
July 20, 1943. O. K. KOLB ET AL 2,324,781 
ARRANGEMENT OR THE REFRODUCTION OF SOUND 

Filed March 9, 1942 

C2-------------- A/G / - 

c-EH-Ha- F - ice it is Od T- m g 

cf---------- - AAH-ols 
(2---------------- A/G.2. 
------A- 

3. 32 

  

  



Patented July 20, 1943 2,324,781 

UNITED STATES PATENT OFFICE 
2,324,781 

ARRANGEMENT FOR THE REPRODUCTION 
OF SOUND 

Otto Kurt Kolb and David Whitehead Boston, 
London, England, assignors to British Acoustic 
Films Limited, London, England, a British com 
pany. 

This invention relates to the recording and re 
production of sound with the use of sound film 
records. Picture films have been provided with 
one or more sound tracks and with a control 
track adapted to control amplification during 5 plifier is fed, or, it may be fed to additional 
reproduction, the control track being arranged loudspeakers. The arrangement may also be 
within or substantially, within the strip of the Such that the low frequency sound currents from 
film occupied by the Sprocket perforation holes the main and additional amplifiers are all fed 
at one edge of the film. Each of the two perfor to the Same low frequency loudspeaker whilst 
ration strips of the film may be provided with 0 the high frequency currents are fed to separate 
Such a control track. loudspeakers. 
According to the specification of British Patent The additional amplifier need not have the 

No. 473,256, for example, the Sound is recorded Same frequency characteristics as the main aim 
on the Soundtrack under Volume compression, plifier, for example, it can be designed to ideal 
and the amount of compression is registered by 5 with only a small range of frequencies, so that 
the control track or tracks, Whilst in another it may be of simple design and inexpensive con 
case a film on Which no control track has been Struction...Moreover, the additional amplifier 
recorded, i.e., a sound film recorded in the usual Will preferably have a much greater power out 
manner, is provided with such a control track put than the main amplifier. . . . . . 
or tracks. . . . - ... 20. One feature of the invention resides, in the 
In the reproduction of a sound film having a provision of a control unit which is fed with 

control track or tracks, a control current is de-, current derived from the sound track proper on 
rived from the control track or tracks by known the film and also with current derived from the 
photo-electrical means and this current controls control track or tracks, and is so arranged as 

l, the amplification of the reproducing amplifier. 25 either to control all the amplifiers, including the 
By this arrangement an expansion of the volume main amplifier, or only to bring in one or more 
of the recorded sound is effected, the reproduc- additional amplifiers as and when required. . . 
tion taking place: through on amplifier channel. The invention will now be described, by way . 
Such an arrangement suffers from one draw of example, with reference to the accompanying 

backinasmuch as the maximum volume of un- 30 drawing, wherein- . . . . . . . . . 
distorted sound reproducible is limited by the Figure 1 shows a diagram of one embodiment: 
output capacity of the amplifier. This does not according to the invention wherein current from 
matter for dialogue and quiet musical pieces the sprocket hole control track controls both the 
which make up the greater part of a sound ac- - main amplifier and an additional amplifier. . . . 
companiment to a film, but it does place a limit 35 Figure 2 shows a diagram of a modification 
tation on the artistic interpretation of fully or- of the embodiment according to Figure 1. Where 
chestrated musical passages and on special ef- in only the additional amplifier is so controlled. 
fects such as gunfire, running engines and the Figure 3 illustrates an embodiment of the cir 
like. . . . . . . . . . cuit arrangement of the control unit shown in 

