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To «ll whom it may concern:

Be it known that I, Wiztiam V. D. Kgr-
LEY, a citizen of the United States, and resi*
dent of the city, county, and State of New
York, have invented certain new and useful
Improvements in Motion-Picture Films, of
which the following is a specification.

This invention relates to an improved
method of producing positive color picture
films, particularly films for use in connec-

tion with a projecting machine for pro--

ducing motion pictures in natural colors.
The object of the invention is primarily to
produce a film which may be used in the
standard apparatus and at the usual speed.

In carrying out the invention I use a
double coated film carrying color-value im-
ages or impressions on each side which are
converted to pictures in colors, the colors
being reproduced additively and in this
respect differing from previously known
methods which use the subtractive princi-
ple, as will appear from the description
hereinafter. )

The positive film is double coated or pro-
vided with a light sensitive emulsion on
both sides. The first step in the process
is to expose this film to light through a
screen composed of lines, dots, etc., ar-
ranged in a symmetrical design presenting
symmetrically arranged openings through
which the light passes to reproduce the de-
sign in black and white on the film, suc-
cessive spaces on both sides of the film, cor-
responding to the successive pictures, being
thus exposed.

For the purpose of illustrating, the de-
sign selected for the screen is composed of
straight lines extending longitudinally of
the film and parallel to each other, the al-
ternate spaces between the lines being of
the same width as the lines. In the draw-
ings these lines and spaces have been greatly
enlarged and exaggerated in order to more
clearly show the arrangement.” Both sides
of the double coated film are exposed
through this line screen but the screens used
on opposite sides of the film are arranged
so that the lines exposed on one side ex-
actly correspond or register with the un-
exposed spaces between the lines of the
screen af the opposite side of the film and
both exposures are of a sufficient density
which will not be appreciably affected when
the same is subsequently exposed for print-

ing pictures thereon from the picture nega-
tive film, as will be hereinafter described.
The picture negative film may be made
in the usual manner through color screens
so that the pictures are arranged alternately
in a succession of sets or pairs of comple-
mentary color-values, one picture of each
pair, for instance, being composed of a
red-orange and the other of blue-green.
The positive film, which has been pre-
viously exposed through the line screen as
described, 1s now exposed or printed on both
sides from this negative film, the printing
apparatus being arranged for this type of
film to advance the negative film two spaces

or pictures while the positive is advanced

one, so that all of the successive pictures
produced or printed on one side of the pos-
itive film are printed from the red-orange
pictures and on the opposite side of the
positive film, which is exposed and printed
in a like manner, from the blue-green pic-
tures. The pictures thus printed on oppo-
site sides of the film are, as will be seen,
of complementary color-values and are
printed in the alternate spaces between the
lines produced on the positive film by the
first exposure through the line screen, as
before described, and, the spaces in which
the picture is printed on one side of the
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film correspond or register with the lines

on the opposite side for each picture.
_ This positive film is next developed and
fixed in the usual manner and then both
the lines and images on both sides are
colored, by any of the usual toning, dyeing
or mordanting methods, to produce com-
plementary . colors corresponding to the
color-value of the picture on the opposite
side of the film. For instance, the lines
and picture on the side containing the red-
orange picture are colored blue-green and
and on the opposite side, containing the
blue-green picture, are colored red-orange.
It will thus be seen that, as the lines on
one side of the film correspond or register
with the picture or image sections on the
opposite side, the additive colors required
for each picture section are supplied by the
colored lines on the opposite side and as
the colors forming the picture cover such
lines we get the result of the mixture of
the complementary colors on opposite sides
of the film. In portions having full density
this would be black. In lesser densities the
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combination will run all the way from the
pure color of the line through the various
mixtures of the two complementary. colors,

thus producing‘the different colors in natu-

ral shades in the projected picture.

By this additive method white is pro-
duced by impressing or exciting the eye
with a mixture .of twb complementary.
colors of equal intensities, produced by the
oppositely positioned and adjoining red and
green-blue lines only, while black is sub-
tractively produced by a full density sec-
tion of the picture or image on one oppo-
site or covering the complementary colored
line on the opposite side; for instance, a
full density of the red or red-orange image
over the green or green-blue lines, or the
green image over the red lines produces
black in that portion of the picure; and
the intermediate colors are additively pro-
duced by the different proportions and rel-
ative densities of the colors of the images
and lines. S

In the drawings, Figure 1 is a cross sec-
tional view, greatly enlarged and exagger-

ated, of the positive film.

Fig. 2 is a view similar to Fig. 1.

Fig: 3 is a face view of a portion of the
negative film, showinf successive red and
green - blue color - values in conventional
form. == - '

Fig. 4.is a face view of a portion of the
completed ‘positive film. '

Fig. 5 is an illustration of the combined
color effects in one picture or image when
projected, corresponding to the object from
which the negatives of gFig. 8 are made.

