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ELECTROACOUSTIC SYSTEMS AND IETOD 

John J. Israel, Brooklyn, N. Y. 
Application December 3, 1937, Seria No. 19,432 

(C. 179-500.3) 32 Clairs. 

This invention relates to electro-acoustic Sys 
tems and deals more Siecifically With the ar 
rangement and Operation of an electrical sys 
ten which produces certain novel, unique and 
highly useful acoustic effects. 
Under the prior art practice, Sound is ordi 

narily transmitted via a single electrical chan 
nel. However, in order to give to electrically 
reproduced Sound, a sense of location in space, 
multi-channel or binaural Systems have been de 
Veloped. Each channel in a binaural System may 
feed a loud speaker (or other sound transducing 
device), and by varying the gain in each channel 
at Will, certain improved results have been ob 
tained in Sound reproduction. These results, 
nevertheless, leave much to be desired in sound 
engineering. For example, in the above men 
tioned binaural Systems the best result to be 
hoped for is the manipulation of volume controls 
to reproduce on a virtual Stage, conditions ex 
isting on an actual stage. Certain investigators 
have obtained a certain measure of Success in at 
taining this goal. Under the present invention, 
it is not only possible to reproduce faithfully 
Sound on a virtual Stage as it originates. On an ac 
tual stage; but I have been able to reproduce at 
Will on a virtual stage conditions, that, did not 
and possibly could not exist on an actual stage. 
By way of illustration, I have been able, with my 
System, to manipulate my controls So that, With 
an actor standing absolutely stationary on the 
actual stage, on the virtual stage the actor may be 
made to move diagonally out of the room, or, 
for that matter he may be made to move in any 
desired direction, Subject only to the Will of the 
operator and the Way he manipulates the con 
trols. 
The prior art practice involves the variation 

in sound volume to get the various effects. My 
system differs, in that the effects are primarily 
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obtained by phase relationship variation of the . 
electrical impulses in each of the channels with 
respect to each other. Insofar as I am aware, I 
a.in the first to nake use of this principle, and I 
have applied the Sarine to many Systems. With Sur 
prising results, as Will be more fully described 
below. This feature is a radical departure from 
prior art practices and I desire to secure pro 
tection on the same in its broadest aspects. The 
means Whereby my novel results are realized 
will be fully described in connection. With the 
many systems to which the same is applicable, 
reference being had to the accompanying dra W 
ings in which: 

Figure 1 is a diagrammatic view of my inven 
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tion showing the spatial control circuit, including 
two related inputs and two related outputs. 

Figures 2 and 2A are diagrammatic views of 
two possible combinations of related inputs, 
which when connected to my system will pro 
duce the effects hereinafter described. 

Figures 3 and 3A are similar to 2 and 2A ex 
cept that they relate to outputs instead of inputs. 

figure 4 is a diagrammatic view of my bridge 
connected to a pseudo-binaural System. 

Figures 5 and 6 are diagrammatic views of a 
Systein, for recording sound tracks on film under 
control of my invention, certain standard parts 
being Omitted for simplicity. 

In Figures 1, 2, 2A, 3 and 3A I have shown my 
invention applied to Sound systems, it being un 
derstood, of course, that two channels are neces 
Sary, each of which feeds a separate load, as for 
instance, a loud Speaker or other sound trans 
ducing device. Referring in detail to these dia 
grams, two or more separately and suitably 
placed microphones or other Suitable Sources M. 
feed into the bridge ( thru amplifiers, When re 
quired by the leads , 2 and 3. The termi 
nals 5, 6, 7 and 8 denote the points of connection 
of the pick up apparatus to the system. The 
bridge comprises four matched impedances, Zl, 
Z, 28, and Z' arranged as shown with the four 
terminals 4, 5, 6 and . The lead con 
nects to terminal 5; 2 to 4; 3 to 6. The 
moveable arm 2 arranged for variable contact 
With One member 2 is connected thru 9 to 
the Output load terminal 34. The member Z2 
is provided with a variable contact 22 which con 
nects thru lead 8 With one terminal of each of 
the Output load terminals 35, 36. The third 
member Z is similarly provided with a move 
able contact 23 Which is connected thru 20 to 
the Output load terminal 37. It is understood 
of course that the three moveable contacts 2, 
22 and 23 may be mechanically or otherwise in 
terlocked together so that by manipulation of a 
Single control (not shown) the point of contact on 
the respective impedances may be varied, and 
further may be continuously varied in any de 
Sired mariner. Connected to each of the first 
output load terminals 34 and 35 and the second 
output load terminals 36 and 37 is a loudspeaker, 
or other suitable load. Reversing Switches 30, 3, 
32 and 33 are connected across the amplifiers as 
shown, it being understood that by reversing re 
lated switches, phase. changes of the order of 
i80 may be effected between the two channels. 
Thus if I throw 30 I get this effect; or if I throw 
3 and return 3 to its normal position a similar 
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effect will be realized. Phase shifts of amounts 
less than 180° may be effected by means of phase 
shifting networks 38, 39, 49 and 43 inserted at 
suitable points in the circuits, as Shiown in the 
drawings, for example. 