: The principal object of the present invention 40 Figure 1, and " . . . . . ; .. 
is to overcome this drawback by making use of Figure 4 illustrates an embodiment of the cirr 
a control current derived from a track or tracks cuit arrangement of the control unit shown in 
in the sprocket hole line of the film to expand Figure 2. . . ... .". 
the volume range of the recorded sound in an Figure 5 shows a small portion of a film with 
improved manner by the use of one or more 45 the sound and control tracks thereon. (-, ...; 
additional amplifier channels and so to in- Referring to Figures 1 and 2, C represents the 
crease the maximum volume of sound repro- conventional light-sensitive cell and optical sys 
ducible and to enhance the realism of the re- tem, and HA represents the normal head an 
produced sounds. . . . . . . . plifier such as is fitted to present day sound film 
A further object is to enable a control current 50 projectors. . This amplifier is used to amplify 

to be derived from a control track or tracks photo-electrically produced sound currents ob 
located within the sprocket hole strip of film tained in well known manner by the cell C from 
and to apply this control current to control a the sound track on the film. This film may be 
further reproducing amplifier or amplifiers ad- like that shown in Figure 5, with a control track 

55 between the sprocket holes at one side, and ditional to the main reproducing amplifier. 
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Claims. (Cl 179-100.3) 
When one additional amplifier is provided, the 
output from this additional amplifier may be 
fed to the same loudspeaker or loudspeakers as 
those to which the output from the main am 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



2 
the sound track 3 adjacent the sprocket holes 
at the same side of the film. C represents a 
light sensitive device, such as a photo-electric 
or selenium cell, which, together with its Optical 
system, is used to produce a control current 
from the control track in the line of the Sprocket 
holes on the film. 
A further cell and optical System, C2, is also 

shown in dotted lines; this cell can be used to 
produce a control current from a second control 
track, if one is provided in the line of the 
second set of sprocket holes 2 on the film. 
The outputs from the devices HA and C are 

fed to a collecting unit or fader F. Such a fader 
is provided for the manual adjustment of the 
sound film projector and also for facilitating 
changing over from one projector to another as 
is necessary at the end of each film reel. 

In Figure 1, both the currents fed to the fader 
F are passed on to a control unit CU which con 
trols both the main amplifier MA and an addi 
tional amplifier AA which in turn Supply current 
to the loudspeakers LS. 

In Figure 2, it will be seen that the control 
current fed to the fader F is passed on to the 
control unit CU, as in Figure 1, whilst the Sound 
track current is passed straight on to the main 
amplifier MA. A portion of this current from the 
head amplifier HA is, however, branched off from 
the connection between the fader and the main 
amplifier and fed to the control unit which thus 
only controls-the additional amplifier A.A. 

: In the arrangements shown in Figures 1 and 2 
of the drawing the control unit CU brings in the 
additional amplifier AA at a certain amplitude 
of the control track and controls its amplifica 
tion over a predetermined amplitude range. The 
outputs from the amplifiers MA and AA can be 
fed to the same or parallel loudspeakerS LS; in 
fact, any desired arrangement of speakers can be 
employed. 
; Figure 3 illustrates an embodiment of the cir 
cuit arrangement of the control unit CU shown 
in Figure 1. A light beam modulated by the 
sound track 3 of Figure 5 is focussed on the light 
sensitive cell C, which may be a photo-electric 
cell or selenium cell, and the output of the cell 
C is fed to the head amplifier HA, the output 
from Which is fed to the fader F. A light beam 
modulated by the control track of Figure 5 is : 
focussed on the light sensitive cell C and the 
output from this cell, after amplification if de 
sired, is also fed to the fader F. From the fader 
it is passed on to the first valve Wf of the control 
unit. . 

It will be appreciated that the light beam fo 
cussed on the cell C consists of a modulated 
beam having a carrier frequency of 96 cycles per 
second, since at normal film feeding speed, 24 
picture frames and therefore 96 sprocket holes 
will pass through the light beam every. Second. 
The transformer TR, fed with the output of the 
valve V, is therefore tuned to this frequency. 
The output from the transformer TR is rectified 
by a rectifier R, , smoothed by a filter circuit FC 
and fed through the secondary of a transformer 
TR2 to bias the control grid of a variable mu 
valve W2. The transformer TR2 is also con 
nected to the fader F and fed with the output 
from the head amplifier HA. The output from 
the valve V2 is fed via a transformer TR3 to the 
main amplifier MA, of usual design, the output 
of which is thus controlled in dependence upon 
the output of the said valve. 
The control grid of the valve W2 is biassed, as 
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2,324,781 
for example by the battery B, via a rectifier R2, 
the arrangement being such as to limit the max 
imum amplification gain of the valve. As a re 
sult, overloading of the valve with consequent 
distortion can be avoided and the valve can be 
made to handle currents only up to a desired 
maximum. 
A portion of the control current is also fed via 

