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(C. 179-100.3) 20 Claims. 

This invention relates to electro-optical Sound 
- recording and rerecording systems wherein 
sound is directly translated into electrical cur 
rents and then recorded on the sound film, or 
the electrical currents are produced by other 
types of modulating devices from . One or more 
records and then rerecorded on a film. The 
invention in particular, however, relates to a 
method of and means for controlling the man 
ner of light, impressing the film wherein the 
type of composite or duplex track may be de 
pendent upon the amplitudes or range of the 
original Sound Waves. 
An object of this invention, therefore, is to 

more eficiently record sound regardless of the 
amplitude range thereof. 
Another object of the invention is to increase 

the amplitude limits of the soundtrack by reduc 
ing or lowering the lower recording limit. 
A further object of the invention is to auto 

matically vary the manner and form of light 
impressing the film simultaneously With the 
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always remaining parallel to the edges of the film. 
ihis System is Well known as the standard type 
oi duplex variable area recording, and provides 
iiigil-quality Sound records. 
The present invention contemplates increas 

ing the recordable amplitude range of the sound 
track portion of film when employing this type 
oil recording by varying or interchanging single 
and double trace recording in accordance with 
Line anpitude of the sound waves being re 
Corded. The present specification discloses a 
method of and means for controlling the change 
Ovel from a single trace to a douple trace and 
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amplitude control of the modulating currents 
during the transition period from one manner 
and form of recording to another. 
A further object of the invention is to reduce 

the noise level of a standard duplex Sound track. 
A further object of the invention is to con 

trol the input to, and consequently the output 
of, a monitoring element of a recording System 
to correspond with the light amplitude varia 
tions actually being impressed upon the sound 
track portion of the film to provide a faithful 
indication thereof. . 
There are several types of Sound recording 

systems, and sound records produced thereby, 
known in the art, the present invention relating 
to a type wherein a double-hump or duplex type 
of soundtrack is made. In the present System. 
a double-V light beam is vibrated in the direc 
tion of the film in accordance with the in 
stantaneous values of the sound waves being 
recorded, the inner edges of the V's moving trans 
versely of the film and oppositely to one another 
to form two substantially identical out-of-phase 
traces on either side of the central line of the 
sound track portion of the film. At times of 
no signal, two bias traces are produced at the 
center of modulation of the respective traces, 
these bias lines appearing as transparent por 
tions on the final print, one edge of each of 
these bias lines being produced by an effective 
edge of a pair of outside shutters oppositely 
actuated by the envelope of the currents being 
recorded. These are noise reduction shutters, 
since at times of no signal the shutters block 
off the light from the sound track (except for 
the bias lines), and uncover it in accordance 
with the amplitude of the traces being impressed 
thereon, the center or zero lines of the two traces 
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Vice versa. Without interfering with the amplitude 
Which Will be reproduced from the film. Al 
though the ciiangeover may preferably be made 
Ciuring Silent portions of the sound being re 
Corded, and may be done within a period cor 
responding to the length of one frame, neverthe 
1ess it is possible to actually change over during 
the actual light impressing of the film. There 
is also disclosed in the present invention a con 
trol System for certain other elements such as 
the visual monitor to provide the proper read 
ings during the l'ecording of either form of track. 
The present invention also provides a method 
of and means for reducing the normal ground 
noise level of the film, thus making possible the 
recording of lower, Sound levels. 
Although the novel features which are believed 

to be characteristic of this invention will be 
pointed out with particularity in the claims ap 
pending hereWith, the invention itself, its objects 
and advantages, the manner of its organization 
and the mode of its operation will be better 
understood by referring to the following descrip 
tion read in conjunction with the accompanying 
drawings forming a part thereof, in which: 

Figure l is a combination schematic circuit 
drawing and a diagrammatic showing of the 
elements embodying the invention; 

Figure 2 shows a sound track positive print 
made in accordance with the invention; and 

