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COMPLETE SPECIFICATION
Improvements in and relating to Sound-transmission, Sound-
recording and Sound-reproducing Systems.

The fundamental object of the invention is to provide a
sound recording, repreducing and/or transmission system
whereby there is conveved to the listener a realistic impres-
sion that the intelligence is being communicated to him over
two acoustic paths in the same manner as he experiences in
listening to everyday acoustic intercourse and this object
embraces also the idea of conveying to the listener a true
directional impression and thus, in the case in which the
sound is associated with picture effects improving the illusion
that the sound is coming, and is only coming, from the artist
or other sound source presented to the eye.

The invention is not. however, limited to use in connection
~ with picture effects, but may, for example, be used for im-
proving the qualities of public address, telephone or radio
transmission systems, or for improving the quality of sound
recordings. When recording music considerable trouble is
experienced with the unpleasant effecs produced by echoes
which in the normal way would not be noticed by anyone
listening in the room in which the performance is taking
place. An observer in the room is listening with two ears,
so that echoes reach him with the directional significance
which he associates with the music performed in such a roem.
He therefore discounts these echoes and psychologicaily foc-
uses his aitention on the source of the sound. When the
music is reproduced through a single channel the echoes
arrive from the same direction as the direct sound so that
confusion results. It is a subsidiary object of this inven-
tion so to give directional significance to the sounds that
when reproduced the echoes are perceived as such.

In order that the physical basis of the invention can be
appreciated and the stages of its development understood,
Lnown and established facts concerning the physical relations
between sound sources, sound waves emitted thereby, and
the human ears will be briefly summarized.

Human ability to determine the direction from which
sound arrives is due o binaural hearing, the brain being able
to detect differences between sounds received by the two
ears from the same source and thus to determine angular
directions from which various sounds arrive. This function
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is well known and has been emploved to considerable extent
for example in subaqueous directional detection in which
two microphones are connected by headphones, one to each
ear of an observer, the two channels between the micto-
phones and the two ears being kept entively separate.

With two microphones correctly spaced and the two chan-
nels kept entirely separate e.g. by using headphones it is
known that this directional effect can also be obtained for
example in a studie. If. however, the channels are not kept
separate (as, for example is the case in previously proposed
arrangements for recording and:or reproducing sound, in
which sounds picked up by a plurality of pressure micro-
phones are led to loud speakers which take the place of the
headphones) the effect is almost entirely lost and such sys-
tems have therefore not come into common use since they
are quite unsatisfactory for the purpose. The present in-
vention contemplates controlling the sound, emitted for
example by such loud speakers, in such a way that the direc-
tional effect will be retained.

The operation of the ears in determining the direction of
a sound source is not vet fully known but it is fairly well
established that the main factors having effect are phase
differences and intensity differences between the sounds
reaching the two ears, the influence which each of these has
depending upon the frequency of the sounds emitted. For
low frequency sound waves there is little or no difference in
intensity at the two ears but there is a marked phase differ-
ence. For a given obliquity of sound the phase difference
is approximately proportional to frequency. representing a
fixed time delay between sound arriving at the two ears, by
roting which the brain decides the direction from which the
sound arrives. This operation holds for all frequencies up to
that at which there is a phase difierence of = radians or more
between sounds arriving at the two ears from a source located
on the line joining them: but ahove such a frequency if phase
difference were the sole feature relied upon for directional
location there would be ambiguity in the apparent nosition
of the source. At that stage however the head begins to be-
come effective as a baffle and causes noticeable intensity dif-
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ferences between the sounds reaching the two ears, and it
is by noting such intensity differences that the brain de-
termines direction of sounds at higher frequencies. It has
been stated that the frequency at which the brain changes
over from phase- to intensity-discrimination occurs at about
700 c.p.s. but it must be understood that thiz may vary
within quite wide limits in different circumstances and from
person to person, and that in any case the transference is
not sudden or discontinuous but there is considerable overlap
of the two phenomena so that over a considerable frequency
range differences of both phase and intensity will to some
extent have an effect in determining the sense of direction
experienced. )

From the above considerations it will be clear that a direc-
tional effect is to be obtained by providing impressions at
the two ears of low frequency phase differences and high
frequency intensity differences, and it would appear tha‘t in
reproducing from two loud speakers the differences received
* v two microphones suitably spaced to represent human ears

auld give this effect to a listener if each microphone were
connected dnly to one loud speaker. It can be shown how-
ever that phase differences necessary at the ears for low fre-
guency directional sensation are not produced solely bv
phase differences at two loud speakers (both of which com-
municate with both ears) but that intensity differences at
the speakers are necessary to give an effect of phase differ-
encetr while initial intensity differences from the sources
necessary for high frequencies are not sufficiently marked
when the sounds reach the ears, and to produce suitable
effects therefore the initial intensity differences must be
amplified. It is for this reason that the aforementioned
methods previously proposed (wherein only pressure micro-
phomes were used) are not succeessful in achieving the de-
sired effect, these necessary alterations not having been
understood or in any way attained in those prior arrange-
mepits,