in the operation of this system, the movement 
of the contacts 2 , 22 and 23 of the bridge 
enabies the operator to cause the Source of Sound 
reaching the microphones M apparently to move 
in a definite manner with respect to the move 
linents of the contacts, and this Inay be realized 
even though the source of Sound reaching the 
said microphones or their equivalents remains 
stationary. Continuing movements of the Con 
trols, of course, causes continuing apparent 
movement of the source of sound. Thus, for 
example, the source of sound can be made to 
appear to be moving in a circle merely by Con 
tinuously turning the controls. Similarly, 
inovement may be simulated in any desired di 
rection. In actual operation, by manipulating 
the reversing Switches as Well as the noveable 
contacts of the bridge and certain other Con 
trois, I have caused sound originating from a 
fixed source to appear to travel in all directions 
in both horizontal as Well as vertical planes. In 
other words, I am able to get a spherical effect 
at Will. 

Referring to Figure 4 I have shown a form of 
a pseudo-binaural System. The netWork or 
bridge 23 may be connected at the terminals 
5, 6 to any single source of electrical oscillations 
(not shown), for example a microphone or other 
sound transducing and/or recording device, elec 
trical pickup, notion picture projector, 
phonograph, radio receiver or demodulators etc., 
and this connection will give effects in a certain 
sense similar to that realized in the system of 
Figure 1. 
The underlying basic principle of operation of 

my system which distinguishes it from the prior 
art resides in the fact that, while in the prior 
art the spatial effects are primarily produced 
by variation of gain or volume, in my System 
even more startling and more realistic Spatial 
effects, not possible with the gain variation sys 
tem, are produced primarily by variation of the 
phase relationship of the channels used. A re 
suit of the operation of my System is a change 
in the apparent reverberation time of the audi 
toriuin thru the said variations in phase rela 
tionship of the sound. In addition to the fore 
going effects, I have found that if two or more 
sounds of different Spatial location are picked 
up on the two or more microphones or other 
equivalent sources, by rotating the control mem 
bers of the bridge the apparent distances be 
tween the said Sounds may be changed in a 
related nanner at Will. This phenomenon makes 
available to ine a unique power of control over 
the electrical reproduction of a Symphony con 
cert, for example. I may not only vary at Will 
the apparent distance between the players but 
also I may spread out or contract the orchestra 
at Will and thus selectively bring out the rendi 
tions of a particular artist or group of artists. 
A Soloist may ba brought for Ward With maximum 
effectiveness while the musical background may 
be controlled to suit the operator. By apparently 
varying the distance between the players, effect 
may be given to desired variation (apparent) 
of the size of the auditorium. The more de 
sirable effects of this phase of the invention will 
be further described below. 
In the field of radio broadcasting I have found 
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2,246,593 
many effective and highly desirable advantages 
in the use of my invention. I shall now describe 
in detail the application of my invention to the 
broadcast field. 

firstly, it is desirable in radio broadcast pro 
grains to produce certain dramatic and realistic 
effects in the sound reproduced from the broad 
cast material. for example, in the rendition 
of a play or dramatic work, realism is added 

() by the ability of the sending station to so con 
trol the transmission that the sound is made to 
Zhove to fit the action being portrayed. As is Well 
known, in the technique of the broadcasting 
art it is desirable that there be out Small move 
inent of the actors' voices or other sounds with 
respect to the microphone. This restriction of 
movement is necessary in order that certain 
deletelious effects (such as noise etc.) on pro 
grain guaity due to such movement may be 
avoided. The application of my invention per 
nits of substantially this desired restriction of 
actual movement at the same time, providing 
that apparent freedom of movement required 
for dramatically effective rendition. 

Also, in the broadcast of a Symphony Orchestra, 
program, as already explained above, it is highly 
desirable to be able to control the acoustic prop 
erties of the program. Again, in the broadcast 
of certain types of programs, lack of realism 
obtains due to the fact that the studio may vary 
Widely in its acoustic properties from the actual 
place from which the program is supposedly 
coining. It is highly desirable to alter the sound 
effects to give the impression that they actually 
are coming from the supposed source. By means 
of my invention, I am able to accomplish the 
foregoing desiderata. 
In Figures 1, 2 and 2A, I have shown dia 

granariatic Circuits Which may also be used for 
picking up sound to be used in the modulation 
of a carrier Wave or carrier waves for broadcast 
iing. Two or more separate microphones M suit 
ably positioned, or equivalent sources, are con 
nected to the volume controls Wl, W2, etc., as 
shown. Thus, I have two separate and inde 
pendent channels Which are coupled to the input 
circuits of the bridge ( thru terminals 5, 6, 7, 
8, at the transmitting end. The outputs of bridge 
AG, terminals 38, 35 and 36, 37 in Figure 1 are 
coupled to two separate, yet related, modulators, 
nodulating Irelated carriers. These modulated 
Carriers when jointly demodulated by a conven 
tional rectifier or detector may provide a com 
plete single channel audio signal. 
These carriers when separately demodulated 

