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To all whom it may concern.: :

‘Be it known that I, WitLiam V. D. KeLiEy,
a citizen of the United States, and residing
at Brooklyn, county of Kings, and State of
New York, have invented new and useful
Improvements in Subtractive and Additive
Color Photography, of which the following
is a specification.

This .invention relates to colored motion
pictures, and has particular reference to an

- amproved method and product whereby pic-
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_has several advantages over either two or
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- tures can be quickly made, and projected

on any standard projector without special
attachments so as to accurately reproduce
natural colors. By this invention, pictures
may be taken and exhibited the same day.

A four color record, especially if the colors

are narrow banded, is difficult to project one

-at a time in succession, yet for thé best ef-

fects in projection, the four color record

three color records. By this invention, the
negatives record complementary colors, and
preferably at least two complementary pairs

.of colors form each complete record, or set

of images. Having obtained a four color
value record by using a four color screen,
for example, and in order to reduce the
difficulty of projection, the four images re-
cording; four color values are reduced to two
areas each carrying two-color value records.

. This reduction is effected by a printing
process, whereby the yellows and reds of a -
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four color cycle may be printed on one side,
and the greens and blues on the other side,
so that a red record on one side overlies' a
green record on the other side, and adjoin-

.Ing is a yellow record overlying a blue rec-

ord. These records are then developed and
constitute the projecting positive capable,
when colored, of being run in an ordinary
projector without a color screen. Where the

‘effect of a three color screen is desired, the

positive is similarly made from a four color
value negative, and consists of red and

‘magenta images on one side, overlying green

and blue-green images on the other. In each

‘instance, the overlying pairs' aré comple-

* mentary, so that when both pairs are pro-
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jected, natural colors are reproduced.

In the accompanying drawings,

Figure 1'shows a projecting positive em-

bodying-the invention, . -,
Fig. 2 shows. a four color value negative,
Fig. 3 shows a- modification, and
Fig. 4 shows the projecting positive made
therefrom, = - '
“ The negative of Fig. 2 has four color
value records R, G, Y, B, corresponding re-
spectively to. red, green, yellow, and blue,

and may be made in the manner described

in patent to Wohl and Mayer No. 1,122,344,
The reds and yellows belong on- one side of

.the spectrum, or to the red family of colors,

and the greens and blues belong on the other

side of the spectrum, or to the green family"

of colors, and a red color preferably alter-
nates with”or overlaps-a green color, as
shown. "Having made and developed such a
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negative having ordinary panchromatic 70

emulsion, the next step is to form the posi-
tive shown in Fig. 1, in which' one side con-
tains all the green eolor value records G and
B printed in recurring series, and the other
side contains all the red color value records

‘R and Y printed in recurring series. This

printing 1is effected. by a double -printing
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mechanism which feeds the negative twice

as fast as the positive so as to skip alternate
pictures while printing on one side of the
double coated positive film. The double

coated film is then twisted through 180°

so as to enable the other side to. be printed
with the other set of color value records.
Thus the red color value records on one side
overlie and register exactly with green color
value records on the other side, and the suc-
ceeding section similarly consists of a yellow

color value vecord overlying a blue color

-value record. As soon as the film is de-
veloped, fixed, and washed, it is passed to
-a bleaching bath .to reduce the silver to

silver lodid. This acts as & mordant to
certain dyes, causing these dyes to take and
thereby coloring the film. The film is then
dried, and after one side of the film is cov-
ered with a removable resist preventing ac-
cess of the dye thereto, as the red family

“color value records, the other side having

the green family color value records, is col-
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ds Is aov-
repeated with the other

green-blue giving
T

hed b R
Gyed SL

In one case the desired red-orangs color,
and in the other, the desired green-biue
color, - the reds is thus dyed

record of the green-
blues is die

p .
ing used

records. is produces two superposed rec-
> aving a range of colors deep

4

1 the rved, and the other
gth in the blue and more in
omposite positive section is

; ive princinle and

lete color rendering
i1l be completed in pro-

record, 56
b

preportion

£, and then using
> gelatin in pro-
method is weil

does not ne
description. -1 i _« ]
obtained by mordanting, and the cther by
absorption in the gelatin of the emulsion. |
The removable resist can be in the form
of g grease removable by solvents such as
turpentine, or mechanical in the form of a

. yielding surfaced wheel around which the

film is passed in tight contact with the wheel

_surface so that the dye can only act on one

side at a time. The method of dyeing by

mordanting above described is well known,.

having been described by Richard in 1896
and in various later publications. The dyes
may be basic or acid, or a combination of
basic-and acid dyes.