[t will be seen therefore that the invention consists broad-
Iv in 50 controlling the intensities of sound to be. or being.
emitted by a plurality of loud speakers or similar sound
saurces, in suitable spaced relationship to the listener, that
the listener's ears will note low frequency phase differences

 high frequency intensity differences suitable for con-
veving to the brain a desired sense of direction of the
«ound origin. In other words the direction irom which
the sound arrives at the microphones determines the
vhatacteristics (more  especially, as will become apparent
Beresiter, the intensities) of the sounds emitted by the loud
speakers in such a way as to provide this directional sensa-
Lian,

It must be understood that the manual control by an ob-
wever of intensities of a plurality of loud speakers spaced
round & motion picture screen has previously been proposed
but this method sufiers considerably from the defects indi-
cated above, and in any case is very difficult and inconvenient
voeperate. No novelty jor mere intensity control per se is
sesever claimed, except insofar as the nature of the control

*~ich as 1o provide the necessary relative phase and in-
tenwity difference sensations.

Ii in accordance with the invention the sound is first
recorded and subsequently reproduced from the records,
the control may wholly be effected either during the recording
ar during reproduction, or may be partially carried out in
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each stage. It must be understood that wherever throughout
this specification the words “sound transmission” are em-
ployed (more especially in the claims specified below), they
cover (unless the context otherwise requires) not onty the
case in which impulses pass directly from the microphones
to the loud speakers, but also those arrangements embody-
ing an intermediate process or system of recording: and in
the latter cases the said words apply to either. or both, the
passage of impuises from the microphones to the recording
system, and from reproducer to the loud speakers.

More specifically the invention consists in a system of
sound transmission wherein the sound is picked up by a
plurality of microphone elements and reproduced by a
plurality of Joud speakers, comprising two or mare direction-
ally sensitive microphones and/or an arrangement of ele-
ments in the transmission circuit or circuits whereby the rela-
tive loudness of the loud speakers is made dependent upon
the direction from: which the sounds arrive at the micro-
phones.

The invention also consists in a system of sound trans-
mission wherein the sound is received by two or more micro-
phones, wherein at low frequencies difference in the phase
of sound pressure at the microphone is reproduced as differ-
ence in volume at the Joud speakers.

The invention further consists in a system of sound trans-
mission in which the original sound is detected by two or
more microphones of a type such as velocity microphones
whose sensitivity varies with the direction of incident sound,
and in which the dependence of the relative responses of the
microphones to the direction of an incident sound wave is
used to control the relative volumes of sound emitted by two
or more loud speakers. )

The invention also consists in a system of sound trans-
mission wherein impulses from two microphones transmitted
over individual channels are adapted to interact whereby two
sets of impulses are further transmitted consisting in half
the sum and half the difference respectively of the original im-
pulses, said impulses being thereafter modified to control
the relative loudness of loud speakers whereby the sound is
to be reproduced.

The invention also consists in a system of sound trans-
mission wherein the sound is picked up by two directionally
sensitive microphones which are so spaced and/or with their
axes of maximum sensitivity so directed relative to one an-
other and to the sound source, that the relative loudness of
loudspeakers which reproduce the impulses controiled by
the direction from which the sound reaches the microphones.

The invention also consists in a system as set forth above
wherein two sets of impulses are mechanically recorded in
the same groove,

The invention also consists in a system as set forth above
wherein the impulses are transmitted by radio telephony.

The invention also consists in a system as set forth above
in combination with means for the photographic recording or
transmission and/or reproduction of pictures.

The word channel, as employed herein means an electric
circuit carrying a current having a definite form depending
upon the original sounds in the studio. Thus two channels
may be different not only because the average intensities or
types of current in them differ but also because they originate
from iwo microphones in different positions in the studio.

The rature of the invention will become apparent from
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the following description of various methods and modes of
carrving it into effect but it must be understood that the
different forms described are given merely by way of example
and do not impose any restrictions upon the scope of the
invention or the manner and means whereby it may be ac-
complished.

The description will be more readity understood by refer-
ence to the accompanying drawings, wherein

Figure 1 represents diagrammatically the assembly of cne
system according to the invention:

Figure 2 represents a microphonic arrangement for use
according to one form of the Invention:

Tigure 3 represents a transformer arrangement emploved
in one form of the invention: and

Figure 4 shows a symbolic representation of the arrange-
ment shown in Figure 3.

Figures S, 6 and 7 represent various circuit arrangeiments
applicable to various forms of the invention. while
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Figures 8, 9, 10 and 11 represent different iorms of sound
recorders which may be employed.

It will be clear that the invention is particularly applicable
to talking motion pictures and the following description will
therefore be given with reference to this application. In
one form of the invention convenient for this purpose shown
in Figure 1 the sounds to be recorded and reproduced with
the pictures may be received from a source ¢ by two pres-
sure microphones a,, @» mounted on opposite sides of a block
of wood or baffle & which serves to provide the high fre-
quency intensity differences at the microphones in the same
way as the human head operates upon the ears as indicated
above. The outputs from the two microphones are after
separate amplification by separate similar amplifiers 5,, &.
taken to suitably arrange circuits ¢ comprising transformers
or bridge or network circuits which convert the two primary
channels into two secondary channels which may be called
the summation and difference channels. These are arranged
<o that the current flowing into the summation channel will
represent half the sum, or the mean, of the currents fowing
in the two original channels, while the current flowing into
on each of two transformers, the secondary winding of
the currents in the original channels,
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One convenient transformer arrangement for this purpose
iz shown inn Figure 3 wherein input currents from ampliners
b,, I, are separately fed each i{¢ two primary windings, one
on each of two transformers, the secondary winding of each
each transformer, providing a “sum” or ‘difference”
output current on account of the senses in which the primary
coils are wound as shown. A diagrammatic representation
of a sum and difference arrangement {which may consist of
a transformer similar to that of Figure 3 or any other suit-
able arrangement of circuit elements) is shown in Figure 4.