the rectifier R, a second filter circuit FC2 and a 
further transformer TR4 to the control grid of 
a further valve W3, which is also of the variable 
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mu type. 
The variable mu valve W3 is also fed with a 

portion of the signal current from the head am 
plifier via the fader and the transformer TR4 and 
it is also biaSsed by the rectifier R3 and battery 
B2 in a similar manner to the valve W2 but to a 
different point on its working characteristic so 
that it only begins to function, for example, after 
the valve W2 has become loaded to its predeter 
mined maximum. The output from the valve W3 
is fed to a transformer TR5 and from there it is 
passed on to the additional amplifier AA, the out 
put of which is thus controlled in dependence 
upon the output of the valve V3. The lines 
designated HT-- and HT- at their right hand 
ends represent the leads of the unit connected to 
the plus and minus terminals of a service of high 
tension electric current (not shown) as is usual 
in amplifier units. 

Reference has already been made to the fea 
ture that the additional amplifier may be of sim 
pler and leSS expensive construction than the 
main amplifier. In such a case it may occur that 
it gives rise to noticeable background noise dur 
ing those periods when it is not reproducing 
Sound paSSages, for example, When the main am 
plifier is reproducing only pianissimo passages. 
The valve V3 controlling the additional amplifier 
may therefore be provided with a switch or elec 
trical relay, operated by hand or otherwise, to 
bring it into use only during those periods when 
it...is under the control of the control track. For 
example, an automatically operating electrical 
relay is indicated by the reference RL in Figure 3. 
This relay has a coil in series with the anode of 
valve V3, and is arranged to close its contact as 
soon as the valve V3 begins to operate but to open 
when the valve is not operating. As shown by 
way of example and in dotted lines, the relay RL 
may be used to Open and close the output circuit 
of the additional amplifier AA, leading to a loud 
Speaker L.S. 

Figure 4 illustrates an embodiment of the cir 
cuit arrangement of the control unit CU shown in 
Figure 2. The arrangement so far as the head 
amplifier HA, control cell C and fader F are 
concerned is the same as in Figure 3. However, 
in this embodiment, the signal currents from the 
head amplifier HA are fed straight on to the main 
amplifier MA via the fader Fland, consequently, 
the main amplifier does not come under the con 
trol of the control unit. A part of the signal cur 
rent from the head amplifier is branched off from 
the connection between the fader and the main 
amplifier and fed to the control unit, that is to 
say, the transformer TR2. - . . . . 

The control current is obtained as above by 
means of the valve Vf, tuned transformer TR, 
rectifier R?, filter circuit FC? and transformer 
TR2 and applied to the control grid of the vari 
able mu Valve V2. This valve is also biassed by 
battery B via a rectifier R2 so as to limit the 
maximum amplification gain. The output from 
the valve V2 is fed to the transformer TR3 and 
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from there is passed on to the additional ampli 
fier AA instead of to the main amplifier as in 
Figure 3. The circuit of valve W2 may also be 
provided with a Switching relay RL if desired, as 
in Figure 3. 
By the arrangement according to Figure 4, only 

the additional amplifier is controlled by the con 
trol track, and since this additional amplifier 
may have a maximum output several times that 
of the main amplifier, it will be appreciated that 
it is p0SSible to employ it for the reproduction of 
special effects, fully orchestrated musical pieces 
and the like, with great advantage. 
Whilst in the foregoing specific embodiments 

of the invention the control of the amplifiers de 
pends upon the amplitude of the control track. , 
it will be understood that the control can be 
effected by means of different frequencies car 
ried by the control track. 
We claim: 
1. Apparatus for reproducing sound from film 

