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This invention relates to binaural sound
translating systems and more particularly to a

system in which one or more microphones are .

connected to respectively different chains of
amplifiers the output from which is ultimately
carried to a suitable utilization device comprising
different circuits, recorders, or loudspeakers:
there being one or more such
- microphone chain., -

In monaural systems, sound from a performing
group is picked up by one or more microphones,
converted to elecirical energy, amplified and
then converted. to sound energy by the loud-
speaker. The listener in this case hears an or-

chestra or performing group without: being able

to orient the different sounds coming from the

‘units for each

9 Claims. (CL 179—1)

My invention will now be described in more
detail, reference being made to the accompany-
ing drawings, in which L

¥igs. 1 and 2 show collectively and diagram-
matically an arrangement of microphones, am-
plifiers, attenuators, and associated apparatus

~ leading to utilization devices of any desired class

10

whereby the performance may be reproduced and
enjoyed at a remote pcint and whereby the im-
pression of orientation of the different units of
the performing group may readily be obtained
at the remote point; and, =~ o B

Fig. 3 shows more in detail certain of the cir-

_ cuit arrangements which I prefer to employ in
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different members of the group. He, therefore, .

gets no impression of the space relation between
the sources from which different sounds are de-
rived. . | S

In g binaural or stereophonic-system the loca-
tion of various members of a performing group
- can readily be sensed when the pick-up is ob-
tained by means of two or more microphones lo-
cated so as to receive the sounds in different in-
tensities or phases. Each of these microphones
or groups of microphones is associated with &
- different circuit so that when loudspeakers are
piaced in positions approximately corresponding
- to those of the microphones, but in another room,
the listener obtains the same realistic impression

s

of sounds coming from different sources.

In practice, both the monaural and the bin- -

-aural system require adjustment of the. gain of
each channel in order to insure the transmission
at a level as high as it is permissible without ex-
ceeding the load capabilities of the equipment.

That is to say, the volume should be adjusted

so as to avoid distortion and without noticeable
- impairment of the dynamic range. In g mon-

aural system the monitoring of volume is readily
accomplished according to well known practice.
It is, however, an object of my invention to pro-
vide means for adjusting the gain in a plurality
of channels simultaneously and proporticnately
'S0 as to avoid overloading of the channels. |

It is another object of my invention to pro-
- vide s binaural system for the translation of
sound energy into electrical energy and subse-
- quently into reproduced sound energy wherein
the natural range of amplitude of the sounds
picked up by the microphones is first compressed
and subsequently expanded so as to accommo-
date the transmission to the limitations of the
channels. | | -
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carrying out the invention. . -

- Referring first to Fig. 1, I show therein the
outline of & studio {, in which is indicated a per-
forming group 2, which, for example, may repre-
sent the different members of an orchestra. A
plurality of microphones 3 is shown, each with
& sepsarate circuit leading to an gmplifier 6. The
output from each amplifier is carried to an ad-
Justable attenuator device 5 (enclosed in a bro-

ken line rectangle) which may, if desired, be

25

‘manually adjusted, although at times it may be

~ preferable to employ an automatic galn regu-

lator. The several attenuhtor units enclosed in

- the rectangle 5 are ganged together for com-
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mon control. This arrangement is quite essen-
tial since the binaural effect would be greatly
impaired if the volume were to be differently ad-

- Justeq. in different channels.

In Fig. 1 it is presumed that the outputs from.

' the separate volume conirol devices T will be
35

individually amplified in the units 6 and then.
carried to a limiting amplifier . T which is well

‘known in the art and which has.the function of -

reducing the volume range from that which was
originally pickgd up. Limiting amplifiers may

serve also as volume compressors and are fre-

quently used in cases where the transmitting
medium is of limited range. In such cases it is
‘necessary to mddify the very loud or very soft
passages or both to bring them within the lim-

~its imposed by the transmitting medium with a

consequent loss in contrast between the piano

and fortissimo parts. Volume compressicn is |

- quite advantageous in certain recording sys-

- B0

tems because it avoids the necessity for provid-
ing unduly wide sound tracks on the recording

‘medium merely to accommodate the highest am-

- plitude peaks. When volume compression is

used to a conslderable degree it is equally de-
sirable that the output from the playback of a
‘sound record shall be expanded so as to restore



- an attenuator

2

the original volume range of the performance.