In accordance with the form of the invention being de-
scribed the two outputs from the sum and difference ar-
rangement are modified in order to obtain subsequently the
dezired sound effects and one convenient circuit arrange-
ment for effecting this is shown in Figure 5 which represents
the portien of the circuits indicated by ¢ in Figure 1. As-
suming the original currents differ in phase only, the cur-

0

at in the difference channel will be — different in phase
2

from the current in the summation channel. This difference
current is passed through two resistances ¢ and e in series be-
wween which a condenser f forms a shunt arm, The voltage
acrois this condenser f will be in phase with that in the sum-
mation channel. By passing the current in the summation
channel through a plain resistive attenuator network com-
nosed of series resistances g, # and a shunt resistance 4, a volt-
age iz obtained which remains in phase with the voltage across
the condenser f in the difference channel. These two voltages
are then combined and reseparated by a sum and difference
process such as previously adopted so as to produce two
fiinal channels. The voltage in the first final channel will be
the sum of these voltages and the voltage in the second final
channel will be the difference between these voltages. Since
theae voltages were in phase the two final channels will be
in phase but will differ in magnitude. By choosing the value
i the shunt resistance 7 in the summation channel and the
~hunt condenser § in the difference channel for a givern fre-
quency, any degree of amplitude difference in the final chan-
nel: can be obtained for a given phase difference in the

‘einal channels. For the low frequencies it can be shown
that the phase difference between the waves will. for a given
sblinuity of the sound source, vary proportionately with
requency. heing very small for & very low frequency. Thus
far agiven obliquity of the sound the current in the differ-
wnce channel will be increasingly great compared with that
0 the summation channel the higher the frequency. Hence
the use of a shunt condenser f in the difference circuit will
aave the effect of producing a fixed intensity difference in
the final channels for 3 given obliquity at all low frequencies.

For the higher frequencies as indicated above it is not
lletessiary to convert phase shifts into amplitude differences,
WUt simply (o reproduce amplitude difierences. The shunt
ondenser foin the difference circuit is therefore built out
Ao aresistance £ whose value is substantially equal to
“lal ol resistance i
In building this circuit the capacity of the condenser f is
of ;}L:E}l \'éitle lﬁ}_lat its impedance is small compared with that
i .t;zrzesurebistances d ande over the whole working range,
oiwte e value of resistance A is such that it equals the
Tractance of the condenser at approximately the frequency
Heve which it s desired not to convert phase differences

o
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The value of % is in general
equal to that of 7, in which case the amplitude differences for
high irequencies are passed on without modification.

It may be found necessary to employ more complex circuits
than the shunt resistance 4 and condenser f in the difference
circuit and shunt resistance § in the summation circuit,

into amplitude differences.

which however form the basic arrangement. However it
must be understood that the circuits emploved may be con-
siderably modified as required without departing from the
scope of the invention,

The outputs from the modifying circuit ¢ {Figure 1) are
passed to amplifiers d,, d, and thence to loud speakers ¢,, ¢,
suitably disposed on each side of a picture screen. It is to
be understood that Figure 1| merely traces the passage of
intelligence from the source ¢ to a recipient and no record-
ing or reproducing system has been shown. Such may how-
ever be inserted anywhere along the electrical circuit such
for example as between amplifiers b,, b, and modifying as-
sembly ¢, or between assembly ¢ and amplifiers 4,, 4..

In the latter case the impulses transmitted through the
two channels as indicated above may for example be recorded
on two sound tracks on a film by any suitable or known
means. each of which records may comprise either a sound
track of constant densitv and variable width (e.g. an oscil-
lograph record), or a sound track of constant width and
variable density (e.g. a light valve record). Alternatively
both records may be made on a single track comprising a
combination of the variable width and variable density
forms of recording.

Such a record may be reproduced by passing light from
the same slit through the two tracks, separating the beam
into the two record portions by means of prisms or like
optical means and employing the outputs {rom two photo-
etectric cells, excited by these separate parts of the beam
{after amplification) to operate two loud speakers disposed
one on each side of the screen upon which the cinematograph
pictures are projected.

From the above description it will be clear that obliquity
of the direction of sound wave propagation relative to the
microphones a,, a, will produce differences of intensity at
the loud speakers so as to give an impression to an observer
of oblique sound incidence.

