21st July, 1932.

Mr. Shoenburg.
BINAURAL REPRODUCTION.
1.0

GENERAL.

This memorandum describes briefly the general troubles
experienced with single channel reproduction, the
difficulties experienced with the more obvious binaural
systems, and the proposed methods of over-coming these
difficulties.
2.0

THE BINAURAL EFFECT.

A human being determines the direction from which sound is
coming by means of a mental comparison of sound heard by his
two ears. For transient or low frequency sound he notes the
differences of arrival tiers, or the phase differences at
his two ears. For steady high frequency sounds, where the
wavelength is short compared to the distance from ear to
ear, he determines direction by the relative intensity at
the two ears, his head acting as a baffle.
At low frequencies the head is relatively small, so that
there is little difference of pressure at the two ears,
therefore phase difference constitutes the only method of
determining direction. Similarly with high frequencies where
the wavelength is short there would be ambiguity in the
apparent direction were phase differences used; therefore,
as the head forms an effective baffle for those short
wavelengths, the relative intensities are the criterion of
direction.
The detection of sound by a human being probably follows the
science shown in the following table:
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Type of
Sound.

Phase
Difference.

Intensity
Difference.

Low Freq: All
directions.
Medium Freq:
Hear face on.

Regular.

Negligible.

Regular for
small angles
off face on.

Small.

Medium Freq:
Side on.

Irregular
leading to
ambiguity.
Irregular and
quite
ambiguous.
Regular.

Large enough
for direction
determination.
Regular.
Intensity.

High
Frequencies.
Transients.

Irregular.

Method of
Determining
Direction.
Phase.
Appropriate
determination
by intensity
which allows
phase
determination
to be used
without
ambiguity.
Intensity.

Phase
(arrival
time)

The change over frequency from low to high frequency methods
of direction determination is probably about 700 c.p.s. The
determination of direction by phase or arrival time is
probably much more accurate than the determination by
intensity.
2.1 Echoes.
Every natural room produces echoes. After a human being has
been in a room for a few minutes he has learnt the system of
echoes of the room and is in a position to discount them if
he wishes to listen to a sound at the far end of the room.
Although most of the sound arriving at a listener in a
concert hall is often indirect sound, he has no difficulty
in detecting the direction from which the direct sound
arrives, also he is not unduly disturbed by the echoes. If
he shuts one ear the conditions immediately change, the
whole performance becomes blurred and the hall sounds
impossibly reverberant, especially does the bass sound
“heavy”. It does not seem even with one ear closed, that
complete sense of direction is ever lost because either
leakage to the closed ear, or bone conduction of the average
sound pressure, gives a slight sense of direction.
Nevertheless a concert performance heard with one ear in a
large hall is not entirely satisfying.
2.2 Two Microphones to Read Receivers.
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A very good demonstration of the importance of two ears can
be obtained with microphones and head receivers.
Suppose in a rather live studio two microphones are arranged
on each side of a block of wood roughly representing the
human head, and suppose the outputs of these two microphones
are combined and taken to a pair of head receivers in
another room. Someone walking about and talking in the
studio is heard together with a large amount of echo, unless
he is close to the microphones. If the studio is large and
the talker moves far from the microphone, it is difficult to
distinguish his speech, also his footsteps sound very loud
and “boomy”. Speech or other noise at any distance from the
microphone becomes blurred due largely to low frequency
reverberation.
Suppose now the outputs from the two microphones are not
combined but are taken entirely separately, one to each head
receiver. The whole tone is apparently changed. The talker
is heard distinctly at all reasonable distances from the
microphone. A great deal of the bass boom disappears and his
footsteps sound natural. His exact position in the studio
can be determined with surprising accuracy if it is known
that he cannot be behind the microphones so as to cause an
ambiguity.
The marked effect of having the channels from the two
microphones separate, is the apparent reduction of the bass
reverberation, and the solidity of the tone. The combination
of the channels (in effect the use of one microphone or ear)
produces at once the typical tone and feel of ordinary
transmitted or reproduced music.
When the two microphones are connected separately to the two
receivers, the echoes are still heard by the observer, but
he mentally discounts them and focuses his attention on the
source of sound to which he is listening. The room does not
sound dead, but the echoes are heard as such and do not
worry the observer. It is this effect that it is desired to
obtain by the proposed system of binaural reproduction. Of
secondary importance, it is desired that the apparent
position of a sound source shall be clearly indicated by the
reproduction.
3.0

BINAURAL REPRODUCTION ON LOUDSPEAKERS.