Figure 3 is a graph illustrating the sound levels 
On the film of Fig. 2. - 

Referring now particularly to Fig. 1, the 
standard type of variable area duplex sound 
recording System is shown in the upper right 
hand corner of the drawing, in which light rayS 
are generated by a source shown by lamp 5, 
collected by a lens 6, defined by an aperture 
in a mask 8 and also by noise reduction shutters 
9, and projected by a lens 0 upon a mirror 
ff of a galvanometer 2 shown diagrammatically. 
The light is reflected from the mirror, to a 
mask 4 having a longitudinal slit 5 therein 
the light emerging from the slit being projected 
by objective lenses 6 onto the soundtrack por 
tion of a film 1 advanced in any manner well 
known in the art. This portion of the System 
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is well known and produces the double-hump Or 
duplex type of variable area track as shown in 
the upper portion of Fig. 2. 
The present invention involves as one of its 

phases a modification of the light beam between 
the light source 5 and the film T, which, as 
shown, is made at a point adjacent the Slit 5 
between the mirror and the slit mask 4. The 
variation made in the light beam is to either elim 
inate one-half of the beam as it impinges upon 
the mask 4 or to permit the full width of this 
beam to impinge thereon. The elimination is 
made by means of a pointed shutter 20 at 
tached to the armature of an electro-magnetic 
solenoid relay 2, the armature also being con 
nected to a dashpot 22 for timing the movement 
of the shutter 20 when the solenoid 2 is ener 
gized and de-energized. The Solenoid is ener 
gized over a pair of conductors 23 across which 
is connected a voltmeter 24 for indicating the e 
exact voltage being impressed on the Solenoid. 
Energy for the conductors 23 is supplied by any 

suitable source such as a battery 26, the Woltage 
supplied to the relay 2 being controlled by a 
variable resistance 27 in one of the Conductors : 
23. Also connected across conductors 23 is a pilot 
light 28, which is energized simultaneously With 
the energization of Solenoid 2 and thus indicates 
that the shutter 20 is in the upper position to 
permit the full Width of the beam to pass through 
the slot 5. When the Solenoid is de-energized, 
this fact is indicated by a second pilot light 29 
which is connected to one of the conductors 23, 
and, through a conductor 3 and switch blade 32, 
to battery 26. Thus the Switch blade 32 in its 
lower position causes the energization of the Sole 
noid 2 and the pilot light 28, while in its upper 
position causes the energization of the pilot light 
29. Thus actuation of the switch blade 32 to its 
lower position allows the full beam width to im 
pinge upon the film and the positioning of the 
switch blade 32 in its upper position blocks off 
one-half the light beam from the film T. The 
pilot lights 28 and 29 may be distinguished by , 
different colors or by indicia adjacent thereto. 
For actuation of the galvanometer 2 current 

variations, corresponding to Sound waves to be 
recorded are taken from the output of an ampli 
fier 34, the input of which is connected to the out-, 
put of a master amplifier 35 through a variable at 
ftenuation network represented by resistance ele 
ments 38. Sound currents may be supplied to the 
amplifier. 35 from one or more pickups illustrated 
at 36, 37 and 38, these pickups being Some form 
of translating devices, such as microphones, disc 
or film reproducers. The individual outputs of 
these pickup units are amplified by respective 
amplifiers 39, 40 and 4, controlled by respec 
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tive potentiometers 43, 44 and 45, and then com 
bined into a single channel 42, the combined out 
put being controlled by a master potentiometer 
46. These potentiometers are customarily called 
mixing “pots.' 

60 

The circuits just described, except for resist- : - 
ances 38, illustrate the usual recording circuits 
from one or more pickup devices to the gal 
vanometer 2. Also employed in the usual sound 
recording or rerecording System are monitoring 
units such as a loudspeaking System and a visual 
amplitude meter which audibly and visually indi 
cate the levels of the Sound being impressed upon 
the galvanometer. The present invention utilizes 
these monitoring aids, one of which is shown as a 
loudspeaker 48 with its amplifier 49, and the 
other as a meter 5 and its amplifier 52, the meter 

shutters 9 at times of no signal. 
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5 being either of the mechanical type or one 
employing a series of neon lamps. In the opera 
tion of the usual recording System a "mixer' con 
trols the proportion of the outputs of pickups 36, 
31 and 38 by “pots' 43, 44 and 45, as indicated by 
the loudspeaker 48. He also controls the com 
bined amplitudes impressed on the galvanometer 
by master "pot' 46 as indicated by the meter 5. 
Thus, ordinarily the speaker 48 and meter 5 are 
permanently connected directly to the main buses 
56. For the purpose of this invention, however, 
the loudspeaker 48, through its amplifier 49, al 
Ways remains directly connected to the buses 56 
over conductors 53, while the visual meter 5i, 
through its amplifier 52, is connected to the buses 
56 over conductors 59 and through a double-pole . 
switch 60. When the switch. 60 is in its upper 
position, the meter 5 is directly connected to the 
buses; but when in its lower position, an attenua 
tion pad 62 is interposed in the meter circuit. 