records such as are provided With at least One 
control track in line with the Sprocket holes of 
the film in addition to the Sound record track 
thereon, said apparatus comprising means for de 
riving a sound current from said sound record 
track, means for deriving a control current from 
said control track, a main amplifier and an ad 
ditional amplifier, a control unit including a first 
amplifying valve, means for applying said COI 
trol current to the grid of said valve, a trans 
former tuned to a frequency corresponding to 
the rate at which the sprocket holes in the film 
which are in line with the control track pass 
through the apparatus means for applying the 35 
output of said valve to said transformer, a rec 
tifier connected to the output of said transformer, 
a second valve of a type adapted for variably con 
trolled amplification, means for applying the out 
put of said rectifier as a grid bias control to a 
grid circuit of said second valve, means for ap 
plying sound current to the input of said second 
valve, and means for applying the output of Said 
second valve to the input of said additional an 
plifier. 

2. Apparatus for reproducing sound from film 
records such as are provided with at least One 
control track in addition to the Sound record 
track thereon, said apparatus comprising means 
for deriving a sound current from said Sound rec 
ord track, means for deriving a control current 
from said control track, a main amplifier and an 
additional amplifier, a control unit including a 
first amplifying valve, means for applying Said 
control current to the grid of Said valve, a trans 
former and means for applying the output of Said 
valve to said transformer, a rectifier connected 
to the output of said transformer, a second valve 
of a type adapted for variably controlled amplifi 
cation, means for applying the output of said rec 
tifier as a grid bias control to a grid circuit of 
said second valve, a constant voltage Source and 
means including a rectifier for applying a con 
stant voltage therefrom to said grid circuit where 
by the gain of said second valve may be limited, 
means for applying sound current to the input of 
said second valve, and means for applying the 
output of said second valve to the input of Said 
additional amplifier. 

3. Apparatus for reproducing sound from film 
records such as are provided with at least one 
control track in addition to the Sound record 
track thereon, said apparatus comprising means 
for deriving a sound current from Said record 
track, means for deriving a control current from 
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said control track, a main amplifier and an ad 
ditional amplifier, a control unit, including a first 
amplifying valve, means for applying said con 
trol current to the grid of said valve, a trans 
former and means for applying the output of 
Said valve to said transformer, a rectifier con 
nected to the output of said transformer, a sec 
Ond Valve of a type adapted for variably con 
trolled amplification, means for applying the out 
put of Said rectifier as a grid bias control to a 
grid circuit of said second valve, means for ap 
plying Sound current to the input of said Second 
valve, means for applying the output of said sec 
Ond valve to the input of said main amplifier, a 
third valve also of a type adapted for variably 
controlled amplification, means for applying grid 
bias control from the output of said first valve 
to a grid circuit of said third valve, means for 
applying sound current to the input of said third 
valve, and connections for applying current from 
the output of said third valve to the input of said 
additional amplifier. - 

4. Apparatus for reproducing solid fl'On film 
records such as are provided with at least one 
control track in addition to the sound ecord 
track thereon, said apparatu:S 30. Ori leS 
for deriving a sound current f:'on said record 
track, means for deriving a control current from 
said control tirack, a main amplifier and an ad 
ditional airplifier", a control linii, including a 
first amplifying valve, means for applying said 
control current to the grid of Said waive, a trans 
former and neans for applying the output of 
said valve tC said transformer, a rectifier con 
nected to the output of Said transforner, a Second 
valve of a type adapted for variably controlled 
annplification, in eans for applying the output of 
said rectifier as a grid bias control to a grid cir 
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cuit (if said second valve, means for applying 
Sound current to the input of Said second valve, 
means for applying the output of said second 
valve to the input of said main amplifier, a third 
Valve also of a type adapted for variably con 
trolled anpiification, in eans for applying grid 
bias control from the output of said first valve 
to a grid circuit of said third valve, means for 
applying sound current to the input of said third 
Valve, and connections for applying current from 
the output of said third valve to the input of said 
additional amplifier, a constant voltage source 
and means including a rectifier for applying a 
constant voltage therefrom to the grid circuit of 
said second valve whereby the gain of said valve 
may be limited, and means for applying a grid 
bias from Such a constant voltage Source also 
to the grid circuit of said third valve. 