Will provide inputs to two separate yet related 
channels providing desirable binaural effects. 
These demodulated inputs may also be further 
fed into another bridge () at the receiving end 
and the Outputs of this bridge fed to Suitable 
loads as for instance, loud speakers. It is to 
be noted that an audio phase shift which may 
be provided in the transmission circuits may be 
realtered to correct for said phase shift in the 
demodulated circuits, Such as to provide modu 
lated signals as hereinbefore specified which may 
be utilized simultaneously by the conventional 
demodulator already mentioned as well as by the 
dual channel Special demodulator herein dis 
closed. 
More particularly, for example, the application 

of One audio signal to a single side band trans 
mitter and the application of the other related 
audio signal to a complementary single side 
band transmitter with phase correction devices 
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to properly phase the audio components, and 
Synchronizing or other devices to properly phase 
relate one carrier to the other, will achieve the 
desired purpose. 

In binaural receivers With dual channel de 
modulators, phase restoring devices may be in 
corporated to correct for the possible phase shift 
which may be intentionally introduced in the 
transmission. As in Figure i phase shifting net 
works 38, 39, 43 and 4 may be introduced and 
connected to a bridge to alter the tone char 
acteristics to suit the taste of the operator. Ob 
viously, since radio broadcasting is carried out 
on a given radio frequency, it may be desirable 
to form a composite radiated Wave. This cor 
posite Wave may be considered to be formed in 
the single side band trainSmitters. However, my 
bridge 9 which is connected between the ampli 
fiers and the modulators, enables me to control 
the Spatial phase relationships between the two 
channels, corresponding to the two or more 
microphones, or equivalent, Sources, and thus 
enables me, by the manipulation of the switches 
and controls in the bridge, to get the various 
acoustic effects described above. For details of 
the bridge circuit see Figure 1. 
On the broadcast reception end of a program 

Which is transmitted thru the above described 
equipment, of course, ordinary receiving sets pro 
vided only with one amplifier channel and one 
Oud Speaker Will respond to the program in the 
usual Way, as if it has not been affected by the 
operation of my bridge. All the properties of 
this kind of reception will remain essentially as 
good as is now realized, and I therefore do not 
male obselete, equipment now in use. 
with a receiver modified in accordance. With the 
principles of my invention all of the refinernents 
and improvements added to the broadcast, pro 
gram may be rendered effective. 

However, in a receiver designed to utilize fully 
the effects produced, it is merely necessary that 
I have the two separate demodulators and their 
audio channels with their respective loud Speak 
ers, and the current foWing in each Will corre 
spond to that in the separate channels at the 
broadcast station. If, as hereinbefore specified 
certain phase shifting circuits have been intro 
duced into the audio circuits in the transmission, 
in order to permit. Of Single channel reception, 
or for other reasons, it is, of course, understood 
that related or other phase shifting circuits may 
be introduced into the audio circuits of the dual 
channel receiver to correct for Such transnis 
sion phase shift or for other purposes. The op 
eration of this system is actually the same as 
that described above in connection. With the other 
Sound systems, the only differences being the 
charges made necessary to enable transmission 
thru the ether instead of over Wires. It will be 
understood that the receiver can function to re 
produce ny improved effects. With or without 
the use of a bridge in the receiver circuit. 

Now, the purpose of the bridge 9 is three 
fold. Firstly, it enables the use of the receiving 
set to get further control over a received pro 
gram and to make adjustments of the set to conn 
pensate for acoustic properties of the room, The 
bridge controls the apparent reverberation 
time of the room, as explained above, and it Will 
be evident that many entertaining and desirable 
effects may be had by its operation. 

Secondly, I shall describe below a new type of 
record for phonograph embodying the principles 
of my invention. Since the audio stages of many 

However, 
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3. 
radio sets are used in conjunction with phono 
graphs, When playing Such records on such radio 
sets, the bridge may be put to good use in 
controlling the properties of the playing of a 
record. Also, the bridge 8 may similarly be 
set up in a phonograph, not part of a radio re 
ceiver, for the same purposes. 