Instead of taking all the pictures on one
film, the taking camera may have two films,
one recording values for the red family and
the other for the blue-green family. ~Also,
separate printing negatives may be made
from the original negative if the records are
In succession on a single strip film, instead
of using a double printing machine as above
described, one negative having the red color
values, and the other having the green-blue
values. Instead of using double coated film
for the projecting positive, single coated
film may be used for one ‘set of color values,
then colored, then emulsify the same surface
again, or the other side, then print the sec-
ond set of color values, and then dye with

“the second color. Also, any other method of

pairing the colors may be used, but the
method here described gives excellent com-
mercial results. , : ‘

In Figs. 3 and 4 the invention is shown

applied ¢ g eclor process producing nega-
tives recording red, green, magenta and blue
values in succession. This is reduced to a
lor projecting positive. The red and
green color value records in g three color
process are practically pure colors, and are
combined in the projecting positive so as to
produce a complete color rendering, minus
the blue-violet. The blue-violet record is in
the succeeding section, and is mad
magents on one side, and bhie-
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other, which, when combined give the cor--

rect blue for & three color g
white minus red and

records when proj combine to give
beautiful reproductions of the original
colors. The red and green in Figs. 8 and 4
when projected give yellow, the ma-

genta and blue-green give blue when pro-
jected, but when projected in succession,

ite is produced on the curtain by the prin-
ciple of additive lights.

In methods heretofore proposed for pro-
ducing d

8

+ -
complementary celored images for
A

o

p the records balanced, there being a
tendency either to preponderance of red, or
of green-blue. Tn this process red-orange
can be intentionally favored in one set, and
green-blue in the other, but the required
balance to produce white will be imparted in
projection.

This invention permits of guick commer-
cial work, and gives accurately colored pic-
tures, capable of being projected on any
standard projector without special attach-
ments. INegatives can be taken, and the posi-
tives exhibited the same day. The inven-
tion has decided advantages Tor commercial
projection where the completed positive is
colored ready for use without screens, since
the complications due to screens are avoided.
Various other methods and apparatus may
be used besides those illustrated herein with-
out departing from the scope of the append-
ed claims.

What T claim is:

; positives, it has been difficnlt to

-3
(=]

eg

g5

10t

119

1. A photographic strip carrying on each }

image area a plurality of non-complemen-

‘tary color valne records, the records on a

plurality of image areas additively record-
ing complete color. - - ‘

2. A photographic strip carrying in sepa-
rate coatings on each image arez non-com-
plementary color value records, each coating
carrying the records of one color family, a

plurality of image areas additively record-

ing complete color.

3. A photographic positive record com--

prising successive image areas each having
different subtractive color value records, each
two successive areas being dyed in comple-
mentary colors and additively producing
complete color in rapid projection.

4. A photographic strip carrying in coat-
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ings on oppesite sides of each image area
non-complementary color value records, one
coating carrying recurring records of a plu-
rality of colors in one color family and the
other coating carrying recurring records of
a plurality of colors in a complementary
color family, a plurality of image areas ad-
ditively recording complete color.

5. The method of producing projecting
positives carrying the colors in gelatin coat-
ings. . which consists in recording the two

families of color in cycles of four negative

color values, printing one family of vecords
on adjoining arveas of one side of double
coated film, reversing the negative and print-
ing on the other side of the double coated
film theé other family of colors, coloring all
of the printed records on one side in one
color, and the recovrds on the opposite side
in another color complemental to the first
color, the pairs of records on each area form-
ing-an incomplete color record on the sub-
tractive principle but two successive areas
blending in projection on the additive prin-
ciple, to reprodiice a picture in substantially
natural colors.

6. Process of making a -colored photo-
graphic motion pxctme film transparency
for viewing by transmitted light which con-

sists in 1ecorclnw the neaatwe records on-

single coated stock in cycles ot four color
vnlues, printing all of one family of color
records upon one side of a double coated
sensitized film, printing the other family of
color-records on the opposite side of said
double coated positive, with the images in
register, and treating one side of the double
coated positive to convert the images into
color and the opposite side into g color com-
plemental to the first so that the blending of
each two successive records present to “the
eye a motion picture reproduction in sub-
stantially its natural colors.

