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22 Claims, 
The present invention relates broadly to the art 

of recording Sound upon light sensitive material 
and the reproduction of sound therefrom by 
photo-electrical means, but it will be readily un 
derstood that it may be applied to many other 
uses. Our invention more particularly includes 
the method and means for the production of 
duplicate Sound records, or positive prints, from 
a master record or negative, whether or not such 
SOund records are combined Or to be combined 
upon the Same film with pictures or used inde 
pendently thereof or Synchronously therewith. 
The present application is a division from our 

co-pending application, Serial Number 315,761, 
filed October 29, 1928, now Patent No. 1928,392, 
September 26, 1933. 
Aprimary object of our invention is the printing 

upon films from which sound is to be reproduced, 
of lines or masses which are so clear and distinct, 
and each portion of which is of such uniform 
density, that Sound waves reproduced from them 
Will be clear, distinct and true. 
Another object of our invention is to make pos 

sible the reproduction of photographic images in 
lines or mass formations, representing sounds, 
which photographic images may be materially 
Smaller than Such as now are common in the 
art. We are able by such means to make use of 
many more Sound images or tone symbols in a 
given length of film, greatly increasing its tonal 
time equivalent and range and consequently also 
greatly augmenting the effectiveness, in a given 
time period, of combined sound and picture repro 
duction. Moreover, our invention has particular 
usefulness in connection with the printing of films 
for motion picture and phonograph apparatus 
which employs films of 16 millimeters or 9 milli 
meters in width or of some other size primarily 
designed for home use and which are of less than 
the so-called theatrical standard of 35 millimeters 
width, whether such films be directly reproduced 
from negative films of the same size, or repro 
duced by Optical reduction from so-called stand 
ard negatives of 35 millimeters width. Obviously 
upon such Smaller films, which, because of econ 
ony and other commercial conditions, are now 
well established for domestic use, the area which 
is available for the Sound image is very much 
reduced. As a consequence the difficulties which 
have arisen from ill defined photographic images, 
representing Sound impulses, when these are im 
printed upon 35 millimeter film, have been great 
ly exaggerated when Such images have been corre 
Spondingly reduced in size for use upon 16 milli 
meter or other so-called sub-standard film, Our 

(Cl. 95-75) 
invention makes it possible to reproduce upon 16 
millimeter film, for example, as clear and accurate 
sound images as those which previously have 
been secured upon 35 millimeter film, and applies 
with corresponding effect to film of even Smaller 
dimensions. 
A principal object of our invention is the re 

production of duplicate copies or prints of con 
bined sound and picture films in which the pic 
ture record is printed in accordance with the 
photographic requirements of the picture and the 
sound record is printed in accordance with the 
photographic requirements of the sound record, 
thus making it possible in a single operation, for 
example, to print the pictorial portion very soft 
and with a minimum of contrast and the Sound 
portion very hard and with a maximum of con 
trast. It will be readily understood that our 
method of printing may be applied in the duplica 
tion of the sound record alone, or of a combined 
sound and pictorial film. 
A further object of our invention is the treat 

ment of the latent sound image by Such chemical 
and physical means, chosen with due regard to 
the means and methods which had been employed 
to implant the latent image and the characteris 
tics of the particular photo-sensitive material 
employed, as will retain in the stable and com 
pleted positive sound image the quality imparted 
by Such previous Steps in the process. 
Other objects, advantages and chartacteristics 

of our invention are apparent from the following 
description, the attached drawings and the Sub 
joined claims. Although we are showing One pre 
ferred embodiment of each of the several phases 
of our invention, it will be readily understood 
that we are not limited to these particular con 
structions and processes as changes can be readily 
made without departing from the spirit of the 
invention or the scope of our broader claims. 
In the drawings: 
Figure 1 is a diagrammatic representation of 

diffraction occurring aS light paSSes through an 
aperture, physical or optical, greatly exaggerated 
for the purposes of clarity. 

Figure 2 is a diagrammatic section along the 
surface II-II of the film 5 of Figure 1. 

Figure 3 Shows our invention applied to a film. 
printing machine With Separate gates for the 
pictorial and Sound images, severally. 

Figure 4 is a diagrammatic representation of 
the aperture plates of Such gates. 

Figure 5 shows a printer with a common gate, 
for both Series of images, used in the practice 
Of Our invention. 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 



O 

15 

20 

25 

30 

35 

40 

50 

55 

60 

75 

2 
Figure 6 is a diagrammatic representation of 

the aperture plate and filter which we may use 
in Such a gate. 