Thirdly, where the bridge is not used at the 
broadcast (transmitting) end, but two channel 
pick up is used and combined into a composite 
modulated Wave, the dramatic effects may still 
be made evident at the receiving end, by ma 
nipulating the controls of the receiver bridge in 
the manner already described. Separate con 
trol impulses may be transmitted simultaneously 
(or by means of a record) and the program be 
controlled So as to provide the desired effect at 
the receiver. Without altering the characteristics 
of the Sound modulated Wave in this regard. 
Another exceedingly valuable and important 

application of the present invention resides in its 
use in the recording of Souínd, Such as in the mak 
ing of talking movies. Under present practice of 
making so-called talking movies, there are gen 
erally Speaking two classes of shooting; simul 
taneous Synchronized, and non-simultaneous 
Synchronized. In the former, the Sound for a 
Scene is recorded at the time the picture is taken; 
in the latter the artist records the sound at some 
different time and later the action is filmed with 
Out the actual singing, the actor merely moving 
his lips to simulate the singing so that the films 
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Inay be properly Synchronized. Realisn can only 
be but poorly approximated due to the limita 
tions of present day equipment. It is current 
practice to use a set, usually a three-wall set, in 
a Sound Stage. The Sound on the set can hardly 
be Satisfying. In the first place the sound heard 
must correspond With the picture seen; the pic 
ture is dependent upon Caieia, location and ens 
size. In the second place, even if they could be 
inade to correspond somewhat in actual shoot. 
ing at One instant, it is practically irinpossible to 
produce the proper effect of the variation of the 

5 Sound quality as the actors move about the set. 
In shooting a simultaneous synchronized scene 

of an actor going through a doorway, for ex 
arple, the rapid in ovement of the microphone 
necessary to produce the desired acoustic spatial 
effects as the actor goes through the doorway 
practically eliminates this means of correction; 
only the dubbing room is left to complete the 
Work as best it can with some unsatisfactory 
compromise expedient such as, for example, an 
alteration of frequency characteristic with pos. 
sibly a change in Volurne. 
By the use of my invention an entirely new 

field is opened to the operator in the dubbing 
room for, by manipulating the controls of the 
bridge, he is able to give to the sound during the 
process of rerecording, the actual dramatic ef 
fects and the realism that it needs. He thus ren 
der's the recording of the action and the sound 
quite independent of each other. Again, by so 
rendering the action and sound independent, the 
Overhead cost of making movies may be sub 
stantially reduced. The cost of building suitable 
SetS as Well as the cost of artists' time are also 
Very greatly reduced. In short, it should be pos 
Sible to shoot Sound on the shooting stage of all 
uniforn quality and to put the quality control 
elerinent of the Sound alianost entirely in the hands 
of the dubbing room operator. By this means, 
the completeness of the illusion of sound and 
picture can be immeasurably enhanced and yet 



4. 
the cost of production can be appreciably re 
duced. 
I have found that in applying my system to 

the movie field it is advisable to alter the method 
of recording the sound, for with my improved 
technique, to obtain full advantage, I can effec 
tively utilize a frequency range wider than that 
at present used. The recording transducers now 
in use cannot readily be made to record faithfull 
ly Over the desirable broad range and I have 
therefore devised a system of recording which 
knows no such frequency limitations within the 
audio band. In this system I use the bridge ) 
which I may connect as shown in Figure i. 
Two or more related inputs (or nicrophones con 
nected thru Suitable amplifiers) are connected 
as ShoWn in Figures 2 or 2A and are connected 
to input terminals 5, 6 and 7, 8 of Figure 1. Out 
put load terminals 34, 35 and 36, 3 may be con 
nected (thru Suitable amplifiers if necessary) to 
the plates P1, P2, P3, and P4 of one electronic dis 
charge tube 50 or tWO related electronic dis 
charge tubes. Phase shifting devices and/or iso 
lation networks may be introduced at Suitable 
points as shown in Figure 1. Here also, as de 
scribed herein, the bridge C is inserted between 
the amplifiers and the electronic bean tube or 
tubes. The manipulation of this bridge causes 
to be recorded any desired apparent movement 
of the actor with respect to the microphone or 
other suitable input or inputs, and therefore, 
lends itself to the obtaining of unlimited valuable 
dramatic effects in the hands of an experienced 
operator. The electronic discharge tubes are 
used to expose a film to an electronic bean Which 
is deflected by voltages applied to the piates of 
the tube in accordance With the Signal OT signals 
in pressed thereon. 

