transmitters 10 provided 
the total phase shift in each transmitting 
branch and each receiving branch is iden 
tical. If necessary or desirable, phase 
shifting devices 50 and 51 may be inserted 
in the respective transmitting branches to 
bring about the required phase displacement. 
One of these phase. SE may however, 
be omitted, again either or both may be in 
cluded in one or both of the branches be 
tween the detectors 23 and 24 and the re 
ceivers 25 and 26. Furthermore, they may 
be introduced at any other point in the cir 
cuits, for example, they may be associated 
with the filters 13, 14 or 21 and 22. 
Phase shifting circuits being well known, 

it is believed unnecessary to describe them 
in detail since any suitable arrangement for 
this purpose may be used. 
A listener by applying the telephone re 

ceiver 25 to one ear and the telephone re 
ceiver 26 to the opposite ear, will receive 
an impression of the location of the source' 
of sound waves relatively to the transmitters 
10. 
In Fig. 2 a system for binaural broad 

casting by radio is illustrated. The portion 
of this system to the left of the dotted line 
1-1 is like the corresponding portion of 
Fig. 1 on the left of the dotted line 2-2 
with the omission of phase shifters 50 and 
51 and accordingly will not be again de 
scribed in detail. 
The output terminals of filters 13 and 14 

in Fig. 2 are both connected to the input 
terminals of a high frequency modulator 
30, which may be of any well known type, preferably using space discharge tubes. A 
modulator of this type, which may be used, 
is disclosed in U. S. Patent 1448,216 issued 
March 13, 1923 to Heising. A source 31 of 
oscillations having a frequency suitable for 
radio transmission is also connected to the 
input circuit of modulator 30 in which the 
high frequency wave is combined with and 
modulated in accordance with the selected 
side-band. A band filter or selective net 
work 32 of any well known type is connect 
ed to the output terminals of modulator 30 
and is adapted to select one side band, for 
example, the lower side-band of the modu 
lated wave produced by the modulator 30 
and also to select an unmodulated compo 
nent having a frequency represented by the 
sum or difference of the carrier oscillations 
supplied by sources 12 and 31. The filter 
32 is designed to attenuate waves above or 
below the range including the selected side 
band and carrier component. The selected 
waves transmitted by filter 32 are supplied 
to the amplifier. 33 which may be a power 
amplifier employing space discharge tubes 
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and arranged in any one of many well 
known manners. The output circuit of am 
plifier 33 is coupled to an antenna 34. 
A radio receiving circuit including an an 

tenna 35 is adapted to cooperate with the 
transmitting circuit just described, for the 
reception of the radiated waves. This cir 
cuit includes a band-pass filter or selective 
network 36 adapted to select the waves 
transmitted from antenna 34 and to exclude 
waves of different frequency which may be 
received by the antenna 35 from any other 
Source. The waves selected by filter 36 are 
transmitted to a radio frequency detector 
23' the output terminals of which are con 
nected to separate receiving branches in 
cluding filters 21 and 22, detectors 23' and 
24 and telephone receivers 25 and 26. A 
source of oscillations, for enabling detection 
of the received waves is connected to the de 
tector. This source preferably supplies 
waves of the same frequency as source 31. 
The filters 21 and 22 may be in general 
like the filters 21 and 22, respectively, of 
Fig. 1 and designed to transmit the respec 
tive EP and lower side-bands derived 
from the radio frequency waves by detector 
23'. The detectors 23 and 24 may be in 
general, like the detectors 23 and 24. 

In the operation of the circuit of Fig. 2, 
the transmitters 10 are supplied with sound 
waves having frequencies, for example, in 
cluded within the range from 0-5 kilocycles. 
The carrier wave source 12 may be designed 
to supply oscillations of 60 kilocycles. The 
filter 13 may transmit waves within the 
band of substantially 60 to 65 kilocycles, 
whereas filter 14, may transmit waves within 
the band of 55 to 60 kilocycles. The high 
frequency carrier source 31 may supply os 
cillations of 1000 kilocycles and the band 
filter 32 may be designed to transmit a band 
of waves from 935 to 94.5 kilocycles. 
This latter range of frequencies includes 

the lower side-band transmitted from the 
modulator 30 and also the frequency of an 
unmodulated component represented by the 
difference in frequency of the two carrier 
Sources 12 and 31. 
The side-band and unmodulated carrier 

waves received by antenna 35 are supplied 
to detector 23'. From the combination of 
waves from the source 31' with the side 
band waves, there are produced waves con 
stituting side-bands of 55 to 60 kilocycles 
and 60 to 65 kilocycles, and from the coin 
bination of waves from the source 31' with 
the unmodulated component of carrier fre 
quency, there is produced a carrier compo 
nent of 60 kilocycles. The filters.21 and 
22' select these respective side-bands to 
gether with a certain amount of the unmod 
ulated component of.60 kilocycles and sup 
ply these waves to detectors 23 and 24' re 
spectively from which are derived the re 
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spective signal waves for actuating the re 
ceiving devices 25 and 26. 
An advantage of the invention herein de 