Referring noW to the variable attenuator 38 
mentioned above, the insertion thereof in the gal 
VanOmeter circuit is dependent upon the actua 
tion of a Solenoid relay 63, which, when ener 
gized, moves its armature 64 toward the left there 
by inserting the impedance in the circuit. Upon 
de-energization of the relay 63, a tension spring 
66 removes the impedance 38 from the circuit, as 
shown. The timing of the Operation of the relay 
63 is controlled by a mechanical filter composed 
of the tension Spring 66 and a dashpot element 67. 
Although one specific form of a variable timed 
attenuator is illustrated, it is to be understood that 
a purely electrical delay pad may be employed at 
this point in any manner Well known in the art. 
The Solenoid 63 is energized at will over a pair 

of conductors 68 connected by switch blade 32 to 
the Source of energy 26. Thus With the Switch 
blade 32 in its lower position not only will the re 
lay 2 and pilot light 28 be energized, but also the 
relay 63, so that when the mask 20 is removed 
from the light beam the resistances 38 will bein 
Serted in the galvanometer circuit. Actuation of 
the switch blade 32, however, also actuates dou 
ble-pole Switch 60, since switch 60 is mechanically 
connected to SWitch 32, as shown by the dotted 
line 70. Thus with the switch blade 32 in its 
lower position, energizing relays 2, 63 and light 
28, the pad 62 is inserted in the circuit of the 
meter 5. On the other hand, with the switch 
blade 32 in its upper position, the relays 2 and 
63 are de-energized, the pilot light 29 is ener 
gized, and the meter 5 is directly connected to 
buses 56. The purpose and reasons for thus 
varying these circuitS Will now be explained. 
The present System functions to increase the 

abSolute recording range of a duplex film and is 
particularly advantageous where there is being 
recorded music and/or dialogue intermittently, in 
which the music covers a wide range of amplitudes 
and the dialogue is interposed and might even 
fall below the lowest level of the music. The in 
vention also functions to reduce ground noise at 
times of no signal as well as at times when the 
Signal is at a low level. Referring now to Fig. 2, 
showing a soundtrack portion of a motion picture 
film made with the invention, at the top of the 
drawing are the usual two so-called bias lines 72 
and 73. These lines are produced by the inner 
edges of the V's Of the light beam impressed on 
the mask f4 and by the effective edges of the 

That is, the 
Shutters mask the light beams from the areas 74 
and 75 of the film, except for that light which 
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produces the transparent portions 72 and 73. 
This track, of course, is produced with the mask 
20 in its upper position. 
Now, as the actual signal is impressed upon 

the galvanometer 2, a rectifier (not shown) sup 
plies. Current corresponding to the envelope of 
this signal to a magnetic element 9', which op 
erates the noise reduction shutters 9, separating 
them in accordance with the amplitude of the 
signal and thus permitting the modulation traces 
77 and 18 to be effective on the sound trackpor 
tion of the film. As the amplitude of the signal 
decreases, the shutter's come together and again 
block out the light from the film, as shown in 
Fig. 2 at 79 and 80. If the modulations continue 
to decrease to Zero, the bias lines Would again 
be formed as shown at 72 and 73. This type of 
track has many advantages, Such as that each 
trace Supplements the other during reproduction, 
thus providing maximum modulation of the 
sound track area. Also, each trace is separate 
ly reproducible as a true reproduction of the 
original Signal So that any slight imperfections 
in One trace. Will not eliminate or unduly distort 
the signal. 