If two very small microphones are used and placed very
close together it may be found possible to cbtain microphone
outputs which do not differ appreciably in amplitude but only
in phase for all working frequencies. In this case the modi-
fving circuit may be arranged to convert phase differences
into amplitude differences throughout the entire frequency
range. The phase differences dealt with at the low-frequen-
cies however may be so small that in this case slight differ-
ences in the two microphone circuits would have very large
effects. On this account microphone spacing of the same
order as that of the human ears is most suitable.

It will be appreciated that the amount of modification
necessary to the impulses transmitted through the summa-
tion and difference channels as indicated above depends upon
a number of factors, including the relative spacing of the
microphones and of the loud speakers, and the size and posi-
tioning of the screen. It can be shown that for low fre-
quencies « the degree of modification reguired in the dif-
ference channel as compared with the modification in the
summation channe! is given by:—
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where
o = velocity of sound.
x = fraction of half picture film width which the image
of the sound source is off centre.
6 = angle of obliquity, in radians. of the source from
the median plane between the microphones.
k — effective distance apart of the microphones.
s = width of screen of theatre,

distance apart of loud speakers in theatre.

This expression in effect gives the impedance of the shunt
capacity f in the difference channel in terms of the resistance
i in the summation channel. Tt holds for ail frequencies
where £ is small compared to the wavelength. and is based
on the assumption that the 6 is small and that x and s are
small compared with the distance of the listener from the
screen and loud speakers.

v
The portion — is a factor of the recording. and is con-
0k
stant for a given arrangement if either the camera is in line
with the microphones and the centre of the picture, or the
action does not move appreciably to or from the microphones
and camera. When recording. the relative distances of
camera and microphones and the focal length of the lens
mayv be adiusted to maintain this factor a constant,
$

The expression — is a constant for the theatre.

L
gards low frequencies only, the distance apart of the speakers
need not exceed the screen width, but should certainly not
be closer than 70 percent. of the screen width., The closer
the loud spealkers the greater the necessary power handling
capacity. but the less the troubles introduced by formation of
stationary waves.

For the high frequencies no definite expression can easily
be abtained, and the modification, if any, used will probably
have to be gauged empirically by trial and error.

The argument and formula given above are based on a
direct wave analysis and may have to be considerably modi-
fied in order to allow for reflection of other acoustic effects.
It is preferred therefore to introduce the modiscations it is
proposed to employ, at the theatre since all factors will then
enter into consideration. It will be clear that. as indicated
above., the modifying networks and channel arrangements
may be emploved between the microphones and the film dur-
ing recording. or between the record and the loud speakers
during reproduction, and the latter course, in addition to
allowing of adjustment of the arrangements to suit the par-
ticular theatre as indicated above, has the additional ad-
vaniage that the sound film can be reproduced by a single
reproducing head or channet if, for example, one of the dual
arrangements breaks down, or in a theatre which, having
one instatlation, does not wish to go to the expense of install-
ing a second apparatus.

In order to employ successfully a syvstem of the kind de-
scribed above it is necessary to carry out preliminary experi-
mentis to determine the most suitable value of modification
to be emploved for each recording, and it is also necessary

I =

As re-
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to standardise various factors entering ifito every recording.
In the preliminary experiments, before recording, volume
indicator measurements may be made with a standard sound
source placed at the extremes of the “set”, ie. the space
within which recording is to be effected, and from these the
proposed modifying network laid out. A further experiment
may also be effected to standardise phase angles on the film.
At the theatre a simple adjustment may be provided to
check and balance the input to the two channels, a length
of test film being used for this purpose. It will thus be
seen that the total theatre equipment necessary is very simple
and consists in a transmission modifier (comprising two or
four transformers, for example, artificial line resistances
and the control network, which may be no more than a
condenser and a resistance} and two normal sound-repro-
ducing heads or pick-ups, or one specially designed head or
pick-up adapted to separate the two recordings to two com-
plete reproducing channels. There is no reason why the
second channel used should not be the “stand-by” channet
now often installed for safety since if, as indicated above, one
of the channels breaks down reproduction may be continued
without serious consequences on the other channel only.

In connection with the standardization indicated above,
while the binaural “transfer” frequency (from phase- to
intensity-discrimination) need have no definite significance
in recording, since it is a function of the human brain, it is
nevertheless necessary to fix a change-over frequency from
high- to low-frequency working for recording, since this fre-
quency fixes the values of the elements in the modifier and
thus the form of modification to be used, the distance apart
of the microphones and the form of baffle between them.
Any convenient frequency may be chosen as standard after
experience has decided which is most suitable. Instead of
standardising it may be possible from the preliminary es-
periments to allow electrically for variation of microphone
positions and/or of microphone spacing (although the latter
would be extremely difficult) and it must be understood
that this arrangement falls within the scope of the invention.

The above analysis is based upon considerations which
take no account of sound reflections or interference during
reproduction. The reflected sound waves which arise during
recording will be reproduced with a directional sense and will
sound more natural than they would with a non-directional
reproducing system. If difficulties arise in reproduction
they mav be overcome by employing a second pair of loud
speakers differently spaced and having a different modifying
network irom the first pair: or a row of speakers may be
used with a composite, progressive modifying network to
supply them: or the two speakers may be placed compara-
tively close together.

