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3. Claims. 

The invention relates to methods of and means 
for recording and reproducing sound and particu 
larly to photographic methods and means for this 
purpose in which the intensity of the sound is 

5 represented by variations in the amount of light 
delivered to the record. 

All Sound-recording-and-reproducing devices 
introduce more or less extraneous noises, includ 
ing ground tones. When the sound to be recorded 

l0 is fainter than that to which the apparatus is 
Ordinarily adjusted, as, for example, when it is a 
diminuendo passage in music, the distinction be 
tween the sound and the ground tone is less, and 
the satisfactory recording and reproduction of 

I5 such sounds is thereby rendered difficult. 
It is an object of my invention to provide a 

means for Satisfactorily recording and reproduc 
ing Sounds, even when the program includes both 
loud SOUnds and faint Sounds. 

It is a further object of my invention to provide 
a variable degree of amplification between the 
Sound-responsive device and the recording instru 
ment, whereby a greater degree of amplification 
may be utilized for faint sounds. 

It is a further object of my invention to provide 
a feature in the record by means of which the 
degree of amplification utilized in reproduction 
may be so controlled that sounds which were 
recorded with a high degree of amplification may 

reproduced With a Small degree of amplifica 
O. 

It is a further object of my invention to provide 
automatic means whereby the degree of amplifica 
tion between the microphone and the recorder 
may be made to correspond to the average inten 
Sity of the sound and also automatic means where 
by the degree of amplification between the record 
controlled device and the sound-producing device 
may be automatically adjusted in accordance 
with the above-mentioned feature of the record. 

It is a further object of my invention to provide 
means whereby the average degree of darkening 
of the negative may be controlled in accordance 
With the average intensity of the sound. The 
excess or deficiency of darkening, at any point of 
the record, corresponding to the momentary 
sound pressure, will, in the case of the area, type 
of record, be manifest as peaks or valleys at one 
edge of the darkened area. 

In the case of a photographic record of the type 
in which not area, but density varies with the 
Sound, the monentary changes corresponding to 
instantaneous sound values will be manifest as 
bands or lines across the record, denser or thinner 
than the average. In a negative of this type, the 
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average density changes as the average width of 
the darkened area, changes in the record of the 
first-described type. 
Changes in the degree of darkening, whether 

they are changes of density or of area of the dark- 5 
ened portion, can represent the sound values, and 
the average darkening can represent the average 
intensity of the sound in either type of record. 

Obviously, both the average character and the 
variations from point to point in the negative are 10 
represented by corresponding opposite character 
istics in the positive. Where the average darken 
ing of the negative is greatest, the positive will 
show a greater average degree of clearneSS. In 
the case of the area-type of record, this means 5. 
that the clear area in the positive will be greater 
at such places. In the case of the variable-den 
sity type of record, this means that the positive 
will, on the average, be more transparent there. 

It is a further object of my invention to SO cor- 20 
relate the change in average darkening With the 
change in amplification that the individual max 
ima of darkening will be of a more nearly constant 
value. 

It is a further object of my invention to provide 25 
a means whereby the average value of the rectified 
current from a microphone may be indicated by a 
bias upon the grid of the first amplifier tube. 

It is a further object of my invention to provide 
means whereby the average degree of illumination 30 
of a photo-electric cell shall control the average 
potential of the grid of a vacuum tube. 
My invention will be better understood by refer 

ence to the following detailed description and the 
accompanying drawing, in Which: 35 

Figure 1 is a view, partially in section and 
partially diagrammatic, of a portion of the nega 
tive of a photographic sound record. 