It is well understood that the chief source of 
ground noise is the non-uniformity of the clear 
portions of the Sound track. When the ampli 
tude level of the Signal output from a reproduced 
film is above the ground noise level sufficiently to : 
blanket the noise, reproduction is satisfactory. 
But at times of no signal this noise may be an 
noying and there is a point in the Signal am 
plitude level below which it is not desirable to 
record because of the predominance of the re 
produced noise with respect to the reproduced 
Signal. This is the point. Where the amount of 
light passing through the clear sections of the 
film would be large compared to the variations 
in light caused by the Small amplitude of the 
traces TT and 78. This is Well known as the 
signal to noise ratio and where this ratio is 
high at points 77 and 78, it is low at points of low 
modulation, such as points 8i and 82. 
The present invention, therefore, contemplates : 

lowering the satisfactory minimum recording 
limit, that is, it permits the recording of a lower 
signal amplitude with respect to a definite upper 
limit. In brief, this is accomplished by remov 
ing or eliminating, the recording of one of the : 
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musical combination effect from the various mi 
crophones. Similarly, he watches the meter. 5 
to accurately determine the level which may be 
properly impressed upon the galvanometer f2. 
We may assume that both traces are being im 
preSSed on the film, which means that switches 
32 and 60 are in their lower positions so that pad 
-62 is in the circuit of meter 5 and the resistances 
38 are in the galvanometer circuit. 
Now as the amplitude level decreases, the 

meter 5 Will indicate a certain level of modula 
tions being impressed on the galvanometer f2 at 
Which it may be considered that the signal to 
noise ratio may be too low for satisfactory re 
production. ... This means, of course, that the 
traces 77 and 8 have reached an amplitude 
where the amount of varied light is low compared 
with the total light which would be transmitted 
through the film. At this point the mixer may 
manually operate the switch 32 from its lower 
position to its upper position allowing the mask 
20 to intercept one-half the light beam being im 
pressed on the film, thus eliminating one of the 
traces, such as TT shown in Fig. 2. The actua 
tion of the Switch 32 in this manner will ex 
tinguish light 29 and energizelan p 28 to indicate 
that this change has been made and Will simul 
taneously move the Switch 60 to its upper posi 
tion to remove the pad 62 from the meter circuit 
and connect the meter directly to buses 56. The 
moving of the SWitch 32 to its upper position also 
de-energizes solencid 63, which allows the spring 
66 to remove the resistances 38 from the galva 
nometer circuit. These adjustments all occur 
simultaneously, that is, the shutter moves into 
the light beam and the resistances 38 are re 
moved within the same predetermined time in 
terval dependent upon the adjustments of the 
timing elements described above. 
As shown in Fig. 2, this time interval is sub 

stantially the time it takes Cne frame to pass a 

traces, such as 77, and simultaneously increasing 
the amplitude of the other trace to compensate 
for the decrease in Variations of light upon the 
reproducing photocell caused by the elimination. 
Thus, the signal to noise rationay be substan- 5: 
tially doubled and the film track portion is 
therefore given a wider recordable amplitude 
range and may thus more faithfully represent 
the true variations in amplitude of the Original 
sound as well as represent, the proper dialogue 
level with respect to the music. It also main 
tains the dramatic effects since the mixer, is not 
required to “squeeze' the volume; that is, raise 
the lower levels or reduce the higher levels to 
accommodate the volume range of the film. 
To further illustrate the operation of the in 

vention, particularly with respect to the control 
thereof, let us assume that an overture or a 
dramatic musical selection is being recorded in 
which there is a wide range in amplitudes, the 
pickups 36, 37 and 38 being microphones and 
placed at strategic points on the Set. The mixer 
at his controls listens to the output of loud 
speaker 48 to generally determine the recording 
amplitude and particularly to obtain the proper 
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given point which will be a second for standard 
film. As one trace is eliminated by the insertion 
of the shutter 29, the amplitude level of the cur 
rents being impressed on the galvanometer 2 
are increased. The elimination of the trace is ill 
lustrated in Fig. 2 by the broken line 32 which 
shows, from the point a to the point b, how the 
tracell is removed from the film. Also, from the 
point c to the point d, the trace 78 is shown in 
creasing in amplitude to substantially twice its 
former value so that as far as the reproducible 
output of the film is concerned, the traces at 
points a and c produce the same amplitude of 
output as the single trace 73 at point d. After 
the changeover has been made, it is then possible 
for the amplitude of the single trace to be varied 
as the volume of the signal varies, a full ampli 
tude trace being shown at point e. It is to be 
noted that although the output volumes of the 
film at point C-C and point d are the same, the 
signal to noise ratio is substantially twice its value 
at point d as at point a-c. Thus the trace 78 
may be reduced to an amplitude such as shown 
at c which will reduce its output volume to one 
half of its volune at d without increasing the 
signal to noise ratio beyond what it was when 
both traces were effective at this lower amplitude. 
The lower recording limit is thus lowered. 