5. Apparatus for reproducing sound from film 
records such as are provided with at least one 
control track in addition to the sound record 
track thereon, said apparatus comprising means 
for deriving a sound current from said record . 
track, means for deriving a control current from 
Said control track, a main amplifier and an addi 
tional amplifier, a control unit including a first 
amplifying Valve, means for applying said con 
trol current to the grid of said valve, a trans 
former and means for applying the output of 
said valve to said transformer, a rectifier con 
nected to the output of said transformer, a sec 
Ond valve of a type adapted for variably con 
trolled amplification, means for applying the 
output of said rectifier as a grid bias control to 
a grid circuit of said second valve, means for 
applying Sound current to the input of said sec 
ond Valve, means for applying the output of said 

  

  

  

  



4 
second valve to the input of said main amplifier, 
a third valve also of a type adapted for variably 
controlled amplification, means for applying grid 
bias control from the output of said first Valve 
to a grid circuit of said third valve, means for 
applying sound current to the input of said third 
valve, and connections for applying current from 
the output of Said third valve to the input of 
said additional amplifier, a constant Voltage 
Source and means including a rectifier for ap 
plying a constant Voltage therefron to the grid 
circuit of said second valve whereby the gain 
of said valve may be limited, and means for ap 
plying a grid bias from Such a constant Voltage 
Source also to the grid circuit of said third Valve, 
the value of the bias applied to the grid of said 
third valve being such that its coming into ope 
ation is delayed until after the second valve has 
been loaded to a substantial extent. 

6. Apparatus for reproducing sound from film 
records such as are provided with at least one 
control track in addition to the sound record 
track thereon, said apparatus comprising means 
for deriving a Sound current froin Said Sound 
record track, means for deriving a control cul 
rent from said control track, a main amplifier 
and an additional alplifier, a control unit in 
cluding a first amplifying valve, means for ap 
plying said control current to the grid of Said 
valve, a transformer and means for applying the 
output of said Valve to said transformer, a rec 
tifier connected to the output of said trans 
former, a second waive of a type adapted for 
variably controlled amplification, means for ap 
plying the output of said rectifier as a grid bias 
control to a grid circuit of said second valve, 
means for applying sound current to the input 
of said second valve, means for applying the out 
put of said second valve to the input of said 

5 

() 

20 

25 

30 

2,324,781 
additional amplifier, and an electrical relay in 
the output circuit of said second valve adapted 
to bring said additional amplifier into operation 
only when current is flowing in the output cir 
cuit of Said second valve. 

7. Apparatus for reproducing Sound from film 
records such as are provided with at least one 
control track in addition to the sound record 
track thereon, said apparatus comprising means 
for deriving a Sound current from said record 
track, means for deriving a control current from 
said control track, a main amplifier and an addi 
tional amplifier, a control unit including a first 
amplifying valve, means for applying said con 
trol current to the grid of said valve, a trans 
former and means for applying the output of 
said Valve to said transformer, a rectifier con 
nected to the output of said transformer, a sec 
ond Valve of a type adapted for variably con 
trolled amplification, means for applying the 
output of said rectifier as a grid bias control to 
a grid circuit of said Second Valve, means for 
applying Sound current to the input of said sec 
ond Valve, means for applying the output of said 
Second Valve to the input of said main amplifier, 
a third valve also of a type adapted for variably 
controlled amplification, means for applying grid 
bias control from the output of said first valve 
to a grid circuit of said third valve, means for 
applying sound current to the input of said third 
valve, and connections for applying current from 
the output of said third valve to the input of 
said additional amplifier, said connections in 
cluding an electrical relay adapted to bring said 
additional annplifier into operation only When 
current is flowing in the output circuit of said 
third Walve, 

OTTO KURT KOLB. 
DAVID, WHITEHEAD BOSON. 