In this last arrangement the sense of direction of the ap-
parent sound source will only be conveyed to a listener for
the full irequency range for positions lying between the
loud speakers; but if it is desired to convey the impression
that the sound source has moved to a position beyond the
space between the loud speakers the modifying networks
may be arranged to reverse the phase of that loud speaker
remote from which the source is desired to appear, and this
will suffice to convey the desired impression for the low fre-
quency sounds., With this arrangement of loud speakers
close together, however, it would not be possible to effect
a similar illusion in connection with high frequencies.
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The syvstem so far described employs to receive the sound
waves two nondirectional microphones, e.g. pressure micro-

wones. Directionally sensitive microphones may also be
loyed spaced a small distance apart, the outputs being
ified as indicated so that the relative outputs of the
I speakers are controlled both by differences in phase
and differences in magnitude of the microphone oufputs.
Such directionally sensitive microphones may be, but are
st necessarily, of the type known as velocity microphones,
ard preferably provided with movable conductor elements
so light as to move substantially as the surrounding air.

Velocity or moving conductor microphones (e.g. moving
sirin microphones) are very suitable for any svstem accord-
inz to the invention and in addition to use with circuit ar-
rangements described above: they may also be employed
with various alterations in the circuits. These microphones
ive a vesponse varying as the cosine of the angle of incidence
of the sound relative to the direction of normal or oplimum
‘reidence, and they therefore have the advantage that a cer-
tain degree of loud speaker output separation may be ob-
tained without phase-conversion or like network modifica-
tiens,

Three general arrangements employing velocity micro-
phones are possible and i all cases the microphones are
niaved as near together as possible instead of being spaced
as 2rtificial ears, as in the case of pressure microphones.

1) Two velocity microphones are placed one with its
ax’s of maximum response directly facing in the direction of
the centre of the scene, and the other with its axis at right
arzles to that direction. Both moving strips are in line,
ard arranged so that this line is vertical, whereas the sound
source moves in a horizontal plane, A performer speaking
from the middle of the scene will affect only the face-on
mirophone. but if he moves to one side both microphones
wil provide outputs, while if he moves the other way simi-
far cutputs are provided but the phase of the edge-on micro-
piine is reversed. Since the microphones are close together
o phase differences are experienced between them and if
their outputs are summed and differenced after a suitable
arount of relative amplification the two final channels
‘ler in magnitude in the correct manner for operating the
loud speakers to give the desired directional effect. Such
sum and difference arrangement differs from the modifying
newwork employed with pressure microphones in that the
Pressure type provide phase differences (whereby direction is
determined which have to be converted, whereas with the
veucity type the edge-on microphone provides an output
praportional to the obliquity of the source. A suitable modi-
fving arrangement for this form of the invention is shown
in Figure 6. This is substantially identical with that shown
in Figure 3 except that the shunt condenser fand resistance &
in series, and the shunt resistance i are replaced by shunt
resistances { m which are preferably variable as shown.
Trese lines therefore form artificial attenuators and by
alizring their relative attenuation the intensity differences
in the two lines corresponding 1o a given obliquity of sound
iz controlled.

*2) Two velocity microphones or microphone elements
mzy be placed with their axes perpendicular to one another
anz each axis at 45° to the direction of the centre of the
screen. This arrangement is represented diagrammatically
in Figure 2 wherein » and o represent two velocity, or direc-
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tionally sensitive microphones one above the other arranged
perpendicular 1o one another and at equal angles at 45° to
the direction of the centre of the field from which sound is
to be received, It will be clear that movement of the sound
source g laterally to a position of p removed from the centre
of the field will result in the sound waves striking o at a more
acute angle than they strike # and differences in the
microphone outputs will result. The microphones are suffi-
ciently close together to render phase differences of the inci-
dent sound negligible and the output amplitudes therefore
differ approximately proportionally to the obliquity of the
incident sound. They may therefore be amplified similarly,
and supplied directly to the loud speakers 1o which they
will give the correct amplitude differences for the desired
directional effect provided the relationship between the vari-
ous dimensions of the recording and reproducing “lay-outs”
are correct. If it is desired to accommodate any differences
between the “lay-outs” the outputs may he modified by
networks, in the manner described, suitably to increase or
decrease the differences between them. An arrangement
such as shown in Figure 6 is suitable for this purpose, and
such an arrangement may of course also be employed even
if the lay-out is correct if it is desired for any reason to
control or meodiiy the amplitude differences of the loud
speaker outputs,

(3) Two microphones may be arranged with the two
axes lying symmetrically to the direction of the centre of
the field and with an angle between them of say & degrees,
so that sound from a performer at the centre subtends an
angle of — degrees to each microphore. If ¢ is small a

2

small movement of the performer to one side is sufficient
to make one microphone “edge-on” and to reduce its output
to zero, while if 6 is large a large movement of the per-
former is necessary to do this. By making ¢ adjustable
different “layouts” may be accommodated without the
modification indicated under (2) and it will be clear also
that this provides a method of directional sound transmit-
ting, recording and reproduction which avoids the necessity
of combining and reseparating the two channels.