Figure 7 Shows our invention applied to an 
optical reduction printer with separate gates, and 
Figure 8 to a similar printer with a common 
gate. 

Figure 9 shows means employed by us to main 
tain a light source at a constant temperature and 
point of incandescence. 

Figures 10 and 11 show the Sound record por 
tions of photographic films, according to the 
variable density and variable area Systems re 
Spectively. 

Figure 12 shows diagrammatically the combi 
nation of the lamp house of Figure 9 with the 
printer of Figure 3, the light being shown as 
projected as parallel light. 
In Figure l and many of the following draw 

ings, for convenience we show the light as a 
straight line such as . It will be understood 
that, except as definitely stated, We do not limit 
Ourselves to an optical system of any particular 
nature. The light may be projected, by any suit 
able optical Systern, in the form of parallel, di 
vergent or convergent light. 
Throughout the drawings and specifications, 

like characters apply to like parts. 
In carrying out our invention, we employ light 

of a pre-determined wave length. We select light 
of that particular rate of vibration which has the 
photographic qualities which are desirable for 
the particular result which is to be obtained. For 
example, when we Select light from the visible 
Spectrum, We employ monochromatic light of a 
selected color or wave length, for the duplica 
tion of the photographic image representing the 
sound Wave. 
From among the many photographic emulsions 

which are available, we are not compelled to 
choose in accordance with the limiting require. 
ments of white light but are enabled to use the 
photographic emulsion which is best suited to the 
requirements of the particular conditions then 
applying and to employ in each instance that par 
ticular form of light which will be best Suited 
to the particular enulsion deemed most Suitable. 
We select the developer for the latent image so 

implanted upon the selected emulsion by use of 
light of a selected Wave length with due regard 
both to the particular characteristics of the par 
ticular emulsion and its reactions to the Selected 
wave length and also to the peculiar demands 
of that portion of the film bearing the pictorial 
image as well as of that portion of the film bear 
ing the Sound image, in case both images are inn 
planted upon the same strip. Thus it will be seen 
that we choose that particular combination of 
light, ennulision, and developer which Will result 
in the most satisfactory duplication of sould 
and pictorial images under the given conditions. 

In present common practice, polychromatic 
light, ordinarily Spoken of as Willite light, is eli 
ployed in apparatus using visible light for the 
duplication or printing of the fillins upon which 
images representing Sound are recorded. Even 
with the use of a, better photographic technique 
than is now commcil, polychromatic light Would 
still cause many of the difficulties to which refer 
ence has already been had and Will later be made. 

Figure 1 illustrates in a much exaggerated form 
the edge diffraction which is caused by passing 
polychromatic light through any Small aperture, 
whether the physical aperture Of a Slot or the 
optical or photographic aperture which is dis 
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cussed below, or over any optically sharp edge. 
The degree of diffraction which results from paSS 
ing white light over any edge is directly propor 
tioned to the lengths of the several waves which 
make up the light. Thus the rays of the longer 
Wave lengths are diffracted to a greater extent 
than are those which are of lesser amplitude. 
In Figure 1, represents a beam of polychromatic 
light of which 2 is the axis. 
In this and some of the following drawings, for 

convenience we show the light as a Straight line. 
This light in passing through the opening 3 in 
the relatively opaque substance 4 is diffracted 
in accordance With the Wave lengths of its con 
ponent parts. Thus the infra-red rays 6 and 6' 
show the maximum diffraction, the visible red 
rays 7 and 7 the next largest degree of diffrac 
tion, the yellow rays 8 and 8' a lesser diffraction, 
the blue rays 9 and 9 the least amount of diffrac 
tion of the visible rays and the ultra violet rays 
f0 and 0 the least diffraction, the degree of 
diffraction of the Sub-primary colors not being 
ShOWn. 
As these rays of varying wave lengths fall upon 

the film 5, as is illustrated in Figure 2 of the 
drawings, in a form exaggerated for clarity, there 
are transverse bands of the light Sensitive emu 
Sion which are subjected to rays of different co 
ors. Every light sensitive emulsion has varying 
degrees of Sensitivity to different colors. As a 
result of such varying sensitivity, while the poi'- 
tion of the emulsion between the lines and f' 
is acted upon with approximate uniformity by 
the white light, the bands from 0 and O' to 6 
and 6', both inclusive, are acted upon in degrees 
varying according to the sensitivity to color of the 
particular photographic emulsion which is being 
used at the time. As a result all portions of the 
entire exposed emulsion lying between and 6 
and f' and 6' respectively are lacking in uni 
form photographic density, the portion between 