Fig. 2 is a similar view of a positive correspond 
ing to the negative in Fig. 1. 40 

Fig. 3 is a diagram of the circuits and appa 
ratus used in the recording system, and 

Fig. 4 is a diagram of the circuits and appa 
ratus used in the reproducing system. 
In the negative shown in Fig. 1, the frames 45 
represent the pictures of an ordinary moving 

picture record. The rectangle 2 represents the 
guide through which the record must pass while 
recording sound. The window 3, which is shown 
in Fig. 3, also represents a slit through which 50 
the record is illuminated to a greater or less ex 
tent, corresponding to the Sound. 
The positive record shown in Fig. 2 comprises 

corresponding parts, including the rectangular 
pictures 5. A gate 6 and a window 7 cooperate 55 
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2 
with the sound record 8. The sound record 8, 
represented by the clear area in Fig. 2, corre 
Sponds to the darkened area in the negative rep 
resented by the shaded area, 9 in Fig. 1. 

In the apparatus shown in Fig. 3, a micro 
phone Supplies current in the output circuit 
2 which includes the primary of a transformer 
3 and the primary of a transformer 4 in par 

allel thereto. 
The Secondary of the transformer 3 is con 

nected to the grid of a vacuum tube 5 and, 
through a resistor f 6 and a biasing battery 7, 
to the filament of the same tube. The tube is 
is connected to an amplifier f3, the connection 
being of a character which causes the tube 5 
to amplify to a degree determined by the aver 
age potential upon its grid. One Well-known 
circuit for producing this result is illustrated. 
It includes a resistor 2 in the plate circuit of 
the tube 5 and a condenser 22 by means of 
which the end of Said resistor nearest the anode 
of the tube is connected to the input of the 
amplifier 8. 
The usual plate battery 23 is inserted, at any 

desired point, in the plate circuit. If placed, 
as shown, at the filament end of the resistor 
2, the same plate battery may also serve as the 
B-battery for the amplifier 8. 
The output of the amplifier 8 is connected, 

preferably through a transformer 24, to the 
vibrating element of an Oscillograph 25. A light 
source 26, with which are associated a diaphragm 
27 and an optical system, represented by the 
lens 28, illuminates the mirror of the oscillograph. 
The light reflected from the mirror is received 
upon the slit 3 and illuminates more or less of 
the film, according to the position of the mirror. 
The diaphragm 27 is preferably made to present 
a sharp straight edge to the light in order that 
the edge of the sound record made upon the film 
shall be definite. 
The transformer 4 supplies the input of a 

vacuum tube 30 which is equipped with a grid 
condenser 3 and grid leak 32, causing the tube 
30 to act as a rectifier. A low-pass filter is in 
serted in the plate circuit of the tube 30. This 
filter includes an inductor 33 and a pair of con 
densers 34. The B-battery 35 is shown as out 
side of this filter but it may be inserted at any 
convenient point in the plate circuit. 
The resistor 6 is connected across the plate 

circuit of the tube 30 outside of the filter. If 
desired, an adjustable resistor 36 may be in 
cluded in the shunt connection. The resistor 
39 of a potentiometer is connected in parallel 
to the resistors 6 and 36. Between the slider 
of the potentiometer and One end thereof, a con 
denser 4 is connected. The output circuit of 
the potentiometer is connsected to the secondary 
Of the transformer 24 in Series with the OScillo 
graph 25. The condenser 4, the transformer 
secondary and the vibrator of the oscillograph 
thus form a circuit which, preferably, is of small 
impedance to currents of audio frequency. 
In Fig. 4, the light source 45 is concentrated 

by any suitable optical system, represented by 
the lens 46, upon a sound record which is made 
by printing a positive, like that shown in Fig. 2, 
from a negative, like that shown in Fig. 1. The 
light which traverses the sound record is re 
ceived in a photo-cell 4T which is supplied with 
current from a battery 48. The circuit of the bat 
tery 48 includes the primary of a transformer 49, 
a resistor 5 and the photo-cell 47 in series. 
A resistor 52 is connected across the second 

21,298 
ary of the transformer 49 in a loop circuit which 
includes the primary of a transformer 53, through 
which the link circuit is connected to the grid 
circuit of a vacuum tube 54, connected to an 
amplifier 55, preferably in the same way as the 
tube 5 to its amplifier 8. The output of the 
amplifier 55 supplies a loud speaker 55 or other 
Sound-reproducing device. 