The first step in the process of producing
the positive color picture film-is shown in
Fig. 1, in which the effect and arrangement
of the exposure through the line screen (se-
lected for illustration) is shown. The emul-
sion on one side of the film is printed with
alternate black and white lines or sections,
which are shown greatly enlarged and ex-
aggerated at 1 and 2, and on the opposite

" gide of the film the emulsion is likewise

printed with alternate white and black sec-
tions or lines 3 and 4. The emulsion is
coated or carried on both sides of a base
9, made of suitable material in the usual
manner, and the black and white sections or
lines on the opposite sides are printed and
arranged so that an exposed section or line,
such as 1, is opposite an unexposed section
or line, such as 3, and the adjacent unex-
posed section 2 is opposite the exposed sec-
tion 4, ete. ' :

_ The next step is the printing of the pic-
ture or image on both sides of the positive
film from the negative film illustrated in

Fig. 3, in which some of the color-values of.

one of the sets or pairs of the picture nega-
tive have: been indicated in. conventional
form. One side of the positive film is print-
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ed in the unexposed sections, such as the
front 3 in Fig. 1, from the alternate red

exposed sections on the. back side of the
film, such as 2 in Fig. 1, are printed from
the alternate green-blue color-value pictures
of the negative film. - -

Tt will be understood that the conven-

tional showing of the picture negative is

merely illustrative of certain of the extreme
colors or color-values and that the different
colors and shades of color between these
colors of the spectrum are obtained by the
additive mixing of the different relative
densities of the colors of the opposite side

of the positive film printed from the corre-

sponding pictures of the sets or pairs of
color-values of the negative film.
The positive film is then colored on each

‘side, both the line and printed picture sec-

tions being colored, with colors complemen-
tary to the color-values of the pictures
printed thereon. This is illustrated in Fig.
2, the line sections 5 and the picture sec-
tions 6, the latter containing the impression
from the green-blue picture of the negative,

being colored. red or red-orange and in the

same manner the opposite side of the film

containing the picture sections 7, carrying

the impression from the red or red-orange
color-value pictures of the negative film,

and the line sections 8 are colored green or.

green-blue.
In Fig. 4 the combined result of the mix-
ing of the complementary colors on the op-
osite sides of the film is shown and in
Tig. 5 the projected picture is convention-

ally illustrated.

hese can be explained as follows, al-
though it will be understood that it is im-

- possible to show in black and white ink

just how the section C made up on the back
of an image printed from the green-blue
(lower) negative of Fig. 3 and lines 1, col-
ored red, section A, Fig. 4; and on the front
of an image from the red-orange (upper)
negatiye of Fig. 8, and lines 4 colored green,
section B, Fig. 4; actually shows in trans-
mitted light. .

. By referring to Fig: 5, it is seen that the

.or red-orange color-value pictures of the -
negative film shown in Fig. 3 and the un- -
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object to be reproduced is the two white sec-

tors W, W, and the red sector R, and green
sector G. In Fig. 4, section C, the sectors
W are additively obtained in white by the

narrow alternating bands of pure red-.

orange (5 in Fig. 2) and pure green-blue
(8 in Fig. 2). The section R in section C,
Fig. 4 consists of the print on the_ back
from the green-blue negative colored red,
as modified by the green colored lines 8 on
the front, which still additively gives red

‘orired-orange, even though where the green

lines overlie the red colored print, narrow
bands of black occur, The green sector G
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is likewise reproduced by narrow bands of
green alternating with black. Likewise
other colors. will be produced additively to
the eye by the resultant stimulation thereon
of the variations between solid black and
red or green according to the coloring of
each image complementary to the color re-
corded thereby. The colors can only be ob-
tained additively since the partial images on
each coating together constitute but a single
image, and overlying each image section in
either coating is only a band of pure color,
constituting a filter for the image. The
production at places of black by total stop-
page of projecting light does not affect the
color stimulation produced in the.eye by
adjoining areas of pure color, because to the
eye the color will overcome the black, ex-
cept where black in the object is to be re-
produced.

It will be understood that the arrange-
ment herein described and shown is for the
purpose of illustration only and that the in-
vention is also equally applicable to color
photography generally, either for motion
pictures or still pictures, or for single plate
or film pictures, etc.

What I claim is:— .

1. The method of producing a color pic-
ture which consists in providing a trans-
parent support with a plurality of sensitive
coatings, having insensitive designs therein,

‘printing images from color value negatives

' in the sensitive portions of said designs, and
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applying predetermined colors to said coat-
ings in such manner that natural colors are
additively produced in projection.

