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SOUND REPRODUCING APPARATUS 
Leon Dewan, New York, N. Y., assignor of fifty 
per cent to George H. Callaghan, New York, 
N. Y. 

Original application January 26, 1935, Serial No. 
3,635, now Patent No. 2,165,236, dated July 11, 
1939, Divided and this application August 19, 
1938, Serial No. 225,689 

(Cl. 179-100.3) 7 Claims. 
This application is a division of the applica 

tion ffiled January 26, 1935, Serial No. 3,635, now 
Patent No. 2,165,236, of July 11, 1939. 
This invention relates to improvementS in 

sound reproducing apparatuS, one object of the 
invention being the provision of means coor 
dinated with the present type of photoelectric 
cell sound reproducing apparatus and its ampli 
fying means to be actuated by the sound track 
control light beam, so that the effect therefrom is 
fed into the input of the photoelectric cell ampli 
fier to produce an effect which tends to and does 
improve the sound from any particular sound 
track, and particularly , where such track is 
Scratched and/or dirty. 
Another object of this invention is the provi 

sion of a device of this character which is readily 
attached to sound reproducing apparatus as an 
adjunct thereto, and without in any way affecting 
the present apparatus. , • 

Still another object of this invention is the pro 
vision of an apparat US and a method, Whereby 
are formed a plurality of superimposed laterally 
displaced images of the sound track so that the 
light of the images interfere and thus iron out as 
it were the irregularities in the sound track due 
to Scratches and/or dirt thereon. 

In the accompanying drawing: 
Figure 1 is a diagramatic view of a complete 

Sound reproducing apparatus with this invention 
ShoWin therein. 

Figure 2 is a diagram illustrating the effect 
produced with the apparatus as shown in Fig 
ure l. 

Figures 3 and 4 are diagrams illustrating mirror 
combinations to produce a like effect to that as 
shown , in Figure 1. 

Referring to the drawing, the numeral 98 desig 
nates generally an exciter lamp used in the sound 
reproducing apparatuS, and its beam is projected 
through the open mask 18*, upon the concaved 
mirror f 03, having a central opening, through 
which the reflected beam upon the semi-spherical 
mirror 04 directs the beam through such open 
1Ing on to the sound track of the film. 02. This 
combination of concave and convex mirrors serves 
the purpose of an objective lens to concentrate 
a fine light slit on the sound track. . The beam 
after being affected by the track is then passed 
through an aperture 07 in the second mask 06 
and through the lens I l 5 on to the photoelectric 
cell. 05. "This cell is connected to the input of the 
photoelectric: cell amplifier 22, Which in turn is 
connected to the power amplifier 23, and úto the 
loud speakers (not shown). This part may be of 

usual construction and similar to that now used 
in general practice, 

In order that a Sound track, which in usage be 
comes Scratched and soiled, may be used and the 
Scratch or ground noise to a great extent elimi 
nated in the final sound reproduction, a part of 
the light after passing through the sound track 
portion of the film Ils caused to form an image that 
affects a Separate photoelectric cell 20. This 
Iatter cell is in the nature of a neutralizing or 
compensating means which being affected only 
by the ground noise and not by the sound in the 
track Will act in Such manner that when dust 
Spots Or scratches are present on the sound track 
their effect on the cell 05 will be eliminated 
Without affecting the Sound, per se. 
A mirror i 6, which is formed in two parts dis 

posed at a Small angle relative to each other, is 
positioned in the path of the light beam after its 
passage through the sound track to divert light 
therefrom and form two images f í7, displaced 
from each Or relative to each other on the mask 

8, having a slit il 9, covered with ground glass. 
Behind this maSk is positioned the photoelectric 
cell 20, whose amplifier 2, is so coupled through 
the grid of the first relay of the amplifier 22, 
that the two photoelectric cells 05 and 20 act 
Similarly or in unison on the amplifier i 23, ex 
cept that the effect of the cell 20 is greater for 
an equal amount of light excitation by virtue of 
the amplifier i 2 ?. 
A monochromatic filter i 24 is placed to filter 

the light beam, in advance of the mirror A 16, so 
as to cause light of only one color to pass, red for 
example, so ?hat the two images thus formed may 
be disposed as illustrated in Figure 2. It is as 
sumed that a variable density track is being re 
produced and the two images i 7 of an oblong 
slit-like portion of the track are projected upon 
the slit i f 9. It is also assumed that two spots f 25 
and 126 have just appeared on the slit as the 
sound track moves by. The relative position of 
the two parts of the mirror il d6 is such that not 
only are the two images i 7 displaced from each 
other laterally to an extent equal to the average . 
diameter of the larger spots that usually occur 
in the Sound track, but are also very slightly dis 
placed in a direction at right angles to the other 
direction, so that fairly broad interference bands 
Rre produced, preferably parallel to the slit I l 9. 
This slit i 19 is made to lie in one of the dark 
bands. where the two beams forming the images 
7 totally interfere. Where there are no spots on 