In shunt to the resistor 5 is a condenser 57 
which is connected to the grid and filament of 
the tube 54. A C-battery 58 is included in the 
connection to provide a bias upon the grid of the 
tube 54. 

In the operation of the device, the sound to 
be recorded is received upon the microphone 

Currents produced thereby in the circuit 2 
are transmitted by the transformer 3 to the 
grid and filament of the tube 5 and amplified 
thereby to a degree determined by the average 
potential upon the grid 5. 
Currents in the circuit 2 produce varying po 

tentials upon the grid of the rectifier tube 30. 
Because of the condenser 31 and the resistor 32, 
the changing potentials cause a charge to ac 
cumulate upon the grid of the tube 30 and thus 
vary its potential in a way which corresponds 
to the average value of the amplitude of the 
changing potentials. 
This action is Well understood, being strict 

ly analogous to the action of the usual grid 
condenser-grid-leak type of detector. The 
difference, however, is that the oscillations in 
the potential are much slower than in the usual 
detector tube because the input from the cir 
cuit 2 is of audio frequency. 
The detector or rectifier tube 30 delivers a 

current to its output circuit, which has a very 
small audio-frequency component and the main 
compound of which varies in accordance with 
the average intensity of the sound at the mi 
crophone t . In order that momentary abrupt 
changes of intensity or the instantaneous 
changes, corresponding to the Sound pressure, 
shall not produce corresponding abrupt current 
changes in the output of the tube 30, the filter 
33-34 is provided. Preferably, this filter is of 
a low-pass type, greatly attenuating audio fre 
quencies. 

Frequencies of the order of one or two cycles 
per second, or even as low as a cycle in one 
or two seconds are transmitted by the filter and 
produce corresponding changes in the current 
in the resistors 6 and 39. The correct division 
of the current between these two resistors may 
be adjusted by adjusting the resistor 36. A 
further adjustment of the relation between the 
effect, at the oscillograph, of the steady or slow 
ly-changing current through the resistor 6 and 
of the potential changes at audio-frequency 
transmitted by the transformer 3 is obtained 
by adjustment of the potentiometer 39. 
When the current through the resistors is 

and 36 increases, the potential drop across the 
resistor 6 increases. The left-hand end of the 
resistor f6, therefore, becomes more negative, 6 
the impedance of the tube 5 increases, the 
proportion of all the impedance in the circuit 
of the battery 23 to the impedance of the re 
sistor 2, therefore, increases, and the potential 
changes delivered across the condenser 22 are, 7 
therefore, of smaller amplitude, 

It will thus be seen that a change in the aver 
age potential across the resistor 6 results in a 
change in the average amplification performed 
in the tube 5. If this change, as the apparatus 

  

  



10 

5 

20 

50 

55 

momentary louder sounds and moments 
60 

65 

75 

21,293 
is first set up, is in the opposite direction to that 
desired, a reversal of the connections from the 
tube 30 to the ends of the resistor 6 Will re 
verse the direction of change in the degree of 
amplification. 

Faint sounds produce Small changes upon the 
grid of the tube 39, causing only a small nega 
tive charge to accumulate thereon and so di 
minish the current in the plate circuit of the 
tube 30 only slightly from the value thereof cor 
l'esponding to silence. Loud sounds produce 
large changes of potential upon the grid 33 and, 
consequently, diminish the current through the 
resistor 6 by a large amount. Therefore, faint 
Sounds result in a high degree of amplification, 
and loud sounds are amplified to a Smaller 
degree. 
The peaks in the record 8, corresponding to 

faint Sound, are shown in the lower part of 
Fig. 2 as of Small height, but they are of rela 
tively greater height than would be the case 
if it were not for the change in amplification 
just described. s 

Similarly, at the top of Fig. 2, the peaks are 
shown as of greater height, to represent the 
louder sounds, but they are not of as great a 
relative height as they would be if the ampli 
fication corresponding to loud sounds were not 
diminished as explained. 