The microphone elements in any of the above cases may
be enclosed in a single casing if desired for convenience,
and may also be positioned in a single magnetic system com-
mon to both.  Two velocity microphones set in line with
one another and with their axes of maximum response sym-
metrically inclined to the direction of the centre line of the
scene, may, if placed one above the other, be employed
also to provide significance of vertical as well as horizontal
movement of the sound source in a plane perpendicular to
the axis of maximum response of the microphone system.
Such vertical displacement of the source will in this ar-
rangement give phase differences to the outputs while lateral
displacement gives amplitude differences, and these can be
separated, the phase differences converted to intensity dif-
ferences by modifying networks, as described, and the re-
sulting impuises employed to operate four or more loud
speakers distributed round the screen. The transmission
in such a system occupies only two channels (one leading
from each microphone) up to a point in the system where
each of these channels is divided into two parallel channels
thus providing four chanrels in all at this point. Two
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channels, one from each parallel pair of these divided
channels, are connected to one modifying network adap-
ted to deal with phase differences. and the other two
channels. one from each pair, connected to another modi-
fying network adapted to augment intensityv differences.
Each modifying network operates a plurality of loud speak-
ers providing a directional sensation in one direction, and
in this manner directional senses in two directions at right
angles can be obtained. It will be seen that in such an
arrangement the transmission and/or recording (which is
the most expensive and difficult operation of the system)
may be effected over only two channels although directional
sensations in two perpendicular directions are subseguently
obtained. A similar effect may be obtained with a plurality
of pressure microphones by employing suitable modification
previous to transmission.

In obtaining a complete directioral “sound picture”, i.e.
both horizontal and vertical directional effects, the inven-
tion is not limited solely to the use of two microphones. A
plurality may be employed and their outputs suitably col-
lected, modified and separated to transmit suitable differences
of impulses to a plurality of loud speakers. The general fea-
ture is that two transmitting channels, receiving impulses
from two or more microphones for example, communicate
impulses which can be modified and separated to provide
two directional senses at right angles to one another, the
sounds whereby this is done being provided by a plurality
of loud speakers. It will moreover be clear that if the
sound source moves away from or towards the microphones
the overall intensity of the combined loud speaker propaga-
tions will vary and thus provide indication of the position
of the source along that axis. Full three-dimensional loca-
tion of the source Is thus obtained by this arrangement.

It will be seen that while with pressure microphones it is
preferred to transmit phase differences rather than amplitude
differences and convert from one to the other as late as
possible prior to reproduction with velocity microphones it
is more convenient to transmit the two channels in phase
but at different amplitudes, the only modification then neces-
sary being an increase or decrease of the amplitude differ-
ences should the reproducing “lay-out” differ from the
recording “lay-out” or should more than two loud speaker
positions be used.

There is a simple method by which modifications for in-
crease or decrease of differences befween channels may be
effected if no conversion of phase differences into amplitude

“differences is required. The method is particularly useful

for the operation of more than two loud speakers, and is
also useful for working into high dmpedances such as the
grid impedance of a thermionic valve. The arrangement is
shown diagrammatically in Figure 7. If the transmission is
effected in the form of two channels r 5 of similar phase but
different amplitudes, an alteration of these amplitude
differences may be effected by conneciting one wire of each
channel r and s together at ¢ and connecting a choke # be-
tween the other two wires of the two channels. The outgoing
channels v and w» whose difference is to be a modification
of the original difference, are connected by one wire each
to the common point ¢ of the original channels, and by
their other wires to tappings along the choke #». If the
differences are to be increased, the tappings at which
the output channels are cennected lie outside the tappings

to which the mput channels are connected, so that the choke
operates in effect as an auto-transformer amplifving the
difierence voltages. Similarly, for a reduction of differences,
the output channels are tapped intermediately between the
two input channels. Modifications of this arrangement in
which the devices are balanced about earth, etc. may be
arranged, but the chief advantage dis that the modification
is varied entirely by altering tappings along a transiormer
or choke, and that no great power loss is involved.

This arrangement of a choke or transformer is well suited
to working a number of loud speakers for binaural reproduc-
tion. In this case, the two outputs from power valves are
fitted to a choke such as # along which the loud speakers
are tapped. The position of the loud speaker tappings can
be adjusted to suit their relative positions, and it can be axr-
ranged that the valves are working into their best imped-
ances. ‘Transformers may be used to ensure the speakers
taking their correct fraction of the output.

While, in connection with the above described svstems, it
is suggested that when it is desired to record sounds for sub-
sequent reproduction this may be done upon a film. the in-
vention js not limited to that medium since the recording
may if desired be effected on discs or cylinders of suitable
material. In carrying out the invention in this manner the
two channels may if desired be recorded in separate grooves
but it is preferred that they be recorded in the same groove
having a hill and dale and also a lateral cut movement. For
the purposes of television previcus proposals have been made
whereby a wax disc has a sound record as a hill and dale
cut and a picture record as a laterally cut V-shaped groove
at the bottom of the hill and dale groove, or vice versa.
Such records appear unsuited for separate and distinct sound
recordings since undoubtedly considerable cross-talk between
the two recordings would occur. They can however be used
for two channels of the kind contemplated in the present
invention, one being only slightly different from the other,
since a certain amount of cross-talk in this case does mot
matter, or can be allowed for. Furthermore. the records now
proposed are distinguished from those previously known in
that both channels may be recorded as separate cuts in one
groove and may be recorded by a single recording tool
{either of moving iron or moving coil type) and be repro-
duced therefrom by a single reproducing device or pick-up.

