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This invention relates to stereophonic apparatus for
the transmission and reproduction of audio frequencies.

It has been known to set up two microphones in front
of an orchestra in order to obtain a stereophonic repro-

% duction, to connect each of these microphones to a sepa-

13t

rate transmission channel and to assign to each of the
channels a separate loudspeaker. If these two micro-
phones are suitably spaced, for instance, the distance of
the separation of the ears of a human head, such ar-
rangement gives the impression that the orchestra is
actually at the location of the two loudspeakers. Though
such system is suitable for obtaining a stereophonic re-
production for listeners having two-channel receiving sys-
tems, it has the disadvantage that it is not fully com-
patible for use with single-channel systems for non-
stereophonic reproduction, because then only one of the
microphones is effective subsequently providing poor cov-
erage of a large source of sound, such as an orchestra.

It has also been known to provide an electro-acoustical
transmission system, for example, for radio broadcast-
ing, in such a manner, that it can serve compatibly either
for simple or for stereophonic reproduction by means of
the same pair of microphones, transmitting via a main
channel and a second channel. For this purpose, the
transmitting apparatus supplies the first channel of a re-
ceiver with the sum of the voltages from the two micro-
phones, and the second channel of the receiver with
the difference of the voltages from the microphones, i. e.,
the voltage of the one microphone is supplied directly
and the voltage of the other microphone is supplied after
polarity reversal. -Then, during stereophonic reproduc-
tion, one Ioudspeaker in the receiver is supplied with the
sum of the voltages from both channels and the other
loudspeaker is supplied with the voltages from both
channels but after polarity reversal of the voltage from
one of the chanmels. In this known arrangement, the
two microphones are, for instance, mounted on a sup-
porting member and spaced for stereophonic reproduction
(artificial head). However, this microphone arrange-

‘ment is not the best for use in single-channel reproduc-

tion, because various frequency components of the in-
telligence, for instance music, become lost by mutual
cancellation when the two microphones are directly in-
terconnected. Even during two-channel reproduction,
this arrangement of the microphones is unsatisfactory
for the transmission system, since cancellations occur in
the second channel, such cancellations impairing the qual-
ity of the reproduction and of the stereophonic effect.
Even if the two microphones were arranged in another

way, this still would be done only with regard to the

single-channel or the two-channel transmission.

It is an object of the present invention to overcome
the above difficulties and to obtain a superior, or even
the - best possible, sound impression both in connection
with single-channel and stereophonic transmission in both
cases as if only one of the transmissions were in progress,
so that hardly any mutual consideration is to be taken.

According to the present invention there are provided
in addition to the two mentioned microphones at least
one or several other microphones which are connected

10

15

20

25

30

35

40

60

70

2

along with the two microphones already mentioned above
according to the two following characteristics, and which
are arranged with said mentioned microphones especially
or only with a view to good single-channel transmission:

(a) From each of said additional microphones a volt-
age is supplied to the second channel, particularly, via
separate, controllable attenuators, these voltages being
variable in intensity so that for a large voltage the re-
produced sound appears to be located remotely from
the line of symmetry between the two loudspeakers, and
the sound appearing to approach said line of symmetry.
as the voltage is lowered (limiting case: equal zero).

(b) The outputs of said additional microphones are
supplied directly to the first channel and, in addition,
a polarity reversing device (transformer) is provided
in each of the feed lines from these additional micro-
phones to the second channel through which the sound
received by these microphones, in case of stereophonic
reproduction, is conducted to the loudspeaker via chan-
nel IL

Upon introduction of such a system, a radio listener
having a receiving set of the conventional type for single-
channel transmission could use it for single-channel re-
ception of these stereophonic signals. The quality of
reproduction will not be impaired because the above
microphone arrangement can be employed at the trans-
mitter whether or not a stereophonic reproduction means
is provided at the receiver always or only sometimes,
and the types of microphones can be selected without
regard thereto. This is the more important, the more
the use of additional microphones is relied upon to com-
pensate for acoustical shortcomings of the studio or to
obtain special musical effects. In spite of the arrange-
ment of the microphones with a view to good single-
channel transmission, the invention has the additional
advantage that a sound source in front of the system
of microphones may be selectively reproduced by the
receiving apparatus at any point within the angle formed
between the lines connecting the listener and the stereo-
phonic loudspeakers.

Still further objects and the entire scope of applicability
of the present invention will become apparent from the
detailed description given hereinafter; it should be under-
stood, however, that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since
various changes and modifications within the spirit and
scope of the invention will become apparent to those
skilled in the art from this detailed description.