In preparing film, it is made Sensitive to the 
electronic beam in a Secondary manner by Some 
such means as coating it with Willennite to ren 
der it filuorescent When the beans Strike, and 
thereby causing exposure, or by coating with an 
emulsion which is affected directly by the elec 
tron beam. Such materials are Well known in : 
the art, 

It will be understood that different methods 
and Systems may be employed for forming Sound 
tracks on the film under the control of my bridge. 
Referring in detail to Figures 5 and 6 I have i 
shown two electronic beam tubes 58 having plates 
P1, P2, P3, P4, P5, P6, P7, Ps, connected to the out 
put terminals 34, 35, 36 and 37 of the bridge 
0 (not shown). While this figure illustrates two 

electronic tubes, it will be understood that one : 
tube may be used and the connections of that 
one tube to the terminals 35, 36 is the Saine as 
that shown for either one of the tubes as illus 
trated in Figure 5. Now, with a single electronic 
beam tube connected to the output terminals of 
the bridge a single composite Wave form. Inay 
be impressed upon the sensitive film, one half of 
the track representing one channel, While the 
other half represents the other channel. In ex 
posing the film the electronic beam is focussed 
upon the film, which as it moves by, has pro 
duced on it by the action of the electrons, the de 
Sired Wave folin. 
When both of the tubes, having plates P1, P2, 

P3, P4, P5, P6, P7 and ea are used I may in press 
a double track on the sensitive film and this dual 
track may consist of two composite tracks. If 
I call these tracks A and B, track A. Will consist 
of a composite wave form, one half of it repre 
senting one channel, and the other half repre 
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2,246,593 
senting the other channel. Similarly, track B 
may be similar to track A, except that the wave 
form on this track may be 180° out of phase 
With respect to track A. One half of this wave 
form Will represent the last mentioned channel 
While the other half represents the first channel. 
may also connect the two electronic tubes to 

my bridge in Such a manner that two separate 
tracks may be formed, one track representing 
One channel, While the other track represents 
the other channel. In the composite Wave form 
recording, each half of the single composite wave 
form recording, each half of the single com 
posite form is recorded in the form of a rectified 
Wave. 
In the showing of Sound movies provided with 

the composite Sound track prepared as described 
above, theatres having monaural equipment will 
be able to reproduce the sound in the usual way, 
and thus avoid the scrapping of equipment now 
in use. 

Pickup in the transducing device may be ac 
complished by means of 2 photo-electric cells 
Connected in push pull arrangement to a single 
channel or monaural System for normal repro 
duction. For this purpose I may use the single 
composite, dual composite or dual wave form 
tracks. 

However, for those theatres which want the 
best equipment, it is merely necessary to provide 
two separate Sound reproducing channels. The 
film having the dual or dual composite track is 
paSSed between two independent light sources, 
each of which is arranged to illuminate only its 
OWn Sound track and two photo-electric cells. 
One cell is connected to the amplifier of one chan 
nel, and the other cell is connected to the ampli 
fier of the other channel. Light from one source 
paSSes thru One Sound track, and the light 
variations thus produced are translated into elec 
trical energy by the photo-electric cell which is 
connected to an amplifier, which is in turn con 
nected to a loud speaker. Similarly, light from 
the other Soul'ce passes thru the sound track, 
impinges on the other photo-electric cell, and the 
electrical impulses thus generated are amplified 
and passed on to operate the other speaker. 
Thus, I reproduce the sound in two channels 
in the Same Way that it is recorded, and whatever 
effects are imparted to the sound by manipula 
tion of the bridge during recording, are repro 
duced in the projection of the picture. 
A Very important feature of my invention is 

iny ability to control the apparent acoustic 
properties of the theatre by mounting one of 
iny bridges between the amplifiers of the two 
channels of the Sound reproducing equipment. 
I have already Stated that the acoustic qualities 
of an auditorium depends upon the reverberation 
time of the room. In a room such as a movie 
theatre, a Serious problem is presented by virtue 
of the fact that with a change in the number of 
people in the audience, the reverberation time 
changes. Best quality of Sound reproduction can 
not be obtained with this changing condition. 
With my bridge connected across the amplifiers, 
I am able to change the apparent reverberation 
time of the room. Thus an operator may, by 
merely turning a dial, compensate for changes 
in the auditorium due to differences in actual 
reverberation time. This bridge, it will be un 
derstood, is not for the purpose of altering the 
direction or location of sound, but merely is an 
additional refinement in perfecting the repro 
duction of Sound. 
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In a recording System for making disc records 

having hill and dale or lateral grooves, it has 
been found that distortion occurs When playing 
these records, due to the presence of harmonies 
not present in the original rendition. I therefore 
propose to make a two channel or double sound 
track each being approximately 180° out of phase 
with respect to the other. This is accomplished 
by having a two styli cutter mounted so that 
adjacent parallel grooves are made during re 
cording. In order to assure proper tracking, the 
Space between the separate grooves of a given 
pair of parallel tracks is different than the Space 
between the pairs of grooves themselves. For 
playing the record, I provide a reproducer also 
having two styli, one of which is operated by one 
groove, while the other is operated by the other 
groove. This arrangement practically eliminated 
certain harmonies. Phase correction devices 
may be used if necessary to effectively produce 
the desired cancellation. My bridge 9 may be 
introduced in the recording and/or the repro 
duction as hereinbefore specified. 