Ii the two channels being recorded are directly picked up
from two microphones, or are intended to work unmodified
into two speakers, that is with intensities and qualities
similar to those of the original sounds received, it is pre-
ferred not to cut one track as lateral cut and the other as hill
and dale, but to cut them as two tracks whose movement
axes lie at 45° to the wax surface. or at some other conven-
ient angle dependent on the relative available intensities {rom
lateral cut and hill and dale respectively. If, however, the
two channels recorded are such as summation and difference
channels, it is preferred fo separate them completely into
pure hill and dale and pure lateral cut, ie. to make the
recording axes normal and tangential to the wax surface.

The result in the two above suggested cases is very similar
since channels recorded at 45° to the wax surface give their
sum and difference as the effective lateral and hill and dale
amplitudes,

1t wilt be appreciated that a record. cut as a combined
hill and dale and lateral, may be reproduced i desired as
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two skew direction cuts, the basic principle beinz that the
grosve has amplitude in any direction in the plane at right
angies to the direction of wax movement, and the -ecording
and reproducing directions may be chosen as any pair of
axes lines, not necessarily at right angles, in this pizne.

I: would appear that for such a record, a matesial other
than that now used for lateral cut records would be desirable.
and a material of the nature of cellulose acetate iz indicated.

The track section is preferably adapted to work with a
sapphire and have a sufficiently fine angle to give lateral as
well as vertical control to the sapphire,

The recorder whereby both channels may be cut by a
single tool on the same groove may take various jorms, the
underlying feature being that a light stylus is pulled into
twe directions at right angles to one another and cach pre-
ferably at 457 to the wax surface.

Figure 8 shows schematically a recorder of this kind
suitable for producing records having complex cuts. 1 and
? represent the driving elements of two recorders normally
danted for cutting lateral cut records. These driving ele-
ments drive arms 3 and 4 about axes at right angles to the
plane of the paper within 1 and 2. The ends of these arms
are connected by ligaments S and 6 to the end of a reed 7
which extends backwards along an axis perpendicular to the
paser to supports not shown. This reed carries a cutting
~asshire 8. Movements of the recording arms 3 and 4 pro-
duce movements in the end of the reed 7. Thus, cerrents in
movement 1 will cause the reed 7 to move along an axis ap-
proximately 43° to the vertical rising from left to r_isht across
the Agure.  Similarly, currents in movement 2 will produce
movermnent of the reed 7 in an axis at right angies to the
former axis, while currents in both movements will of course
re=2lt in vertical movement of the reed.

Another such form of recorder shown in Figure 9. repre-
aniing a moving iron recorder. may consist in a short reed 9
mucnted close above and parallel with the wax track and
carsving the cutting sapphive 8 This reed 9 may extend
uckwards perpendicularly to the paper to supports (not
shown) which join the top of a laminated pole sysiem 10 to
complete a polarising magnetic system therewith. The two
faminated arms of the pole piece 10 extend dows towards

iv iree end of the reed ¢, These arms form two pales adja-
“ent 1o & square portion of the reed at its free end. .ez;ch pole
Iwine adapted to pull the reed in a direction at 437 to the
was surface. The reed may be suitably damped. z.2. by a
mider line and have a resonant frequency at the wp of, or
whove, the working range.  The two pole piece: may be
wound with speech coils, and the energisation of one of these
moves the sapphire in an upward direction at 4X° to the
wax surface.  The terminals 15 of one channel are cannected
1o main winding 12 and compensating winding 1. T}'ze
lerminals 16 of the other channel are connected to main
winding 14 and compensating winding 13. Current in eith.er
vhannel will pull the reed towards the pole carrying the main
wirding, the purpose of the compensating winding being
prevent movement of the reed away from the other pole
i the lux drawn away from this pole by the mzin wind-
i With the winding shown, currents in either channel
will cause the reed to cut a track at approximately 45° to
the vertical. By a suitable rearrangement of wirdings, or
by 9 suitable transformer connection between the channels
and the terminals of the recorder as shown, any other move-
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ment axes may be obtained. Thus for example the tool may
have one movement by torsion of its supporting reed and
another by flexure thereof.

An alternative moving coil design which may employ elec-
tromagnetic damping may consist of a meving member in the
shape of a T as shown in Figure 10. The recorder sapphire
8 is supported on a light T member 17. which is supported
at 18 by elastic means such that it may rotate about this
point. and may also translate vertically. though it is resis-
tant 1o horizontal movements in the plane of the paper.
The device is driven by moving coils, e.g. speech coils, [9
and 20 which are freely located and immersed in the steady
magnetic fleld provided in annular gaps in a magnetic 5y5-
tem, not shown. Current in one of the moving coils tends
to both rotate and translate the device so that the sapphire
8 moves along an axis at approximately 45° to the vertical.
'The movement of this device may be damped and equalised
along the lines described in British Patent Specification No.
350,998,  As before any required axes of movement may be
obtained by suitable interconnection of the two driving coils.
Such a movement preferably has the same natural frequency
for both rotation and translation. Further the distribution
of mass is preferably such that a small instantaneous force
applied at one coil produces no movement at the other.