Referring in more details to the drawings,

Figure 1 shows schematically one embodiment of the
invention for the case where the reproduced sound is to
lic on the axis of symmetry of the loudspeakers; (limit-
ing case indicated under a)

Figure 2 illustrates' schematically a circuit employed
to connect two loudspeakers to channels I and II for
stereophonic reproduction;

Figure 3 shows a novel circuit diagram suitable for
use in carrying out the principles of the present invention,
and

Figure 4 is a diagram of a circuit which may be used
as a phase-reversal circuit in which the output amplitude
may also be controlled;

Figure 5 shows schematically a circuit diagram of an-
other embodiment according to the invention using the
circuit shown in Fig. 4.

The aforementioned known system will be explained
first with reference to Figure 1, wherein the microphone
M and the associated connecting lines and circuit com-
ponents (variable resistor and amplifier) are to be ig-
nored. The- variable resistors R; and R, are, likewise,

»not present in the known system. The two microphones
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are placed in front of a sound source O, for instance, an
orchestra. In the lines of the transmitter and the repro-
ducer, amplifiers denoted by V are inserted. The volt-
ages supplied by the two microphones M; and M, are
fed to the channel I by interconnecting the microphones
in a known manner. The voltages supplied by the two
microphones M, and M, are simultaneously fed to chan-
nel I, however, after reversing the polarity of one of the
microphones, for instance, the right one M, in a polarity
reversing device Us. In other words, the sum of the
voltages of the two microphones is supplied to the chan-
nel T and the difference of the two voltages to the channel
II. The two channels I and 1T are then transmitted via
wire or wireless, or they may be recorded on sound car-
riers. Two loudspeakers L; and L, are provided at the
receiver. One of these loudspeakers, namely Ly, is fed
with the sum of the voltages of the two channels I and
1I. The other loudspeaker Ly will receive the difference
of the voltages of the two channels, because a polarity
reversing device Uy is inserted in the feed line between
channel II and the loudspeaker L.

According to Figure 1, single-channel transmission,
during which both microphones M; and M, operate, takes
place without the additional components at the right lower
side of the receiver to be used in the operation of the
channel II. The two loudspeakers L; and L, are operat-
ing in parallel and could be replaced by a single loud-
speaker. However, the loudspeaker using the additional
components at the right lower side of Figure 1 has stere-
ophenic reproduction.

The operation of said transmission system is based on
the following equations for the two channels I and II,
wherein the voltage of the one microphone is denoted
by A and that of the other microphone by B.

There appears in channel I (4--B); and in channel
I (A-B).

At the reproducer, there appears at the left loudspeaker
L; (44+B)+(4—B)=24; and at the right loudspeaker
Ly (A-+B)—(A—B)=2B.

Thus, the system operates as if the loudspeaker L; is
only connected to the microphone M; (voltage A) and
the loudspeaker L, only to the microphone M, (voltage
B). The voltage of the micrphone M, in the loudspeaker
L; and that of the microphone M; in the loudspeaker L,
are cancelled out.

Figure 2 shows a known example of a circuit for the
receiver. The sum of the voltages of the channels I and
I is obtained by series connection of the two secondary
coils S and S, and the difference in voltages is obtained
by connecting in opposition the secondary windings S
and S,. The polarity reversing device Ug of Figure 1
is here illustrated by the coil S; provided on the trans-
former of the channel II.

According to the invention, the microphone M in Figure
1'is added and is connected only to the chanmel I. In

this illustrated broadest of the invention, the voltage

fed from said microphone M to the channel II' equals
zero. Therefore, at the reproduction apparatus, an im-
pression is obtained as if the sound received by this micro-
phone were in the center, i. e., on the line of symmetry,
between the two loudspeakers L; and Ly, It is immater-
ial regarding this action where the microphone M is ar-
ranged with respect to its sound source. The voltages of
the microphones are interconnected in a manner known
per se, whereby the phase of the microphone voltages
need not be considered, since the microphones are spaced
far apart and, thus, the content of intelligence coming
to the micrephones is so different that scarcely any mutual
cancellation of the voltages takes place. Each micro-
phone is equipped with a volume control adapted to ad-
just in a manner known per se in one-channel transmission
systems the amplitude ratio to the most favorable value,
as required for a one-channe] transmission. In this way,
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balanced reproduction (correct ratio of the sound volumes
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of the individual instruments). However, channel II
causes a stereophonic differentiation for the listeners
(perception of the stereophonic distribution of musical
instruments in an orchestra).

In Figure 3, microphones M; and M, are additionally
arranged with the microphones M; and M,. The micro-
phone M as in Figure 1 may also be added, if desired.
In accordance with the invention, adjustable attenuators
D; and Dy and polarity reversing device Uy may be in-
serted in the lines between the microphones M; and My,
on the one hand, and the channel II on the other hand.