the Sound track the slit i 19 is in darkness, re 
gardless of the light variations due to recorded 
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sound, since both beams of the images i T inter 
fere whether they are strong or weak, since they 
remain of equal intensity. If the Spot i 25 ap 
pears in the sound track and consequently in the 
images i f7, the two areas formed by the Spot 125, 
due to the displacement of the images i 7, Will 
each receive light from the luminous portions of 
each other’s image, and since light from, only one 
image is present in each area formed by the spot, 
there will no longer be interference in these areas 
and visible light results therein. The result of 
this, is that whenever a dark Spot appears in the 
Sound track, the tendency towards a temporary 
diminution of the output of the amplifier 23, 
caused by the dark spot is compensated for by 
the Simultaneous appearance at the phot0electric 
cell 20 of light caused by this Same dark Spot. 
No sound variations are transmitted from the 

photoelectric cell 20, due to the fact as before 
described of equal intensity of the images il 7, 
when the sound track is uniform. Only disuni 
formity, such as spots, dust, etc., appear luminous 
through the slit il 9, and cause the photoelectric 
cell 20 to neutralize the effect of these irregulari 
ties upon the amplifier 23. 

If desired, the images i 7 may be enlarged, 
either by means of having the mirror il 6 be 
slightly convex, and therefore divergent, or by 
having a special lens or mirror to produce the 
images í 7 at a longer distance therefrom. An 
astigmatic or cylindrical mirror Or lenS may also 
be introduced in the optical System, in Order t0 
greatly enilarge the images i 7 in the direction 
of the width of the slit il 9. More than one slit 
may be used, each slit being placed where a dark 
band of the interference pattern falls. If desired, 
the light from the sound track may reach the 
photoelectric cell 05 directly, without an image 
thereof being formed, and means may be em 
ployed for diverting a part of the light for the 
compensating or neutralizing photoelectric cell 
and forming the enlarged image required there 
fOr. 

In Figure 3 is ShoWin Such an arrangement, 
wherein a lens i 27, made in two parts 28 and 
i 29, forms the required image With an interfer 
ence pattern. The formation of the tWo image:S 
is accomplished by displacement of the two halves 
of the lens at right angles to the plane of the 
drawing, and the interference pattern is pro 
duced either by separation of the two halves or 
by having one of the halves slightly thicker than 
the other, in which case the two halves should 
be at a slightly unequal distance from the mask 

8, so that the tWo imageS produced Shall both 
be perfectly focussed thereon. The lens i 27 may 
be astigmatic in order to produce the broaden 
ing effect on the images i 7 as already described. 

If desired, a concave mirror may be used to 
produce the same results as lens 27. This is 
shown in Figure 4, where a concave mirror 30 
is composed of two halves displaced in two di 
rections. For example, the two halves may be 
at an angle with each other to produce the dis 
placement Which causes any spots On the Sound 
track to appear double by means of the image 
formed by the mirror, and may be at Slightly un 
equal distances from the mask li i 8 to. produce 
the interference pattern. The interference pat 
tern may also be produced in this case by Slightly 
rotating the two halves on an a Xis passing cen 
trally through the mirror at right angles to the 
split. In the use of either the mirror 130, the 
lens 27, or the mirror il 6, the images produced 

2,207,722 
thereby may be displaced laterally without caus 
ing any effect on the interference pattern. 
This may be done in the case of the mirrors 

i 6 or 130 for example, by providing a sufficient 
distance between the two halves thereof. 