It will be understood that in any changes in 
the specific embodiments herein disclosed will 
readily suggest themselves to those skilled in the 
art. I, therefore, do not intend to be limited 
in the scope of this invention, except as required 
by the appended clains and the state of the 
prior art, - - . . . . . . 

Having this described my invention, I desire 
to claim and secure by Lette's Patent of the 
United States: ! st 

1. An electro-acoustic System having an input 
circuit and an output circuit, each of said cir 
cuits having more than one channel, a single 
audio network havirg multiple impedances con 
nected between said circuits, whereby one chan 
nel of the input circuit is connected to One chan 
nel of the output circuit thru two of said im 
pedances, and the other channel of the input 
circuit is connected to the other channel of the 
Output circuit thru two of Said impedances. 

2. An electro-acoustic system having an input 
circuit provided with two channels and an out 
put circuit provided with two channels, a first 
inapedance connected across one channel of said 
input circuit, a second impedance connected 
across the other channel of the input circuit, two 
additional impedances connected in parallel to 
said first mentioned in pedances Whereby to 
form a four arm bridge, a variable contact con 
necting a point on one impedance to one ter 
ninal of one channel of said output circuit, a 
variable contact connecting one point on a sec- . 
ond impedance to the other terminal of said last 
mentioned channel, and also connecting to a 
terriniinal of One chaniel of Said output circuit, 
and a variable contact connecting one point on 
a third impedance to the other terminal of said 
last mentioned channel. 

3. An electro-acoustic system having an input 
circuit, provided with two channels and an out 
put, circuit provided with two channels, a first 
impedance connected across one channel of said 
input circuit, a second in pedance connected 
across the other channel of the input circuit, 
two additional impedances connected in parallel 
to Said first mantioned impedances whereby to 
forin a four arm bridge, a variable contact con 
necting a point on one impedance to one ter 
minal of one channel of said output circuit, a 
variable contact connecting one point on a Sec 
ond impedance to the other terminal of said last 
mentioned channel, and also connecting to a 

5 

O 

5 
terminal of one channel of said output circuit, 
and a variable contact connecting one point on a 
third impedance to the other terminal of said 
last mentioned channel, and means connecting 
said contacts together for concerted movement, 

4. In a system in which sound vibrations are 
converted into electrical oscillations, and elec 
trical oscillations are converted into Sound, vi 
brations, two electrical channels, a sound trans 
ducing device connected to each of Said chan 
nels, and nears connected to both of Said chan 
nels to control the phase relationships of the 
electrical oscillations flowing therein independ 
ently of the frequency of said oscillations. 

5. In a system in which sound vibrations are 
converted into electrical oscillations, and elec 
trical oscillations are converted into Sound wi 
brations, two electrical channels, a sound trans 
ducing device connected to each of said chan 
nels, and continuously variable means connected 
to both of said channels to control the phase 
relationships of the electrical oscillations flowing 
therein independently of the frequency of said 
oscillations. 

6. In a System in which sound vibrations are 
converted into electrical oscillations, and elec 
trical oscillations are converted into sound vi 
brations, two electrical channels, a sound trans 
ducing device connected to each of said chan 
nels, a multiple arm bridge connected across said 
channels, and three variable contacts each of 
which is connected separately with one arm of 
Said bridge and one of said channels, and means 
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to operate Said contacts simultaneously. 
7. In a system in which sound vibrations are 

converted into electrical oscillations, and elec 
trical oscillations are converted into Sound wi 
brations, two electrical channels, each of which 
has an input-section and an output-section, a 
four arm bridge connected to said channels with 
one arm thereof across the input of its channel 
and another arm across the input section of the 
other channel, three contacts each of which is 
variably connected to an arm of said bridge, 
connections between each of said output sections 
and two of Said contacts, a sound transducing 
device connected to each of said output-sections, 
and means to vary the point of connection be 
tween said contacts and said arms. 

8. In a system in which sound vibrations are 
converted into electrical oscillations, and elec 
trical oscillations are converted into sound vi 
brations, two electrical channels, each of which 
has an input-section and an output-section, a 
four arm bridge connected to said channels with 
one arm thereof, across the input-section of its 
channel and another arm across the input-sec 
tion of the other channel, three contacts each 
of which is variably connected to an arm of said 
bridge, connections between each of said output 
sections and two of said contacts, a sound trans 
ducing device connected to each of said output 
sections, a reversing switch connected in each 
section of each of said channels, and means to 
vary the point of connection between said con 
tacts and said arms. 

9. In a system in which sound vibrations are 
converted into electrical oscillations, and elec 
trical oscillations are converted into Sound vibra 
tions, two electrical channels, each of which has 
an input-Section and an output-Section, a four 
arm bridge connected to said channels with one 
arm thereof across the input of its channel and 
another arm across the input-section of the other 
channel, each of said arms comprising an imped 
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ance, three contacts each of which is variably 
connected to an arm of said bridge connections 
between each of said output-sections and two of 
said contacts, a sound transducing device con 
nected to each of said output-section channels, 
and means to vary the point of Connection be 
tWeen the said contacts and Said arms. 