and being more nearly uniform. In other 
words, the outline being formed is not clear and 
straight. It is in effect ragged and “muddy.' 
AS a result, When a photographic in age which is 
bounded by such an edge is used to actuate a 
photo-electric cell in the reproduction of sound, 
what the auditor hears is likewise unclear, 
“muddy' and blurred. It will be readily recog 
nized that any blurring of a photographic image 
caused by Such diffraction Will result in a cor 
responding blurring of the Sound which is repro 
duced therefron. 
We have found that much of the difficulty in 

the past blamed generally upon 'diffusion,' dif 
fraction,' and even photographic 'grain,' is in 
reality due to the lack of a correct photographic 
definition caused by fringing colors, which in 
turn are the result of diffraction as stated above. 
The aperture to which reference is made above 

may be the conventional slot used in certain 
types of printers or it may be the optical aperture 
formed by the very image which is being repro 
duced AS will readily be seen by reference to 
Figure 10, the lines which make up the sound im 
ages according to the variable density system 
themselves form edged slots of extremely small 
width which in themselves create difficulties iden 
tic with or similar to those Created by an aper 
ture physically formed in metal through which 
light is passed. Similarly, the masses which 
make up the variable density Sound record, as ill 
lustrated in Figure 11, are bounded by numerous, 
minutely-spaced edges which likewise cause dif 
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fraction, with its train of difficulties, when Sub 
jected to the printing light. 

Figures 3 to 8 inclusive illustrate diagrammati 
cally the application of our invention to printing 
or duplicating apparatus in such manner that 
the difficulties to which attention is directed above 
are minimized. 
The negative film 3 and the positive film 4 

may be fed in any manner well known in the 
art as through the two Separate printing gates 
5 and S. The portion of the film which bears 

the pictorial representation f7 is exposed in the 
usual manner in the gate 5. The intensity of the 
light source 8 is varied in any well known in al 
ner by the light control unit which is diagran 
matically represented as 9. Thus, as is conn 
mon in motion picture printing, due allowance is 
made for under-exposed and over-exposed Scenes. 
The light 20 from the source 8 strikes the aper 
ture plate 2, as is clearly shown in Figure 4 of 
the dra WingS, and passes through the aperture 
22 which restricts the area of exposure to the 
pictorial portion of the film and completely 
masks the sound record portion showin as 23. 
In the gate 6 is an aperture plate 24 with an 

opening 25 which is carefully restricted to the 
area, 23 of the Sound recording portion of the 
film. The light 26 from the source 27 passes 
through the filter 28 and illuminates this aper 
ture and effects the necessary exposure. The 
filter 28 may be of any desired characteristics. 
The exact filter to be used will depend upon 

the photographic characteristics of the emulsion 
selected for the positive film. It will be readily 
understood that With the use of any monochro 
natic light all of the area of the film which is 
exposed or illuminated at the same instant will 
be of practically uniform density, For example, 
if we elect to employ light of approximately 4000 
Angstrom units, we will use a filter 28 adapted 
to prevent the passage of all light other than 
such as will register between 9 and 9", inclusive, 
as shown in Figures 1 and 2. The image SO 
created upon the film will have sharp demarca 
tion along the lines separating band 9 from band 
8 and band 9 from band 8'. That is, each ill 
luminated or exposed area, will be clearly and 
sharply defined and its photographic edges clear 
ly made. Irrespective of the type of monochro 
matic light enployed, the Sharpness of differ 
entiation Will be increased over Such as obtained 
with polychromatic light and the "raggedness' 
caused by the use of such light largely eliminated. 
It should be noted, however, that the relative 
excellence of the result will depend upon the 
selection of the wave length particularly appro 
priate to the photographic emulsion selected. In 
recent practice, in order to overcome difficulties 
caused by the so-called 'grain' of the emulsion, 
relatively slow emulsion, Such as, for example, 
those of 120 according to the rating of Hurter 
and Driffield, have been recommended for sound 
fins. By the use of photographically active 
Wave lengths, such as for example those in the 
v inity of 4000 Angstrom units, we secure with 
such a slow emulsion in a relatively short period 
of exposure the Sanne results as others Secure in 
a much longer and hence in practical period of 
exposure. 