Figure 11 shows another form of recorder similar in
principle to the ene shown in Figure 10 except that a mov-
ing iron drive is employed. The member 17 moving about
axis 18 is constructed of magnetic material. or has a mag-
netic upper portion. The “E™ shaped member 21 is polar-
ised either by being partially permanently magnetised, or
having a magnetising winding on i1. so that the central pole
Is of opposite polarity to the two outer poles. Speech wing-
ings on the outer poles are brought out te terminals 15 and
16 to which the two channels are connected.

In all the devices described above, the angles of the
axes defining the movements of the sapphire can be altered
by suitably connecting the speech windings: for instance.
axes which are normally inclined at 45° to the wax surface
can be converted into pure hill and dale and lateral cut axes
by arranging that the speech windings are in series aiding for
one channel and opposing for the other channel. In like
manner any axis conversion can be effected by suitably com-
bining the channels through transjormers.

In designing an electric pick-up to reproduce both channels
care must be taken that the inertia is kept as low as possible.
and with this in mind a very light replica of anyv of the
above described recorders mayv be emploved. Preferably.
a moving systemn in the form of a T following the lines of
the moving iron recorder shown in Figure 11 is emploved
as best suited for the purpose. Since the fundamental reso-
nant frequency of a pickup appears to be of no critical im-
portance as regards its characteristic. it may not be necessary
to adjust the resonant frequency in the two modes to the
same value, which would simplify the design. Adjustments
for sensitivity in the two modes may be made by suitably
connécting coils wound on the two limbs of the magnetic
circuits.  As in the recorder design the distribution of mass
in the reproducer is preferably such that forces producing
motion in one direction (e.g. lateral movements) leave it
substantially undisturbed in its reproduction by motions in
another direction (e.g. hill-and-dale).
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British Patent Specifications

A good binaural effect may be obtained by giving direc-
tional significance to only a limited range of frequencies. For
example, although goed reproduction requires the transmis-
sion of all frequencies up to. say, 10.000 c.p.s. yet a good
directional efiect is obtained from frequencies up to, say,
3,000 c.p.s. This would assist disc recording of the binaural
impulses since the lateral cut which represents the sum of the
two channels to the speakers might have a frequency range
extending to 10,000 ¢c.p.s. whereas the hill-and-dale cut need
transmit frequencies no higher than 3,000 c.p.s. This would
considerably simplify the design of the recorders and pick-
ups in that low inertias would only be required for the lateral
cut and design would thus be greatly simplified.

These frequencies are given merely by way of example,
are not necessarily the optimum frequencies for design of
this character. which will be determined by other considera-
tions,

In transmitting the two channels indicated in the various
systems above described, instead of employing line trans-
mission, radio transmission may if desired be emploved.
Each channel may be separately transmitted or preferably
the two channels may be sent as different modulations of
the same carrier wave. Thus one channel may be transmitted
as an amplitude modulation and the other as a phase or ire-
quency modulation of the same carrier wave, Alternatively
the two channels may be transmitted as amplitude modula-
tions of different carrier waves which are 90° out of phase,
the two waves being radiated from the same aerial in combi-
nation as a single wave propagation. Various systems for
the transmission and reception of duplex radio signals along
these lines are known and any one of such or similar ar-
rangements may be used in connection with the invention
described herein according to its applicability or convenience
in the circumstances under consideration. It must be under-
stood that with such a system of duplex radiation, it is

40

possible, if desired, to perform one of the summing and
differencing processes in the radio link. For example, by
demodulation at the receiving end with two carrier waves
90° out of phase, which carrier waves are 45° out of phase
with the original modulating carriers, the resultant low fre-
quency chanmels are the sums and differences of the original
low frequency channels at the transmitter.

The hereindescribed system while being especially applic-
able to talking pictures is not limited to such use. It may
be employed in recording sound quite independently of any
picture effects and in this connection (as well as when used
in cinematograph work) it seems probable that the binaural
effect introduced will be found to Improve the acoustic
properties of recording studios and to save any drastic acous-
tic treatment thereof while providing much more realistic
and satisfactory records for reproduction. Furthermore, the
system may clearly be employed when the microphone out-
puts are led to the loud speakers instead frst of being re-
corded, and such an arrangement may for example be em-
ployed in public address systems in which directional sound
effects are desired. In general the invention is applicable
in all cases where it is desired to give directional effects to
emitted sound. Also in all cases, both when the impulses are
fed to the loud speakers without recording and when they are
recorded for subsequent reproduction the total modification
andor interaction of the channels may be accomplished in
more than one stage. For example, using pressure micro-
phones, the low frequency phase differences may be aug-
mented, the medium frequency phase differences converted
to amplitude differences, and the high frequency amplitude
differences augmented in a first stage of modification: the
low frequency phase differences may then be converted to
amplitude differences in a later stage of modification. One
or both of these stages may occur either before or after the
sound has heen recorded. In this manner the very small low
frequency phase differences are augmented before they are
amplified, so avoiding troubles due to small low frequency
phase shifts in amplifiers,
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