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This invention relates to Sound recording sys 
tems, and particularly to the recording of Sound 
film records consisting of a plurality of mutually 
related sound traces. Many types of sound film 
recording systems are known in the art, such as 
variable density, variable area, unilateral, bilat 
eral, push-pull class A and push-pull class B, etc. 

slit longitudinally disposed with respect to one 
another so that the apices of the beams just 
touch the slit or the center of the slit. In the 
use of class B systems, an elongated extension is 

the time that the other beam is effective. 
The present invention is directed to a Sound re 
cording system for producing a record combining 
the characteristics of the records produced by 
certain of these types, such as push-pull class A 
with class B, wherein the advantages of each 
type of system are obtained and the disadvan 
tages thereof eliminated. 

Since the invention is directly related to the 
combination of push-pull class A with class B, it 
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might be well to state that the push-pull class 
A System of recording on film consists in pro 
ducing two mutually related tracks, either uni 
lateral or bilateral, or variable density in which 
the modulations in each trace are 180 out of 
phase with respect to one another, each trace, 
however, containing the complete modulations 
of the signal. The usual method of obtaining a 
push-pull class A track is to project two light 
beams upon a slit passing light to the film from 
each beam, and as the light is decreased in One 
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cut in the aperture mask producing the beams to 
provide a narrow light beam on the film during 

It is . 
realized that the construction of the class B 
recording system necessitates an accurate azi 
muth adjustment of the slit with respect to the 
apices of the light beams in order to insure that 
both positive and negative cycles of the sound 
waves are properly impressed upon the film. 
Also, because of the substantial elimination of 
one of the beams during the negative and posi 
tive cycles of the signal, greater care must be 
taken in the exposure and processing of such 
records. 
The present invention is therefore directed to 

the combining of the push-pull class A and class 
B type of systems to eliminate the difficulty of 
slit orientation and adjustment and to provide 
inherent noise reduction. 
Combination push-pull class A and class B sys 

tems are known in the art, one Such System be 
ing disclosed and claimed in copending applica 

of said beans, it is equally increased in the other, 
light always reaching the film from each beam 
during the entire amplitude range of the signal. 30 
In the variable area type of system the position 
of the tapered light beams at times of no signal 
is midway between the vibration limits of the 
beams, and considerable light is therefore in 
pressed upon the film. This condition requires 35 
the introduction of noise reduction to class A 
recording in order to produce a quiet film during 
times of no signal, noise reduction generally con 
sisting in the blocking of of an amount of light 
dependent upon the amplitude of modulation of 40 
the light beam. However, the orientation or 
azimuth adjustment of the slit with respect to 
the light beams and the film is not critical with 
this arrangement, nor is any substantial diffi 
culty encountered with process distortion since 45 
the light from each beam is on the film at all 
times, 

Referring now to the class B type of recording, 
which has the great advantage of having in 
herent noise reduction, this system employs two 50 
light beams similar to the push-pull class A Sys 
tem, except that at times of no signal, Substan 
tially no light reaches the film. In variable area 
class B recording, tapered light beams are posi 

tion of C. H. Cartwright, Serial No. 168,565, filed 
October 12, 1937. This disclosure points out that 
a certain definite relationship must exist when 
going from the class A type of recording to the 
combination type, this fundamental and basic re 
lationship being that each bean must be made 
twice as effective when the other beam is elimi 
nated; or, in other words, that the light trans 
mission reaching the cell must double in effec 
tiveness at the point of changeover. This funda 
mental relationship is, of course, retained in the 
present invention, while securing all the bene 
ficial features of push-pull class A recording and 
of class B recording. 
The principal object of this invention, there 

fore, is to facilitate the recording of sound on 
film. 
Another object of the invention is to combine 

push-pull class A and class B recording systems 
to eliminate the disadvantages of each and to se 
cure the essential advantages of both. 
A further object of the invention is to produce 

a Sound track, the low levels of which are re 
corded as class A, and the upper amplitude levels 
of which are recorded as a combination of class 
A and class B. - ... 
A further object of the invention is to produce 

a Soundtrack, the low levels of which are record 
tioned at times of no signal on each side of the 55 red as pure class A at One value of light intensity, 