It will be understood that instead of using rays 
of one Wave length only, we may employ rays of 
a group of related Wave lengths, as the isolation 
of a single wave length of light is extremely diffi 
cult practically. 

For purposes entirely different from those em 
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braced within or pertinent to our invention, it 
has been proposed to employ visible colored 
in ages for use in connection Sound records. We 
do not use colored images as part of or in carrying 
Out our invention, since We do not rely on the 
particular color of the image in carrying out our 
invention. We use What is Ordinarily known as 
a colored light, but the latent images produced 
thereby, when rendered stable and visible by 
development, may be what are known as black 
and White. They have none of the character 
istics, requirements or purposes of colored images 
or photography. It Will therefore be understood 
by those skilled in the art, that our invention 
does not require the use of the Special and ex 
ensive films and apparatus, which have been 

proposed to be used for purposes different from 
our OWin, nor are We limited by the many photo 
graphic and practical difficulties associated with 
the use of So-called colored films, although Our 
invention inay be applied, if desired, to films 
which are printed in colors. When reference in 
this specification or in the claims Which are a 
part hereof is made to 'black-and-white' films, 
it is understood that such terminology is used 
with the meaning common in the motion picture 
art. Such "black-and-White' films may be co 
ored by tinting or toning or any other similar 
proceSS, Whether carried on as Supplementary to 
the regular development and fixing or otherwise. 
Moreover, the term may be used to include films 
which are made upon a base which is colored or 
tinted, provided the emulsion used thereon is one 
of those Ordinarily associated With the naking 
of black-and-white images if used with an ordi 
nary White or gray base. 
The type of printing apparatus which is illus 

trated in Figures 5 and 6 is useful under certain 
conditions, as for instance in printing from dupli 
cate negatives which have already been "timed' 
(that is, in the pictorial parts reduced to a con 
dition of uniforn density). 
We make use cf a common gate 30 for printing 

of both the Sound images 23 and the pictorial 
images 7 at the same time. As is illustrated in 
Figure 6, in the front plate 3 , We may provide 
an aperture 32 sufficiently large to expose both 
images. Into a Suitable holder, Such as the pieces 
of bent metal 33 attached to the plate 3 in any 
suitable manner, the filter 34 covering the por 
tion 23 carrying the Sound innages may be slipped, 
this filter being of any desired characteristics 
as to color and density to produce the monochro 
matic light desired, in cooperation With the par 
ticular negative and With the particular emulsion 
of the positive, to produce the exact photographic 
results which are desired. Thus the constant 
polyclhromatic light illuminates the pictorial por 
tion and Selected rays from the same light Source 
illuminate the Sound-recording portion. 
Our invention is of particular usefulness in 

printing Sound record positive films by the proc 
ess known in the notion picture art as that of 
Optical reduction, aS, for instance, when a nega 
tive of 35 millimeters in width is optically pro 
jected to form a positive of Some smaller size, 
say 16 or 9 millimeters in width. This reduction 
in size together With the consequent increase 
in photographic and other difficulties makes the 
use of nonochromatic light particularly valuable. 
AS is diagrammatically illustrated in Figure 7 

Of the dra Wings, the light 37 may be passed 
through the gate 38, the portion 7 of the stand 
ard Or large Sized negative 3 which bears the 
pictorial image, the optical element 39 which 
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may be a lens of any proper characteristics, 
which reduces the beam of light through the con 
vergence of its rays, and on the positive film 40, 
which is of 16 millimeter or some other desired 
Width, leSS than that of the negative 3, which 
passes through the gate 4. Similarly, the mono 
chromatic light 42 passes through the gate 43, 
the portion 23 of the negative 3 which bears 
the images representing the Sound, the optical 
element 44, and, through convergence of the rays, 
falls upon the positive film 40 in the gate 45, 
imprinting thereon a suitable Smaller innage than 
that of . Or, since duplicate large sized nega 
tives of uniform density are often used as the 
basis for Small-sized positives, the single gate 
device, previously described above, may be used, 
as is diagrammatically illustrated in Figure 8. In 
Such case, the light 47 passes through the gate 
48 and the optical element 49 and converges upon 
the smaller-Sized positive film 40 in the gate 30, 
which may be of the type illustrated in Figure 6 
and previously described. Before reaching the 
Sound-recording portion of the film, however, the 
polychromatic light passes through a filter 34 in 
the plate 3 as is illustrated in Figure 6 and de 
Scribed above. 
According to one preferred embodiment of our 