The voltages derived from the left microphone group
M;, M3 are applied directly to channel II, while the volt-
ages of the right microphone group Mj, My are phase-
inverted by the polarity reversing devices U, and U,
The stereophonic effect can be improved by inserting at-
tenuating means D3 and Dy in the electrical connections
between the two middle microphones M3, M, and chan-
nel II,” whereby the attenuation may be controlled in
such a manner, that the voltages passing through the at-
tenuators are lower as compared with the voltages of
the microphones M; and M., in the proportion that the
spacing of the middle microphones M; and M, from the
center line of the entire microphone arrangement is
smaller than the total width of the arrangement.

In accordance with a further object of the invention,
shown in Figure 4, the controllable attenuation device
and the polarity reversing device may be combined. In
this embodiment, a potentiometer P is connected to the
secondary S, of a transformer T. The output voltage is
picked up across the wiper arm PW of the potenti-
ometer P and the connecting line between the center
tap C of the secondary Sy and the potentiometer P. This
arrangement makes it possible to reproduce a sound
source in front of a microphone at any point of the angle
enclosed by the lines between listener and the two loud-
speakers L; and L,. Thus, a sound source which is
located to the right in the orchestra O and in front of
which a microphone is placed may be reproduced on
the left side at the loudspeakers by moving the wiper arm
PW of the respective potentiometer P beyond the tap C
to the other side. The potentiometer in Figure 4 may
be calibrated directly in increments of the mentioned
angle. ‘

The impression of movement over the entire angle
may be produced by merely actuating the potentiometer
P. If the wiper arm PW is in the center, no voltage is
transmitted from the respective microphone to the chan-
nel II. This is the case mentioned above, wherein the
reproduced sound appears on the line of symmetry be-
tween the loudspeaker 1; and L,.

In practice, a circuit arrangement according to Figure
4 will suitably be provided in each of the amplifiers
which are located in the four feed lines of the micro-
phones. to the channel II, in order to be able to freely
adjust the phase as well as the amplitude. This has the
advantage that all four amplifiers in these feed lines are
uniformly designed.

Figure 5 shows such a circuit arrangement. The con-
ventional double feed lines are shown partly unipolar
and partly bipolar for the sake of clarity. The upper
half of Figure 5 illustrates the microphones and trans-
mitting circuits. The lower half illustrates the repro-
ducer, and the transmission channels I and II are in-
between. The microphones M; to My are arranged and
connected as in Figure 3. At the upper right, a circuit
according to Figure 4 is inserted in each of the four
lines connected to the microphones. The reproducer
illustrated at the bottom of Figure 5 has exactly the
same circuit arrangement as that shown in Figure 2.

The transmission system according to the present in-
vention can be used in addition with another proposed
transmission system. - In this latter transmission system,
two microphones close to one another are used, of which
one. constitutes a pressure, or pressure gradient, type (i.
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€., with spherical or kidney shaped characterictics) and
the other is a (ransversely directed velocity microphone
with octagonal characteristics, the direction of principal
incidence of which lies transverse to the sound source.
The voltage of the first microphone is fed to channel I
and that of the second microphone to channel Ii (with-
out using the circuit arrangement according to the in-
vention at the transmitter). At the receiver, a stereo-
phonic result is obtained by forming the sum and the
difference of the microphone voltages, for instance, by
using the circuit arrangement according to Figure 2.
This result may be enhanced by the system according to
the invention.

Independent of the presence of a microphone M in
Figure 3, a loudspeaker L may be connected to the chan-
mel I at the reproducer, said loudspeaker being arranged
in the center between the two other loudspeakers. - In
this case, the sound emits from a larger surface and the
impression that the sound originates in two different
points is reduced.

The problem of optional use of simple or stercophonic
reproduction occurs in electro-acoustics not only when
the sound production is transmitted by wire or via a
radio channel, this problem being, likewise, present when

the sound is to be recorded on sound carriers for example, ¢

records, electromagnetic tapes or on sound films having
two channmels. It is possible in such case to reproduce
the records made, according to the invention, on a nor-
mal record player by using a conventional pick-up for a
one-channel reproduction, while the same records can
alternatively be played on a reproduction apparatus for
stereophonic reproduction. The two channels can be
made on one record, for instance, by lateraliy recording
one channel and vertically recording the other channel.