10. The step in the method of reproducing 
sound electrically in a binaural System, which 
comprises varying the phase relationship of the 
audio frequency current flowing in the channels 
of the system independently of the frequency of 
said current and independently of the position at 
which the sound is picked up. 

11. The step in the method of reproducing 
sound in an auditorium in the audio frequency 
band by means of a binaural system, which com 
prises varying the apparent reverberation time 
of the auditorium by means of a phase Varying 
device which functions independently of the fre 
quency of the current and independently of the 
position at which the sound is picked up. 

12. The method of reproducing sound which 
comprises converting Sound vibrations into elec 
trical oscillations at audio frequencies in two 
separate channels, controlling the phase rela 
tionship of said oscillations and independently of 
the position at which the sound is picked up in 
said channels independently of the frequency of 
said oscillations, and reproducing independently 
the electrical oscillations in each of said chan 
nels into Sound vibrations. 

13. In the method of reproducing Sound in a 
binaural system, the step of rendering said Sound 
apparently directional, which comprises electri 
cally controlling the phase relationship of the 
electrical oscillations at audio frequencies which 
produce the sound independently of frequency in 
accordance with the desired directional effect by 
means of Variable impedances. 

14. In a sound recording system in which 
sound impulses are picked up at tWo spaced 
points and converted independently into electri 
cal oscillations, means to vary the phase rela 
tionship of said oscillations, means to combine 
said oscillations into composite Wave, an elec 
tronic beam device having plates and arranged 
for exposing film, and means for impressing said 
wave on said plates, whereby the said film is ex 
posed to the electronic beam under control of 
Said Wave. 

15. In a sound recording system in which 
sound impulses are picked up at two spaced 
points and converted independently into electri 
cal oscillations, a variable bridge to Vary the 
phase relationship of said oscillations, means to 
combine said oscillations into a composite Wave, 
an electronic beam device having plates and ar 
ranged for exposing film, and means for in 
pressing said Wave on said plates, whereby the 
said film is exposed to the electronic beam under 
control of Said Wave. 

16. In a Sound recording system the combina 
tion of a two channel pickup, a phase controlling 
device connected between said two channels, 
means responsive to one half of one electrical 
wave in one channel, means responsive to one 
half of the other electrical wave in the other 
channel, means to combine both said electrical 
responses, an electronic beam device for exposing 
the sound track of film, and means to impress 
said combined electrical responses upon Said 
cathode ray device, whereby to expose said film 
under control of said pick up devices and said 
phase controlling device. 
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17. In a sound recording system the combina 
tion of a two channel pick up, a bridge having 
four Variable impedances connected between said 
two channels, means responsive to one half of 
One electrical Wave in one channel, means re 
sponsive to one half of the other electrical wave 
in the other channel, means to combine both said 
electrical responses, an electronic beam device 
for exposing the Sound track of film, and means 
to impress said combined electrical responses 
upon said cathode ray device, whereby to expose 
said film under control of said pick up devices 
and said phase controlling device. 

18. A System for electrically reproducing sound 
comprising in combination a first channel input 
and Output circuits, means connected to each of 
said input circuits to produce electrical undula 
tions corresponding to sound vibrations, phase 
and amplitude varying means connecting each of 
said input circuits with each of said output cir 
cuits, whereby energy is transmitted in unaltered 
form from one channel to the other, and means 
to vary Said means whereby to control said 
energy transfer, and a sound transducing device 
connected to each of said output circuits. 

19. A system for electrically reproducing sound 
coin prising in combination a first channel hav 
ing an input circuit and an output circuit, a sec 
Ond channel having an input circuit and an out 
put circuit, means connected to each of said in 
put circuits to convert sound vibrations into elec 
trical undulations phase and amplitude varying 
means connecting one input circuit with one out 
put circuit to transfer in unaltered form a pre 
determined amount of energy therebetween, said 
means also connecting another input circuit to 
Said one output circuit to transfer in unaltered 
form a different predetermined amount of energy, 
therebetween, and means to vary said connect 
ing means. 

20. A System for electrically reproducing sound 
comprising in combination a first channel hav 
ing input and output circuits, a second channel 
having input and output circuits, phase and 
amplitude varying means connected to each of 
Said input circuits to convert sound energy into 
electrical energy, means to distribute the elec 
trical energy to each input circuit between the 
tWo output circuits in a predetermined manner 
and in unaltered form, means to vary said last 
mentioned means, and a sound transducing de 
Vice Connected to each of said output circuits. 

21. The method of electrically reproducing 
Sound Which comprises converting the sound wi 
brations into electrical undulations in two chan 
nels dividing in unaltered form said undulations 
produced in each channel between two separate 
Sound transducing devices, and varying the di 
Vision and phase relationships of said undula 
tions. 