In addition to the change in amplification, 
there is a change in the zero point from which 
the waves in the record begin. This is accorn 
plished by the steady current through the out 
put of the potentiometer 39. The potention 
eter delivers a steady current through the oscil 
lograph 25 which is Superposed upon the audio 
frequency current introduced through the trans 
former 24. The effect Gf the steady current 
through the oscillograph is to permanently de 
flect the mirror and thus bring at least a por 
tion of the slit 3 into the region of perimanent 
illumination, or if the permanent detection be 
in the opposite direction, a region of permanent 
darkness. I have called this shift of the base 
line permanent in order to distinguish it from 
the changes taking place at audio frequency. 
Actually, it may change every few seconds or 
even a few times per second. 
The combined effect of the staady and the 

audio-frequency currents is preferably sufficient 
to cause the maximum which the length of the 
illuminated portion of the slit 3 attains during 
each swing of the mirror to be substantially a 
constant. Obviously, this ideal is not reached 
in actual practice, hecause, in addition to the 
change in amplitude during a crescendo or di 
minuendo passage, there are, in any program, 

f 
silence which are not removed by the slow cor 
recting action of the tube 3. 

It is not desirable that they should be re 
moved. The reproduction ought to give these 
effects with the others. The straight line along 
the top of the dark peaks in Fig. 1, or the top 
of the light-colored peaks in Fig. 2, represents 
this characteristic of the record of a sound of 
gradually changing intensity, unaccompanied by 
any Sudden changes to louder or fainter sounds. 
The film, having been exposed in the appa 

ratus shown in Fig. 3, is developed and printed, 
thus producing a record like that shown in Fig. 
2. Such record is then used in an apparatus 
like that shown in Fig. 4. 
When a portion of the record film corre 

Sponding to loud sounds, for example, that 

3 
in the upper part of Fig. 2 is passing in front 
of the optical system 46, the photo-cell 4T is 
illuminated only by the passage of the peaks 
in front of the slit. There is no area unbroken 
by Walleys passing before the slit. Therefore, 
the cell is only moderately illuminated. 
The average current through the circuit of the 

battery 48 is, therefore, Small, the potential across 
the resistor 5 is small and the grid of the tube 
54 is, therefore, less negative than under average 
Conditions. When the grid is less negative, the 
aplification is greater. Therefore, the sounds 
which are recorded with a relatively Small ap 
plification when exposing the film are reproduced 
With a relatively large amplification. 
The SOUnd record represented near the bottom 

of Fig. 2, which corresponds to the record of 
faint Sounds, presents a relatively wide band of 
clear film. It, therefore, causes the photo-cell 
is to be illuminated strongly. This results in a 
In are negative grid at the tube 54 and, therefore, 
a Small degree of amplification. Thus, the 
Sounds which were recorded with a large degree 
of amplification are reproduced with a Small 
degree of amplification. For this reason, the 
sounds are not over-emphasized in the repro 
diced program but appear as faint sounds. 

It will be seen that the effect of ground tone, 
Whether due to film noises or to noises in the 
ai inplifiers, is largely avoided by this procedure. 
Iloid sounds may be recorded upon the film, 
Without difficulty from ground tone because the 
latter is negligible, as compared with them. 
Failt Sounds, having been amplified to a greater 
degree, are then large, as compared with the 
ground tone. The record ground tone will, 
therefore, not interfere with the reproduction of 
the amplified sounds. When reproducing from 
the record, a high degree of amplification is not 
(enployed, even for the faint sounds, and, there. 
fore, any danger of magnifying the ground tone, 
even when reproducing faint sounds, is avoided. 
The means described for impressing a slowly 

changing potential upon the grid of the tube 5 
in the recording device or upon the grid of the 
tube 54 in the reproducing device are automatic. 
Obviously manual adjustments guided either by 
ammeter readings or by the operator's estimate 
of the average loudness may be made to give the 
Sanae results. 
By reversing the connections from the grid 

and filament to the resistor either at the tube 5 
or the tube 54, the negative, instead of the posi 
tive, may be used for reproduction. 
The system, with the connections then reversed 

and the OScillograph adjusted for the Zero cur 
rent position near the sprocket-holes instead of 
near the picture-record, as shown in Figure 1, 
Will produce a negative in which the crests near 
the edge of the film will follow approximately a 
straight line. The shift of the mid-point of the 
Successive undulations with changing amplifica 
tion, being in the opposite sense when the con 
nections to resistor 39 are reversed, the average 
degree of darkening of the negative, as a whole, 
InOW decreases instead of increasing with faint, 
Sounds. 