invention, we employ ultra, violet light instead 
of visible monochromatic light. Ultra violet light 
possesses the advantages which we have stated for 
monochromatic light in the visible spectrum and 
in addition shows less diffraction than any of 
the wave lengths of the visible Spectrum and is 
furthermore extremely active photographically. 
In carrying out Our invention by means of the 
use of ultra violet light, we employ any Suitable 
light source encased in quartz, or a light source 
which will emit visible and ultra violet light un 
der normal atmospheric conditions, such as, for 
example, the electric arc and the so-called Nernst 
lamp. 

Attention is specifically directed to the fact 
that we use ultra violet rays, which are invisi 
ble, to produce a latent image which is later ren 
dered visible and thereafter utilized with visible 
light and in the same manner as images origi 
nally produced by visible light. 

It will of course be understood that while for 
most purposes we prefer concurrently to expose 
the positive film to both the sound and pictorial 
images, each may be exposed Separately. 
To secure improved and stable duplication or 

printing of sound record films, the theoretical 
ly constant light source may be maintained at a 
point which is actually constant, or approxi 
mately constant, as is illustrated, for example, 
in Figure 9 of the drawings. As has been pointed 
out above, one set of difficulties caused by the 
fluctuations of the light sources is removed by 
the use of monochromatic light. A further em 
bodiment of our invention prevents material 
change in light intensity. 
A common cause of change in intensity of the 

theoretically constant light source is found in 
temperature changes which decrease Or increase 
the degree of incandescence of the light ele 
ment. The common expedient of Warning the 
light source by turning on the current in ad 
vance of its use does not meet the difficulties 
caused by later changes in temperature caused 
by conditions which later develop. We have 
found that the opening of a door or Window in 
a room in which apparatus is being used will 
change the visible characteristics of the light. 
The means shown for example in Figure 9 defi 
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nitely controls the heat of the theoretically con 
stant light source. 

In one embodiment of our invention, we may 
place the light source 27, which for example 
may be an incandescent globe of any desired 
type, in a chamber as for example one with dou 
ble walls Such as 50 and 5, if desired, with an 
air Space 52 between them. Fresh air is forced 
into this chamber 52 by a fan 53 rotative upon 
a shaft 54 to which is attached a pulley 55, and 
Such air takes the direction shown by the air 
rows in Figure 9. The pulley 55 may be driven 
in any desired way, not shown. Through the 
Opening 56 past the baffle plate 57 the fresh air 
is directed into the inner lamp chamber. The 
Wall 50 being preferably of a heat conductive 
material, the fresh air, while considerably cool 
er than the body of air in the chamber, is not 
of a temperature sufficiently low to cause a drop 
in the incandescence of the lamp. The heated 
air leaves the chamber through the vent 58 in 
the top, which is protected by baffle plates, not 
shown, as is well known in the projection art, to 
prevent the escape of objectionable light. 
Under Some conditions the fan 53 may be dis 

pensed with, Sufficient circulation of air being 
obtained by the heat generated within the cham 
ber. 

Light is passed from the source 27 through the 
optical element 59 which may form the window, 
as it Were, of the lamp chamber. Such optical 
element may be a plate of plane glass or quartz, 
merely to complete the enclosure of the cham 
ber, or it may be a suitable condensing lens or 
filter. A mirror or other reflecting surface 60 
may be provided. 
In order positively to maintain the lamp 27 

at a given point of incandescence by holding the 
temperature of the chamber at a predetermined 
point, a thermostatic element 6 may be pro 
vided which, through an appropriate electrical 
means, controls the amount of current which is 
permitted to flow into the heating units 62 which 
may be placed within the chamber. 
The thermostatic control of the circuits of the 

heating units 62 may be accomplished in any of 
various well known ways. For example, the ther 
mostatic element 6f may be in circuit with the 
magnetic element 63 which determines the 
movement of the wiper arm 64 so that it places 
more Or less of the resistance 65 in circuit with 
the heating elements 62, thus determining their 
activity. 

It will be understood that we do not limit our 
Selves to this type of control unit and refer to 
it merely for purposes of illustration. 