The invention may be applied to sound films as fol-
lows. The conventional cinemascope films have four
electromagnetic tracks, i, €., three main tracks for the
stereophonic reproduction with loudspeakers at the
screen, and one special effects track for feeding loud-
speakers arranged in the back of the auditorium. If
films of this kind were produced according to the inven-
tion, two main tracks and one special effects track would
be sufficient, since the sound received by the center
microphone can be transmitted via channel I. In con-
trast to the conventional cinemascope films, the same
films may be used in smaller movie theaters which have
only one-channel reproducing apparatus. In the latter
apparatus, only track I is picked up and perfect one-chan-
nel reproduction is obtained. This simpler reproducing

apparatus may be built in such a way that it can later be ;

supplemented, if desired, to provide a complete repro-
ducing apparatus for stereophonic reproduction.

What is claimed is:

1. Stereophonic apparatus for compatible reproduction
in loudspeakers by both single-channel non-stereophonic
systems and also by two-channel sterecphonic systems
of andio signals converted into voltages by a first, a
second and a third microphone system comprising a
first channel; means for transmitting voltages from all
the microphones to the first channel; a first and a second
loudspeaker, each connected to said first channel and
reproducing audio signals in accordance with the sum
of the outputs of all the microphones; a second channel;
means for transmitting voltages from the first microphone
system to the second channel; a first polarity reversing
means connected to supply a phase-inverted voltage to
said second channel from said second microphone sys-
tem; means for supplying a component from said second
channel directly to the first loudspeaker; and a second
polarity reversing means connected to supply a phase-
inverted voltage to said second loudspeaker from said
second channel.

2. In an apparatus as set forth in claim 1, said audio
signals emanating from a broad source, and said first

microphone system comprising at least two microphones
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6
on one side of said source and said second microphone
system comprising at least two other microphones on
the other side of said source cnd symmetrically arranged
with respect to said first microphones; and attenuating
means for controiling the ampliiudes of the outputs of
at least a pair of mutually corresponding microphones in
each system, the sound appearing tc emanate from a
source along the axis of symmetry of the two loud-
speakers when the cutputs of the microphones of said pair
are entirely attenuated, and the emanation of the sound
appearing to move off the axis of symmetry in proportion
as the signal through an attenuating means is increased.

3. In an apparatus as set forth in claim 1, said means
for transmitting voltages from the first microphone sys-
tem to the second channel including a separate, com-
bined phase-inverter and attenuator for each microphone
in the first system, whereby both the amplitude and phase
of each voltage may be selected; and said polarity re-
versing means connected between said second channel
and said second microphone system also including an
attenuator, whereby the output amplitude and phase of
each microphone in the second system may be selected;
the selection of the respective microphone phases fed to
the second channel determining whether the emanation
of sound from the loudspeakers is the same or the re-
verse of the original source of audio signals, the ampli-
tude selection of the outputs of the various microphones
fed to the second channel determining the width to which
the stereophonic pattern extends on each side of the axis
of symmetry of the loudspeakers. -

4. In an apparatus as set forth in claim 3, each polarity
reversing means comprising a transformer having a pri-
mary winding for receiving an input signal and having
a secondary winding; and each attenuator comprising a
potentiometer connected across said secomdary winding
and forming therewith a secondary circuit having a cen-
ter tap, the potentiometer having a wiper arm and the
output of the combined polarity reversing means and
attenuator being taken from between said center tap in
the secondary circuit and said wiper arm.

5. Stereophonic apparatus for compatible reproduc-
tion in loudspeakers by both single-channel non-stereo-
phonic systems and also by two-channel stereophonic
systems of audio signals converted into voltages by a first
and a second microphone system comprising a first chan-
nel; means for transmitting voltages from all the micro-
phones to the first channel; a first and a second loud-
speaker, each connected to said first channel and repro-
ducing audio signals in accordance with the sum of the
outputs of all the microphones; a second channel; means
for transmitting voltages from the first microphone sys-
tem to the second channel; a first polarity reversing
means connected to supply a phase-inverted voltage to

~ said second channel from said second microphone sys-

tem; means for supplying a component from said sec-
ond channel directly to the first loudspeaker; and a sec-
ond polarity reversing means connected to supply a
phase-inverted voltage to said second loudspeaker from
said second channel, said audio signals emanating from
a broad source, and said first microphone system com-
prising at least two microphones on one side of said
source and said second microphone systern comprising at
least two other microphones on the other side of said
source and symmetrically arranged with respect to said
first microphones; and attenuating means for controlling
the amplitudes of the outputs of at least a pair of mu-
tually corresponding microphones in each system, the
sound appearing to emanate from a scurce along the axis
of symmetry of the two loudspeakers when the cutputs
of the microphones of said pair are entirely attenuated,
and the emanation of the sound appearing to move off the
axis of symmetry in proportion as the signal through an
attenuating means is increased.

No references eited,