Accordingly, I have shown the output of each

limiting amplifier T as being utilized In a mul-
tiple track sound recording device 8. |
In Fig. 2 I show & playback device 8 in which

may be placed the recording medium that was
produced on the device 8. The pickup from each
irack of the recording medium 1is preferably ex-
panded in separate units 10
fied, if desired, in the amplifiers i, the outputs
from which may be used in separate reproducing

units such as the loudspeakers i2. |
| By placing the loudspeakers 12 in the room {3
in front of an audience A and in the same rela-
tive positions as the microphones 3 in room i,
the binaural effect will be preserved. That is to
‘say, the corresponding placement of the micro-
phones 3 and of the loudspeakers {2 results 1n
the production of sound from different loud-
speakers
create the impression of just how the different
members of the orchestra are situated in the
studio |I.

Tn monaural systems a studio engineer 1is re-

quired to monitor the program and to manipulate
in accordance with his observa- -

tion of a volume indicator and otherwise by lis-
tening  to a monitoring circuit. To follow the
same technique in the monitoring of a binaural

program without the aid of my invention would :

impose an undue burden on the monitoring €n-
If he had to watch a plurality ol vol-
ume indicators each associated with a different

to avoid the confusion that would inevitably arise
from the differences in readings simultaneously
viven by different indicators. Accordingly I have
provided a volume indicator 14 which
controlled by all of the amplifier channels. The
operation of this indicator will presently be ex-
plained. Its use In combination with the at-
tenuator 5 permits the regulation of the gain pro-
portionately in each of the channels. ‘When the
oain is thus regulated transmission at & reasorn-
ably high level is insured without noticeable
reduction in the dynamic range and without ex-

ceeding the modulation capabilities of the radio

transmitter or other equipment in the channels.

However, over-modulation with consequent
aural distortion sometimes OcCCUIS when the
monitoring engineer fails to anticipate sudden
high signal levels., This is because he cannot
act quickly enough to reduce the gain, and be-
cause, too, the volume indicator does not neces-
sarily indicate the exact magnitude of all sig-
nals which may cause distortion. Hence it is de-
sirahle to employ & limiting amplifier 1 in each
of the channels. In each of these limiting am-

plifiers, or compressors, the gain is automatically

reduced. The gain reduction is proportional to
the magnitude of the strongest signal occurring
in any of the channels and maintains all of the
amplitude peaks of such signals below a prede-
termined critical level. |

The gain in the limiting

the joint action of & plurality of parallel-con-
nected rectifiers 32, and the latter are each sup-
plied with signal energy from appropriate am-
plifiers 31 the input circuits for which are con-

necteq or coupled to different ones of the am-
plifiers 6. The volume 1evel -indicator |4 may,

if desired, be connected in circuit with the grid

. biasing conductors which supply gain control po-
tentials to the 1imiting amplifiers

simultaneously in such a manner as to

is jointly

ampliflers 1 is, ac-.

and further ampli- .

1)

b
ol }
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‘mission lines between the

- jng series resistances 15 and

two center-tapped
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rectifiers 32. The purpose of the ampliﬁers 31
is to isolate the rectifiers 22 from the trans-
amplifiers 6 and the

input circuits of the respective limiting ampli-
fiers 7. ‘This arrangement is not absolutely es-
sential, but is desirable in order to avold any

possibility of an adverse effect upon the quality
of the signal which might be caused by diver-
sion of too much of ils energy for rectification
PUrposes. |

There are no essential differences bhetween the
embodiments of my invention as shown, on the
one hand in Fig. 1, and on the other hand in Fig.
3. The ‘details of a preferred circuit arrange-
ment may, however, be more clearly explained by
reference to Fig. 3, it being understood that like
reference numerals apply to similar parts in the
two figures. The details of the block diagram
shown in Fig. 2 will be understood by those
<kijled in the art, and hence have not been in-
cluded in Fig. 3. The utilization devices 28, as
shown in Fig. 3, are S0 1abeled as to refer generi-
cally to modulators in a radio transmitter, or 10
recorders such as the unit 8 in Fig. 1 (or to disk
recorders if desired), oOr to loud speakers such
as the units 12 in Fig. 2. |

Referring to Fig. 3, I show iwo microphones
3 which may be the same &S two of those indi-
cated in Fig. 1. Each of these microphones has
associated therewith a preamplifier 4. The at-
tenuators in the unit 5 are indicated as compris-
1§ and shunt re-
sistances {71 which are adjustable in value. The
adjustment of these values is made proportional
by ganging together the different controls.