Now, if the volune increases so that the single 
trace is at full modulation, the switch 32 may 
then be thrown to its lower position to remove the 
mask 20 and allow both traces to become effective 
on the film. When this occurs, of course, the 
reverse actions are brought about so that the re 
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sistances 38 are inserted into the circuit to con 
pensate for the introduction of both traces, and 
the pad 62 is placed in the visual meter circuit. 

During the above-mentioned circuit variations, 
the mixer is at all times aware of the exact ampli 
tude being actually impreSSed upon the galvanon 
eter 2 regardless of whether or not the resist 
ances 38 are in or out of the circuit. This pre 
vents over- and under-modulation of the Sound 
track. However, even though there is a change 
in the amplitude of the currents to the galvanom 
eter, the audible monitor still indicates the ac 
tual variations in the input signal. In other 
Words, the meter 5i, is at all times related to the 
variations in current impressed on the galva 
nometer 2, while the speaker 48 is at all times 
related to the variations at the pickups 36, 3 and 
38. The meter 5 follows the input to the galva 
nometer by the insertion and elimination of the 
pad 62 from the meter circuit. For instance, Say 
the volume of the signal has reached the level at 
which changeover is brought about. At this point 
the resistances 38 may be cut out of the circuit, 
thus increasing the amplitude being impressed 
upon the galvanometer 2. Simultaneously, the 
pad 62 is removed from the meter circuit to per 
mit the meter to read or indicate the increase in 
amplitude caused by the removal of the resist 
ances 38. Thus, the meter 5 always indicates the 
actual amplitude of the currents being impressed 
on the galvanometer and prevents Overloads of 
either the single trace or the double trace. 
r. The above describes a recording System having 
all the advantages of a double duplex trace, but 
which increases the recordable range thereof 
without interfering with the recording controls or 
operation. Thus, modulations of a much lower 
amplitude can be impressed on the film to in 
crease the total volume range of the Sound track 
portion of standard film. 

For another illustration of the variations in the 
above levels, reference is made to Fig. 3 in which 
the graph represents percentage modulation with 
respect to time or number of frames. This is, 
considering the entire sound track as 100% of the 
available modulation area, each trace represents 
50% modulation thereof and the distance from 
zero to point f may thus represent the bias lines 
72 and 73 of the film in Fig. 2. An increase in 
modulation to maximum is shown at points g and : 
h which represents 50% modulation of each half 
of the entire track. This modulation may then 
be decreased to 10%, shown at points i and i, at 
which time, if desired, the changeover may be 
made within one recording frame. This time of 
operation is represented by the distance between 
the points i and ic or between i and l wherein one 
trace is entirely eliminated and the remaining 
trace is increased in amplitude to 20% modula 
tion. Thus, the output from the film at points i 
and j is the same as k and l. The lower trace is 
shown as continuing to a full 50% modulation at 
m and then to any other value as shown at q. 
Although points of 10% modulation have been 

taken as changeover points for purposes of illus 
tration, it is to be understood that changeover 
may occur at any level when shifting from one to , 
two traces and at any level under 25% for each 
trace when shifting from tWO traces to one trace. 
Of course, the shift may always be made at a 
silent period, affecting the sound track only in 
that one bias line is removed. It is also to be 
understood that although the time required to 
make the changeover has been shown to occur 
Within one frame, this time may be shortened, or 
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varied differently for each element by adjustment 
of the time elements 22 and 67. A further modi 
fication within the scope of this invention is that 
instead of actuating the SWitches 32 and 60 man 
ually, these switches may be Operated automati 
cally by a marginal relay controlled by the cur 
rents to the gavanometer. Also, it is to be un 
derStood that should the loudspeaker 48 be con 
nected to amplifier 34, a pad similar to pad 62 
may be employed and shifted in and out of the 
Speaker circuit when the changeovers are effected, 