  



2 
and the upper amplitude levels of which are re 
corded as a combination of class A and class B 
at a different light intensity or as a combination 
of a plurality of light intensities. 
A further object of the invention is to produce 

a combination class A and class B Sound track 
having both variable area and variable density 
components. w 

Although the novel features which are believed 
to be characteristic of this invention are pointed 
out with particularity in the claims appended 
herewith, the manner of its organization and the 
node of its operation will be better understood 
by referring to the following description read in 
conjunction with the accompanying drawing 
forming a part thereof, in which 

Figure 1 is a diagrammatic view of a sound re 
cording system embodying the invention; 

Figure 2 is an enlarged detailed view of the slit 
mask of Fig. 1 showing the light images thereon 
at times of no signal; 

Figure 3 is a view similar to Fig.2 showing a 
modification of the light beams; 

Figure 4 shows a third modification of the light 
beams; 

Figure 5 is a graph illustrating the operation of 
the system; and 

Figure 6 is a fragmentary view of a sound track 
negative produced by the invention. 

Referring now to Fig. 1, a light source illus 
trated by a flament 5 produces light which is 
collected by a lens 6 and projected on an aperture 
mask 7 having apertures 8 and 9 therein. The 
light passing the apertures is projected by a lens 

upon a mirror of a galvanometer 2. 
light is then reflected to a slit mask 4 having a 
slit fs therein, the light beams passing, the aper 
tures 8 and 9 being shown at T and 8 on the 
mask. The light from the beams passing the 
slit 5 is projected by lenses 9 upon the sound 
track portion 2 of a film 22 advanced in any 
well known manner. 

In the above mentioned copending application, 
the shape of the apertures 8 and 9 was such that 
the width of the light beams reaching the film 
increased twice as rapidly for amplitudes of the 
signal above a certain level, which level repre 
Sented the Cross-over between pure class A re 
cording and combination class A and class B. 
The present invention permits the use of normal 
triangular-shaped apertures normally used in 
push-pull class A wherein they are overlapped 
So that the apex of one triangle lies in the same 
horizontal plane as the base of the other triangle. 
In class B Systems the same shaped equilateral 
triangles are employed, except that the apices 
of each lie in the same horizontal plane, and the 
apices of the light beams lie at the center of the 
slit. In the present invention the equilateral ap 
ertures are overlapped, the amount of overlap 
ping representing the proportion of class A track 
produced and also the amount of combination 
class A and class B track produced. 
As shown in Fig. 2, the two triangular-shaped 

light beams have equal heights and equal bases, 
while the slopes of the modulating sides are iden 
tical. Thus, the variable area component pro 
duced by these beams will vary directly with the 
galvanometer deflection for all amplitudes of the 
signal. However, it will be noted that a certain 
portion of each triangle adjacent the apices is 
shaded, this shading representing a lesser light 
intensity at these portions caused by the intro 
duction, in the apertures 8 and 9 of mask 7, 
of neutral light filters and 3. The position 

Title 
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of the light beams and 8 on mask f4 is 
shown for a no signal condition, and it will be 
noted that the light passing through the film is 
represented by the width of the beam impressed 
on the slit 5. As the light beams vibrate nor 
mally to the slit and an amplitude of vibration 
is reached which is greater than the distance 
between the slit to the edge of the filter shadows 
25 and 26, the full intensity of the light beams 
Will be impressed upon the film 22. . In other 
Words, when one of the shadows 25 or 26 is elim 
inated from reaching the film except for the tail 
Sections 28 and 29, the light intensity of the 
other beam reaching the film increases. 
To conform to the fundamental relationship 

required to produce a direct proportionality be 
tween input and reproduced output, it is neces 
Sary that the light intensity be increased in an 
amount such that the final print will produce a 
50% decrease in light reaching the reproducing 
photocell. Thus, the processing of the negative 
and positive should provide the print with twice 
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the light transmission in the class A region of the 
track than for the pure class B region. Thus, 
the density of the class A modulations of the 
final print will not approach opaqueness, but will 
lie substantially midway between 100% trans 
mission and Zero transmission. A certain 
amount of noise reduction will, of course, be rep 
resented by this opacity of the film at times of 
no signal but this opacity is insufficient for the 
amount of noise reduction desired in modern 
Sound track recording. Furthermore, a gray 
opacity introduces noise because of its graininess, 
thus producing a certain "hiss.' Thus, it is pref 
erable to provide the trace of the class A region 
with a greater opacity. Of course, the use of 
fine grained film will reduce the grain noise to 
a minimum. 

