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COMPLETE SPECIFICATION.
Improvements ih or relating to Colour Photography.

We, Davier Frosr Comsrock, Scientist, residing in Brookline, County of
Norfolk, State of Massachusetts, United States of America, and TrcHNICOLOR
Morion PrcrureE CORPORATION, a corporation organised and existing under the
laws of the State of Maine, and whose business addvess is 50, Congress Street,
Boston, Massachusetts, do hereby declare the nature of this invention and in
what mauner- the same is to be performed, to be particularly described and
ascertained in and by the following  statement:— ; : )

This invention relates to a process of producing positive images by the
utilization of components of radiation having different ranges of wave lengths,
and more particularly the invention relates to a process of producing from
object fields having objects of one or more different colors, pictures having an
accurate reproduction of the colors throughout the entire range of lights and
shadows. ‘

At present the invention is of particular value in the art of color motion
picture photography where a multiplex picturve film, comprising a plurality
of series of negatives, is produced by making the ‘exposures of the different
series through different light filters respectively; producing a positive multi-
plex film by printing a plurality of series of positives from the series of
negatived; and reproducing the original colored object fields by registering
upon, a screen images formed by projecting light through ' corresponding
positives of the various series of positives and thence through color screens -
corresponding to the screens employed in exposing the respective series of
negatives. Heretofore, in producing color pictures with certain types of film
by this and similar processes it has been generally found that while fairly
accurate reproduction of colors can be obtained for any one degree of light
intensity, or for any limited ranges of light intensity of the object field,
accurate reproduction of colors can not be obtained throughout the entire range
of light intensity and corresponding range of film densities when the plurality
of series of negatives and positives, respectively, are on integral strips of
film, the various series of which can-not practically be subjected to different
degrees of development.

Thus the pictures projected on the screen may accurately reproduce the, color
values in the shadows, or in *he high lights or at some intermediate light
intensity, but they do not accurately reproduce the color values throughout
the entire range of light intensities, that is, of lights and shadows, in the
scene. This effect results in pictures the shadows of which are too highly
colored with colors of the upper end of the spectrum, thati is, colors corre-
sponding to light of higher wave frequency, or the high lights of which are
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too highly colored: with colors of the lower end of the spectrum, that is; colors -

corresponding to light of lower wave fiequency, or both the shadows and the
high lights of which appear too' highly colored with colors of this opposite
character. I'or cxample, with the two color -process employing red and green
filte¥s, the pi(';_t.-ur‘es appesy either too green in the shadoiws or too red in the high
liglhts, ov both. =~ = L T ‘

This disproportionate reproduction of the color values is due to the fact that
components of light of different wave lengths produce different effects upon a
photographic emulsion, the different effects. consisting in that the ditference in
density between the shadows and the high lights in the negatives produced by
components of light of greater wave length is greater than the difference in
density between the shadows and the high lights in the megstives produced
by componenis of light of lesser wave length. In other words, the contrast,
or range of densities, throughout the respective negatives produced by light of
greater wave length is greater than the contrast, or range of densities, through-
out the respective negatives produced by light of lesser wave length. Tor
example, negatives produced by red components of light have a greater degree
of contrast than negatives produced by green components of light; that is,
the contrast gradients of the two negatives ave disproportionate, the gradient
of the red negatives being steeper than the gradient of the green negatives.