claim as my invention: 
1. A Sound recording System comprising a 

Source of light rays, means for varying the form 
of said rays, means for projecting said rays onto 
a motion picture film, means for vibrating said 
rays in accordance With Sound waves to be 
recorded, means for controlling at will said form 
Varying means, and means for simultaneously 
controlling the amplitude of vibration of said 
rays being impressed on said film, 

2. A Sound recording system comprising a 
Source of light rays, means for forming said rays 
into a plurality of beams, means for projecting 
said beams onto a motion picture film, means 
for Vibrating said beams in accordance with sound 
Waves to be recorded, means for varying at will 
the number of said beams being impressed on 
Said film, and means for simultaneously varying 
the amplitude of the beam or beams being in 
pressed on Said film, said last-mentioned means 
increasing the amplitude of said beams imping 
ing on said film simultaneously with the elimina 
tion of said beams from said film. 

3. A Sound recording system for the electro 
Optical recording of sound on film comprising 
means for producing a plurality of light beams, 
means for projecting said beams on said film, 
means for modulating the lengths of said beams 
transversely of Said film in accordance with sound 
Waves to be recorded, and means for decreasing 
the length of one of said beams to zero with 
respect to Said film during modulation thereof. 

4. A Sound recording system in accordance with 
claim 3 in which the length of one of said beams 
being impressed upon said film is increased in 
proportion to the decrease in length of the other 
of Said beams being impressed upon said film. 

5. A Sound recording System for electro-opti 
cally recording Sound on film comprising means 
for modulating the length of a plurality of nar 
row light beams, means for impressing said beams 
on Said film, the length of said beams being sub 
stantially equally increased and decreased for the 
same variations in sound wave amplitudes, there 
being a predetermined maximum length and 
minimum optimum length therefor, and means 
for impressing on Said film the variations in only 
one of Said beans While eliminating the other of 
said beams from Said film for amplitudes below 
a predetermined amplitude level. 

6. A sound recording System comprising means 
for producing a plurality of narrow light beams, 
the length thereof Varying in accordance With 
the amplitude of sound waves to be recorded, said 
beams having a maximum predetermined length 
and an optimum minimum length, the maximum 
length being determined by the width of the 
sound track portion of the film, and the mini 
nun length being determined by permissible 
film ground noise, means for eliminating one of 
Said beams When its length is below said mini 
num length, and means for simultaneously in 
Creasing the length of the other of said beams 
as the length of the first beam is eliminated. 
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7. A sound recording system in accordance with 

claim 6 in which the period of elimination of 
One beam and the period of increase in said other 
beam occur over substantially the same longitudi 
nal portion of the film. 

8. A Sound recording System in accordance. With 
claim 6 in which the period of elimination of 
one beam and the period of increase in said other 
beam occur over equal time intervals. 

9. A Sound recording system comprising means 
for producing a plurality of light beams, each 
of Said beams varying in accordance with sound 
Waves to be recorded, means for modulating said 
beams, means for impressing currents varying in 
accordance with Sound Waves upon said modu 
lating means, means for eliminating one of said 
beams from impression upon a film, and means 
for varying the attenuation of said currents in 
accordance and simultaneously with the elimina 
tion of another of Said light beams. 

10. A sound recording System comprising means 
for generating currents corresponding to sound 
waves to be recorded, means for generating a 
plurality of light beams, means for impressing 
said light beams upon a motion picture film, mod 
ulating means on which said currents are im 
pressed for modulating said light beams in ac 
cordance with the amplitude variations of said 
currents, means for audibly monitoring said cur 
rents impressed on Said modulating means, means 
for visually monitoring said currents as impressed 
upon said modulating means, means for eliminat 
ing One of said light beams from impression upon 
said film, means for simultaneously varying the 
amplitude of the currents impressed on said mod 
ulating means, and means for simultaneously 
varying the amplitude of the currents impressed 
upon said visual monitoring means. 