I have shown and described only one form of 
ny invention and mentioned only a few modi 
fications. It will, however, be apparent to those 
Skilled in the art that many other modifications 
are possible. Accordingly, the omission of spe 
cific mention of such modifications is not to be 
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4 
intended except those stated in the claims or re 
quired by the prior art. 
I claim as my invention: 
1. In a sound-recording system, an amplifier, 

including a vacuum tube, means for impressing a 
potential varying at sound frequency upon the 
grid thereof, means controlled by the intensity 
of the sound for impressing a slowly varying 
potential upon said grid, a recorder including a 
member moved by the output of Said amplifier 
and means responsive to the said slowly Varying 
potential for controlling the mean position of 
Said member. 

2. In a system for reproducing sound from a 
photographic sound record, a photo-cell the 
illumination of which is controlled by Said record, 
a circuit in which the current is controlled by 
said photo-cell, a vacuum tube, means for im 
pressing potential corresponding to the Sound 
frequency variations of current in said circuit 
upon the grid of said vacuum tube, and means 
for impressing a biasing potential upon said grid 
which varies in accordance with the variation in 
the average illumination of said photo-cell. 

3. A photographic sound record having varia 
tions in darkening corresponding to audio-fre 
quency, the amplitude of said variations bearing 
a ratio to the amplitude of the corresponding 
sound, which ratio is different at different parts 
of the record, and the average amount of darken 
ing corresponding to said ratio at each part of 
the record, whereby the average degree of 
darkening is correlated to the average intensity 
of the corresponding sound. 

4. The method of reproducing a sound pro 
gram which consists in translating the Sound 
into electrical pulses, amplifying said pulses to 
produce amplified current pulses and superim 
posing said current pulses on a relatively steady 
current, controlling the degree of amplification 
of said pulses to cause a greater degree of ampli 
fication for faint Sounds than for loud Sounds, 
so modifying the amplitude of said relatively 
steady current that the sum of said steady current 
and the maximum value of said current pulses is 
an approximately constant value, forming a single 
record of the variable area, type in accordance 
with said sum, controlling an energy output in 
accordance with said record, amplifying the vari 
ations in said output corresponding to said im 
pulses, controlling the degree of amplification in 
accordance with the amplitude of said relatively 
steady current as recorded on said record to cause 
a smaller degree of amplification for faint 
sounds than for loud sounds, and translating 
said amplified energy variations into sound. 

5. The method of producing a sound record 
which consists in translating the Sound into elec 
trical impulses, amplifying said impulses to pro 
duce amplified current pulses and Superimposing 
said current pulses on a relatively steady cur 
rent, controlling the degree of amplification of 
said pulses to cause a greater degree of amplifica 
tion for faint sounds than for loud Sounds, SO 
modifying the amplitude of said relatively steady 
current that the Sun of Said steady current and 
the maximum value of said current pulses is an 
approximately constant value, and forming a 
record of the variable area, type in accordance 
with said Sun. 

6. A translating System comprising means for 
impressing the record of a physical phenomenon 
on a permanent medium, said record being of the 
type in which the darkened area of the negative 
accords with the instantaneous values of said 
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phenomenon and in which the area has peaks 
corresponding to the intensity of said phenom 
enon, and means responsive to said phenomenon 
for so varying the mean position of that bound 
ary line of the record which is defined by said 
peaks that the tops of said peaks attain Substan 
tially a common level. 