In order to compensate for changes in in 
can descence of the light source which might be 
brought about by changes in the temperature of 
the lamp chamber, or lamp house as it is gen 
erally termed in the motion picture art, we may 
regulate the amount of current reaching the 
lamp in accordant 2 with the temperature of the 
immediate vicinity of the lamp. Such means 
may be employeu independently of the heat 
maintaining means just described, or in con 
junction therewith. For simplicity, we illus 
trate this phase of our invention in Figure 9, 
which also illustrates such heat maintaining 
le3S. 

A thermostatic element 66 may be provided 
which controls the amount of current which is 
permitted to flow into the light Source 27. As 
is later Set out in further detail, such control is 
exercised within restricted limits. The thermo 
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static control of the circuit Supplying the Source 
27 may be accomplished in any of various well 
known ways. For example, the thermostatic el 
ement 66 may be in circuit With the magnetic 
element 67 which determines the movement of 
the wiper arm 68 so that it places more or less of 
the resistance 69 in circuit with the light source 
2. The range within which the current reach 
ing the lamp is permitted So to fluctuate is very 
Small. When a light Source, particularly an in 
candescent light source, is operated reasonably 
near its point of optical efficiency, a relatively 
small fluctuation in the current reaching Such 
source will have relatively great effect in the in 
tensity of its light output. It will be under 
stood that since unifornity and not intensity is 
desired, it is preferable to burn the lamp at a 
point well below that at which injury to the 
filament is likely. We prefer that the maximum 
current permitted to reach the lamp by the re 
sistance 69 be sufficiently restricted so that even 
when the filament is cold such maximum cur 
rent Will not be dangerous to the life of the fila 
ment. 
As an additional Safeguard, to prevent over 

loading of the circuit Supplying the light Source, 
We may place in Such circuit an automatic cir 
cuit breaker, (), or other Similar device, or the 
light Source 2 may be fed direct from a battery 
or the like. This control element Will positive 
ly prevent any amount of current, over the pre 
determined maximum, reaching the light source 
27. 
In those cases in which the heating elements 

and the means for the control of the circuit of 
the light Source are jointly used, it will be read 
ily understood that the usefulness of the latter 
means generally Will be greater in the early 
Stages of any period of operation. After the 
temperature of the lamp chambel has been 
brought to the desired point, it will generally be 
So maintained by the heating elements alone. 

It Will be readily understood by those skilled 
in the art that the joint operation of these two 
means involves no conflict. From the time of 
beginning operation until the temperature of 
the lamp chamber reaches the predetermined 
point, the thermostatic element 6 will operate 
gradually to increase the amount of resistance 
65 in circuit with the heating elements 62 and 
So render then leSS and less active. From that 
point onwardly, the fluctuations of current in the 
circuit feeding the heating elements 62 will be 
Such as are necessary to maintain that prede 
termined point of temperature. It is under 
stood that the ventilating device such as here 
tofore described when the heating units 62 are 
entirely inactive will prevent the temperature of 
the chamber from reaching a point higher than 
the predetermined point. 
When operations begin, all resistance 69 will 

be out of the circuit feeding the light 27, it if 
desired being protected agail.st overloading as by 
the element 70. AS the temperature of the cham 
ber increases, the amount uf Such resistance 69 
in circuit with the light Source 27 gradually in 
creases until the entire amount is in circuit When 
the temperature reaches the predetermined point. 
Should such temperature rise Still further, as is 
not contemplated OWing to the above-described 
ventilating System, there Would be no change in 
the amount of such resistance 69 in circuit. 
Should such temperature fall, the amount of re 
sistance 69 would be decreased until the light 
source 27 receives the entire amount of current 
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delivered from the line as through the protective 
device 70. The range of the resistance 69, it will 
be understood, is carefully limited in accordance 
with the closely limited range in Which current 
fluctuations occur. 

If desired, the above described device may be 
used with the light Source Which prints the pic 
torial portion of the film, Such device being par 
ticularly useful in connection With the use of a 
duplicate negative which has already been 
"timed,' although capable of useful combinaion 
With an automatic Ol' other light regulating de 
vice Such as is commonly used in motion picture 
printing. 

It will thus be apparent that the method and 
construction above described provide extremely 
simple means for the faithful and pleasing dupli 
cation of films, particularly SOund records of the 
film phonograph or "talking movie' type. 
Other advantages have been referred to 

throughout the Specification from which it be 
comes apparent that different embodiments of 
the invention may be made Within the Scope of 
the inventive disclosure hereof. 
We clain: 
1. A method for printing from a negative sound 

record to a positive which consists of moving a 
negative and a positive in cooperative and over 
lying relation and passing monochromatic light 
through said negative and upon said positive. 