2. The method of producing color pictures
which consists in providing a transparent
support with a plurality of coatings, pro-
viding designs therein composed of alternat-
ing spaces and solid portions capable of be-
ing colored, the spaces of each design being
sensitive and registering with the solid por-
tions of the other, printing color value im-
ages in the spaces of said designs, and color-
ing the developed images and the accom-
panying solid portions with colers comple-
mentary to the colors recorded by the ‘im-
ages.

g3. The method of producing color pictures
which consists in providing a transparent

" support with a plurality of coatings, print-
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ing designs thereon composed of alternating
spaces and solid portions, the spaces of one

design registering with the solid portions of

* the other, then printing from color value
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negatives in the respective space portions of

each coating, and coloring the developed im-

ages and accompanying' design with colors
bearing a predetermined relation to the
colors recorded by the images, .

4. The method of producing color pictures

which consists in providing a transparent -

support with a plurality of coatings, print-

ing designs thereon composed of alternating

.spaces and solid portions, the spaces of one

design registering with the solid portions
of the other, then printing from color value
negatives in the respective space portions of
each coating, simultaneously developing both
designs and images, and coloring the de-

‘veloped images and accompanying design

with colors bearing a predetermined relation
to the colors recorded by the images.

5. The method of producing color picture
films which consists in printing both sides of
a double coated film with a design composed
of symmetrically arranged exposed and un-
exposed portions, printing in said unexposed
portions pictures having complementary
color values for the pictures on opposite
sides of said film, and coloring the opposite
sides of said film with complementary colors.

6. The method of producing color picture
films which consists in printing both sides
of a double coated film with a design com-
posed of symmetrically arranged exposed
and unexposed portions, printing in said
unexposed portions pictures having comple-
mentary color values for the pictures on op-

opposite. sides of said film with complemen-
tary colors corresponding to the color value

. of the picture on the opposite side of the

film.

- 7. The method of producing color picture
films which consists in printing both sides
of a double coated film with a design com-
posed of symmetrically arranged exposed
and unexposed portions, the exposed por-
tions on one side being arranged opposite the
unexposed portions on the opposite side of
the film, printing in said unexposed portions
pictures having complementary color values
for the pictures on opposite sides of said
film, and coloring the opposite sides of said
film with complementary colors correspond-

ing to the color value of the picture on the

opposite side of the film. o
8. A color picture film carrying on both
sides like impressions consisting of a design

_composed of symmetrically arranged por-

tions with the picture printed between said
ortions, said impressions being colored.on
oth sides in colors which when mixed addi-

‘tively reproduce an impression in natural

colors. .

9. A color picture film carrying on both
sides like impressions consisting of a design
composed of symmetrically arranged por-
tions with the picture printed between said
portions, said 1mpressions being relatively
positioned on opposite sides of the film with
the picture portion on one side opposite the
-design portion on the opposite side and
colored with complementary colors on oppo-
site sides. :

- 10. A color picture film carrying on both
sides like impressions consisting of a design
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bomposed of symmetrically arranged por-

tions with color value pictures between said
portions having complementary color values
for the pictures on opposite sides of said
film, said impressions being relatively posi-
tioned on opposite sides of the film with the
picture portion on one side opposite the de-

sign portion on the opposite side and colored

with complementary colors on opposite sides.
11, A color picture film carrying on both
sides like impressions consisting of a design
composed of symmetrically arranged por-

tions with color value pictures between said -

portions having complementary color values
for the pictures on opposite sides of said film,
said impressions being relatively positioned
on opposite sides of the film with the picture
portion on one side opposite the design por-
tion on the opposite side and colored with
complementary colors on opposite sides
corresponding to the color value of the pic-
ture on the opposite side of the film.

12. A color picture transparency compris-
ing a support having a plurality of coatings
each containing a partial image in a finely
subdivided pattern, the pattern composed of

spaces and image portions, and arranged

- 1,387,775

respectively so that the spaces in one coincide
with the image portions in the other con-
stituting together a single image, each coat-
ing being so colored as to constitute a filter
for the image portions in the other coating.

13. A color picture transparency having
half of a colored, regularly subdivided color
value image comprising spaces and image
sections on one side of a base, and displaced
on the other side half of another colored
regularly subdivided color value image also
comprising spaces and image sections, the
spaces on one side backing the image sections
on the other side and carrying, respectively,
a plain color complementary to the color of
the image opposite thereto.

14. A picture transparency consisting of a
toned subdivided image alternating with
color filter sections on one side of a double
coated base, registering with similarly ar-
ranged elements on the opposite side, differ-
ently colored, the whole codperating to form
a single picture additively giving- substan-
tially natural colors upon viewing.

Signed at the city, county and State of
New York, this 29th day of June, 1918.

WILLIAISI V. D. KELLEY.
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