7. In translating apparatus of the type incor 
porating means for transforming a mechanical 
disturbance into an electrical disturbance and 
means for impressing a record of said electrical 
disturbance on a permanent medium, said elec 
trical disturbance being microscopic in charac 
ter, said record being of the type in which the 
darkened area in the negative accords with the 
instantaneous value of said electrical disturbance 
and in which said area, has peaks corresponding 
to the intensity of said electrical disturbance, 
means for introducing a microscopic variation in 
said electrical disturbance, said electrical dis 
turbance and said microscopic variation being 
So related that the tops of said peaks are at Sub 
stantially a constant level. 

8. Sound-recording apparatus comprising 
means for transforming sound energy into elec 
trical energy, means for varying the amplitude 
of the electrical energy of said transformed sound, 
means for impressing a record of said electrical 
energy on a permanent medium, said record be 
ing of the type in which the darkened area of 
the negative accords with the instantaneous val 
ues of said electrical energy and in which the 
area has peaks corresponding to the amplitude of 
said electrical energy, and means responsive to 
said amplitude for varying the mean position of 
that boundary line of the record which is defined 
by said peaks. 

9. Sound-recording apparatus comprising 
means for transforming sound energy into elec 
trical energy, means for impressing a record of 
said electrical energy on a permanent medium, 
and means for varying the Zero boundary of Said 
record in accordance with the amplitude of said 
impressed sound energy. 

10. A photographic sound record in which the 
negative has variations in darkening correspond 
ing to audio-frequency, the amplitude of said 
variations bearing a ratio to the amplitude of the 
corresponding Sound, Said ratio being larger for 
Small Sound amplitudes than for large sound am 
plitudes, and the average amount of darkening 
increasing with the increase in said ratio. 

11. Apparatus for reproducing sound from a 
positive corresponding to the negative described 
in claim 10 comprising a photo-cell, an ampli 
fier, means for passing light through said posi 
tive onto said photo-cell, and means for decreas 
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ing the amplifying ability of said amplifier in re 
sponse to an increase of the average amount of 
light falling on said photocell. 

12. A sound record of the variable density type 
comprising regions of darkness interspaced with 
background regions of lesser darkness charac 
terized by that the average intensity of the back 
ground regions varies in accordance with the in 
tensity of the sound recorded. 

13. A translating System comprising means for 
impressing the record of a physical phenomenon 
on a permanent medium, said record being of the 
type in which the darkened area of the negative 
accords with the instantaneous values of said 
phenomenon and in which the area has peaks 
corresponding to the intensity of said phenome 
non, and means responsive to said phenomenon 
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ary of said record in accordance with the ampli 
tude of said physical phenomenon. 

14. Apparatus for photographically recording 
sound on a moving sensitive film, comprising 
means for directing on the film a variable light 
beam, and means for Supplying to Said means for 
the control thereof an alternating current corre 
sponding to the sound waves to be recorded and 
a direct current in response to the Sound. 

15. Apparatus for photographically recording 
Sound on a noving Sensitive film, comprising 
means for directing a variable light beam. On the 
film, and means for Supplying to Said ineans, an 
alternating current corresponding with the Sound 
Waves to be recorded and a direct current varia 
ble in accordance with said sound. Waves. 

16. Apparatus for photographically recording 
sound on a moving sensitive fin comprising 
means for directing a variable light beam on the 
film, and means for Supplying to Said means an 
alternating current corresponding with the sound 
Waves to be recorded and a Superposed rectified 
component of Said current, 

17. Apparatus for photographically recording 
sound on a moving sensitive film comprising 
means for directing a variable light beam on the 
filn, and nearns for supplying to Said means an 
alternating current corresponding with the sound 
waves to be recorded, means for modifying the 
response of said irst mentioned means to Said 
alternating current in accordance with a recti 
fied component of said current. 

18. In combination, means adapted to con 
tinuously expose a light sensitive Surface to the 
action of a beam of light, Sound controlled neans 
for influencing said light, means for driving a 
direct current proportional to the crest ampli 
tude of Said sound, and a means Whereby the di 
rect current may be independently utilized to 
further influence said light. 

19. in combination, means adapted to con 
tinuously expose a light sensitive surface to the 
action of a beam of light, Sound controlled means 
for influencing said light, means for deriving a 
direct current proportional to the crest ampli 
tude of said Sound, and a nearis Whereby the di 
rect current may be independently utilized to 
further influence Said light. 

