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PROVISIONAL' SPECIFICATION,. 

],niprovemen~s' in and relating ~o 'sound-transmission, Sound
recording and Sound-reproducing Systems. 

We, ALAN DOWER BLUMLEIN, of 57, 
Earl's Court Square, London, S.W. 5, a 
Bl'itish subject, and ELECTRIC AND 
!IUSICAL INDUSTRIES, LIMITED, of Blyth 

5 Road, Hayes, in the County of Middlesex, 
a company registered under the laws of 
Great BrItain, do hereby declare the 
nature of this invention to be as 
follows :-

10 This invention relates to the transmis
sion, recording and reproduction-of sound 
.and is more particularly directed to 
systems £01' recording and reproducing 
speech, music and other sound effects, 

15 especialh when associated with picture 
effects as in talkin~ motion pictures. 

The rmidamental object of the inven
tion is to provide a sound recording and 
reproducing system whereby a true direc-

.20 tional impression mav be conveved to a 
listener thus improving the illu;ion that 
the sound is coming, and is only coming, 
from the artist or other sound source pre
sented to the eye. In order that the 

25 physical basis 'of the invention can be 
appreciated and the stages of its develop
ment understood, known and established 
facts' concerning the' physical relations 
between sound sources, sound waves 

30 emitted thereby, and the human ears will 
be briefly summarised. 

Human ability to determine the direc
tion from wb.ich sound anives is due to 
binaural hearing, the- brain being able to 

35 detect di:f£erences 'between sounds received 
by the two ears from the same 'souilc'e and 
thus to determine- angula~ direction. This 
function is well know'n and' has been 
employed to considerable extent for 

40 example in sub-aqueous directio~al detec
tion jn which' two microphones' are eanl. 
neeted by headphones, one to each ear of 
an observer, the two channels between 

. the microphones and the two ears being 
I5 kept entirely separate. 

With two microphones correctly spaced 
and the two channels entirely separate 
it is known that this directional effect can 
also be obtained for example in a stlldio, 

50 hut if the channels are not kept separata 
(for example by replacing the headphones 
by two loud 'speakers) the e:f£ect is largely 
lost.. The invention con templates con-

trolling the sound, emitted for example. 
by such loud speakers, in such a way that 55 
the directional' effect will he retained. 

The operation of the ears in determin-
ing the direction ofa sound source is not 
yet fully known but it is fahly well estab
lished that the main ractors having effect 60 
are phase differences and intensity differ
ences between the sounds reaching the·two 
ears, the influence wliich each of, these 
has depending upon the rrequency of t.he 
sounds em,itted. For low frequency sound 65 
waves there is little or no difference in 
intensity .at the two ears but there is a 
marked' phase difference. For a given 
obliquity of sound the phase differe"n<)e is 
approximately proportional to frequency, 70 
represeDtin~ . a fixed time dela}." between 
sound arriVIng at the two ears, by noting 
which the brain decides the direction from 
which the sound arrives. This operation 
holds for .all frequencies ~p to that at 75 
which there is a phase difference of,,·' 
radians or more between sounds arriving 
at the two ears from a source located on 
the line joining them; but above s:\-lCh' a 
frequency if phase difference were the sole 80 
feature relied upon for directional loca
tion there would be ambiguity in tl,l.e 
apparent position of the source. At that 
stage howe-ver t.he head begins to become 
effective as a baffle and causes npticeable 85 
in~ensity ,differences between the sounds' , 
reaching the two eats, and i~ is by noting 
such intensity differences that the 'brain 
determines direction of sounds at higher 
frequencies. It has heen'stated tliat the 90 
frequency at which the brain changes over 
fr~m phase- to intensity-discrimination. 
occurs at about 700 c.p.s. but it niust be 
understood that this may vary within 
quite wide limits in different cil'cum- 95 
stances and from person to person, and 
that in any case the transference is" not 
sudden or discontinuous but there is con;. 
siderahle overlap of the. two phenom,ena 
so that over a considerable frequency 100 
range differences or both phase and inten~ 
sity will t-o some extent have an ,effect' in 
determining, the sense of direction experi-
enced. ' 

From the above considerations it will 105 
be clear that a directional effect is to be 
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obtained by providing low-frequency 
phase differences and high-frequency 
intensity differences at the two ears, and 
it would appear that in reproducing from 

p two loud speakers the differences received 
by two microphones suitably sJ?aced to 
represent human ears would gIve this 
effect to a listener if each microphone 
were connected only to one loud speaker. 

iO It can be 'shown however that phase differ
ences necessary at the ears for low-fre
quency directional sensation are not pro
duced by phase differences at two loud 
speakers (both of which communicate 

1.5 with both ears) but are produced by 
intensity differences at the speakers: 
while initial intensity differences from the 
sources necessary for high-frequencies are 
not sufficiently marked when the s?unds 

20 reach the ears, and to produce SUItable 
effects therefore the initial differences 
must be amplified. 

It will be seen therefore that the inven
tion consists broadly in so controlling the 

25 intensities -of sound 'to be or being, emitted 
by a plurality of loud speakers 'Or similar 
sound sources, in suitable spaced relation
shi,p to the listener, that the listener's ears 
will note low-frequency phase differences 

30 an~ high-frequency. int,ensity differ~nces 
· smtable for conveymg to the bram a 

desired sense of direction of the sound 
OrIgm. 

It must be understood that the control-
35 ling of intensities of a plurality of loud 

speakers spaced, for example, round a 
motion picture screen has previously been 
proposed and no novelty for mere inten
sity cont.rol per se is claimed, except inso-

~o far as the nature 'Of the control is such as 
to provide tlie necessary phase and int.en
sity' difference sensatjons. • If the sound 
is first recorded ann subsequently repro
duced from the records, the control may 

~5 be w~olly effec.ted eitb,er ~l.1ring the 
· recOl'dlllg' or durlllg' reproductIon, or may 

be partially carried out in each stage. 
M'ore specifically the i!lv~ntion cons~sts 

in a meth{)d of transmlttlllg, recordlllg 
50 and/or reproducing sound wherein a 

Flurality of transmission {lhannels so 
mteract. each upon each, or are in such 
relation or so relatively modified in com
bination and subsequently reseparated, 

55 that t~e cOlll;plete intelligence init~ally 
· transmlttec IS further conveyed, dIffer

ently arranged, between the channels. 
The invention also consists in a method 

'Of transmitting, recordinv; and I or repro-
60 dueing sound wherein phase differences 
. between a plurality of signals are con

verted'" into amplitude differences. 
The invention also cQnsists in apparatus 

and means for carrying into effect the 
(SiS above sEecmed methods of sound trans-

mission, recording andlor reproduction, 
and in further featpres which will become 
apparent from the following description 
of one manner of carrying out the iuyen
tion. It must be understood however that 'to 
this description is given merely by way 
of example and does not' impose finy 
restrictions upon the scope 01 the inven
~ion or t4e m,ann,er ~nd means whereby it 
may be accomplished 'f5 

It will be clear that the invention is 
particularly applicable to talking motion 
pictures and the followinCl' description 
will therefore be given witK refel'ence to 
this app'lication. In one form of the SO 
invention convenient for this purpose the 
sounds to be recorded and reproduced with 
the pictures may be receiv.ed by two pres
sure microT>hones mounted on opposite 
sides of a block of wood to represent ears 85 
on an artificial head. The outputs from 
the two microphones are taken to suitably 
arranged transformers -or bridge or net
work circuits which convert the two 
primary channels into two' secondary 9(i) 
channels which may be called the sum
mation and difference channels. These 
are ar:r:anged so that the current 
flowing into the su~mation channel 
will represent half the sum, or the 9$ 
mean, of the currents flowinCl' in" 
the two original channels, whil~ the 
current Howing into the difference channel 
will represent lia1f the difference of the 
currents in the original channels. If l~ 
t.he original.currents. differ in phase only, • 
the current In the dIfference channel will 

be ~ different in phase from the current 

in the summ.ati-on channel. This differ
ence current is then passed through a 105 
condenser; the voltage across this ('on- . 
denser will be in phase with the summa~ 
tion c~nnel current. By passing the 
lSummn.tion {lhann~ 'Currenli:. through a 
resistance, a voltage is obtained which liO, 
remains in phase with the voltage arross 
the condenser in the difference channel. 
These two voltages are then combined and 
l'e-sellarated hy the same process as pre- _ 
viously adopted so as t'O produce two final H~ 
channels. The voltage in the first final . 
channel will be the sum of these voltages 
and the voltage in the second final chanitel 
will be the difference between these volt
ages. Since these voltages were in phase i2l? 
the two final channels will be in phase . 
but will differ in magnitude: By choos-
ing the value of HIe shunt resistant'e in 
the summation channel and the shunt 
c?nnenser in the differ~nce channel for a i2Q. 
~!1ven frequency, any degree of amplitune 
di:tference in the final channel can he 
obtained for a given phase difference ill 
the -original channels. For the lo,v fre-
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quencies it can be shown that. the phase 
difference between the waves will, for a 
given obliquity of the sound source, vary 
prop.ortionately with frequency, being 

~ very small for a very low rrequenry. 
Hence the use of a shunt condenser in 
the difference circuit will have the effect 
of produci"ng a fixed intensity difference 
in the final channels for a given obliquity 

~O at alllqw frequencies. 
For the higher frequencies as indicated 

aboye it is not necessary to convert phase 
shifts into amplitude differences, but 
si.mply to modify amplitude differences. 

1.5 The shunt condenser iIi the difference cir
cuit is therefore built out with a resistanre 
whose value determines the degree of 
modification. 

. It may be fo;tnd. neceRRary to employ 
20 more complex CIrcmts than the shunt 

resistance and condenser in the summation 
circuit and shunt resistance in the differ
ence circuit, which however form the 
basic arrangement. However it must be 

25 understo?d that the eirc.nits employed I;nay 
. be consIderably modified as reqmred 

without departing from the scope of the 
invention. 

If two very small microphones are used 
'SO and placed very close together it may be 

found possible to obtaln microphone out
puts which do not differ appreciably in 
amplitude but only in phase for all work
ing frelluencies. In this case the modi-

35 lying cIrcuit would be arranged to con-
_ vert phase differencE's into amplitude 

differences throughout t11e entire fre
quency range. The phase differences 
dealt with at the low-frequencies however 

'40 may be so small that in this rase slight 
diiferences in the two microphone circuits 
would have verv large effects. On this 
account microphone spacing of the same 
order as that of the human ears is most 

·.&5 suitable. 
The impulses transmitted through the 

two channels .as indicated above may then 
be recorded on two sound tracks on a film, 
for example, by any suitable or known 

50 means, which record may comprise a 
sound track. or conBtan~ density and vari
able width (e.g. ail oscillograph record), 
or a sound track of constant width and 
variable density (e.g a Kerr cell record). 

55 Such a record may be reproduced bv 
passinlJ' light from the same slit through 
the t;o tracks. separating the beam into 
the two record p()rtions by means of 
prisms 01' like optical means and employ-

. 60 ing- the outputs from two photo-electric 
. cells, excited by these separate parts of 

the beam (after amplification) to operate 
two loud speakers di~posed one on each 
side of the screen upon which the cinema-

-.fS5 tograph pictures are projected. 

It will be app,reciated that the amount 
of modification of the impulses trans
mitted through the summation and differ
ence channels as indicated above depends 
upon a num,ber of factors, including the 7() 
relative spacing of the microphones and 
of the loud speakers, and the size and 
positioning 6f the screen. It can be 
shown t.hat ror low frequencies w the 
degree of modification required in the 75· 
difference channel as compared with the 
modification in the summation channel is 
given by:-

where 

2v y 
K = jw . ale 

8 

X 

v=velocity of sound. 
y = traction of haH picture film widtlL 

which the image of the sound 
source is off centre. 

80-

8=angle of obliquity, in radians, of the 85· 
source from the median plane 
between the microphones. 

II = effective distance apart of the micro
phones. 

s=width of screen of theatre. 
.x=distance apart of loud speakers m 

theatre. 
This expression in effect gives the 

impedance of the shunt capacity in the 
difference (' hannel in terms of the resis. .g~ 
tance in the summation channel. It holds 
for all frequencies where k is small com
pared to the wavelength, and is based on 
the assumption that the () is small and 
that m and s are small compared with the toO 
distanre of the listener from the screen 
and loud speakers. 

The portion -¥rc is a factor of the 

..recording, and is constant for a given 
arrangement if either the camera is in iO~ 
line with the microphones and the centre 
of the picture, or the action does not move 
aPRreclably to or from the microphones 
and camera. When recording, the rela- . 
tive distances of camera and microphones iiQ' 
and the focal length of the lens may be 
adjusted to maintain this factor a can· 
stant. 