2. The method of printing films which com 
prises providing a negative film bearing there 
upon imageS representing Sound, passing mono 
chromatic light through such images and upon 
a light Sensitive film thereby securing latent 
images the boundaries of which are clear and 
distinct owing to the absence of diffraction or 
chromatic dispersion and rendering the latent 
images so produced stable and visible. 

3. The method of printing films which com 
prises providing a negative film bearing there 
upon black-and-White images representing Sound, 
Continuously passing monochromatic light of sub 
stantially constant color characteristics through 
Such images and upon a light sensitive film there 
by Securing latent innages the boundaries of 
Which are clear and distinct owing to the absence 
of diffraction or chromatic dispersion, and ren 
dering the latent images SO produced stable and 
visible in the form of black and White visible 
imageS. 

4. A method for printing from a negative sound 
record to a positive which consistS of moving a 
negative and a positive in cooperative and over 
lying relation and passing light of relatively short 
Wave length through said negative and upon said 
positive. 

5. The method of printing films which con 
prises providing a negative film bearing there 
upon imageS representing Sound, passing light of 
approximately 4000 Angstrom units through such 
images and upon a light Sensitive film, and ren 
dering the latent images so produced stable and 
visible. 

6. The method of printing films which com 
prises providing a negative film bearing there. 
upon imageS representing Sound, passing light 
which consists substantially entirely of ultra vio 
let rays through such images and upon a light 
Sensitive film, and rendering the latent images so 
produced stable and visible. 

7. The method of printing films which com 
prises providing a negative film bearing thereupon 
black-and-white images representing Sound, pass 
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6 
ing light of approximately 4000 Angstrom units 
through Such imageS and upon a light sensitive 
film, and reindering the latent images so produced 
Stable and Visible in the form of black and White 
visible imageS. 

8. The method of printing films which com 
prises providing a negative film bearing there 
upon black-and-White images representing sound, 
passing light which consists Substantially entirely 
of ultra violet rays through Such images and upon 
a light Sensitive film, and rendering the latent 
imageS SO produced Stable and visible in the form 
of black and White visible inages. 

9. The method of making a photographic print 
of a film upon which appear Small and contiguous 
images representing Sound and pictorial images 
which consists of passing monochromatic light 
through said Sound imageS and upon a predeter 
mined portion of a light SenSitive film thereby 
Securing images the boundaries of Which are rela 
tively clear and distinct and passing polychro 
matic light through said pictorial images and 
upon another predetermined portion of Said light 
Sensitive film. 

10. The method of printing films which com 
prises concurrently passing polychromatic light 
through a portion of a film which portion bears 
stable pictorial images thereupon and upcn one 
portion of a light sensitive film and passing mono 
chromatic light through another portion of said 
first mentioned film which portion bears stable 
images representing Sound thereupon and upon 
a portion of said second film other than such first 
mentioned portion thereof and concurrently ren 
dering stable and visible the latent images so 
produced upon both of Such portions of Said Sec 
ond mentioned film. 

11. The method of duplicating a film bearing 
thereon pictorial images and images representing 
Sound Which compriseS paSSing polychromatic 
light through Such pictorial images and mono 
chromatic light through such Sound images and 
upon different portions of a light sensitive film 
thereby creating latent inages, maintaining Said 
monochromatic light relatively constant through 
Out the printing Operation, and thereafter ren 
dering said latent images stable and visible. 

12. The method of printing films which com 
prises passing polychroninatic light through one 
portion of a film bearing stable images thereupon 
and upon one portion of a light sensitive film, 
varying the actinic effectiveness of said light in 
accordance with the pictorial requirements of the 
Successive pictorial images thereby producing 
latent images of maximum and consistent picto 
rial effectiveneSS, and passing monochromatic 
light through another portion of Said first men 
tioned film bearing stable images thereupon and 
upon another portion of Said Second mentioned 
film maintaining Said monochromatic light sub 
stantially COnstant, Said monochromatic light 
producing a Series of Sound images the boundaries 
of which are clear" and distinct owing to the ab 
sence of diffraction. Ol' chi'Omatic diffusion, and 
concurrently rendering stable and visible the 
latent imageS SO produced upon both such por 
tions of said Second mentioned film. 