Referring now to Fig. 3, a variation in the 
apertures has been shown wherein the class sec 
tions 3 and 32 of the light beams are shown 
considerably darker to represent lower light 
transmission filters. Thus, for the class A por 
tion of the recording, a very high degree of noise 
reduction is introduced, this noise reduction be 
ing that of the order obtained in normal variable 
density recording Systems. However, it is nec 
essary, in the modification shown in Fig. 3, to 
retain the fundamental relationship at the points 
of CrOSS-Over between pure class A and combi 
nation A and B. To obtain this relationship, 
there have been inserted in the remaining por 
tions of the apertures 8 and 9 gray filters hav 
ing a transmission similar to those used in Fig. 2, 
as shown by the gray regions 33 and 34. How 
ever, this carrier film density introduces unde 
sired ground noise. 
To overcome all difficulties, however, the modi 

fication of the aperture mask shown in Fig. 4 is 
employed, this figure showing the light mask f4 
and slit 5 with the light beams shown thereon 
at times of no signal. It will be noted that the 
light beans are identical in symmetry and in 
Construction and have the same relative position 
as those of Figs. 2 and 3. In this modification, 
the filters used in the pure class A section repre 
Sented in the beams at 35 and 36 have the density 
of those of Fig. 3 to produce a high degree of 
noise reduction in the pure class A region. How 
ever, the remaining portions of the light beams 
are at full intensity as shown at 37 and 38, these 
portions of the aperture not having any filters. 
This change in light intensity between the beam 
portions 35 and 36 and the beam portions 37 and 
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38 does not conform to the fundamental rela 
tionship required for obtaining a direct propor 
tionality between the input signal and repro 
duced output. This relationship is obtained, 
however, by shaping the apertures so that when 
the intensity of the beam is overly increased, the 
width of the beam is decreased so that the ef 
fective change in light reaching the photoelectric 
cell at the cross-over point has the two-to-one 
relationship necessary for proportionality. By 
the use, therefore, of a mask which will provide 
light beams projected on the slit in the position 
shown in Fig. 4 for a no signal condition, all the 
advantages of class A and the advantages of class. 
B are obtained. 
To further explain the operation of this type 

of recording system, reference is made to Fig. 5, 
wherein galvanometer deflection is plotted 
against light transmission through the final sound 
record. With the type of filter shown in Figs. 3 
and 4 for the class. A region, the light reaching 
the film at times of no signal may be represented 
at slightly above zero light transmission. Then, 
over, the class A portion, a linear relationship ex 
ists between galvanometer deflection and light 
transmission, since these portions of the aper 
tures have straight lines. However, at the point 
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of cross-over, as represented by the point e, the 
light transmission will increase to the point f, at 
which point the light transmission will vary 
along a straight line for further galvanometer 
deflection. The class A section is represented by 
the distance ac, the remaining abscissa being 
combination class A and class B. To conform 
to the fundamental cross-over relationship, the 3 
distance a must be equal to the distance b. If a 
larger class A portion is desired, such as repre 
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borhood of 5 or 6 used for variable area films. 
Thus, the filters will produce the proper density 
on the final print with the normal variable proc 
essing. It is to be understood that other shapes 
of apertures may be so related to the filter densi 
ties as to produce other variations such as com 
pression or expansion. Furthermore, the sepa 
ration between sections 35 and 36 and sections 
3 and 38 may be graduated in density, the 
change in dimensions of the beams being simi 
larly graduated by curving the sides of the aper 
tures at the point where they change in slope. 
What I claim as my invention is: 
1. A Sound recording system comprising means 