The expression .!.- is a constant for the 
(Ii 

theatre. As regards low frequencies only, 1151 
the dista.nce apart of the speakers need 
not. exceed the screen width, but should 
certainly l}-ot be closer than 10%' of the 
screen WIdth. The closer tlie loud 
speakers the greater the necessary power :1.201 

handling capacity, but the less the 
trol~bles introduced by formation of 
statIonary waves. 

For the high frequencies no definite 
expression can easily be obtained, and the -125 
modification used will probably have to 
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be.j'auged empirically by hial,ana ertor. indicated above, while the binaural 
TJle arguments and formula glv~n above "transfer)) frequency (from phase~ to 

are based on a direct wave analysis and intensity~di&crimination) need have no 
may have to be considerably modified in definite significance in recording, since n 

p. 'order to' allow for reflection or other is a function of the human brain it ii 
acoustio effects. It is preferred thare- nevertheless necessary to :fix a change
fore to' introduce the modifications it is over frequency from high- to low~fre
Proposed to ~mpl~y, at ·th~ theatre. sInce quency working for recording, since thia 
all factors Wlll then enter mto consldera- frequency fixes the form of modification 

. 10 tiorl. It will be clear that, as indicated to be used, the distance a-paTt of thl'} 
above, the modifying networks, ahd microphon~s and the form of bafHf' 
channel arrangements IIiay be' employed between them. Any convenient fte
between the microphones and the film quency may be chosen as standard aftt't 
during recording, or between the' record experience has decided whic~. is, mosi 

i5 and the loud speakers during reproduc:- sUItable. Instead of standardlSlng It rna)' 
tion, and thEi latter course, in addition to be possible from the prelim.inary exp{'ri
allowing of adjustment of the arrallg~- ments to allow electrically for variation 
ments to suit the particular theatre as of microphone positions and/or of lUi('r(l~ 
indicated above, has the additional phone spacing (although the latter would 

., 

20 advantag~ that the sound film can be be extremely difficult) and it must hfi 
reproduced by a single rapl'odncing head _ understood th~t this anangement fall. 
or channel if' for example one of the dual within the scope of the invention. 
a.nangements bI'eaks clown, or in a theatre The above described system is basOIl 
which, having one installation, does not upon considerations in which no arrOUIll 

25 wish to go to the expense of installing' a is taken of sound reflections or interfer-
second apparatus. ence either during recording ot reproduc. 

In order to employ successfully a system tion. If difficulties arise from thls canse 
of the kind described above it is neces- they may be overcome by employing a 
sary to carry out preliminary experiments second pair of loud speakers differently 

SO to determine the most suitable value of spacec! .and having a different modifying' 
, modification to be employed for each network from the first pair: or a row Ot 

recording, and it is also necessary to speakers may be used with a composite~ 
standardise various factors enteri?-g'. into progressive modifying net.work to supply 
every recording. In the ptehmmRty them.: or the two speakers may be placed 

B5 experiments, before recording, v(Jlu~e comparatively close together, no direc~ 
, .. indicatot measurements may )Je made mth tional effect in this casE!' being given to 

a'sta.:ttdard 'satiree placerd at the extreIiies high frequencies, exoept insofar as 8-
of the" set", i.e. the space within which phase difference (when the angle of 
recording is to be effected, and from thesa obliquity of the sound 'Varies only withih. 

~O the proposed modifying network laid· out. such very small limits as to avoid 
I A furtherexperimell.t may also be effected ambiguous results) may be employed tc~ 

tei standardise phase angles on the film. give some such effect even at .hi(J'h fre-
At the theatre a simple adjustment may quencies. 0 

be provided to check and balance the input The system so'far described employs to 
'45 to thG two channels, a length' of test :film receive the sound waves two pressure 

being used for this purpose. It will thus microp'hones.· Velocity or movino con
be'seen that the total thMtre eqlli'pme~t duotor miorophones (e.g. moving 0 strip 
necessary. is. very sipiple and C?~SlSts In microphones) are i!so very suitablA and 
a transmISSIOn modl:fier (comprlslng t,,:o may b~ em~loyed, m whIch case variou~ 

50 or. fou~ trans!Qrmers, for' example, artl~ alteratIOns ~n the. systepI m,ay be D:eces
fimal hne reSIstances and the control net- sary. Such veloOlty mIcrophones O'lve a 
work, which may be no ~ore than a con- response varying as the cosine ;r t1i:f$ 
denser and a resistance) and two normal angle of incidence of the sound relativt .. 
sound-rel!roducing. heads or pick-ups, or !o ~he direction.' ~f normal or' optimum 

55 one speCIally deSIgned head or plcl~-up ~nC1denoe, and. they have the advantage 
adapted to se~arate the t~o recordmgs 111 the present system that a spe~ific degref'J 
!to: !two comp~eiI:.e reproducmg channels. of loud speaker -output separatlOn may be> 
There is no reason why the second channel obtained without phase-con.version or lib 
used should not be the "standMby" network modificatIOns. 

60 channel now often installed for safety Thr~e general arrangements employing 
since if, as indicated above, on~ of the velocity microphones are possible and in 
channels breaks down reproductIon may all cases the microphones are piaced as 
be continued without 'Serious consequences near together as possible instead' of beinn
on the other chab.nel only. spacecl as artificial ears, as in the case of 

65 In connection with'the standardisa.ti-on pressure minrophones. 

so 

85 

9$ . ' 

liQ 
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. (1) Two velocity microp!lOnes are placed 
one with its axis directly facing . iritlie' 
direction of the centre of the scene, and 
the other with its axis at right angles to 

Q that direction. A performer speaking 
. £rom the middle of the scene will affect· 

only the face-on microphone; but 'if he 
moves to one side both microphones will 
provide outputs, while if he moves tIle 

10 other way the outputs are identical but 
the phas's of the edge-on microphone is 
reversed. Since the microphones are 
close together no phase differences are 
experienced between them and if their 

i5 outputs are summed and differenced aiter 
a suitable amount of relative amplifica
thm the two nnal channels differ in magni
i ude in the correct manner for operating 
the 10l1d speakers to give the desired direc-

20 tional effect. Such sum and difference 
arrangement differs from the modifyinp: 
network employed with pre~sure micro
phones in that the pressure t~'pe provide 
phase differences (whereby dirE-etion i!'! 

25 determined) which have to he ('onverted, 
whereas with the velocity type the edp:e
on microphone provides fin output pro
portional to the obliquitv of the SOU1're. 

(2) Two velocity mir~ophonefl may he 
30 placed with their' axes ~erpendirular to 
. one another and each aXIR at 45° to the 

direction or the rentre of the Rrreen. 
Thev are sufficiently close together to 
render phase differences of the outputs 

35 neO'liO'ible and the output amplitudes 
. differo approximately proportionally to the 

obliquity of the incident Round. They 
may ~heref?re be amplified similarly, and 
supplIed dIrectly i:? the loud spealcers t.o. 

40 which w they: WIll· give the: corre~t aI!1ph
. tude ddferences for the desITed directIonal 

effect provided the relationship· between 
the various dimensions of the reco~diilg' 
and reprodu.cing "lay-outs" are cOl'!'ect.·. 

'45 If it is (leshed to accommodate any dl:1ier
encies between the "lay-outs" the out
puts may be ~odified. by netwo;rks, in: the 
manner descrIbed, amtably to mer ease or 
decrease' tlie differ~nces between them. 

50 (3) . Two micropho~es' may be ~rraIi.ged I 

with the two axes lymg s~metl'lcany to 
the direction' of the centre of the screen 
and with an angle between them 'of say () 
deO'rees so that soubd from a performer 

55 at b the 'centre Bubtends a~ angle of ~ 
degrees to each microphone. Ii () is 
small a small movement of the performer 
to one side is sufficient to make one micro- . 
phone " edge-oil" and to reduce its out
put to zero, while if () is large a larp:e 

.a0 movement of the performer is nereRsary to 
do this. By makinO' e adju!'!table differE'nl; 
" lay-outs f' may he accommodated with
{)ut the modification· indicated uncleI' (2) 

and it will be clear also that this pro- 65 
vides a method of directional sound trans
mit!ing,. recording: and reprodu~ti?n which 
aVOlds !)la neceSSIty of combmmg and 
reseparaiing the two channels. . -

Two velocitv microphones set with their 70 
axes symmetrIcally inclined to the direc
tion of the centre line of the scene, may,-
if plnceu one above the other, be employed 
also to provide significance of ,"ertieal ~s 
well as horizontal mowrnent of fhe sound 75 
&iouree. -Such vertical displr1.cement of 
the source will in this arrangement give 
phase differences to the outputs while 
lat,eral displacement gives amplitude 
difierences, and these can be separated, 80 
the phase differences converted to inten-
sity differences bv modifying networks, 
as described, and ~ the resulting impulses 
employed to ?perate four or more loud 
speakers distl'lbuted round the screen, the 85 
transmission occ~lp:yillg bowever only two 
channels. A snUllar effect. may he 
obtained with a plurality of pressure 
microphones by employinp: suitable modi-
fic.ation previous to t.ransmission. 90 

In obtaining a complete directional 
"sound picture", i~e. both horizontal 
and vertical directional effeds, Hie invE'n
tion is not. limited !lolely to the use of 
two microphones. .A plurality may he 95 
employed and theIr outputs suitably 
collected and I or modified and I or 
separated to transmit suitable difiel'enres 
of impulses to a plurality of loud speakers. 
The general feature is ~ that two tr.ans- tOO! 
mittillg channels~ receiving impulse~ from 
two or· more mlrropliones for' eXlllllple-, 
communicate two dirertional senses at 
right angles t.o one another, the BOUllds 
where~y this is'done h~ing.provided 'b:y a i05 
pluralIty of )o~d speaKers. . 

It will be seen that while with pressure 
microphones it is preferred to transmit 
p~ase di:ff~rences rather than a~p1itud~' 
dIfferences and convert ff!Jm 'o~e to fhe·i10 
ot.her in· the 1a.st . stage, 'with.· velocity 
microphones it· is more convenient tk 
transmit the two channels in phase but. at'" 
different amplitudes, the only modiftca":' 
tion then necessary· being .aIi increas~· 01' it5 
decrease of the amplitude differences 
should the reproducinO' " lay-out" differ
from the recording: H lay~ollt." or should 
more than t.wo loud speaker positions be 
used. . 120 

There is a simple method by whi('ll 
modifications for increase or decrease 'of 
differences between channels ma,\" be 
effected if no conversion of phase differ
enre!'! into amplitude diffPrenres· is :l2Ji 
required. The method is particularly .' 
useful for the operation of more than two 
louel speakers. If the transmission is 
effected in the form of two challlll'ls t'lf 
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similar phase but different amplitu~es, an 
alteration of these amplitude differences 
may be effected by connecting one ,,:irs 
of each channel together and connectIng 

15 a choke between the other two wires of the 
two channels, The outgoing channels 
whose difference is to be a modification of 
the original difference, are connected to 
the common point of the original 

:1.0 channels und to tappings along the rhoke. 
1£ the differenres are to be increased, the 
tappings at which the output channels are 
conllected lie outside the tappings to 
which the input channels are connected, 

15 so that the choke operates in effect as an 
auto-transformer amplifying the differ
ence voltages, Similarly, for a reduction 
of diffe:rences the output channels are 
tapped inter~ediately. bet"~veen the t"":o 

20 input channels. ModIfications of thIS 
arrangement in which the devices are 
balanced about earth, etc. may be 
arranged, but the chief advantage is that 
the modification is varied entirely by 

25 altering tappings along a transformer ~r 
~hoke, and that no great power loss IS 
mvolved. 