20. The method of recording. Sound which com 
prises inoving a photographic medium at unit 
forn: speed past a source of light, adjusting the 
light from said Source incident on Said medium 
so that in the absence of SGund the opacity of 
the impression produced in Said mediuin is a 
minimun, controlling the light from said Source 
so that the average opacity of the impression 
produced in said mediuin Will Way With the en 
velope of the volume variations of the Sound to be 
recorded and sinultaneously controlling the light 
from said source so that the opacity of the im 
pression produced in said medium Will vary with 
the instantaneous variations of the Sound. 
2. The method of recording sound Which 

comprises moving a photographic medium at 
uniform speed through a beam of light, control 
ling said bean of light to CauSe the average 
opacity of the impression produced in Said me 
diurn to vary directly with the envelope of the 
volume variations of the Sound to be recorded 
and simultaneously controlling Said beam of 
light to cause the opacity of the impression pro 
duced in Said medium to Vary With the variations 
of the Sound. 

22. The method of recording Sound which com 
prises moving a photographic medium at uni 

5 
form speed past, a Source of light, adjusting the 
quantity of light from said source incident on 
said medium. So that in the absence of Sound the 
opacity of the impression produced in said 
medium is a minimum controlling the quantity 
of light from Said source. So that the average 
opacity of the impression produced in Said me 
diurn will vary with the envelope of the Volume 
variations of the sound to be recorded and Simul 
taneously controlling the quantity of light from 
said source so that the opacity of the impression 
produced in said medium Will wary with the in 
stantaneous variations of the Sound. 

23. The method of making a photographic 
sould record adapted to produce a minimum 
annount of ground noise upon the reproduction 
of the recorded sound which comprises exposing 
a sensitive film to a light beam, varying the beam 
in accordance with the Wave form of the Sound 
being recorded and Varying the Zero of the beam 
in accordance with the volume of the Sound. 

24. The method of making a variable area, 
photographic Sound record in Which the clear 
area, varies with the volume of the Sound being 
recorded which comprises exposing a sensitive 
film in inction to a light beam, vibrating the beam 
in a direction transverse to the direction of mo 
tion of the film in accordance with the Wave form. 
of the sound being recorded, and producing a 
lateral displacement of the Zero modulation po 
sition of the beam in accordance With the Volume 
of the Sound. 

25. A film having a sound track containing a 
variable area, photographic record of Sound Waves 
the line of Zero modulation of the record vary 
ing in position relative to one side of the Sound 
track in accordance With the Volume chara C 
teristic of the recorded SOund. 

26. A film having a sound track containing a 
variable area, photographic Sound record the 
peaks of the opaque portion of the record extend 
ing substantially to one boundary of the Sound 
track irrespective of variations in the Volume 
of the recorded Sound. 

27. A film having a Sound track containing a 
Sound record Which record Cornprises relatively 
clear and opaque portions bounded by the respec 
tive opposite sides of the sound track, the line of 
Zero nodulation of the record receding from the 
side of the sound track which bounds the clear 
side of the record in accordance With the volume 
of the recorded sound. 

28. Apparatus for making a variable area 
photographic Sound record in Which the area of 
the clear portion thereof varies approximately 
with the Sound Volume including means for di 
recting a light beam on a moving light Sensitive 
film and means for Vibrating the beam in a 
direction transverse to the direction of motion 
of the filin in accordance With the Sound Waves 
to be recorded and for producing an additional 
displacement of the bean in the direction of the 
Vibration in accordance With the Volume of the 
Sound. 

29. Apparatus for photographically recording 
Sound. On a moving Sensitive film comprising a 
Source of light, means for directing a light beam 
therefrom on Said film and for vibrating the 
beam transversely to the direction of motion of 
the film in accordance with the sound to be re 
corded, and Sound responsive means for shifting 
the Zero modulation position of said beam in the 
direction of the vibration. 