Now the different series of positive images, when printed from the negative
images 1n the ordinary way, have correspondingly different degrees of contrast.
In the case of two series of negatives respectively produced by red and green

o

light, for example, if the two series are exposed to such a relative degree that -

they have, with relation to each other, proper densities in the high lights or
dense portions, the series exposed with green light will be too dense in the
shadows or less dense portions with relation to the densily in the shadows of
the series cxposed with red light; and the positives will bear the opposite
relation to each other, ndmely, if the two series of positives are printed to
such a degree that they have, with relation to each other, proper densities in
the high lights or less dense portions, the ‘green series will not be sufficiently
dense in the shadows or dense portions with rvelation to the density in. the
shadows of the red series, inasmuch as ihe negatives from which the green

positives are printed are too dense in the shadows. That is, the red negatives :

are not sufficiently dense*in the shadows resulting in rved positives too dense
in the shadows, and the converse is true of the green negatives and positives.
‘And owing to the fact that the green positives are relatively not sufficiently
dense in the shadows, the pictures produced on a screen by projecting light
through the positives will therefore be téo green in the shadows with relation
to the green in the high lights, or the pictures will be too ved-in the high
lights, or both, depending upon whether the process is regulated to give accurate
color reproduction in ihe high lights, or in the shadows, or at some intermediate
light value. '

If, to take the simplest possible case as an example, a plurality of photo-
graphs of a snow scene in sunlight, be respectively taken through red and
green filters of such nature that the light transmitted by each filter has sub-
stantially the same actinic value, the two photographs would appear almost
identical. But due to the different range of wave lengths, of the two
components of the light, the two negatives will not be identical but will show a
charactleristic difference exactly similar to that which would be produced by
developing two identical negatives a slightly different amount. Thus, from
the standpoint of subsequent projection in registry upon the screen, through
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positives printed from the negatives in the ordinary way, the photographs

form a defective systemi resulting in pictures which are too green in the
shadows, too red in the high lights, or both. -

If the negatives exposed with green light, having the lesser contrast gradient,
could be subjected to a slightly greater degree of development than the negatives
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showing the relation between the densities of red ;and greem positives printed
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.exposed with red light, having the greater contrast gradient, the defect could

be largely eliminated ; but in the case of multiplex motion picture films, where
the respective series of pictures are juxtaposed on. an integral strip, this is
practically impossible.  In the present invention the same wave-length
phenovmenon which caused the defect in the negatives is used to avoid the
defect in the positives. Since it is not practicable to develop the positives (or
negatives) to different degrees, I employ a method giving the same result,
namely, I print the positives with components of light of different ranges of
wave length. Theoretically these components could be of the same range of
wave length (oppositely applied) as the components employed in exposing the
negatives, but since the ordinary positive is very insensitive to red light, this is
not practicable. But inasmuch as the generic principle mevely requires that
thére be a proper difference of wave length between the respective components,
colors other than the exposing colors give effective results, and when employing
red and- green filters in taking the pictures blue and ultra-violet filters give
satisfactory results in printing the positives, the blue filter being employed
with the green sensation negatives and the ultra-violet filter being employed
with the red sensation negatives. B

Thus, the preferred .form of our .improved method of producing accurate
color pictures, or of producing positives from which accurate pictures may

be obtained, comprises printing the positives from the negatives in such a

manner as to reverse or neuiralize the disproportionate contrast gradients in
the respective color series of negatives. We employ components of light of
wave-length diffeving respectively in converse order to the order of the respective
components employed in exposing the negatives, whereby the .disproportion
in the respective gradients of the negatives is.corrected in the positives by
reversing the order of the components of light employed. For. printing
positives from negatives having a high contrast gradient due to the dolor com-
ponent of light employed in exposing the mnegative, we employ light of such
wave length that it will tend to produce a positive having a comparatively
low conirast’ gradient, and for printing positives from negatives having. a low
contrast gradient we employ light of such wave length that it will tend to
produce a positive having a comparatively high contrast gradient. .

. The principal object of our invention, therefore, is to provide a method of
producing color pictures which have accurate color values. throughout the
entire range of lights and $hadows, whereby pictures of an object field may
be produced in which the various colors of the objects may be accurately
reproduced . although the object field has a wide range of light values and

"a wide range of color values.