This arrangement. of a choke or trans
former is well suited to working a number 

30 of loud speakers for binaural reproduc
tion, In this ease, the two outputs from 
power "alves are fitted to a choke along 
which the loud speakers are tapped. The 
position of the loud speaker tappings can 

35 be adjusted to suit their relative positions, 
and it can be arrang'ed that. the valves are 
working into their best impedances. 
Transformers mav be used to ensure the 
speakers taking their correct fraction of 

40 the outP.ut. . 
While, in connection with the above 

described systems, it is suggested that 
when it is desired to record the sounds 
for subsequent reproduction this may be 

45 done upon a film, the invention is not 
limited to that medium since the record
inO' may if desired be effected on discs or 
cylinders of suitabls material. In carry
ing out the invention in this manner the 

.50 ~wo channels may if d~si:ed he recorded 
1D separate grooves but It IS preferred that 
ihey be recorded in the same groove hav
-ing a hill and dale and also a lateral cut 
movement. For the purposes of television 

155 previous proposals have been made 
whereby a wax disc has a sound record as 
a hill and dale C11t and a picture record 
as a laterally rut V-shaped groove at the 
hottom of the hill and da,le groove, or vice 

60 versa. Snch records appear unsuited for 
separate and di.stinct sound recording'S 
since undoubtedly considerable cross-talk 
between the two 'recordings would occur. 
They can however be uspd for two 

65 channels of the kind contemplated in the 

__________________________ mO 

present inv6ut:'ln, one bein~ only slightly 
different from the other, smce a certain 
amount of cr6ss-talk in this cuse does not 
matter, or can be allowed for. Further
more, the records now proposed are £lis- '4'& 
tinguished from those previously known 
in that both channels may separately he 
recorded in one groove by'Q single record-
ing tool (either of mOVIng iron 01' mov-
ing coil t.YPI') and he reproduced there- 'n; 
f~om hy a single reproducing device or 
pICk-up. . 

If tIle two c1mnnels heing recorded are 
directly picke~ up from two micro
phones, or are mtended to work unmodi- B{~ 
fied into two speakers, that. is with intensi-
ties and qualities simila.r, it is preferred 
not to cut one t.rack as lateral cut and the 
other as hill and dale, but to cut thenl. as 
two tracks whose movement axes lie at ~r~ 
45° to the wax surface, or at some other 
convenient angle dependent on the rela
th"e available intensities from lateral cut 
and hill and dale respectively. If, how
ever, the two channels recorded are snell !Jlj 
as summation and difference channels, it 
is preferred to separate them completely 
into pure· hill and dale and pure lateral 
cut, I.e, to make the recording axes nor-
mal and tangential to the wax surface. 9:~ 

The result in the two ahove suggested 
cases is very similar sinra c11annels 
recorded at 45° to t.he wa.""r surface give 
their sum and difference as the effective 
lateral and hill and dale amplitudes. iOO 

It will he appreciated that. a record. 
cut as a combined hill and dale and 
l.aleral, may be reproduced if desirl'd as 
two skew direction cuts, the basic 
principle being that the Rroove has ampli- 105 
tude in any. direction in t.Ile plane at right . 
angles to tlie direction 0"1: wax movement, 
and the recording and reproducing direc
tions may be chos~n as any pair ofax~s 
lines, not necessarIly at rIght angles In 110 
this plane. 

It would appear that for such a reeord, 
a material other than that now used for 
lateral cut records, would be desirable, 
and a material of the nature of cellulose i1~ 
acetate is indicated. ., 

The track section is preferably adapted 
to work with a sapphire and have a suffi
ciently fine angle to give lateral as well 
as vertical control to the sapphire. ii'G 

Ths recorder whereby both channels 
may be cut by a sil!-gle tool on the same 
O'roove may take varIOUS forms. the under
fving feature being that a lig-ht stylus is 
pulled in two directions at right nn~de!'l to ~'':;-5 
one another and each preferably at 45° ~ ... 
to the wax surface. 

In one such form the recorder mav con-
sist in a short circular reed mounted dose 
above and parallel with the wax track. 130 
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One end of this reed may be firmly fixed 
in the one pole ot an electromagnet' which 
would pass back over it and complete the 
magnetic circuit in two laminated arms 

5 extendin~ down towarrls thp other tree 
end of the reerl. These arms form two 
poles adjacent to a square portion of the 
Teed at its free end, each pole being 
adapted to p1.dl the reed in a direction at 

10 450 to the wax Burfa€!e. The reed may 
be suitably damped, e.~. with rubber, and 
haye a resonant frequency at the top of, 
m above, the working runge. The free 
end of the reed carries the sapphire. The 

i5 two pole pieces may be wound with 
speech coils, and the energisation of one 
of these would move the sapphire- in an 
upward direction at. 450 to the wax sur
fare., Any reduction in thf' Jlull of nnQ 

20 pole due to the increaRer1 fiux of tlh' 
other, may be compensated h~· additional 
winding'S on one pole connected in series 
with tliose on the other. Thus enaru-iR
ing any windin~ will produce the required 

25 movement at 450 to t.he wax surface, the 
• characteristic being equalised. 

An alternative moving coil design 
employing' electromagnetic damping may 
consiRt of a moving member in the shape 

30 of aT· The lower arm of the T. extends 
towards the wax and carries the sapphire; 
the horizontal member of the T is at right 
angles to the direction of wax movemeilt, 
and carries at its ends two wound moy-

35 ing coils. These moving coils whose axe:'! 
are vertical move in suitable annular field
gaps. The movement may be supported 
at approximately the centre of the T hy 
elast.ic means, which permit of both rota-

-iO tional and vertical movement within the 
plane of the T. Adjustments 1l1.ay be 
provided to make the resonant frequenry 
of these two movements similar. The 
characteristic correction f{)r each coil 

4:5 drive may be similar to those used £01' the 
movinO" ~oil sound recorder described in 

. the sp~cification of British Patent No. 
350,998. 

EnerO"isation of one coil both rotates 
50 and tr:nslates the T member giving an 

inclined cutting direction. By suitably 
proportioning the length of the vertical 
member of the T this axis can be placed 
where desired, and further can also be 

55 controlled by interconnecting portions of 
the coil windings. 

In all the devices described above, ,the 
angles of the axes can be altered by suit
ably connectinO" the speech winrlings; for 

60 instance, axes ;hic11 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 wind
ings are' in series aiding for one cllUnnel 

63 and opposing for the other channel. In 

like manner any axis conversion can be 
effected by suitahly ('onl.bining the 
channels throug'h transformers. 

In designing an electric pick-up to 
reproduce both- channels care must be 70 
taken that the inertia. is kept as low as 
possible. and with this in mind a Yery 
light replica of the above described mov-
ing iron recorder may be employed. 
Alternatively, a moving system in the 75 
forlll of a T following the lines of the 
moving coil recorder suggested above, 
lllay he elllp.,loyed; moving coils llJ,ay he 
used for such a pick-up or the coils 
replaced by air gaps of an iron svstem. 80 
Since the fundamental resonant frequency 
of a pick-up appears to be of no critical 
import.ance as regards its characteristic, 
it may not be necessary to adjust the 
re~onant frequency in the two modes to 85 
the_same value, which would simplify 
the design. Adjustments for sensitivity 
in the two modes ('ould be made hy suit
ably connecting' coils wound on the two 
limbs of the magnetic circuits. 

The herein described acoustic syst!:'lll 90 
while being especially applicable to talk-
ing pictures is not limited· to such use. 
It may he employed in recording sound 
quite independently of any picture effects 95 
and in this connection (as well as when 
used in cinematograph. work) it seems 
probahle that the binaural effect intro
duced will be found to improve the 
acoustic properties of recording studios 100 
and to save any drastic acoustic treat
ment thereof wlille proyiding much more 
realistic and satisfactory reproduction. 
Furthermore, the system may clearly be 
elllployed . when the microphone outputs 10 
are led dlTectly to the loud speakers 
instead first of being reco~'dea, and such 
an arrangement. may for ex.ample be 
employed in public address systems in 
which directional sound effects are desired. iiO 
In general the invention is applicable in 
all cases where it is desired to give direc
tional effects to emitted sound. Also in 
all cases, both when the impulses are fed 
directly to the loud speakers and when U5 
they are recorded for subsequent reproduc
tion the total modification and! or inter
action of the channels may be accom
plished in more than one stage. For 
example, using pressure microphones, tho i20 
low frequency pha~e differences may be 
amplified, the medlum frequency phase 
differences converted to amplitude differ
ences, and the high frequency amplituue 
differences augmented in a first stage of 125 
modification; the low {requencr phase 
differences may then be ronverted to 
-amplitude difierences in a later shig'e of 
modification. One or !both of these stag'l"s 
may occur either be£ore or after the 130 
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another. Such uses fall within the scope 
of this invention. . 

sound hn~ been recorded. In this manner 
the very small low frequency phase .diff~r
enc~s are augmented before thev are 
amplified. so avoiding troubles due to 

o small low frequency phase shifts in 
.. amplifiers. 

Moreover, the various devices employed 
for carrying the invention into effect must 
be understood llot to be liinited· to their 

It must finally be understood that the 
invention is not restricted solely to the 
details of arrangements of tIle forms of 20 
the invention described above aince 
various modifications lnay be introdured 

10 use with the other devices also IH'rein
described since rlearly many parts, such, 
for example, as the dnal tra('k record pre
pared by a single ('utter, and the multi
strip direction-detecting> microphone, are 

'15 clearly of wide u"e Feparately of one 

in order to carry the invention into effect 
under diffel'ent conditions and require
ments which have to be fulfilled without 21) 
departing in any way from the s('ope 
('overed thereby. 

Dated this 14th day of Decemher 19:n. 
MARKS & CLERK. 

CO}IPLETE SPECIFICATION. 

Improvements in and :relating to Sound-transmission, Sound
recording· and Sound-reproducing, Systems • 

. , , 

'Ve, ALAN DOWER BLUMLEIN, of 57, sideralble troul)le is experienced with the 
Earl's Court Square, London, S:W. 5, a unl?leasant effects produced by echoes 

;30 British subject, and ELEOTRIC AND whlCh in the normal way would not he 
MUSICAL INDUSTRIES, LIMITED, of Blyth noticed by anyone listening in the room 
Road, Hayes, in the County of Middlesex, in which the performance is taking place. 75 
a company registered under the laws of An observer in the room is listening with 
Great Britain, do hereby declare the two ears, so thatl echoes reach him with 

~5 nature of this invention and in what the directional significance· which he 
manner the same is to Ibe performed, to associates with the music performed in 
be particularly described and ascertained. such a room. He therefore discounts these 8Q 
in and by the 'following statement :- echoes and psychologically focuses his 

This inventiton relates to- the ttTans- attention on the scmrce of sound. When 
40 mission, l'ecording and reproduction of the music is reproduced through a single 
. sound and is more particularly directed to channel the echoes arrive from the same 

systems for recording and reproducing direction as the direct sound so that con- 85 
speech, music and other sound effects. It fusion results .. It is a subsidiary object of 
is -applicable in particular, a:lthough not this invention 'so to give direcU'onal 

45 exclusively, to systems assooiated with significance to the sounds that when re
. picture effects as in talking motion produced the echoes are perceived. as such. 

pictures. . In order that the physical basis of the 9U 
The fundamental object of the inven- invention can be appreciated .. and the

tion is to provide a sound recording, re- stages of its development understood, 
-50 producing and/or transmission system known and established facts concerning 

whereby there is conveyed to the listener· the physical relations between· sound . .., 
a realistic impression that the intelligence sources, sound waves emitted thereby, and .. 9a 
is being communicated to him over two the human ears will be Ibriefly sum~' 
acoustic paths in the same manner as he marised. . . . 

55 experiences . in listening to everyday· Human abilit.y to determine the direc-
acoustic intercourse and this object em- tion from which sound arrives is dlta to lOt) 
braces also the idea of con~eying to the binaural hearing, th~ brain being'able to 
listener a true directional impression and detect differences between soundsre-i!en.ed 
thus, in the case in which the sound is· by the two ears from the same s011rce and' 

-60 associated with picture effects improvinp: thus to determine angular directions from 
the illusion that the sound is coming, and which various sounds arrive. This func- '" 
is only coming, from the artist or other tion is well known and has been employed iOi.} 
sound sou.rce presented to the eye. to considerable extent lor example in 

The invention is not, however, limited subaqueous directional detection in which 
65 to use in connection with picture effects, two microphones are connected by head~ 

but may, for example, be used for im- phones, one to each ear of an o!bserver,· (I. .• 

proving the qllalities of public addr~ss, the two channels between the microphones iit. ; 
telephone or rad~o transmission systems, and the two ears being lrept entirely-
or for improving the quality of sound separate. . 

70 recordings. When recording' 'music con .. ;1 With two microphones correctly spaced 
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and the two channels kept ent~rely 
separate e.g. by using headphones it is 
known that this directional eHect can also 
be obtained for example in a studio. If, 

5 however, the channels are not kept 
separate (as, for exalnple is the case in 
previously proposed arrangements £01' 

recording and/or reproducing sound, in 
which Bounds picked up by a plurality of 

10 pressure microphones are led to loud 
speakers :which take the place of the head
phones) the effect is almost entirely lost 
and such systeml3 haye therefore not coms 
into common use since they are quite un-

i5 satisfactory for the PUl'pOs~. The present 
invention contemplates controlling' the 
sound, emitted for example by such loud 
speakers., in such a way that the direc
tional effect will be retained. 