Instead of a lens such - as 27, or- a Spherical 
concave mirror to produce the image or images 
of the sound track upon the screen i 18, a cylin 
dirical lens or mirror may be used if desired in 
such manner that an image of the "sound track 
is produced on the screen i fi 8 only in the lateral 
plane while the light in the longitudinal plane 
is allowed to diverge from the sound track and 
fall on the Screen i 18. The formation Of the 
two images of the sound track to produce double 
images of the sound track irregularities laterally 
displaced may in this case be produced by caus 
ing the cylindrical lens or mirror used to be split 
with its halves at an angle in the lateral plane 
or by using a two-part reflector or refractor 
whose parts are also at a slight angle in the lat 
eral plane. The rays diverging from the SOund 
track in the : longitudinal plane without being 
acted upon by the cylindrical lens mentioned may 
be caused to produce lateral interference bands 
parallel to the slit in the screen by dividing the 
beam into two portions and causing an overlap 
ping thereof by means of a two-part plane re 
flector whose parts are at a Slight angle in the 
longitudinal plane or by means of a suitable re 
fractor similarly used. If desired the divergence 
of the beam from the sound track in the longi 
tudinal plane can be somewhat modified and de 
creased by means of a cylindrical lens Whose axis 
is in the lateral plane to cause the light rays to 
be less divergent longitudinally, and the beam 
divided into two halves at an angle in the longi 
tudinal plane to produce overlapping areas on 
the screen i 18. , One of the halves may be re 
tarded in light speed to an extent of suitable 
relation to the wave length of light used, to pro 
duce the width of interference band desired, by 
means of a plane transparent medium interposed 
in the beam path, or by having one-half of the 
cylindrical lens which modifies the beam in the 
longitudinal plane be thicker thàn the other half. 
It is possible in this feature to produce more than 
two laterally displaced images of the sound track 
in order to produce a more uniform effect and 
take care of the various sizes of irregularities. 
Where variable area SOUnd track is being re 

produced, the images I IT on the slit | 9 will vary 
in length simultaneously in accordance with the 
sound waves though this Would not cause sound 
variations to affect the cell 20, due to the inter 
ference conditions i described. The slit i 9, 
and/or any other Slits covered by the i images 

7 are placed in the Very i darkest portion of 
the dark bands of the interference pattern. If 
the images i T are the result of a straight mar 
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60 row analyzing aperture of the sound track, then, 
in cases Where curVed interference bands are pro 
duced, the slit i 19 may be curved in conformity 
therewith since in that case the sound track 
will have been analyzed by the aperture men 
tioned rather than the slit º l i 9. . 
From the foregoing description taken in con 

junction with the diraWing, the operation of the 
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present invention: and its modifications will be 
fully understood and its manifold advantages be 
fully appreciated, when it can be seen that with 
a soiled, spotted or scratched sound track, good 
sound can be produced, - by... the simple addition 
to the present sound reproducing apparatus of 
this neutralizing means. - - - - - - ~- - - 
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What is claimed is: M 
1. The method in reproducing SÓLind i on film 

consisting in scanning the sound track, simul- . 
taneously selecting. : ground i noise componentS 
from the scanned sound track by projecting the 
sound track in Such a manner. that Sound WaVe 
images are decreased in visibility relative to 
ground noise images in the sound track and 
photoelectrically translating the scanning of the 
selected ground noise components, and applying 
said selected ground noise components simul 
taneously with the main sound effects to produce 
a compensatory action whereby the effect of the 
original º ground noise upon the final. Sound re 
production is neutralized. 

2. The combination with a sound on film re producing apparatus including a film progressing 
mechanism, an exciter lamp, a photoelectric cell, . 
and an amplifying system controlled by the cell, 
of neutralizing means consisting of means for 
projecting the scanning light passing through the 
track and for decreasing the visibility of sound 
waves relative to the extraneous interference car 
ried by said track, and means for applying the 
modulations of the extraneous interference i Se 
lected thereby to the amplifying system whereby 
the effect of Said extraneous interference car 
ried by the sound track is neutralized and re 
duced in the final reproduction of the Sound in 
the system. 

3. The combination as claimed in claim 2 

Wherein the neutralizing means includes an aux 
iliary photoelectric cell the output of which is 
connected to the amplifying System. 

4. The combination as claimed in claim 2, 
wherein the neutralizing means includes a light 
deflecting means disposed in the light beam after 
it has passed through the sound track of the film, 
and an auxiliary photoelectric cell the output of 
which is connected to the amplifying System and 
which is in the path of the light after Striking 
the light deflecting means. M 

5. The combination as claimed in i claim 2, 

0 

Wherein the neutralizing means - includes a light 
deflecting means disposed in the light beam 
after it has passed through the sound track of 
the film, an auxiliary photoelectric cell the out 
put of which is connected to the amplifying sys 
tem and which is in the path of the light after 
striking the light deflecting means, and a mask 
interposed, between the cell and the light deflect 
ing means to limit the light eXposure upon the 
Cell. M 

6. The combination as claimed in claim 2 
wherein the neutralizing means includes means 
for producing light Wave interference. 

7. The combination as claimed in claim. 2 
wherein the neutralizing means includes means 
for producing a plurality of displaced super im 
posed images of the sound track. 
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