for obtaining a plurality of light beams, and 
means for varying the light values of said beams 
in accordance with a signal, said light beams 
having a certain intensity and varying in dimen 
Sions as a class A recording for amplitudes of 
said signal within a certain amplitude range of 
said signal, and varying similarly in dimensions 
as a combination class A and class B recording 
for another amplitude range of said signal, said. 
beams having a different intensity when vary 
ing as a combination class A and class B record 
ing, the variations in said light beams corre 
sponding to the amplitudes of Said signal at all 
amplitudes thereof. 

2. A sound recording system comprising a plu 
rality of light beams, means for vibrating. Said 
beam in accordance with a signal to be recorded, 
and a film upon which said light beams are in 
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sented by the distancey, it may be obtained by 
making the distance c and the distanced equal 
to one another, and a light transmission curve, 
such as shown by the dot-and-dash line, is ob 
tained. Another curve is shown by the dotted 
line showing a case where the light transmission 
is higher for the class A portions, such as might 
be obtained with filters giving an intensity as 
shown at 25 and 26 in Fig. 2. 
The form of negative track producible with 

this type of combination class A and class B sys 
tem is shown in Fig. 6, wherein the gray portions 
40 and 4 represent the no signal condition, while 
the modulations 42 and 43 represent the pure 
class A section, which, of course, will have the 
same density as the sections 40 and 4. For 
higher levels of cross-over, the wider the traces 
shown at 40 and 4. At higher amplitudes rep 
resented by the modulations 44 and 45, two dens 
ity components are found, the higher amplitudes 
being completely opaque, while the intermediate 
sections have a density corresponding to that of 
the pure class A portion of the traces. 
of this negative, of course, will have reversed 
densities, the entire unmodulated areas being 
completely opaque, the areas 40 and 43 having a 
very low light transmission, and the peak areas 
of modulations 44 and 45 having. Substantially 
100% transmission, less the usual 2% fog of the 
film base itself. - 
Such a combination track will have noise re 

duction to as complete a degree as any variable 
density sound record, will have. a variable area 
component and will not be subject to the diffl 
culties of adjustment of the recording Systems 
now known. The major processing difficulties 
are eliminated, since the filter may be directly 
related to the overall high gamma in the neigh 
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pressed, said light, beams having sizes, shapes 
and one variation in intensity to produce a class 
A record on said film, and other sizes, shapes and 
another variation in intensity to produce a coni 
bination class A and class B sound record on said 
lm, said variations being proportional to the 

respective amplitudes of said signal. 
3. In combination, a source of light, means for 

producing a plurality of light beams from Said 
source of light, means for forming a light de 
fining slit, means intermediate said beam pro 
ducing means and said slit forming means for 
vibrating said beams transversely of said slit in 
accordance with a signal, and a film upon which 
the emergent light beams from said slit are pro 
jected, said light beams having sizes, shapes and 
variations in intensity such that for amplitudes. 
of vibration up to a predetermined point, said 
emergent beams produce a push-pull class A 
track of one density upon said film, and for an 
plitudes of vibration above said predetermined 
point, said emergent light beams produce a corn 
bination class A-class B track having a plurality 
of densities upon said film, the variations in Said 
light beams corresponding in a linear manner to 
all the amplitudes of said signal. 

4. In a sound recording system, means for pro 
0 ducing a plurality of light beams, means for pro: 

jecting said beams upon an elongated slit, a film 
having a motion transversely of said slit, and 
means for vibrating said light beams in the di 
rection of movement of said film, said light 
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beams having a shape and variation in intensity 
and so positioned with respect to said slit that 
parallel beams of one intensity are projected si 
multaneously on said film for vibrations of Said 
beams up to a predetermined amplitude of vibra 
tion, and separate beams of a different intensity 
are projected at mutually exclusive intervals on 
said film for amplitudes above said predeter 
mined amplitude of vibration, the amount and 
intensity of said beams impinging upon said film 
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being proportional at all times to a signal being 
recorded. 