Each of the serles resistances {6 is shown con-
nected to ground through the primary winding
of a transformer 18. Kach transformer {8 has
secondary windings, One
such secondary winding supplies input potentials
to the grids of a pair of push-pull tubes 22.
Energy from the other secondary winding of
transformer 18 is rectified in a double diode tube
2§ for purposes to be presently explained. Fig.3
shows only two sets of tubes 22 and 2i, each set
being associated with a separate preamplifier 4,
but still another set may bhe used if there are as
many as three preamplifiers 4, fed from Sepa-
rate microphones 3.

ror the sake of simplicity the isolating ampli-
fiers 31 of Fig. 1 have beel omitted in the circuit
arrangement of Fig. 3, but the consequent circuit
changes are immaterial to the fundamental fea-
tures of the invention.

The amount of energy rectified in the tube 21
determines the bias which is supplied to the grids
of the triode tubes 22, this bias being rendered
negative by inter-connection of all the center-
taps on the secondaries of the transformers 18.
Grid-leak resistors 23 are provided between the
grids and cathodes of these tubes 22. |
odes are also connected to the cathodes of the

tubes 2! and a time constant device is thus pro-

vided by the association of the resistors 23 (com-
mon to all of the cathode-grid circuits of the

- tubes 22) with the capacitor 24.

70
~ sponse to signals of high amplitude.

~ The limiting action of the energy rectified in
the tubes 21 may be well understood by those
skilled in the art. It simply causes the grids in
the tubes 22 to be bilased more negatively in re-
The vari-

ation in bias may also be used to actuate the vol-

ume indicator 28.

. 1t will be noted that by connecting the outputs

1 from the y§ of the

rectifiers 21 in parallel the volume indi-
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cations and the corresponding bias controls are

determined by the combined energies in the two
- rectifiers, Also there is no cancellation of effects
due to any possible phase relation between the
program waves. The indications made on the
instrument 25 are preferably of R. M. S. values
or quasi-peak values of the program waves. By
combining the éffects of the rectified energies in
the outputs from the tubes 2| so as to obtain s
“unitary gain reduction
is possible to limit the amplitude in each circuit
in an identical manner so as to realize the bene-
fits of multiple channel transmission. |
It is well now to compare the advantages of my
system when using limiting amplifiers with any
heretofore

trolling the volume in a plurality of channels. If

on all of the tubes 22, it

- channels for transmission
corresponding to sound waves
-crophones at different places,

1)

15

known system for individually con- o

. 3
sald amplifiers for controlling the gain therein,
sald means being operable in response to electri-
cal energy derived from that one of the recti-
fication means in which the energy amplitude is
greatest. | | -

2. A system for producing binaural effects hav-
ing a plurality of at least three independent
of electrical waves
picked up by mi-
an attenuator and
an amplifier in each channel, unit control means
for manually adjusting said attenuators, a single
volume indicator fed with energy derived from
each of said channels, and an automatic gain
control device for each said amplifier, said gain
control devices being interconnected and ar-

ranged to maintain the volume level in each of

an attempt were made to reduce the volume in an .

overloaded channel without
ducing the volume in other
result in a program rendition which. would be de-
vold of all sense of orientation of the different

correspondingly re-

sounds. - In other words, the binaural effect .

would be entirely lost. . By reducing the gain in
the different channels correspondingly, regard-
- less of any inequalities in the amplitude of the
different channels, the true proportions necessary
for obtaining the binaural effect would be pre-
served. | | . -
The desirability of utilizing the technique of
volume compression and Subsequent volume ex-
pansion was discussed in the description of Figs.
1 and 2. The mode of operation of such & sys-
tem when
- one which
ferent
proportions between the volume levels in these
different channels. Accordingly it is necessary
to utilize in the volume compression units 71 a
- gain control device which is common to them
all. Such a gain control device is well illys-
trated in Fig. 3. |
In the expanders 10 (Fig.