7. Process of
graphic motion picture film from a negative
record having cycles of red, yellow, green,

and blue color values consisting in printing

in reégister all of the red- yellow images on
one carrier, and all of the O'reen-blue value
images on another carrier, tre‘mtmo one of
said carriers to convert the images carried
thereby into one color, and treatmg the other
carrier to convert the-images carried there-
by.into a color complemental to the first, so
that the blending of each successive pair of

such color p1ctm'es present to the eye a pic-

ture in substantially natural colors.

8. Process of making a colored - photo-
graphic motion picture stmp from a negative
carrying cycles of color values composed of

- two “colors from each of. two. families, con-

65

sisting in printing in register by contact
prmtm , all of one famﬂy of pictures on
one side, and all of the other family of pic-
tures upon the opposite side of a transpar-

‘positives carrying the colors

making colored photo-

8

ent base coated with sensitive emulsions on
each side, treating one side to convert the

different images thercon to a color comple-

mental to their family color, and treating

. the reverse side to-convert the dlﬁ'ermo
“images thereon to a color complemental to

their family color, such images being colored
on the subtrwtn'e 1)lmclple, SO that com-
plete color rendering .is secured on the. ad-
ditive principle. when each two aveas are
projected.

9. The method of producing . pr0]ectmo
in gelatin
coatings, which consists in recordnw the
two families of color in cycles of four nega-
tive color values, printing one family “of
records on adjoining areas of one side of
double coated film, reversing the negative
and printing on the other side of the double
coated film for the other family of colors,
covering one side with a resist and coloring
the records on the other side with one color,
covering the colored side with a resist and
removing the vesist on the other side, and
then coloring the latter side with a color
complementfu'v to the first color.

10. The method which consists in record-

.ing a cycle of four colors on successive image

areas, and reproducing pairs of said color

records in superposed relation on two image

areas of a second record to record complete
color.

11. The method which consists in record-

ing a cycle of at least three colors on succes-
sive image areas, and superposing prints of
non- complemenhry color records on each
area of a second record, such that each two
successive areas contain complete color val-
ues.

12, The method which consists in reoord—
ing a cycle of at least four colors from two
families on successive image areas, printing
said four records on two image areas of a
second record, and -coloring each of said
printed records with a color complementary
to the family color values carried thereby.

-138. The method which consists in record-
ing a cycle composed of two red family col-
ors and two green family colors on four suc-
cessive image areas, printing a red family
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color record and a non-complementary green -

family color record on each area of a second
record, and coloring the respective red and
green prints to render each two image areas
of said second record complementary
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14. The method which consists in record- -

ing a cycle composed of at least three colors,

_ printing two of said color value records on

one area of a second record and the remain-
ing color value record or records on the suc-
ceeding image area, and coloring the printed
images with complementary colors without
rendering the images on each area comple-

Taentary Put rendering the combined images

of each two areas complementary
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] photographic ‘ﬂ(*m‘(1 comprising
stecessive image areas each having different
color value records dyed through the nger ey

of the silver nw\enf with mmpl nwnhz'y
colors, snecessive areas being ndditively com-
plemontu‘

16.

(‘O‘Dpl‘]\ln(‘ SHCCeSSIVe image areas eac h hav-

photographic  projecting positive
ing superposed non-com )14‘1111111(11\ color
valie records printed hx“ul “Fromcolor valun
negatives, the color value records composing
each pair of successive mmge areas bel
Com’)l@n’wn‘hlm' I pairs and the adjeining
images of £ each pair being of like color fam-
ily.

17 A

being

photographic projecting positive

compriqinn‘ a bﬂ:e nav Lg an emulsion on
cach side and a pi fturality of image areas, suc-
cessive areas of one nmulmo carrying dif-
fering color value inu wes of one U\lr,r fa,nm,'
similarly colored  with = complementary
color, and successive areas of the other smuni-
sion carrying differing coloy .1?'-1“ imagvs
of said latter family color simila; rlv colored
with the family eolor of said former mages,
each two successive arens additively produe-
ing complete color in projection.

Tn Lemtnnom' whereof, I have
name to this specification this
February, 1917

WILLI:
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