5. In a sound recording system, a source of 
light, a mask for producing spatially disposed 
light beams, and a mask having an elongated slit 
therein upon which said beams are projected, 
said first mentioned mask having spatially dis 

2,284,731 
above a certain level as combination class A and 
class B, all of said amplitudes corresponding to 
the respective amplitudes of a recorded signal. 

posed apertures therein with overlapping por 
tions with respect to different portions of said 
slit, said overlapping portions containing a filter 
for decreasing the light intensity of certain re 
spective portions of said beams. 

6. A light defining mask having a pair of sub 
stantially triangular-shaped apertures therein 
horizontally disposed with respect to one another, 
and oppositely opposed vertically, the width of 
said apertures in a vertical direction increasing 
in a predetermined proportion over a certain 
length and varying in a different proportion over 
the remainder of their length, one portion of 
each aperture containing a neutral light filter. 

7. A light defining mask in accordance with 
claim 6 in which the change in width of the re 
maining length of said apertures varies in ac 
cordance with the density value of said filters. 

8. A film sound track having two substantially 
parallel continuous traces of a certain density 
extending longitudinally of the film for signal 
amplitudes below a certain predetermined am 
plitude level, and having two substantially par 
allel discontinuous traces of different densities 
for amplitudes above said certain predetermined 
level. 

9. A push-pull film sound track having traces, 
each trace containing continuous modulations of 
one density for amplitudes below a predeter 
mined level, and each trace containing discon 
tinuous modulations of a plurality of densities 
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12. In a sound recording system, the method 
of producing a combination class A and class B 
sound record comprising recording at one light 
intensity signals below a certain predetermined 
level as pure class A signals, and recording at Said 
one light intensity and another light intensity all 
amplitudes of said signals above said certain level 
as combination class A and class B, all recorded 
amplitudes corresponding in a linear manner to 
all amplitudes of Said signals. 

13. In a sound recording system, the method 
of recording a sound track which comprises re 
cording amplitudes within a certain range at one 
light intensity, and amplitudes within another 
range as a combination of Said one light intensity 
and another light intensity, all of Said ampli 
tudies corresponding to the respective amplitudes 
of a recorded signal. 

14. In a push-pull sound-recording System, the 
method of recording a combination class A and 
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for amplitudes above said level, all of said mod 
ulations being proportional to the amplitudes of 
a recorded signal. 

10. A sound track having parallel traces for all 
amplitudes of signal, the modulations being of 
a certain density and continuous in at least one 
of said traces for amplitudes below a predeter 
mined point, and of a plurality of densities and 
discontinuous in both of said traces for ampli 
tudes above said point, all of said modulations 
corresponding to the respective amplitudes of the 
recorded signal. 

11. In a sound recording system, the method 
of recording a sound track which comprises re 
cording at a definite light intensity amplitudes 
below a certain level as class A, and recording 
at a plurality of light intensities amplitudes 
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class B sound track comprising simultaneously 
varying the lengths of spatially disposed light 
beams such that the decrease in length of One 
beam is proportional to the increase in length 
of the other of said beams for signals up to a 
predetermined amplitude, said beams having a 
certain predetermined light intensity, and for 
signals above said predetermined amplitude, said 
light beams having a different intensity, the vari 
ations in the length of each of said beams being 
at a rate in accordance with the difference in the 
intensities of said beams. 

15. A push-pull variable area sound recording 
system in accordance with claim 14 in which the 
variations in the length of said light beams for a 
signal having amplitudes above said predeter 
mined amplitude occurs at mutually exclusive 
time intervais. 

16. A sound track having a plurality of traces, 
at least one of which has a constant density and 
contains the complete variations of a recorded 
signal for amplitudes below a predetermined am 
plitude value, said trace having a plurality of 
densities and containing only a portion of the 
variations of Said recorded signal for amplitudes 
above said predetermined amplitude value, the 
remaining portion of said variations of Said re 
corded signal within the amplitude range above 
said predetermined amplitude value being con 
tained in said other trace or traces and having a 
plurality of densities. 

IRL. R. GOSHAW. 