In the accompanying drawings,— : _
- Figure 1 comprises two pairs of curves, one set showing the relation between
the densities of the red and green negatives, respectively, and the logarithms of
,ilt throughout the object field, and the other set
from the red and green negatives, vespectively, and the logarithms of the
actinic value of the light ineident to the various portions of the positives in
printing ;- and : . : o : . :
Figure 2 comprises two pairs of curves showing similar relations pertaining

-to the densities of negatives and positives produced in. accordance with our

invention.

... 'When "a photographic negative is exposed to an object field co.-ntaining”a

“wide range of light values, that is, a wide range of different degrees of bright-

ness ‘comprising high lights and shadows, and intermediate degrees of bright-

‘ness, and when the negative is then properly developed, the densities of the

deposit throughout the negative varies in the same order as the light valies
throughout the object field. If the densities be plotted as ordinates against

.the logarithms of the corresponding actinic intensities -as abseiss®, a curve
_will be obtained in the form illustrated by any one.of the curves shown_.in
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the drawings, the substantially straight portion of which corresponds to a,
range of exposures which will give an accurate reproduction of the relative
light values of the object field and the upper and lower curved portions of
which correspond to overexposures and underexposures respectively, in which
the light values of the field are not accurately reproduced.

The slope of the straight portion of the exposure curve, namely, the tangent
of the angle which the straight portion makes with the axis of abscisses,
commonly called the development factor and commonly designated by the
Greek letter gamma (y), represents the degree of contrast in the film as com-
pared with the degree of contrast in the object field and is of great theoretical
and practical importance. Tor any given film the slope is determined largely
by tﬁe degree of development and is totally independeint of the degree of
exposure. Thus, by increasing the amount of development the slope of the
curve is increased, but by increasing the amount of exposure the slope remains
unchanged, the only effect being to shift the curve laterally as by adding a
.constant factor to each abscissa. : . .

In printing and developing positives the same laws apply as above outlined
in connection with the exposure and development of negatives, the positive
curve having an independent slope depending upon the degree of development
to. which it is subjected. To obtain accurate proportionate. reproduction in
the positive of the light values in the object field, the positive gamma and
the negative gamma must be so determined by the proper relative degrees of
.development of the negative and the positive that their product is substantially
-equal to unity. :

In Fig. 1, R, represents the exposure curve of the negatives exposed with

red components of light, which I shall call the red negatives, and the slope
‘of the straight portion of this curve is indicated as the angle whose tangent
is v, 3 G, represents the exposure curve of the megatives exposed with green
.components of light, which we shall call the green negatives, and the slope of
“the straight portion of this curve is indicated as the angle whose tangent
18 ygn. 1t will be noted that the slope of the red negative curve R, is greater
than the slope of the green negative curve G,, resulting in greater densities
in the lower portion of the green negative curve than in the lower portion of
thé red negative curve. R, and R, are the positive curves respectively printed
from the red and green negatives, which we shall call the red and green
pusitives, and inasmuch as they are each printed with white light, as has
-heretofore been the practice, and are subjected to the same development, the

slopes of the two curves tan —~ and tan =1 are equal and the two curves are

> .Yl'
coincident. However, the al})'sg(l)lute.densitzy p.gra-dients of the positives as com-
~ pared with the color values of the object field are not the same but differ from
-each other in a way correspgnding to the difference between the negatives.
-That.is, the green.positives are not sufficiently dense in the shadows due to

.the. green negative being too ‘dense in the shadows and the red positives are.

to0 dense in the shadows-due to the red negatives being .insufficiently dense
-in the shadows. The closest approximation to an accurate reproduction of
the color values in the pictures, with this process, is obtained Ey regulating
-the amounts ‘of development of the negatives and positives, respectively, so
:tliat the product of the.-average gamma. of the negatives with the gamma of
the positives is equal to unity. -