30. Apparatus for photographically recording 
Sound on a moving Sensitive film comprising a 
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6 
source of light, means comprising an oscillograph 
galvanometer for reflecting a light beam from 
said source on said film and for vibrating it in 
accordance with the sound waves to be recorded 
to form a variable area, Sound record, and means 
responsive to said sound Waves for shifting trans 
versely of the direction of motion of the film the 
zero modulation position of the vibrated light 
bean. 

31. Apparatus for photographically recording 
sound on a moving sensitive film comprising a 
light source, an oscillograph galvanometer ar 
ranged to have a light beam from said source 
projected thereon and to project a resultant beam 
on said film, means for impressing an alternat 
ing current corresponding to the sound to be re 
corded on said galvanometer to vibrate it accord 
ingly and to form a variable area, Sound record 
on said film, and means responsive to Said Sound 
for superposing a direct current on the alternat 
ing current input of Said galvan Ometer. 

32. Apparatus for photographically recording 
Sound on a moving Sensitive film comprising a 
light source, an oscillograph galvanometer ar 
ranged to have a light beam from said source 
projected thereon and to project a resultant light 
beam on said film to form a Variable area, Sound 
record on said film, and means for Supplying to 
said galvanometer an alternating current corre 
sponding to the Sound Waves to be recorded, and 
a superposed rectified component of Said current. 

33. Apparatus for photographically recording 
Sound on a moving Sensitive film comprising a 
light Source, an oscillograph galvan Ometer ar 
ranged to have a light bean from Said Source 
projected thereon and to project a resultant light 
beam on said film to form a variable area, SOund 
record on said film, a Sound current amplifier 
actuated by said SOund having a connection With 
said galvanometer, and rectifier means in Said 
connection for Superposing On the alternating 
Sound-responsive current Supplied to the gal 
VanOmeter a direct current controlled by the 
sound being recorded. 

34. In combination, a Source Of Sound modul 
lated waves, a photographic medium moved at 
constant speed, a Source of electric current, a 
light source, an optical System focusing the light 
from said light Source on Said medium, a circuit 
connecting said light Source to Said Source of 
electric current, means for varying the current 

21,293 
in said circuit in accordance with the instanta 
neous variations in said waves and an impedance 
in said circuit varied in accordance with the 
envelope of the amplitude Variations in said Waves 
in Such manner that the average current foW 
through said light source corresponds to Said. 
envelope. 

35. In combination, a Source of Sound modul 
lated waves, a photographic medium moved at 
constant speed, a source of electric current, a 
light source, an optical System focusing the light 
from said light Source On Said medium, a cir 
cuit connecting said light Source to Said Source 
of current, means for producing a current in Said 
circuit varying in accordance With the instanta 
neous variations in said waves and an impedance 
element in said circuit varied in accordance With 
the envelope of the amplitude variations in said 
Waves in Such manner that the average current 
flow through said source corresponds to said 
envelope. 

36. in combination, a Source of Sound modul 
lated waves, a photographic medium moved at 
constant Speed, a source of electric current, a 
light source, an optical system directing the light 
from said light source on Said medium, a circuit 
connecting said light Source to Said Source of 
current, means for producing a current in Said 
circuits in accordance with the instantaneous 
variations in Said Waves and an impedance ele 
ment in said circuit to reduce the current in Said 
circuit to a Small value in the absence of Sound 
modulated Waves and to increase the current in 
said circuit in accordance With the envelope of 
the amplitude Variations in Said Waves. 

37. In combination, a source of Sound modul 
lated Waves, a photographic medium moved at 
constant Speed, a Source of electric current, a 
light source, an Optical System directing the light 
from said light Source on Said medium, a circuit 
connecting Said light Source to Said Source of 
current, means for producing a current in Said 
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circuit varied in accordance With the instantane 
ous variations in said Waves, an impedance ele 
ment in said circuit and means energized by said 
waves to vary said impedance element in accord 
ance with the envelope of the amplitude varia 
tions of said Waves in Such manner as to vary 
the average current flow through said light source 
in accordance With Said envelope, 
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