20 The operation of the ears in determin
ing the direction of a sound source is 
not yet fully known but it is fairly well 
established that the main factors having
effect are phase differences and intensity 

25 difierencea between the sounds reaching 
- the- two ears, the influence which each ot 

_ thes~ has depending upon the frequency of 
the sounds emitted. For low frequency 
sound waves. the,fe is little or no difference 

_ 30 in intensity at the two ears but there is a 
marked phase difference. For a given 
olbliquity of Bound the phase difference is 
approximately proportional to frequency, 
representing a fixed time delay between 

35 sound arriving at the two ears, by notiug' 
which the brain decides the direction from 
which the sound arrives. This operation 
haras for all frequencies 'up to that at 
which there is a phase difference of 11' 

4.0 radians or more between sounds arriving 
at the two ears from a source located on 
the line joining them; but above such a 
frequency if phase difference were the sole 
feature relied upon for directional l_oca~ 

1,5 tion there would be ambiguity in the. 
apparent position of the somc'e, At that 
stage however the head beg-inl'l to become 
effective as a hame and causes noticeable 
intensity differences Ibetween the sounds 

50 reaching the two ea,l's, and it is by noting' 
such intensity differences that the brain 
determines direction of sounds at higher 
frequencies. It has been stated that the 
frequency at which the brain changes over 

55 from phase- to intellsity-discriminatlon 
orcurs at about 700 c,p.s, hut it must be 
understood that this may vary within 
quite wide limits in different circum
stances and froUl person to person, anel 

60 that in any case the transference is not 
sudden or discontinuous but there is con
siderable overlap of the two phenomena 
so that over a consic1el'utllE' frequenrv 
range differences of both phase and iz{. 

65 tensity will to some extent, have an effect 

in determining the sens~ of direction 
experienced. 

From the above considerations it willlbe 
clear that a directional elect is to be 
obtained by providing imprestlions at the 70 
two eal'S ollow frequency phase differences 
aaa high frequency intensity di:fference~" 
and it would appeal' that in repl'oducing 
from two loud speakers the diffel'ences 
received liy two microphones suitably 75 
spaced to represellt human ears would give 
this effed to a listener if each microphone 
were connected only to one loud speaker. 
It can be shown however that phase 
difierences necessary at the ears for low 80 
frequency directional sensation are not 
produced solely by phase differences at 
two loud speakers (both of which COlD
Inunicate with both eats) Ibut that 
intensity differences at the speakers are 85 
necessal'y to give an effect o£ p_h'l.se 
difference: while initial intensi'ty 
differences frolD' the sources necessary lor 
high frequencies are not sufficiently 
marked when the sounds reach the ears, gO 
ancl to produce suitable effects therefore 
the initial intensity diffel'ences must be 
amplified, It is for this I'enson that the 
afol'ementioned metheds previously pro
posed (wherein only pI'essure microphones Qb 
wel's l\sed) are not successful in achieving 
the desired effect, these ne('essary altera
tiollS not having neen understood or in 
any way attained in those priQr arrange .. 
menh~, 1.00 

It will be seen therefore that the inven
tion consists broadly in so controlling the 
intensities of smmd to be, 01' lleing, 
~nlitted by a plurality of loud speakers or 
similar smmo sources, in suitable spacea 105 
relationship to the listener, that tlie 
listener's ears will note low frequency 
phase rlifierences and Mgt frequency in
tensity differences suitable for conveying' 
to the brain a desired sense of direction itO 
of the Roulld origin. III other words the 
direction from which the sound arrives at 
the microphones determines the charac-
t eristics (more especially, as will Ibecome 
apparent hereafter, the intensities) of the it5 
sounds emitted by the loud speakers in -
such a way as to proyi1Ie this directional 
sensation. 

It must be understood that the manual 
control by an ol)server of intensities of a 120 
phll'ality 'of loud speakers B:gaced round a 
motion pi<'hn's screen has previously been 
proposed but this method Buffers consider
ably from the defects- indicated above, and 
in any case is very difficult and incon.. 125 
veniellt to operate, No novelty for mere 
intensity control pElr se is however 
claimed, except ins(Jfar as the natme of 
the control is such as to proviae the 
necessary relative phase and intensity 130 
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difference sensations. 
If in accordance with the invention the 

sound is first recorded and subsequently 
reproduced from the records, the control 

I) may be wholly effected either during the 
recording or during reproduction, or may 
be partially carried out in each stage. It 
must be understood that wherever 
throughQut this specification the words 

10 "sound transmission" are employed 
(more especially in the claims specified 
Ibel<nv), they cover (unless the context 

-otherwise requires) not only the case in 
which impulses pass directly from the 

15 microphones to the loud speakers, but also 
those arrangements embodying an inter
mediate process or system of recording; 
and in the latter cases the said words 
apply to either, or b~th) the passage of 

20 impulses from the mICrophones to the 
recording system, and from the reproducer 
to the loud speakers. 

More specifically tlle inn-II tioll ('onsists 
in a system 0:1; sound transmission wherein 

25 the sOllnd is picked up by a plurality of 
microphone elements and reproduced by a 
plurality of loud speakers, comprising two 
or more directionally sensitive micro
phones and/or an arrangement of elements 

30 in the tranilmission circuit or circuts 
whereby the relative loudness of the loud 
speakeia is made dependent upon the 
direction from which the sounds arrive at 
tlie microphones. 

35 The invention also consists in a system 
-of sound transmission wherein the sound 
is received by two or more microphones. 
wherein at low frequencies difference in 
the phase of sound pressure at the micro-

flO phone is reproduced as difference in 
volume at the loud speakerEl. 

The invention further consists in a 
system of sound transmission in which the 
original sound is detected by two or more 

45 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 direc-

50 tion of an incident sound wave is usen 
to control- the relative volumes Ot sound 
emitted by two or more loud speakers. 

The invention also consists in a system 
of sound transmission wherein impulses 

55 from two microphones transmitted over 
individual channels are adapted to inter
act whereby two sets of impulses are 
further tran~mitted consisting in half the 
sum and haH the difference· respectively 

60 of the original impulses, said impulses. 
being thereafter modified to control the 
relative loudness of loud speakers whereby 
the sOllnd is to !be reproduced. • 

5 - The invention also consists in a system 
5 of sOllnd transmission wherein the sauna 

is picked up by two directionally sensitive 
microphones which are so spaced and/or 
with their axes of maximum sensitivity so 
directed relative fo one another and to 
the sound source, that the relative loud- 'It 
ness of loudspeakers which reproduce the 
impulses is controlled by the direction 
from whic11 tlie sound reaches the micro
phones. 

The invention also consists in a system 'n 
as set forth above wherein two sets of im
pulses are mechanically recorded in the 
Sf\1Ue groove. _ 

The invention also consists in a system 
as set forth above wherein the impulses are B(~ 
transmitted by "!IJtdio telephony. 

The invention also consists in a system 
as set. forth above in combination with 
means for the photograpnic recording or 
transmission and/or reproduction of S;:: 
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. ~_~!.l 
Thus two channels may be different not 
only because the average intensities or 
types of current in them differ hut also 
because tlhey originate from two mi('ril -

phones in different positions in the studio. f!:~ 
The nature of the invention willlbecome 

apparent from the following description 
o£ various methods and modes of carrying 
it into effect but it must be understood 
that the different forms described are !O~) 
given mer-ely 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 accomplished. 

The description will be more readily !{(; 
understood by reference to the accompany· 
ing' drawings, wherein . 

Fig-UTe 1 represents diag-rammatieally 
the I\!lRemblv of one svst-em according to 
th~ inventio~ :' i Hf 

Filrure 2 represents a. microphonic 
arrrlng'ement for use accordinO' to one form 
of' the- invention: t:> 

Figure 3 represents u. transformer 
nrrnn!!ement employed in one form of the 0:1 
inwntion: and . -

Figure 4 showR a symboliC' repr"RE'ntn
+.ion of the arrangement Rhown in Figurs 
3. 

Fi!!'ures 5, 6 and "{ represent variolls 1:;(, 
,-.irruH ~.rranITements applicnble to various 
forms of the invention, while 

"Figures 8. 9, 10 and 11 reprE'Rf'nt 
different forms of sound recorders which 
may hI:' employed. i2::, 

It. will !be cleor that the invention is 
nnrtirulm{v nuulicnble to talking motion 
nll'htreR ~nd the followina: description 
will thereforp. be P'lven with relf'rence to 
this application. In one form ot the in- 1~v-
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vention convenient for this purpose shown 
in lfigu1'8 1 the sounds to be recorded and 
reproduced with the pictures may be 
received from a source a. by two pressure 

5 microphones al, az mounted on opposite 
·sides of a block of wood or bams b which 
serves to provide the high frequency 
intensity differences at the microphones in 
the same way as the human head operates 

to upon the ears as indicated above. The 
outputs from the two microphones are 
after se-parate amplification by separate 
similar amplifiers 61, bz taken to suitatbly 
anange circuits c comprising transformers 

I i'l or bridge or network circuits which con
vert the two primary channels into two 
secondary channels which may be called 
the summation and difference channels. 
These are arranged so that the current 

20 Howing into the summation channel will 
represent half the sum, or the mean, of 
the currents Hawing in the two original 
channels, while the cunent flowing into 
the difference channel will represent half 

25 the difference of the currents in the 
- ol'ig'inal channels. 

One convenient transformer arrang'e
.11lent: for this purpose is shown in Figure 
3 wherein input currents from amplifiers 

30 b1 , b2 are sepamtely fed each to two 
_ primary windings, one on each of two 

transformers, the secondary winding of 
each transformer providing a " sum " or 
" difference" ()utput CUI\'ent on account 

- 35 of the senses in which the primary coils 
are wound as shown. .A. diagrammatic 
representation of a sum anc1. difference 
arrangement (which may consist of a 
transformer similar to that of Figure 3 or 

40 any other suitable arrangeul(lnt of circuit 
elements) is shown in Figure 4. • 

In accordance with the form ot the in
vention being described t.he two outputs 
from the sum and difference arrangE'ment 

45 are modified in order to obtain subse
quently the c1.esired sound effects and one 
convenient circuit arrangement for eifert
ing this is shown in Figure 5 which re
presents the portion of the cire-nits 

50 indicated by c in Figure 1. Assuming 
the original currents differ in nhase only, 
the Cl1l'rent in tht' difference ('hannel will 

be ; different in phase from the current 

in the summation <channel. This 
55 difference current is passed through t.W() 

resistances if and e in series between which 
a condenser f forms a shunt arm. The
voltage across this condenser f will be in 
phase with that in the summation 
channel. By passing the current in the 

60 summat.ion channel thl'011gh a plain resis
tive attenuator netwol'k comp0Red of series 
resistances {j, h and a shunf rE'sistanre 1:, 
a voltage is ()btained which remains in 

phase with ihe voltage across the con- 6=
denser f in the difference channel. These t) 

two voltages al'e then combined and 1'e
separated by a sum and difierence process 
such as previously adopted so as to pro
duce two final channels. The voltage in 70 
the first final channel wilr'be the Bum of 
these voltages and the ·voltage in the 
second final channel will be ihe difference 
between these voltages. Since these 
voltages were in phase the two final 
channels will be in phase !but will differ 75 
in magnitude. By choosing the valueoHhe 
shunt resistance iin the summation channel 
aIle! the shunt condenser f in the difierence 
channel for a given frequency, 80 
any degree ()I amplitude difference in the 
final Channels call be obtained for a given 
phase difference in the original channels. 
For the low frequencies it can be shown 
that the phase difference between the 
waves will, for a given obliquity of the 85 
sound source, vary proportionately with 
frequeney, being very small for a very low 
frequency. Thus f~r a given obliquity 
of the sound the current in the difference 90 
channel will be increasingly great ('om
pared with that in the summation channel 
the higher the fl'equency. Hence the UBe 

of a shunt. condenser f in the difference 
circuit will have the effect of producing' a 95 
fixed int-ensit.:v difference in the final 
channels for ~ giyen obliquity at all low 
frequencies. 

For the higher frequencies as indicated 
above it. is not necessary t.o. convert phase 100 
shifts into amplitude di:fferences, but 
simplY to reproduC'e amplitude diffel'ences. 
The shunt. condenser f in the difference 
cire'uit is therefore Ibuilt out wit.h a resist
ance Ie whose ~alue is ~ubstantiany equal i05 
to that of reslstance t. 