The principal result of our invention is illustrated in Fig. 2, wherein the
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- reference characters have the same significance as In Taig. 1. The red

negative curve R, and the green negative curve G, bear the same relation to
each other as in Fig. 1, but owing to the fact that instead of white light
different color components of light are employed in printing the respective
positives, the red positive curve R, has a slope vy, different from the slope v,
~of the green positive, and, owing to the fact that a component of light is
employed in printing the green positive having a.wave length greater than. the
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wave length of the component of light employed in printing the red positive,
the slope of the green positive gradient vy, is greater than the slope of the
red positive gradient y,,. The difference between vy, and y. can_ readily
be varied by varying the difference between the wave lengths of the com-
ponents of light employed in printing the respective positives. Thus, inas-,
much as y,, is greater than vy,,, and vy, is less than vy,, and inasmuch as
the values of y,, and 7y, can be readily controlled in printing by employing
components of ﬁight having the proper wave length, it obviously follows
that y,, and.y,, can be so determined that the product of v,, and ygis equal
to the produet of y,, and y,, and, if desired, so that these products are. each
substantially equé'iy to unity, under which condition the color values of the
field are accurately reproduced in the projected pictures throughout the entire
range of lights and shadows. ) -

While we have described our invention as applied to a two-color process,
it is obvious that it may be applied to a process comprising any desired
number of colors; and while we have described it in connection with the
motion picture art it is equally applicable to the art of making slides for
stationary or ordinary lantern projection.

Having now particularly described and ascertained the nature of our ‘said
invention and in what manner the same is to be performed, we declare that
what we claim is:— . :

1. The method of producing color pictures comprising respectively exposing
a plurality of negatives with components of light differing from each other
in rarige of wave length, and respectively printing positives from the negatives
with components of light differing from each other in converse order with
respect to the corresponding negative components.

2. The method of producing color motion pictures accerding to Claim 1
further characterized in that the negatives and positives respectively are formed
on integral strips. :

3. The method of producing color pictures according to Claims 1 or 2
further characterized in that the light components used in printing the positives
differ from each other in substantially the same effective degree as the light
components used in exposing the megatives.

4. The method of producing color pictures according to either of the preceding
claims further characterized i1n that the light components used in printing the
positives respectively are substantially (but conversely) like the components
of light used in exposing the negatives. '

5. The method of producing color pictures according to either of the pre-
ceding claims further chavacterized by the use of suitable filters for producing
the components of light used in exposing the negatives and printing the
positives respectively. o~

6. The method of producing color pictures according to either of the pre-
ceding claims further characterized in that the megatives and positives are
respectively developed amounts corresponding to development factors such
that ihe product of the development factors of corresponding -positives and
negatives may be made equal.

7. The method of producing color pictures according to either of the pre-
ceding claims further characterized in that images are projected from the
respective positives in superposition on the screen through filters corresponding
to the filters used in exposing the negatives.

8. A color motion picture film produced according to the method set forth
in either of the preceding claims. :

Dated the 15th day of August, 1918. .
- ' W. BROOKES & SON,

85 /66, Chancery Lane, I.ondon, W.C. 2,
Chartered Patent Agents,

Redhill: Printed for His Ma-jesty’s Stationery Office, by Love & Malcomson, Ltd.—1918.



132,5680. COMSTOCK -& another’s COMPLETE SPECIFIQAT‘ION_ ) / i surer ;

| % - _Fgd. o 0\‘"'“’\“8& ....
Ny ) y g N
3| _§ _
S| S SN
'~§ - ﬁ‘ ' _,'_"_:—'Z;.#z,p. \ \ \ _ ,
- "S Logdrd&%@‘ ﬁavaw Valuwes of Lighis
s ’E\
= s '
g‘ %
2 X
N |- ™|
é NS
=R
b .
é. ' XA ,'WWP-. \
-_Zagard%w of Aeterico tabies of Loght
Malby & Sons. Photo-ditho.

- ANCHARY
5 {xFEREMOE UBRARY,
Bonsg REBREE



	Bibliographische Daten
	Beschreibung
	Ansprüche
	Zeichnungen