11. The method of producing a constant out 
put sound track during an increase in the light 
modulation being impressed on said track, Com 
prising impressing a light modulation of increas 
ing amplitude on said track, and simultaneously 
decreasing the sound track recording area in 
proportion to the increase in amplitude of said 
light modulation. 

12. The method of increasing the recordable 
range of a predetermined soundtrack portion of 
film having multiple modulations thereon com 
prising varying the number of modulations in ac 
cordance with the signal level being recorded and 
varying the level of the modulations being im 
pressed on the film in accordance with the num 
ber of effective modulations. 

13. A recording system comprising an electrical 
circuit for light modulating a film, a variable at 
tenuator in said circuit, a monitor circuit for in 
dicating the amplitude of the currents in said 
modulating circuit, an attenuator in said monitor 
circuit, and means for simultaneously varying 
said attenuators. 

14. A recording System comprising a plurality 
of means for generating currents corresponding 
to sound waves, means for combining said cur 
rents into a single circuit, means for modulating 
a light beam with said currents, means for indi 
cating the proportion of each of Said currents 
being impressed upon said modulating means, 
means for indicating the total volume of said cur 
rents being impressed on said modulating means, 
means for varying in a predetermined amount 
the amplitude of the currents being impressed on 
said modulating means, and means for simul 
taneously varying the amplitude of the currents 
being impressed on said total volume indicating 
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5 
means, the amount of said last-mentioned varia 
tions corresponding to said first variation. 

15. A standard duplex variable area, recording 
System comprising means for producing a divi 
Sional light beam, a shutter adapted to intercept 
a division of said beam, electrical means for ac 
tuating said shutter, a modulator of said light 
beam, means for impressing a signal to be re 
Corded on said modulator, electrical means adapt 
ed to vary the amplitude of the signal impressed 
on said modulator, a meter for indicating the 
amplitude of said signal being impressed on said 
modulator, electrical means adapted to vary the 
amplitude of the signal impressed on said meter, 
and a circuit interconnecting said shutter actu 
ating means, said modulator amplitude varying 
means, and said meter amplitude varying means, 
said circuit being adapted to simultaneously ac 
tuate all of said means. 

16. The method of producing a substantially 
constant output sound record during certain pre 
determined variations in the light modulation 
being recorded, said record having a varying out 
put during certain other variations in said light 
modulation being recorded, comprising impress 
ing a light modulation of varying amplitude on 
Said record and simultaneously varying the ef 
fective recording area of said record during cer 
tain of said amplitude variations in said light 
modulation, said record thereby having a sub 
stantially constant output when this portion of 
said record is reproduced, while maintaining the 
effective width of said recording area constant 
during other amplitude variations of said light 
modulation, said record thereby having a varying 
output when said portion of said record is re 
produced. 

17. A sound recording system Comprising a 
Source of light rays, means for varying the form 
of Said rays, means for varying said rays in ac 
cordance with variations in sound waves, means 
for controlling the operation of said form vary 
ing means, said last-mentioned means simul 
taneously controlling said other variations in said 
rays, and means connected to said form varying 
means and Said ray varying means or at least 
one thereof for controlling the rate of change in 
the variations of at least one of said varying 
neanS, 

18. The method of recording a sound record 
comprising impressing a light beam on said rec 
ord, Said beam varying in form and amplitude, 
and controlling the rate of change of said vari 
ations in form and amplitude so that said vari 
ations in form occur over the same time interval 
as Said variations in amplitude. 

19. A recording System comprising an electrical 
circuit for light modulating a film, a variable at 
tenuator in said circuit, a monitor circuit for 
indicating the amplitude of the currents in said 
modulating circuit, an attenuator in said monitor 
circuit, and means for varying the attenuator in 
Said monitor circuit in accordance with the 
amount of variation made in the attenuator in 
Said modulating circuit. 

20. A sound recording system comprising a 
Source of light rays, means for varying the form 
of Said rays, means for projecting said rays onto 
a motion picture film, means for vibrating said 
rays in accordance with the amplitude of sound 
waves to be recorded, means for manually con 
trolling said form varying means, and means for 
manually controlling the amplitude of vibration 
of said rays being impressed on said film. 
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