In building this circuit the capacity of 
the condenser f is 01 such value t.hat its 
impedance is small compared with that o.f 
the series resistances (l and e over the liO 
whole working range, while the value of 
resistance l~ is such that it equals the 
reactance of the condenser at approxi
mately the frequency above which it is 
desired not to convert phase differences 1i5 
into amplitude differences. The vahle of It 
is in general equal to that of i, in which 
case the amplitude differences for hig-h 
frequencies are passed on without modi-
fication. . 120 

It may be found necessary to employ . 
more complex circuits than the shunt 
reflistance 7..~ and condenser f in the· 
difference circuit ancl shunt resistance 1~ 
in t.he summation circuit, which however 125 
form the bMic arrangement. However 
it mm'li: be nnderst()Od that the cireuits 
emploYf'd may 11e considerably modified as 
required without departing from the scope 
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()C the invention~ 
The outputs {rom the modifying circuit 

o (Figure 1) are passed to amplifiers d,., 
d~ and thence to loud speakers el,6:l suit~ 

5 ably disposed on each side of a picture 
screen. It is to be understood that Figure 
1 .merely traces. the passage of intelli-
genee from the source a to a recipient and 
no recording or reproducing system has 

10 been shown. Such may however be in .. 
sarted anywhere along the electrical cir
cuit s.uch for example as /between 
amplifiers bl , b: and modifying assembly 
0, or between assembly a and amplifiers 

15 d1, dz• 
In the latter case the impulses trans

mitted through the two channels as in
dicated above may for example be 
recorded on two sound tracks on a film 

20 by any suitable or known means, each of 
which ]'ecord$ may comprise either a 
s()ulld track of constant density and vari
able width (e.g. an oscillograph record), 
or a sound track of constant width alld 

25 variable density (e.g. a light valverecord). 
Alternatively both records may !be made 
on a single track comprising a combina
tion of the variable width and variable 
density forms of recording. 

30 Such a record may be reproduced by 
, passing light from the same slit through 

the two tracks, seporating the beam into 
the two record portions by means of 
prisms or like optieal means and employ .. 

35 iug the outputs hom two phot.o-electric 
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 cine-

40 matograph pictures are projected. 
From the above desCl'iptian it will be 

clear that obliquity of the direction of 
~ound wave propagation relative to the 
microphones aI, a2 will produce differences 

45 of intensity at the roud speakers so as to 
give an impression to an Qbse;rver 01 
oblique sound incidence. 

If two very small microphones are used 
and plnced very close together it may be 

50 found possible to obtain microphone out
puts which· do not differ appreciably in 
amplitude hut; only tn phase for all 
working frequencies. In this caSe the 
modifying circuit may be arranged to 

55 convert phase differences into amplitude 
differences thronghout the entire fre
quency range. The phase difIerence~ 
dealt with at the low-frequencies llOwever 
may be s.o small tha.t in this case slight 

60 differences in the two microphone circuits 
would have very large effects. On this 
acr.ount microphone spacing of the same 
order as. that of the human ears is most 
suitable. 

65 It will be appreciated that the amount 

o£ modification necessary to the impulses 
t.ransmitted through the s\\mmation and 
difference channels as indicated above 
depends.. upon a numb ex of factol's., includ-
ing the relative spacing of the micro- ;0 
pholl6s and of the loud speakers, and the 
size and positioning of the screen. It can 
be shown that for low frequencies III tIle 
degree of modification. required in the 
difference channel as compal'e<l with the 1'5 
modification in the summation channel is. 
given by:---

where 
'v = velocity of sound. SO 
Y = £l'action of haH picture film width 

which th~ image of the sound 
source is off centre. 

O::;::angle of oibliquity, in radians, of 
the source from the~edian plane 85 
between the microphones. 

k = effective distance apart of the 
microphones. 

s=width of screen of theatre. 
.L· = !li::;tance apart o£ loud speakel I) 90 

in theatre, 
This exp"ression in effect gives the im

pedance of the shunt capaoity I in the 
difference channel in terms of the l'esist
auee .~ in the s\uumation channel. It 9~ 
holds for all frequencies where 1~ is small 
compal'ed to the wavelength, and is based 
on the assumptioll that the lJ is small and 
th~lt iC and s are small compared with the 
<listan('~ of the listener from the screen 100 
and loud speaKers, 

The portion ~c. is a factor of the record. 

ing I and is constant for a given arrange
ment if either the camera is in line with 
the microphones and the centre of the lOG 
picture, 01' the action does not move appre
ciably to or from the microphones and 
camera. When recording, the relative 
disinnceH of f'amera n.nd mi('1'opllOIles iir. 
and the focal length of the lens may be _, 
adjusted to maintain this factor a con~ 
stant. 

The expression !.. is a constant for the 
X 

thea.tre, As regards low frequencies only, 
the distance apart 01 the speakel's need if!', 
not exceed the screen widthj but should 
certainly not !be closer than 70 per cent. of 
the screen width. The closer the loud 
speakers the greater the necessary power 
ha~ldling capacity, but the less the 120 
troubles' introduced by formation of 
stationary waves. 

For the high frequenoies no definite 
expression can easily be obtained, and the 
modification, if any, used will prolbably 1.25 
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have to be gauged empirically by trial 
and error. 

The.arguments and fonnula given above 
are buaed on a direct wave analysis and 

5 may .have to Le eonsiderably modified In 

order to allow for l'eflection of other 
:acou~ticeffectl'l. It is. preferred therefol'e 
to introduce the modiftcations it is proposed 

. to employ ,at the theatl'esince all factors 
10 will then enter into consideration. It will 

be clear that, as indicated above, the 
modifying networks and channel arrange
ments may be employed between the 
microphones and the film d\U'ing 1'eoord-

i5 ing, or !between the record and the loud 
spealcers eluring reprouuctioJl, and the 
latte-r course, in addition to allowing of 
adjustment of the arrangements toO S\tit 
the particular theatre as indieated above, 

20 has the additional advantage that the sOlmd 
film can .be reproduced by a single repro~ 
ducing head or channel if, for example, 
one of the dualuuangelluints breaks down, 
or in a theatre \Which, having one illstalla--

25 tion, does ..not wish to .go to the expense of 
. installing.a second apparatus. 

In order to employ successfully a 
system of the kind described above it is 
necessary to carry o'ut preliminary experi-

30 ments to determine the most suitable 
". value of modification to be employed for 

each recording, and it is also necessary 
to ,standardise various fadOl's entering 
into every 'recording. In the preliminary 

35 experiments, before recording, volume in
dicator measurements may be made with 
a standard sound source placed at the 
extremes of the "set", i.e. the space 
within which recording is to Ibe effected" 

110 a.nd from these the proposed modifying 
network laid out. A further experiment 
may also he -effected to standardise phase 
angles 011 the film. .A.t the theatre a 
simple adjustment may be provided to 

45 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 

')0 modifier (comprising' two or foul' trans
, formers, for example, artificial line 

resistances.and the controlnetwol'k, which 
lIlay be no more than. a condenser and a 
reSIstance) and ·two normal sound-repro-

jJ ducing heads or pick-Ups, or one speciallv 
designed head or pick-up adapted t~ 
separate the two recordings to two COlli
plilte reproducing channels, There is no 
reason why the seconc1channel used 

no should not be the "stand.by 1I channel 
now often installed for safety since if, 
as indicated above, one of the channels 
breaks down reproduction may be con
tinued without seriol1s consequences 'On the 

I}:) other channel only. 

In connection with the standardisation 
indicated above, while the Ibinaural 
" transfer" freql1ency (from phase- to 
intensity-disorimination) need .have no 
definite significance in recording, since it 70 
is a function of the human brain, it is 
nevertheless necessary to fix a change-over 
frequency £rom high .. to low-£requency 
working for recording, sillce this ire
qUE!-ncyfixes the values of the elements 75 
in the modifier and thus the form of 
lIlodification to be used, the distance apart 
m the lllim'ophones and the .£Ol"lJl of bailie 
between thelll. Any convenient :ftoequency 
may .be chosen as standard after 80 
experience has decide.d which is most suit
.able. Instead of stalldardisi.(!.g.it may be 
pQssible irom the preliminary' experiments 
to allow electrically for variation of 
microphone ,positions and/or of micl'o- 85 
phone spacing (although the latter would 
be extremely difficult) and it must he 
ulHlel'stood that thi:i an-angelllent falls 
within the scop~ of the invention. 

The above analysis is Ibased upon con- 90 
siderations which take no account of 
sound r-eflections or interference d\U'ing 
.repronuction. The reflected Bound waves 
which arise dUl'ing re(!ording will be re
produced ,with a directional sense and will 95 
sound more uutul'ul than they would with 
a non-directional reproducing system. 1£ 
difficulties arise in reproduction they may 
be overcome by employing' a second pair o£ 
loud speakers differently spaced and hav- 100 
ing a different modifying network from 
the fil'st pail': 01' a row of speakers may 
be used with a coOlUposite, progres1!ive 
modifying.network to supply them: or the 
two speakers lllay be placed comparatively 105 
close together. 

In this last ul'rangement the sense. of 
direction of the apPUl'eIlt sound source 
will ouly be conveyed to a listener for 
the full frequency range for positions:l.10 
lyillg between the loud speakers; but if it 
is desired to convey the impression that 
the sound source has moved to a position 
beyond the spalle between the loud 
speakers the modifying networks may be 115 
arrang'ed to l'everse the phase of that loud 
6peaker remote from which the source IS 

desiretl to appeal', and this will suffice to 
convey the desired impression for the low 
frequency sounds. 'With this arrange- 12(, 
ment of loud speakers close together, how
ever, it would not Ibe possible to effect a 
similar illusion in connection with high 
frequencies. 
T~e system so far described employs to i25 

receIve the sound wavea two non
directional microphones, e.g. pressure 
microphones. Directionallv sensitive ..... 
microphones may also be employed spaced 
a small distance apart, the outPllts being i3li 
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modified as indicated so that the relative 
outputs of the loud speakers. are controlled 
both by differences in phase and differ
ences in magnitude of the microphone 

5 outputs. Buch directionally sell&itive 
lllicrophones lllay be, but are not 
necessarily, o£ the type known as velocity 
microphones, and preferably provided 
with movable conductor -elements so lig'ht 

to as to move substantially as the surround
ing air. 

Velocity or moving conductol' micl'o
phones (e,g. moving gtrip microphones) 
are very suitable for any system accord· 

15 iDg to the invention and in addition to 
use with· circuit arrangements described 
albove: they may alllo be employed with 
various alt-erations in the circuits. These 
microphones give a response varying as 

20 the cosine of the angle of incidence of the 
sound relative to the direction of normal 
or optimum incidence, and they therefore 
have the advantage that a certain degree 
of loud speaker output separation may 

25 be obtained without phase-conversion or 
like network modifications. 

1'hree general arrangements employing 
velocity microphones are possible, and in 
all cases the microphones are placed as 

30 neal' together as possible instead of being 
spaced as artificial ears, at! in the case of 
pressure microphones. 

(1) Two velocity microphones are placed 
one with its axis of maximum response 

35 directly facing in the direction of the 
centre of the scene, and the other with its 
ax.is at right angles to that direction. 
Both moving strips are in line, lond 
arranged so that this line is vertical, 

'iO v;]: ereas the sound source moves in a hori~ 
zontal plane. A perfOl-mer speaking 
from the middle of the scene will affect 
only th~ face-on microphone, but if ~e 
moves to one side both "microphones WIll 

45 ~:h::d~a~ut~i~iia;~~~p~~s h:rem~;~~ij:d 
but t.he phase of the edge-on microphone 
is reversed. Since the microphones are 
close toO'ether no phase differences are 

50 experieI~e(l between them and if their 
outputs ai'e summed and differenced after 
a suitable amount of relative amplification 
the two final channels differ in magnitude 
in the correct manner for operating- the 

55 loud speakers to give the desired direC'
tional effect. Such sum and differenre 
arrangement differs from tIle modifying 
network employed with pressure mic~o
phones in that the pressure type provIdl' 

60 phase differences (wher~by direction is 
determi.ned) which have to be convertecl, 
whereas with the velocity type the edge
on microphone provides an output pro
portional to the olbliquity of th~ source. 

65 A suitaille moclifyinlr arrangement for 

this form. of the invention is shown III 

.l!'igUl'e G. 'fhis is substantially identical 
with that shown in Figure 5 except tha.t 
the shunt condenser f and resistance k ill 
series, and the shunt l'esistunce i are 1'e- ";r 
plaeed by shunt resistances lnb which 
are preferably variable as shown. These 
lines therefore form artificial atteuuators 
and by altering their relative attenuation 
the intensity differences in the two lines 
corresponding t~ :a given obliijuift.y of 
sound is controlled. . 