Section 2.2 above describes how a good Binaural effect can
be obtained with two pressure microphones feeding two
telephone receivers. If the telephone receivers are replaced
by two loudspeakers situated one on each side of the
listening room, the binaural effect is lost. The reason for
this is that at low frequencies phase differences are
produced at the microphones due to sound arriving obliquely.
These phase differences at the microphones produce phase
differences in the outputs of the two speakers. To a
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listener situated mid-way between the speakers the phase
differences in the speakers do not produce appreciable phase
differences at his ears, but produce very small amplitude
differences. Listening to the sound from the speakers
therefore, he does not experience any directional effect at
low frequencies. At higher frequencies the artificial head
between the microphones acts as a slight baffle, so that
oblique sound produces small intensity differences at the
microphones. These produce intensity differences at the
speakers, which due to the baffling effect of the listener’s
head, produce yet smaller intensity differences at the
listener’s ears. The latter intensity differences are not
sufficient to cause a sufficient appreciation of direction
for the higher frequencies. In order to obtain a
satisfactory directional illusion it is necessary to modify
considerably the outputs from the microphone for
transmission to the loudspeakers.
3.1 Binaural System Using Pressure Microphones
One method of obtaining a binaural illusion is to convert
the low frequency phase differences of the pressure
microphone outputs into amplitude differences. Thus an
oblique low frequency sound would produce phase differences
in microphone outputs which, phase differences would be
automatically converted into amplitude differences thus
producing differences in output intensity of the two
speakers. Difference of intensity of the two speaker outputs
produces, for a central observer, phase differences at his
two ears at low frequencies, which phase differences give
the correct directional illusion. At the high frequencies it
is necessary to amplify the difference of microphone output
before conveying these to the loudspeakers. The modification
of microphone outputs described above, may be called
“shuffling”.
Shuffling the outputs of pressure microphones may be
performed somewhat along the following lines:
The outputs from the two microphones are led to a bridge
circuit from which two new circuits, or channels, may be
obtained which represent the sum and differences of the two
preceding channels. These channels may be called the
summation and difference channels. If the currents in the
primary channels are equal in magnitude but differ in phase,
then the currents in the summation channel and in the
difference channel will be 90º out of phase. If now the
difference channel will be passed through a net-work which
rotates the currents in it through a right angle, the
resulting difference channel currents will be in phase with
the currents in the summation channel. Similarly the
summation channel may be passed through an attenuator which
will make the currents in this channel have a certain
magnitude relation to the currents in the difference
channel. Now by passing the resultant currents in the
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summation and difference channels through another bridge
net-work which will form two final channels, themselves
being the sum and difference of the summation and difference
channels, these final channels will differ in amplitude and
not in phase.
Thus, it is possible to convert low frequency phase
differences into amplitude differences, so that the relative
intensities of the loudspeaker may be made to vary in
accordance with the direction of sound arrival at the two
pressure microphones.
3.2 Binaural System Using Velocity Microphones.
If instead of using pressure microphones two velocity
microphones are mounted close together, with their axes
pointing in different directions, the relative outputs of
these microphones will vary in intensity in accordance with
the direction of incident sound. Velocity microphones, such
as a strip microphone, give a response which varies as a
cosine of the angle between the incident sound direction and
the normal to the strip. Thus intensity differences in
output can be obtained from such microphones at low
frequencies without any conversion of phase to amplitude
differences. The outputs from these microphones if conveyed
to two loudspeakers, should give a directional illusion
without any modification of the microphone outputs. Probably
in practice it would be convenient to have a control on the
difference of loudspeaker intensity for a given obliquity of
incident sound. Such a control can be obtained by a
“shuffling” circuit, which shuffling circuit would be
adapted to current or reduce the differences in amplitude of
the currents from the two microphones.
4.0

BINAURAL RECORDING.

Assuming that the Binaural systems of sound transmission
described above work satisfactorily, it should be possible
to make recordings for such systems either in film or disc.
4.1 Film Recording.
The recording of binaural sound on film should present no
very serious difficulties. Either variable density or
variable width may be used. The sound track would be divided
into halves, each half working one loudspeaker.
4.2 Wax Recording.
Wax recording is not quite as straight-forward as film
recording. It might be possible to use two adjacent tracks
on the record with two needles in order to pick up the two
channels; this method would be very cumbersome. A preferred
method is to use a simultaneous hill and dale and lateral
cut. The recorder would be adapted to drive the stylus in

6
any direction in a plane normal to the direction of movement
of the wax. In practice, the two channels would be applied
at oblique axes, so that neither channel was truly hill and
dale or lateral. The pick-up used would be responsive to
both hill and dale and lateral cuts. By making the effective
lateral cut the sum of the two channels it should be
possible to play such a record on an ordinary lateral
machine, the binaural effect however, being lost. Similarly,
a pick-up intended for binaural work should be able to play
normal lateral cut records. The design of recorders, etc.
for such a system presents mechanical difficulties rather
than fundamental technical difficulties. The reproducing
system must unfortunately comprise low frequency amplifiers
and two loudspeakers.
4.3 Radio Transmission.
Mr Willans has suggested a system of transmission on one
wavelength whereby the two channels are transmitted as
amplitude and frequency modulations of the same carrier
wave. If it is arranged that the amplitude modulation
represents the sum of the two channels and the frequency
modulation represents the differences of the two channels a
normal receiver would receive such a wave without noticing
anything unusual. Mr Willans has also suggested a circuit by
which these channels could be properly separated previous to
two low frequency detectors, which would then feed two low
frequency amplifiers and loudspeakers.
5.0

CONCLUSION.

It would appear that if a true directional illusion can be
obtained new possibilities are added to sound recording, and
there would be a large increase of realism.
It is by no means certain that the systems described above
will work, but it is believed that previous investigators
have not got beyond the stage of discovering that whereas
pressure microphones gave a good binaural effect on head
receivers, the effect was lost on loudspeakers. We at least
understand why this effect is lost, so that we may be on the
road to discovering how to produce it effectively on
loudspeakers. It is therefore proposed to attempt to make
the systems described above operate, and so to produce some
binaural transmission in order to determine whether there is
any like field for development in this direction.
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