requires a common control for the dif-

2) a common gain

channels, this would

20

23

30

applied to a binaural arrangement is -

channels in order not to destroy the true

- fying said diverted energy

sald amplifiers within a predetermined range in
response to the joint control of the electrical
waves in each of said channels. -
3. In a multiple channel systemr for the elec-
trical transmission of . waves representing an
audible rendition, an attenuator and a main am-
plifier in each channel, unit control means for
diverting a portion of the wave energy from each
channel and for separately amplifying ang recti-
portions, means for
combining the rectified components of sald di-
verted energies, and gain control devices jointly
operative to produce a like limitation of the gain
in each of said main amplifiers under control of
sald combined rectified energy components. |
4. In a system of the class described, a plural-
translation channels each channel com-
prising a microphone, a pre-amplifier, an atten-
uator, a main amplifier, a limiting amplifier and

& utilization device, all arranged in the order

40

control device is necessary which will reduce the

- negative bias on the grids

tionately to an increase in the volume, For such

inverted volume control the cathodes of certain

rectifier tubes in the units 27 would be connected
to the grids of the amplifier tubes.in the expand-
ers (0. Hence when the original signals before
compression were of high amplitude but after-
wards compressed or reduced in amplitude, a
commensurate increase in gain in these signals
will be obtained in the expander and the amount

of gain reduction effected by the volume com- |

~pressors 1 will be correspondingly offset by a
greater gain in the expanders 10. The dynamic
range of the original production can, therefore,
be substantially restored. o B

While I have illustrated my invention by one
Specific embodiment, it is to be understood that
the scope of the invention itself is of considerable

 breadth and that modifications may be made by

those skilled in the art without departing from
the spirit of the invention. | B
I claim: \ | - | | ,
1. A stereophonic system having a plurality of
at least three electrical wave transmission chan-

nels, a microphone coupled to the input end of

each channel, said microphones being spaced
apart, thereby to pick up sound waves at differ-
~ ent intensities dependent upon the distances
over which said waves travel in air, an amplifier
in each channel, rectification means Individual
-0 each said amplifier, and means common to

of the tubes propor-

50

named, means common to sald attenuators for

- adjusting the same simutaneously in ke de-

gree, means common to said limiting amplifiers
for reducing the gain therein in like degree and
In response to energy peaks of high amplitude
occurring at any instant in any of said channels, -
and means effective on the energy transmitted
sald channels to said utilization devices
for substantially restoring the original range of

amplitude variation of said energy so as to com-

pensate for its amplitude limitation in said anr-
plitude limiters. . | -
9. In a system of the class described, a plural-

ity .of translation channels, a microphone at one

ih]

60

“tive to reproduce

play-back

providing corresponding
adjustment of said attenuators by manipulation
thereof, means for compressing in like degree the -

amplitude range of the energy applied to each
recording device, and a play-back system effec-
Ice the sound waves corresponding
to those stored in each sald recording device, said
system including separate loudspesk- .

- ers for each channel and nreans for expanding

- effects of said amplitude compressing means.

85
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{

6. In a binaural translation system having mi-
crophones for differential pick-up of sound en-

- €Igy, a separate amplifier channel for each mi-

crophone, and a sound reproducing device re-
sponsive to energy translated by each amplifier
channel, the method of controlling the volume
of output from each sound reproducing device
while preserving the binaural effect, which
mrethod comprises Jointly regulating the atten-
uation of energy in like degree in each chauagel,
providing a degree of gain control in each ampli-



4
fication channel in response to the rectification
of the highest peaks of energy in concurrent de-
rivatives from the energy content of the several

channels, and causing the binaural effect to be

preserved by the relative positioning of the sev-
era]l sound reproducing devices corresponding to

n In & binaural transmission system suitable
for radio transmitter modulation, sound record-
ing, public address devices and the like, a plu-
rality of
attenuator in circuit with each microphone, a
separate transmission channel connected to the
output side of each attenuator, a limiting ampli-

fier in each channel, &
by rectified derivatives
ergy components in

fronr the attenuated en-
each said transmission

microphones, & pre-amplifier and an

10

pilot channel jointly fed 15 range by

2,343,471

channel means for utilizing the energy in said
pilot channel to compress the dynamic range in
like degree in each said limiting amplifier, and
means to indicate the amplitude of the energy
in said pilot channel.

claim 7 and including means for separately am-
plifying and rectifying said energy compoenents

prior to the combination thereof in said pilot
channel.

9. The combination of elements according to
claim 7 and including means for expanding the
dynamic range o! energy in sald transmission

channels subsequent to the compression of said
the action of sald limiting ampliflers.

GEORGE M. NIXON.
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