(2) Two velocity microphones or micro
phone elements, lllay be placed with their 
axes perpendicular to one another and . J 
each axis nt 450 to the direction of the 
centre of the screen. This arrangement 
is represented diagrammatically in Figure 
2 wherein -n and 0 represent two velocitv, 
01' directionally sensitive microphones o~l'" ;..' 
above the other arranged perpendicular to .;. 
one another and at equal angles at 4;jO 
to the direction of the centre of the field 
from which sound is to be received. 1. 
will be clear that movement of the sound 
source a laterally to a position p removed .:l 

from the centre of the field will result in 
the sound waves striking 0 at a more acut('\ 
angle t.han they strike n and differences 
ill the microphone outputs will resu}t.. r~ 
The microphones are sufficiently close 
together to render phase differences of the 
incident sound negligible and the output 
amplitudes therefore differ approximately 
proportionally to the dbliquit.y of the iG~ 
iW'iJent sound. They may thereiore hE' 
amplified similarly, and supplied dire(-tly 
to the loud speakers to which they will 
give the correct amplitude differences for 
the desired directional effect provided the 1 c·~ 
relationship between the various dimen~ . 
sions of the recording and reproducing 
" lay-outs" are correct. If it is desired 
to accommodate any differences between 
the " lay-outs" the outputs may be modi- 11 {, 
fied by networks, in the manner described, 
suitably to increase or decrease the 
differences between them. An arrange
ment such as shown in Figure 6 is suit
able for this purpose, and such an i i·'. 
arrangement may of course also be •. 
employed even if the lay-out is. correct if 
it is desired for any reason to control or 
modify the amplitude differences of the 
loud speaker outputs. i'·'il 

(3) Two microphones may be arranged ~. 
wit h 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 1:.0;1 

a 
at the centre suJbtends an angle of 2' 
degrees to each microphone. If () is small 
a small movement of the performer to one 
side is sufficient to make one microphone 
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" -edge-on" and to reduce its output to 
zero, while if () is large a large movement 
of the performer is necessary to do this. 
By making () adjustable different " lay-

5 outs " may be accommodated without the 
modification indicated under (2) and it 
will be -clear also that this provides a 
method of directional sound transmitting, 
recording and reproduction which avoids 

-10 the necessity of combining and reseparat
ing 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 

t5 also be positioned in a single magnetic 
system common to both, 

'1'wo velocity microphones set in line 
with one another and with their axes of 
maximum response symmetically inclined 

20 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 perpen-

25 dieular to the axis o{ maximum l'esponse 
of the micr<lphone system. Such vertical 
displacement of the source will in this 
arrangement give phase differences to the 
outputs whil-e lateral displacement gives 

30 amplitude differences, and these can be 
separated, the phase differences convert.ed 
to intensity differences by modifying 
networks, as descrilbed, and the resulting 
impulses employed to operate lOUl' or 

35 more loud speakers distributed round the 
screen. The transmission in such a 
system occupies only hvo channels (one 
leading from each mirrophone) up to a 
point in the system where each of these 

40 channels is divided into t,wo parallel 
channels thu& providing four channels in 
all at this point. Two channels, one- from 
each parallel pair of these divided 
channels, are connel!ted to one modifying 

45 network adapted to deal with phase 
differenc-es, and the ot.her two channels, 
one from each. pair, connected to another 
modifying network adapted to augment 
intensity differences. Ear.h mooifying 

50 nefwork operate& a p,lul'ality of lono 
speakers. providing a directional sensa
tion in one direction, and in this manner 
direr-tional senses in two direct-ions at 
right angles can be obtained. It will be-

55 seen that in such an arrangement the 
transmission and/or recording (which is 
the most expensive and difficult operation 
of the syst.em) may be effected over only 
two channels although directional sensa-

60 tions in two perpendicular directions are 
subsequently obtained. A similar effect 
may be obtained with a plurality of 
pressure microphones by employing suit
able modification previous to transmission. 

65 In obtaining a complete directional 

" sound picture", i.e. !both horizontal 
and vertical directional effects l the inven-
tion is not limited !lolely to the use o£ two 
microphones, A plurality may be 
employed and their outputs suitably col- 70 
lected, modified and separated to transmit 
suit.able differenc-es of impulses t.o a 
plurality of loud speakers. The general 
feature is that two transmitting channels, 
receiving impulses from two or more 75 
microphones for example, communicate 
impulses which can be modified and 
separated to provide two directional sen&es 
at right angles to one another, the sounds 
whereby this is done being provided by 80 
a plurality of loud speakers. It will 
moreover be clear that if the sound SOUl'ce 
moves away from or towards the micro
phones the overall intensity of the com
bined loud speaker propagations will vary 85 
and thus provide indication of the posi#on 
of th.e SOUl'ce along that axis, Full three
dimensional loeation of the source is thus 
obtained by this arrangement. 

It will be seen that while with pressure 90 
microphones it is preferred to tranE!mit 
phase differences rather than amplitude 
differences and conv-ert from one to the 
other as late as poss~ble 'prior to repro
duction, with velocity microphones it is n-t',) 
lllore l'OIlVellient to tranmit the two 
channeh in phase but at different 
amplitudes, the only modification then 
necessary being an increase or decrease of 
the amplitude differeures :5houlcl the l'e- tOo 
producing "lay-out" differ £rom tne 
recording" lay-out" 01' shCJuld more than 
two loud speaker positions be used. 

There is a ~imple method by which 
modifications for im'rease or decrease of i05 
differences bet.ween channels may be 
effected if no conversion of phase 
differences into amplit.ude differences is 
required. The methocl is particularly use-
ful for the operation of more than two iiO 
loud speakers, and is also useful for work-
ing into llig"h impedances such as the grid 
impedance of a thermionic valve. The 
arrangement is !!hown diagrammatically 
in lrigure 7, It the transmission is ii5 
effeded in the form of two channels '1' S 
of similar phase but different amplitudes, 
an alteration of these amplitude 
differences may be effected by connecting 
one wire of each channel?' and s together 120 
at t and connecting a choke u between 
the other two wires of the two channels. 
The outgoing channels l' and 'W whose 
difference is to be a modification of the 
original difference, are connected by one 125 
wil'-e each to the common point t of the 
original channels, and hy their othel'\wil'es 
to tappings along the choke 11, If the 
differences ar~ to be increased, the tap
pings at which the output channels are 131 
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connected lie oufside the tappings to 
which the input channels are connected, 
so that the cnoke operates in effect as an 
auto • transformer amplifying the 

5difIerence voltages. Similarly, for a re
duction of differences, the output channeh; 
are tapped Intermediately between the two 
input channels. Modifications of this 
arrangement in which tlhe devices al'e 

.10 balanced about earth, etc. may be 
ananged, but the chief advantag'e is that 
the modification is varied entirely by 
altering tappings along a transformer or 
choke, and that no great power loss is 

15 involved. 
This arrangement of a choke or trans

former is well suited to working a number 
of loud speakers for binaural reproduc
tion .. In this case, the two outputs from 

20 power valves are fitted to a choke such as 
'U along wh~ch the loud speakers are 
tapped. The position of the loud speaker 
tapping~ can be adjusted to suit their 
relative positions, and it can De arranged 

25 that the valves are working into their best 
impedances. Transformers may Ibe used to 
ensure the speakers taking their correct 
fraction of the output. 

'While, in connection with the above 
30 described systems, it is suggested that 

when it is desired to record thp sounds 
for subsequent reproduction this may be 
done upon a film, the invention is not 
limited to that medium since the recording 

35 may if desired he effected on discs or 
cylinders of suitable material. 1-11 carry
ing out the invention in this lllanner the 
two channels may if desired be recorded 
in separate grooves but it is preferred that 

40 they be recorded in the same groove hav
ing' a hill and dale and -also a lateral 
cut movement. For the purposes ot tele
vision previous proposals have been made 
whereby a wax disc has a sound record 

45 as a hill and dala cut and a picture record 
as a laterally cut V-shaped groove at the 
bottom of the hilI and dale g'roove, or 
vice versa. Such records appeal' unsuited 
for separate and distinct sound recordings 

50 since undouDtedly considerable cross-talk 
between the two rec{)l'dings would occur. 
They can however be used for two 
chaimels . of the kind contemplated in the 
present invention, one being only slightly 

55 different from the other, since a certain 
amount of cross-talk in this case does not 
matter, 01' can he allowed for. Furt.her
more, the records now proposed are dis
tinguished from those previously known in 

60 that both channels may be l'ecorded as 
separate cuts in one g'roove and may be 
lecorded by a single recording tool (either 
of moving iron or moving coil type) and 
be -reproduced therefrolll by· a single 

65 reproducing device or pick-up. 

If the two channels being recorded al't~ 
(lirectly picked up from two microphonetl. 
or are intended to work unmodified into 
two speakers, that is with intensities and 
qualities -similar to those of the original 70 
sounds receiv-ed, it is preferred not to cut. 
(me- track as lateral cut and the other a:-l 
bill ,and dale, but to cut theul as two 
tracks whose movement axes lie at 450 to 
t.he 'Wax surfaoe, or at some other con- 75 
vallient angle depenuent on the l'elativt" 
available intensities from lafei'al cut and 
hill and dale respectively. H, however. 
the two channels recorded are such at; 
sUlnmutlon and difference channels, it 15 80 
preferred to separate them completely into 
pm6 hill and dale and pure lateral cut, 
i.e. to make the recording axes normal and 
tangential to the wax surface. 

The result in the two above suggested 85 
CU6es is . very similar since channels 
recorded at 450 to the wax surface give 
their sum and difference as the effective 
lateral and hill and dale amplitudes. 

It will be appreciated that a record, 90 
cut. as a combined hill and dale and 
lateral, may be reproduced if desired as 
two skew direction cuts, the basic 
principle being that the groove has 
amplitude in any direction in the plalle 9~) 
at rig'ht angles to the direction of wax 
movement, and the recording and repl'O
clueing directions may be chosen as any 
pair of axes lines, not nece&sarily at l'ight 
all!(le5, ill this plane. iOO 

It would appeal' that for such a record, 
a material other than that now used for 
lutpral cut records, would Ibe desirable, 
and a mutel'ial of the nature of cellulose 
aeetate is indicated, i05 

rrhe 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. 

'rhe recorder whereby both channels fiO 
may be cut by a single tool on the same 
groove may take various {orms, the under
lying' feature being that a light. stylus is 
pulled iuto t,vo directions at right angles 
to one another and each pre£erablyat 45° ii5 
to the wax surface. 

Figure 8 shows schematically a recorder 
of this kind suitable for producing records 
having complex cuts. 1 and.2 represent 
the driving elements of two recorders 120 
normally adapted for cutting' lateral rut 
records. These driving ~lements drive 
arms 3 and 4 about axes at right angles to 
the plane of the paper within 1 and 2. 
The ends o£ these arms are connected by 125 
li~aments 5 and 6 to the end of a reed 1 
which extends backwards along an axis 
perpendicular to the paper to support,s 
n()f. shown. This reed carries a cutting 
sapphire 8, Movements of the :recording 131 
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arms 3 and 4 produce movements in the 
end of the reed 1. Thus, ourrents in move.
Ulent 1 will cause the reed 7 to move 
along an axis approximately 450 to the 

6 vertical rising from le~t to right acrosE! 
the figure. Similarly, currents in move
lll~nt 2 will produce movement of the 
rood 7 in an axis at right angles to the 
fonner axis, while currents in Iboth move~ 

iO ments will of course result in vertical 
movement of the reed. 