13. The method of printing films which com 
prises concurrently passing poiychromatic light 
through one portion of a film which portion 
bears Stabie pictorial images thereupon and upon 
one portion of a light sensitive film and passing 
light of approximately 4000 Angstrom units 
through another portion of said first mentioned 
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film which portion bears stable images represent 
ing Sound thereupon and upon a portion of said 
Second mentioned film different from that upon 
which said first mentioned light impinges and 
Concurrently rendering stable and visible the 
latent imageS SO produced upon both of such por 
tions of Said Second mentioned film. 

14. The method of duplicating a film bearing 
thereon stabie pictorial images and stable images 
representing Sound Which consists of concurrent 
ly moving said film and a light sensitive film in 
cooperative relation with each other, providing a 
Source of light, passing light fircm said source 
through Such pictorial images and upon a pre 
determined portion of said light sensitive film, 
paSSing light from Such source through such 
images representing Sound and upon another 
predetermined portion of said light sensitive film, 
and intercepting all of the rays of such light ex 
cept those which vibrate at a predetermined rate 
before they reach such second mentioned pre 
determined JOrtion of said light sensitive film 
thereby Securing Sound images the boundaries of 
Which are clear and distinct owing to the absence 
of diffraction or chromatic dispersion. 

15. An apparatus for printing from a negative 
Sound record to a positive comprising a wall hav 
ing an opening therein past which a negative and 
positive move in Overlying relation, a source of 
light, means for causing rays of light from said 
Source to pass through said opening, and means 
for limiting Such light to ultra, violet. 

16. An apparatus for printing from a negative 
SOUlnd record to a positive comprising a wall hav 
ing an Opening therein past which a negative and 
positive move in overlying relation, a source of 
light, means for causing rays of light from said 
Source to paSS through Said opening, and means 
for limiting Such light to light of approximately 
4000 Angstrom units. 

17. An apparatus for printing from a negative 
SOund record to a positive comprising a wall hav 
ing an Opening therein past which a negative and 
positive move in overlying relation, a source of 
light, means for causing rays of light from said 
Source to pass through Said opening in a direc 
tion normal to the negative, and means between 
the Source of light and the negative which is 
Opa Cue to lays of light of comparatively long 
Wave iength. 

18. An apparatus for printing from a negative 
Sound recol'd to a positive comprising a wall hav 
ing an Opening therein past which a negative and 
positive move in overlying relation, a source of 
light, means for causing rays of light from said 
Source to paSS through Said opening in a direc 
tion normal to the negative, and means permit 
ting only rays of light of comparatively short 
Wave lengti) to pass to the negative from said 
SOCs. 

19. An aparatus for printing from a negative 
Sound record to a positive comprising an opaque 
Wall having an opening therein pcst which the 
negative and positive are adapted to move in 
overlying relation, a source of a line of light, 
means for causing the rays of light emanating 
from Said Source to pass through said opening in 
a direction Substantially perpendicular to the 
negative, and means between the source of light 
and the negative for cutting out all the longer 
Wave length rays of light. 

20. An apparatus for printing from a negative 
Sound record to a positive comprising a wall hav 
ing an opening therein past which a negative and 
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positive move in Overlying relation, a Source of 
light the rays of which project through said open 
ing, means for causing rays of light from said 
Source to impinge on negative in a direction nor 
mal to the negative, and means between the 
source of light and the negative which is opaque 
to rays of light of comparatively long wavelength. 

21. An apparatus for printing from a negative 
sound record to a positive comprising a wall hav 
ing an opening therein past which a negative and 
positive move in overlying relation, a source of 
light the rays of which project through said open 
ing, means for causing rays of light from Said 
source to impinge on negative in a direction nor 
mal to the negative, and means permitting Only 
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rays of light of comparatively short wave length 
to pass to the negative from Said source. 

22. An apparatus for printing from a negative 
Sound record to a positive comprising an opaque 
Wall having an Opening therein past which the 
negative and positive are adapted to move in 
overlying relation, a source of light the rays of 
which project through said opening, means for 
causing rays of light from Said Source to impinge 
on negative in a direction normal to the negative, 
and means between the Source of light and the 
negative for cutting out all the longer wavelength 
rays of light. 

CAR LOUIS OSWALD. 
WARREN IDUNHAM FOSTER. 
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