22. A System of the class described compris 
ing an input circuit and an output circuit, each 
of Said circuits having two channels, a single 
audio network having multiple impedances vari 
ably interconnected between said circuits, where 
by one channel of the input circuit is connected 
to One channel of the output circuit thru two 
of Said impedances, and the other channel of 
the input circuit is connected to the channel of 
the output circuit thru two of said impedances. 

23. A System of the class described comprising 
a two channel input circuit, a two channel out 
put circuit, in combination with variable elec 
trical means inter-connected between said chan 
nels to vary the phase relationships of the cur 
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rent flowing in the output circuit as compared 
to that flowing in the input circuit, whereby to 
produce desired electrical effects at the will of 
the operator. 

24. A system of the class described comprising 
a two channel input circuit, a two channel out 
put circuit, and a bridge having multiple im 
pedances inter-connecting said channels of the 
input circuit with said channels of the output 
circuit. 

25. A System of the class described comprising 
an input circuit and an output circuit, said out 
put circuit having two channels, a bridge vari 
ably connected between said circuits, whereby 
to Vary the phase relationship of the current 
flowing in each channel of the output circuit 
With respect to that flowing in the other chan 
nel, of Said output circuit and to vary the phase 
relationship between the current flowing in either 
of said channels with respect to that flowing in 
said input circuit, at the will of operator. 

26. A System of the class described comprising 
an input circuit, a bridge circuit having a plu 
rality of impedances, said circuit being connected 
acroSS One of Said impedances, and an output cir 
cuit having two channels, one of said channels 
being variably connected to two of said imped 
ances and the other of Said channels being con 
nected to tWO of said impedances, whereby to 
reproduce pseudo binaurally electrical oscilla 
tions generated monaurally. 

27. A system of the class described compris 
ing an input circuit, a bridge circuit having a 
plurality of impedances, said circuit being con 
nected acroSS one of Said impedances, and an 
output circuit having two channels, one of said 
channels being Wariably connected to two of said 
impedances and the other of said channels be 
ing connected to two of said impedances, where 
by to reproduce pseudo binaurally electrical os 
cillations generated monaurally and a Sound 
transducing device connected to each of said 
channels. 

28. The method of reproducing Sound elec 
trically which comprises the steps of picking up 
sound intelligence by means of microphones 
Which convert the sound vibrations into elec 
trical oscillations, varying the amplitude and 
phase of said oscillations, dividing Said resultant 
oscillations between two channels, and convert 
ing said last mentioned oscillations back into 
sound vibrations by means of two transducing 
devices, whereby the last mentioned vibrations 
embody modifications of the spatial character 
of the original sound intelligence picked up con 
veying effects which differ therefrom. 
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29. The method of reproducing sound elec 

trically which comprises the steps of picking up 
Sound intelligence by means of a microphone 
which converts the Sound vibrations into elec 
trical oscillations, varying the amplitude and 
phase of Said oscillations, passing said oscilla 
tions over an electrical bridge device where cer 
tain electrical characteristics thereof are altered, 
dividing said resultant oscillations between two 
channels, and converting said last mentioned 
Oscillations back into sound vibrations by means 
of two transducing devices, whereby the last 
mentioned vibrations embody modifications of 
the Spatial character of the original sound in 
telligence picked up conveying effects which dif 
fer therefrom. 

30. The method of reproducing sound elec 
trically which comprises the steps of picking up 
Sound intelligence by means of a microphone 
Which converts the sound vibrations into elec 
trical oscillations, varying the amplitude and 
phase of said oscillations, dividing said resultant 
OScillations between two channels, and convert 
ing Said last mentioned oscillations back into 
Sound vibrations by means of two transducing 
devices, whereby the sound issuing from said 
transducing devices may be made apparently 
to come from any point spatially removed from 
Said pick up microphones at the will of the 
operator. 

31. A Sound reproducing system comprising in 
combination pick up microphones, means con 
nected to Said microphones to alter the output 
thereof, two electrical channels connected to said 
last mentioned means, and a sound transducing 
device connected to each of said channels, said 
means being constructed and arranged to so 
alter the phase and amplitude of the impulses 
issuing from said microphones that in repro 
duction the Sound may be made apparently to 
Originate at any point Spherically spaced from 
the original source. 

32. A Sound reproducing system comprising in 
combination a pick up microphone, an electrical 
bridge connected to said microphone to alter the 
output thereof, two electrical channels connected 
to said last mentioned bridge, and a sound trans 
ducing device connected to each of said chan 
nels, said bridge being constructed and arranged 
to So alter the impulses issuing from said micro 
phone that in reproduction the sound may be 
made apparently to originate at any point spher 
ically Spaced from the original source. 

JOHN J. ISRAEL. 