Another such form <>f recorder shown 
in Figuri3 9, representing a moving iron 
recorder. may consist in a short reed f) 

. 5 mounted close above and parallel with 
the wax track and carrying' the cutting 
sapphire 8. This reed 9 may extend back
wards perpendicularly to the paper to 
supports (not shown) which join the top 

20 of a laminated pole system 10 to complete 
a polarising magnetic system therewith. 
The two laminated arms of the pole piece 
10 extend down towards the free end of 
the reed 9. These arms form two poles 

25 adjacent to a square portion of the reed 
at its free end, each pole being adapted 
to pull the reed in a direction at 45° to 
the wax surface. The reed may be suit-

. ably damped, e.g. by a rubber line, and 
SO have a resonant frequency at the top o~, or 

above, the working range. The two pole 
pieces may be wound with speech coils, 
and the energisution of on~ of these moves 
the sapphire in an upward dil'action at 

- 35 45° to the wax surface. The terminals 15 
of one channel are connected to main
winqing 12 and compensating winding 11. 
'l'he terminals 16 of thi3 other channel 
are connected to main winding 14 and 

40 compensating winding 13. Current in 
- either channel will pull the reed towards 

the pole canying th~ main winding,' the 
purpose of the compensating winding 
being to prevent movement of the reed 

45 away from the other pole due to the flux 
clrawn away from this pole by the main 
winding. With tlle winding shown, 
currents in either channel will cause the 
reed to Cllt a track at approximately 450 

50 t() the vertical. By a suitable re-
arrangement of windings, or by a suitable 
transformer connection between the 
channels and th~ terminals of the recorder 
as Rhown, any other movement axes may 

55 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 
60 may empl-oy electromagnetic damping 

may consist· of a moving member in thtl 
shape of a T as shown in Fignre 10. Tlle 
re('order sapphire 8 is supported on a light 
T member 17, which is supported at 18 by 

I .65 elastic means such that it may rotate albout 

this point, and may also translate 
vertically, thoug'h it is resistant to h<>ri
zontal lllOVi3ments in th~ plane of the 
paper. The device is driven by moving 
coils, e.g. speeoh coils, 19 and 20 which ,.~ 
are freely located and immersed in the 
steady magnetic field proviaed in annular 
gaps in- a magnetio system, not shown. 
Current in one of the moving coils tends 
to both rotate and translate th~ device so ;75 
that the sapphire 8 moves along an ax~s at 
approximately 450 to the V'ertical. The 
movement. of this device may be damped 
and equalised along the lines described in 
British Patent Specification No. 350,998. 80 
As before any required axes of movement 
lllay he ohtained bv suitable interconnec
tio;l of the two cl;iving coils. Such a 
movement preferably has the same natural 
frequellc~· tor hoth rotation and transla- 8b 
tion. Further the distribution of mass is 
preferably such that a small instantaneous 
force applied at Olle coil produces no 
movement at the other. 

Figure 11 shows another form of 90 
recorder similar in principle to the one 
shown in Figure 10 except that a moving' 
iron drive is employed. The member 11 
moving about axis 18 is constructed of 
magnetic mat€rial,. or has a magnetic 95 
uppel' portion. The" E " shaped member 
21 is polarised either by being partially 
permanently maO'netised, or having a 
magnetising winding on it, liO that the 
central pole is of opposite {,olarity to the 100 
two outer poles. Speech wmdings on the 
outer poles are brought out to terminals 
15 and 16 to which thi3 two channels are 
connected. 

In all the devices described albon, the 105 
angles of the axes defining the movements 
of the sapphire can be altered by suitahly 
connecting the speech windbgs ; for 
instance, axes which are normally inclined 
at 450 to tlie wax surface can be con-.tiO 
verted into pure hill and dale and lateral 
cut axes by arranging' that the speech wind
ings are in series aiding for one channel 
and opposing for the other channel. In 
like manner any axis conversion can be 115 
effected by suitably combining the 
chanMls through transformers. 

In designing an electric pick-up to 
Teproduce both channels care must he 
taken that the inertia is kept as low as i20 
~ossible, ~nd with this in mind a very 
llght rephca of any of the above desrrihed 
recorders may be employed. Preferably. 
a moving system in the ~orm of a T 
following the lines of the moving iron 125 
rerorder shown in Figure 11 is employed 
as hest suited for the purpose. Since the 
fundamental resonant frequency of n pick-
up appears to be of no critical importance 
as regards its characteristic, it may not 130 
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be necessary to adjust the resonant fre
quency in the two modes to the same 
value, which would simplify the design. 
Adjllstments tor sensitivity in the two 

p modes may be made by suitalbly connect
ing coils wound on the two limbs of the 
magnetic circuits. As in the recorder 
design the distribution of mass in the re
producer is preferably such that forces 

10 producing motion in one direction (e.g. 
lateral movements) leaye it substantially 
undisturbed in its l'eprollurtion by motion:! 
in another direction (e.g. hill-and-dale). 

A good binaural effect may be obtained 
15 ~)y giving directional signifirance to only 

a limited range of freQuencies. For 
example, although good reproduction re
quires the tranf:mission of all frequencies 
up to, say, 10,000 c.p.s. yet a good direr-

20 tional effect is obtained from frequencies 
up to, say, 3,000 c.p.s. This would assist 
disc reeording of the llinaural impulses 
since the lateral cut which represents the 
sum of the two channels to the speakers 

25 might linYe a £l'equen<'y range extending 
to 10,000 c.p.s. whereas the hill-and-clale 
cut need transmit frequencies no hight!l' 
than 3,000 c.p.s. Tliis would consider
ably simplify the design of the recorders 

30 and pick-ups in that low inertias would 
only be required for the latera~ cut. and 
design w,ould thus lie greatly slmphfied. 

These frequencies are given merely by 
way of example, and are not necessarily 

a5 the optimum f~eque~cies for desig~ of thia 
. character, wInch wIll be determmed by 

other considerations. 
In transmitting the two channels 

indicated in the various systems abo"e 
4.0 described, instead of employing line 

transmission, radio transmis~ion may 
if desired be emploved. Each 
channel may be separately transmitted 
or preferably the two channels may be 

'45 sent as difft!rent. mOd1.11ations of the same 
carrier wave. Thus Olle channel may he 
transmitted as an amplitude modulation 
and the other as a phase or frequenry 
modulation of the- same ranier waye. 

50 Alh·rnat.ivf'ly the two ('hannels may he 
transmitted as amplitude modulations 
of different ('arrier wa,es which art" 900 

out of phase, the two waves being rarliated 
from tht! same aerial in combination as a 

55 single wave propag-ation. "\ arious systems 
for the transmission and rereption of 
duplex radio signals along' these linps arp 
known and ani one of such or similar 
arrangements inay he u~pc1 ill ponnl'dion 

60 with .the in,?,ention. rlef!..c:illed herein 
. ac<'ordmp: to Its apphrablhty or con

venience in the circumstances under con
sideration. It must be l1nc1erstood that 
with such a system of duplex radiation, it 

.65 is possible, if desired, to perform one of 

the summing and differencing processes 
in the radio link. For example, by de
modulation at the recei,ing end with two 
carrier waves 900 out of phase, which 
carrier waves art! 450 out of phase with 70 
t.he original modulating carriers, the 
resultant low frequency channels are the 
Bums und differences of the original low 
fr€!J.uen ey channels at the transmitter. 

The hereinde:lcribed system while being 75 
especiully upplieahle to talking pictures is 
not limited to such use. It may be 
employed in rec{ll'{ling sound quitt! inde
pendently of any picture effects and in 
this connection (us well as when used in 80 
cinematograph work) it seems probable 
that the binaural e:IIect introduced will 
be found to improve the acoustic pro. 
perties of recording studios and to suve 
Ull \" drastic ueoustic treatment thereof 85 
,~l;ile providing lUuch lUore realistic and 
satisfaetul'Y records for reproduction. 
Furthermore, the system may clearly be 
employed when the microphone outputs 
are le(l to the loud speakers instead .tirst 90 
of being recorded, and such an al'l'Ullge
ment may for e:s:aIllple be employed in 
pUlhlic address systems in which direc· 
tional sound effects are desired. III 
general the in"Vention is applicable in all 95-
cases where it is desired to give directional 
efiects to emitted sound. Also in all 
case:;, both when the impulses are fed to 
the loud spfakers without recording' and 
when they are recorded for sltbsequellt 1'E'- 100 
production the total modification and/or 
interaction of the channels may be accom
plished in more than one stage. For 
example, using pressure microphones, the 
low fl'equt!ncy phas~ differences may lJe i05 
aUg'mented, the medlUm frequency phase 
differences convel'ted to amplitude 
differences, and the high frequency ampli
tude differences augmented in a first stage 
o~ modification; the low frequency phas~ U() 
(hffereures mav then be conyerted to 
amplitude differences in a later stage of 
modification. One or both of these stages 
may occur either llefore or after the SOtUl<1 

ha~' heen recorded. In this manner the 115 
wry RlUalllow frequency phase differen('e~ 
at't' aup:uH'ntpcl before they are amplified, 
so uyoillinp: trouhlei'l due to small low 
frPC1Ul'Ilcy phase shifts in amplifiers. 

Moreover, the various devices employed 120 
for rarrying' the invention into effert 
mllAt he understood not to Ibe Iimitecl to 
their use with the other devices in the 
systems also hereilldescribed since dearl,,' 
l:r'innr parts, such, for example, as tlle 125 
(lual track l't!cord prepared by a single 
cutter. and the multi-strip direction
dete~ting microphone, are clearly of wide 
u~E' 1ll such systems separately from one 
unothpr. Such 1.1SeS in binaural systems 130· 



394.325 19 

as her~in described fall within the scope 
of this invention. 

It must finally be understood that the 
invention is not restricted solely to the 

5 details of arrangements of the forms of 
the invention described above Rinee 
various modifications may be introduced 
in order to carry the invention into effect 
under different conditions and require-

10 ments which have to be fulfilled without 
. depart,ing in any way from the scope 
covered thereby. 

Having now particularly described a11(1 
ascertained the nature of our said inven-

15 tion and in what manner the same is to 
Ibe performed, we declare that what we 
claim is:-

1. A system of s~und transmission 
wherein the sound is picked up by a 

"C plurality of microphone elements and re
.... pro(luced hy a plurality of loud speakers, 

comprising two 01' more directionally 
seIlflitive microphones an_d/or an arrange
ment of eIements in the transmission 

25 circuit or circuits wherelbytherelative loud
ness of the loudspeakers is madeclependent 
upon the direction from which the sounds 
arrive at the microphones. 

. 2. A system of sound transmission 
3(j wherein the sound is received by two 01' 

more microphones, wherein at low 11'e
quencie':l difference in the phase of sound 
pressure at the microphones is reproduced 
as difference in volume at the 10tHl 

35 speakers. 
" :3. A system of sound transmIssion, in 

which the original sound is detected by 
two (r more microphones of u t;ype such as 
velocity microphones whose sensitivity 

10 varies with the direetion of incident 
, sound, and in which the dependence of the 

relative responses of the mic'rophones on 
the direction of an incident l'ouncl WHve i~ 
used to ('ontrol the l'elati Vl' volullll''; of 

"45 aound emitted by two or more land 
speakers. 

4. A system of sound transmif'osion 
wherein two or more mierophollPf; are U:'lpd 
to detect the original sound. and both the 

50 relative phase and volume of the output 
of the two microphones are used to con
trol, according to the direction of 
incidence of the original sound wave, the 
relative output volumes of two or mOl'e 

55 loud speakers. 
1). A system according to any of 

Claims 1--4 in which two or more 
channels are combined and separated into 
other channels so that the resultant 

60 channels, though not similar to Hle former 
channels, are modifications of them ('on
veying the same directional intelligE'Dre in 
another form. 

6. A system of sound transmisRion, 
~5 wherein impulses from two micl'Ol.hones 

transmitted over individual channels are 
adapted to interact wherelby two sets or 
impulses are further transmitted consist-
ing in half the sum and half the 
difference respectively of the original im- 70> 
pulses, said impulses being thereafter 
modified to control the relative loudness .of 
loud speakers whereby the sound is to be 
reproduced." 

7. A system as claimed in Claim 6 75· 
wherein after modification the two sets of 
impulses are treated hy a repetition of the 
sum and difference proC€ss initially 
effected. 

8. .A. system as (' laimed in Claim 6 or SO
I wherein after the initial impulses ha'\'a 
heen translated to sum and difference im
pulses modification is effeded in each sum 
and difference challuel by attenuator net
works and/or pha:\e llloclifying arrange- 85. 
ments. 

9. A system as claimed in Claim 8 
wherein modificatio'n of the impulses is 
effected by plain shunt elements. e.g. 
resistances and/or condensers, which may 9() 
be ytU'iable in yulue. 

10. A system according to any of 
Claims 5-9 wherein for part of the fre
quency range phase differences in the 

. original channels are eonYPl'ted to ulllpli- 95. 
tude diiterenCi~s in the resultant channels. 

11. A system uC'l'ording' to any of 
Claims 5-10 wherein over all or part of 
the fl't'qneuC'y range the differences 
between the channels are augmented or 1QtJ. 
rednced. -

1Z .. A system according' to any preced-
ing elaim comprl::;ing' two separate micro
phones al'l'anged npal·t by a short distance, 
approximately equal, £01' example, to the i05. 
separation or the hUlllaIl I'ars. 

l~L A system according to Claim 12 
Nlluprising two prps:\ure microphones 
between whieh a lhaffle is provided. 