Scribed is that by transmitting signals as 
modulations of a single carrier frequency 
wave, as distinguished from prior arrange 
ments wherein a plurality of channels em 
ploying different carrier frequency waves 
are required, the number of channels in a 
given system within a given frequency band 
may be materially increased, the system 
may be greatly simplified, and the cost of 
construction and operation materially re 
duced. 
The arrangement described also possesses 

the advantage that the frequency range re 
quired for binaural transmission is substan 
tially the same as that used for broadcast 
ing, namely 10 kilocycles. Moreover, ordi 
nary signals can be reproduced from the 
transmitted waves by using an ordinary 
heterodyne radio receiver. The signal waves 
with binaural effects can be produced from 
the same transmitted waves by merely re 
modeling the receiver to provide separate 
circuits for selecting and detecting the in 
termediate frequency waves. 
What is claimed is: 
1. In a multiplex system adapted to trans. 

mit binuaral effects, two pick-up transmit 
ters, two receiving devices, a line extending 
between said transmitters and said devices 
and adapted to transmit waves assigned to a 
plurality of signal channels, means for caus 
ing the reproduction of Sounds at said sepa 
rate receivers having the characteristics of 
the sounds impressed upon said separate 
transmitters, comprising a source for a car. 
rier wave, means for separately modulating 
said carrier wave by audio frequency waves 
from both of said transmitters and means 
comprising a filter for exclusively transmit. 
ting said carrier wave and the two side bands 
to the line. 
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2. In a multiplex system, a transmission 
line adapted to transmit waves assigned to 
a plurality of signal channels, a binaural 
pick-up system including separate trans 
mitters of audio frequency waves, means to 
exclusively transmit to the transmission line 
a carrier wave having the side bands thereot 
respectively modulated by waves from said 
transmitters, a binaural receiving system in 
cluding separate receiving devices connected 
to Said line, and filters for separating waves 
assigned to the binaural channel from waves 
assigned to other channels. 1. 

3. In a binaural transmission system, means 
for producing two electric waves within the 
same frequency range having the char 
acteristics of Sound waves at two points in 
space, means for producing two side bands 
corresponding to a single carrier frequency 
wave modulated by both said first mentioned 
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waves, a wire line for transmitting said side 
bands to a receiver, a filter at the receiving 
end of said line for separating the waves 
assigned to the binaura channel from waves 
assigned to other channels, said receiver 
comprising means for separately deriving, 
from said side bands, signal waves having the 
characteristics of the original sound waves. 

4. In a multiplex transmission system, a 
binaural transmitting station having means 
for producing two electric waves within the 
same frequency range, means for separately 
modulating a single carrier wave with said 
two electric waves, a binaural receiving sta 
tion, a line, means comprising a channel 
filter for exclusively transmitting to the line 
between said stations, said carrier wave of 
single frequency and two side bands derived 
therefron, whereby binatural effects may be 
produced at said receiving station. 

5. In a multiplex system for transmitting 
binaural sound effects, two paths transmit 
ting waves within the audio frequency range, 
a common line connected to said paths, two 
receiving paths also connected to said line, 
means for separately modulating a single 
carrier wave in accordance with the audio 
frequency waves in the two transmitting 
paths, and means for exclusively trans 
mitting to said receiving paths said carrier 
Wave separately modulated in accordance 
with the waves transmitted over said two 
transmitting paths. 

6. In a multiplex system the method of 
binaural signaling which comprises, deriv 
ing two waves from a source of sound, sepa 
rately modulating a carrier wave by said two 
waves to produce two modulated waves, sepa 
rately selecting opposite side bands of said 
modulated waves, transmitting said selected 
side bands over a wire line and filtering said 
waves from waves assigned to other channels. 

7. In a multiplex system for binaural 
transmission and reception, the method 
which comprises producing a single carrier 
wave, separately modulating said carrier 
wave with two separate signal audio fre 
quency waves representing sounds having 
binaura characteristics, impressing 
modulated carrier wave and waves of other 
frequencies in a common restricted path, 
selectively receiving said modulated wave 
and deriving therefrom said separate signal 
waves to reproduce sounds having binaural 
characteristics. t 

8. In an electric wave transmission system, 
a sound source, a plurality of sources of sig. 
nal waves spaced different distances from 
Said sound source, means for separately 
modulating a carrier wave by signal waves 
from said sources to produce two modulated 
waves, means for changing the phase relas 
tion of the modulated waves, means for se 
lecting opposite side-band components of the 

said 
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modulated waves, and means for transmit 
ting said side band components to a receiving 
device. 

9. In a multiplex binaural transmission 
5 system, means for producing two sets of 

electric waves within the same frequency 
range and having the characteristics of sound 
waves at two points in space, means for pro 
ducing two side-bands, corresponding to a 

5 

single carrier frequency wave, respectively 10 
modulated by said first mentioned sets of 
waves, a transmission line, and a band pass 
filter for exclusively transmitting each of 
said side-bands and the unmodulated carrier 
wave to the transmission line. 15 

In witness whereof, I hereunto subscribe 
my name this 6th day of October, A. D. 1925. 

FRANCIS X. RETTENMEYER. 