14. A system according. t.o any of HO 
Claims :2 or 4-12 comprising' direction-
ally sensitive microphones. 

15. A system of sound transmission 
wherein the sound is picked up by two 
directionally sensitive mirl'ophones which H5 
al'e so spaced and/or with their axes of 
maximum sensitiyity so directed relative 
t.o one another and to the sound source, 
that the relative loudness of loud speakers 
which reproduce the impulses is controlled f20 
by the direction from which the sound 
reach(>s the microphones. 

16. A systE'm as claimed in any of 
Claims 1-11, 14 or 15 comprising two 
velocit.1J mic'l'ophones or microphone 125 
elements placed in close juxtaposition 
with their axes of maximum sensitivity 
pointing in different direction!'!. 

17. A Bvst€'m as c1aimE:'d in any or 
Claims 1~12 01' 14-16 ('ompl:iAing' 130 
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velocity microphones or microphone 
elements in the form of a conductor so 
light as to move substantially as the sur
rounding air. 

e 18 . .A. system as claimed in any of 
Claims 1-12 or 14-17 wherein a 
plurality, e.g. two, velocity microphone 
elements are built into a single container 
with a comlllon magnetic system, or 

10 separate magnetic systems. 
19. A system as elaimec1 in any of 

Claims 1-12 or 14-18 comprising' two 
velocity micl'ophones, one with its element 
perpendicular to the direction of the 

15 centre of the'" sound field" and the 
other with it:'! element in line with Raid 
direction, both elelllent8 lying longitudin
ally in line, and at right angles to th~ 
plane in which the ;;oUIlfl saurre moves. 

20 20. A system as elaimed in any of 
Claims 1-12 01 14-18 wherein two 
velo(·ity microphoned lie with their 
elements at equal angles (e.g. each at 45°) 
to the direction of the centre of the sound 

25 field. -
21. A system as claimed in any of 

Claims 1-12, 14-18 or 20 comprising 
two velocity microphone elements the 
angle between which (and hence the angle 

30 of each I'elative to the centre of the 
C( sound field ") is adjustable. 

22. A system as claimed in any of 
Claims 15-21 wherein the directionally' 
sensitive microphones are so ananged and 

35 directed as to provide impulse.s whereby 
the desired relative loudnesses of the loud 
speakers are obtained, said impulses being 
transmitted to the 10ml speakers without 
modification 01' interaction. 

40 23 . .A. system as claimed in any of 
, Claims 15-21 wherein the. impulses 

generated by the· directionally sensitiye 
mierophones are modined( e.g. byattenuator 
networks in sum and difference channels) 

'45 !hefore being' reprodtleed by the load 
speakers. 

24. A system as claimed in Claim 23 
wherein modification is effected by, a: 
common choke inserted between two 

50 microphones and two loud speakers, four 
leads (one 'from each microphone and each 
louel speaker) being connected together 
while the other lead from each member is 
movably connected to tappings on the 

55 choke. 
25. A system as claimed in any of 

Claims 1-21, 23 or 24 wherein the modi
fication of the impulses is effected in two 
or more stages. 

60 26..A. system as claimed in any preced-
ing' claim wherein the transmitted im
Pllises are photographically recorded upon 
separate film sound tracks, preferably 
adjacent to one another, eHhp.r track being 

65 either of the variable width, or variable 

density form. 
21. ~.A. system as claimed in any of 

Claims 1-25 wherein a record of two sets 
of impulses is located upon a singl.e film 
track in the form of a combined variable 70 
width and variable density recording. 
- 28. A system as claimed in any of 

Claims 1-:25 wherein the impulses are 
l'eeordE'u upon discs or cylinders of wax 
or like suita!ble material. 75 

29. A system as daimed in any of 
Clai1l1~ 1-~5 01' 28 wherein the two Bets 
of impulsE'S are recorded upon the same 
('~-lindE'r or disc. 

:30. A Syst£llll as claimed ill Claim 29 80 
wherein two sets of impulses are mechanic
ally recorded in the same groove. 

~n . .A system as claimed in Claim 29 or 
30 wherein one record is a lateral ('ut 
ancl the other a hill-and-dale- cut in a 85 
single groove. 

3:2. A. system as claimed in any of 
Claims 28--31 wherein the recordings are 
effected simultaneously. 

~l3. A svstem as clajmed in any of 90 
ClailllR 28.:....:-~2 wherein the recordings are 
effected by a single cutting tool. 

~{4. A system as claimed in Claim 33 
wherein the cutting tool is capable of con
trolled lUovelhent in all directions in a 95 
plane perpendicular to the direction of 
UlOyemen t of the wax. 

35. A system as claimed in Claini 33 
or 34 wherein the cut of the recording 
tool is jn form a combination of lateral UlO 
and hill-and-dale cuts, or equivalent to 
that form. 

36. A system as claimed in any of 
Claims 28--35, wherein one channel is 
recorded as a cut in a direction at an {ij5 
angle to the normal to the wax and the 
01 her ehannel is recorded as a cut at the 
same angle to the normal to the wax but 
on the other hand relative to the groove. 

3i. A system as claimed in any of uo 
Claims ~G-:J6, wherein the desired modi
fication of the two channels is wholly 
effected either before recording' 01' after 
reproduction from the record, or is 
partially effeded in each stage. U5 

~~8. A sound reproducing system wherE'
in the sounds are reproduced without 
modification from one or more sound 
records prepared hy a system according 
to any preceding claim. i20 

39. Microphone arrangenients for a 
system according to any preceding' claim 
comprising a pluralit.y of directionally 
sensitive elements arranged with a 
('ommon mag-netic system, or separate i25 
magnetic systems} in a common eRsing 
or container, the axes of maximum Ren
sitivity of the elements being arranged at 
an angle to one another, the elements 
being' connected to separate transmission 130 
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channels whereby the impulses are 
separately tl'ansmitted from the elements. 

40. lGcrophone. anangemenis as 
claimed in Claim 39, wherein the angle 

5 between the -elements is adjustable. 
41. A system according to any of 

Claims 28-37, emboclying a sound 
reeoI'CIE'r comprising an operating move
ment adapted to I'espond to !both channels 

to of impulses and to cut records of both 
simultaneously. 

42. A system embodying a sound 
recorder as claimed in Claim 41 compris
ing a single cutting tool adapted to operate 

15 in a single groove. 
4:3. A system embodying' a sound 

recorder as claimed in Claim 41 or 4~ 
a(lapted to effect a different kind of record
ing cut (e.g. lateral or hill-and-dale) for 

20 each of the channels. 
44. A system embodying a sound 

recorder as claimed in Claim 41 or 42 
adapted to respond in similar manner to, 
and effect cuts of similar form for. each 

25 channel, but in opposite sense relative to 
the groove. 

45. A system embodyjng a sound 
. recorder as claimed in any of Claims 41-

44 comprising a cutting'tool capable of 
30 controlled movement in all dir~ctions in 
. a plane perpendicular to the direction of 

mo\'ement of the wax. 
46. A sY:'ltem embodying a sound 

recorder as claimed in any of Claims 41-
35 45 comprising a cutting tool the movements 

of which in two directions, perpendicular 
or at an angle to one another, are 
separately controlled by the driving arms 
of separate recording elements. 

40 47.·A system embodying a sound 
recorder as claimed in any of Claims 41-
45 comprising a cutting tool carried up~n 
a flexible reed adapted' to be moved 1ll 

either of two directions, perpendicular or 
45 at an angle to one another j or to !be sub

ject.e(l to a redultant movement equivalent 
to the combination of such motions in both 
directions. 

48. A system embodying a sound 
50 reeorder as claimed in Claim 47 wht'rein 

movements of the reed' are effect.ed hy 
eleet.romagnetic forces imposed by 
adjacent poles of a co-operating- mag-netic 
system excited by the impulses to he 

55 recorded. 
49. A system embodying a sound 

recorder as claimed in Claim 48 wherein 
compensating coils are wound on the 
magnetic system in addition t.o the exrit-

60 ing speech coils in order to neutraljs~ 
effects upon one pole of impulses in the 
speech coil of the other pole. 

50. A system embodying a sound 
recorder as claimed in anv of Claims 41-

i3! 45 c~mprising a cutting. tool assembly 

adapted to have one movement by torsion 
of its supporting reed and another by 
flexure thereof. 

51. A system emibodying a sound 
recorder as claimed in Claim 50 wherein 70 
the cutting cool assembly is driven by 
moving coil drives, comprising speech 
coils attached thereto freely immersed in 
a steady magnetic field. 

52. A. reproducer for a transmitting 75 
system as claimed in any of Claims 1-
38, comprising elements o£ small weight 
and inertia but ot.herwise substantially 
identical in form and arrangement with 
those of a recorder as claimed in any of 80 
Claims 41-51, the cutting tool therein· 
being replaced by a stylus whereby 
electrical ,ibrations are producf.'d in the 
magnetic windings by vibrations imparted 
tn the movahle reed or like- movable 85 
armature. 

53. A. system as claimed in Claim 41 
f:'m!hoilying a ROlmd recording or sound 
reproducing' device substantially as reprf.'-
sented in Figure 9. 90 

54. A system as claimed in· Claim 41 
emho(lying a sound recording or sound 
reproducing device substantially as repre
sented in Figure 10. 

55. A system as claimed in Claim 41 9q 
embodying a sound recording or sound 
reproducing' df:'vice substantially as repre
sented in Figure 11. 

56. A sound record prepared by a 
system as claimed in any of Claims 1--38 100 
or 41-51. 

57. A sound record comprising in one 
groove two SUbstantially separate records 
of sound which emanate from the same 
source, which sounds are picked up by f05 
directionally sensitive devices and/or are 
subjected to modifications by elements in 
the recording circuit, in such a manner 
that when the rerords are reproduced, olle 
in one loud speaker and tlie other in 110 
another loud speaker. the intensities of the 
sounds simultaneously propagated convey 
in combination a true binaural effect t~ 
the listener. 

58. A sound record as claimed in Claim 115 
57 comprising separate cuts of different 
form, or of same forms along any pair of 
axes in a plane perpendicular t.o the direc
tion of movement of the wax, for the 
st'pnrate l'E'('ortlillg's. i2\. 

59, A gound reproducing' device adapted 
to ]'eproduce sounds from motions in one 
direction (e.g. lateral movements) on a 
sound record prepared according' to any 
of Claims 43-51, while remaining sub- 125 
!1.tautiall~· lln<1if;iurhecl in its reproduction 
by motions in another direction (e.g. hill
and-dale). 

GO. A BV, stem as claimed in nn.v of 
I 130 C aims 1-39 wherein the impulses are 
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transmitted by radio telephony. where the symbols have the mealllllg'S 
61. A system as claimed in Claim 60 defined herein. 

wherein transmission is e:ffec~ by the 66. A system as claimed in any of 
duplex modulation of a singl~ ._riel' Claims 1-;30 or 60-65, or a plurality lIt 

5 wave, or by radiation of a single wave such systems in combination as a single 35 
formed of separately modulated com- system, adapted to provide a full direc
ponents. - tional significance to sounds emitted by 

62. A system as claimed in any of a source movable in any direction in a 
Claims 1-:39, 60 or 61 in combination plane-perpendicular to the axis of maxi-

10 with llleans for the photogl'aphic record- mUlIl l'etipOllSe of the microphone system. 40 
ing, or for the reproducfion of pictures. 67. A system as claimed in Claim 66 

63. A sound and picture reproducing wherein the total sound emission of all 
system as claimed in Claim 62 wherein loud speakers determines the position of 
the relative volumes of the reproducing the sound source along the said axis of 

i5 loud speakers are so controlled as to pro- maximulll response, so that full three- 45 
ville apparent location of the sound origin dimensionul acoustic location of the Bound 
in coincidence with the optical location of source is obtained. 
the image from which the sound is sup" GS. Systems of Bound transmission sub-
posed to emanate. . stnntially ad described herein, wilh 

20 64. A system as claimed in Claim 62 or referen('~ to the accompanying drawings. 50 
G3 wherein the relative moclifications of 69. l\Ieuns for the transmission, rerord-
the two channels is determined by the ing an.1, reproducing of sound substan
dimensions and lay-out of scene to be tiany u<; described herein with referent'e 
record~d, and/or the theatre in which re- to thEe' accompnnying drawings. 

25 production is presented. 70, SystemSi for tlhe transmissi<Oll, 55 
65. A system as elaimed in Claim 62, 63 re('ordin(~ and reproduction of combined 

or 64 wherein the relative values of the picture ~nd sound effects substantially as 
modifying networks in the two channels described herein with reference to the 
is defined by th~ formula accompany.i.ng drawings. 

. 30 2v y 8 

K = j6l . ele • -; 
Dated this 9th day at November, 1932 . 

MARKS & CLERK-. 
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