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In methods of making photographs in
color, as for example color cinematography,
in which two or more optical images are
formed in the same exposure period to pro-

5 duce a corresponding number of color-value
negative images of the object, the light re-
ceived or transmitted by the optical project-
ing devices of the camera is divided by so-

called light-splitting means and the several -

10 parts of the light are projected through color
- filters, usually red and green, upon different
sensitive surfaces or upon different parts of
the same sensitive surface. The latent im-

, ages so produced are developed and fixed,

15 thus yielding two or more series of color-
value images which may be utilized in any
suitable manner for printing positives, say
upon opposite sides of a film, sensitized on
both sides.

The light-splitting devices usually em-
ployed in such methods require the light to
pass through a considerable thickness of
glass, which, for the best results, must be of

20

the highest transparency and homogeneity,

25 and must be figured and polished with ex-
treme care, since imperfections in any of
these respects will make themselves apparent
on the screen, chiefly in the form of poor defi-
nition. Moreover, under the best possible

30 conditions, glass, as is well known, has a scat-

tering or analogous effect’ upon light rays.

with the result that in ‘gemeral it is difficult
and sometimes impossible to secure in a color-
value negative made through a glass light-

35" splitting device the same sharpness of defini-
tion as can be obtained in so-called black-and-
white work, in which a glass light-splitting

levice is not needed.

I have accordingly been led to devise my

40 present invention, which has for its chief ob-
ject to provide a splitting device in which
the light is required to pass through only a
thin plate of glass, at the most, and prefer-
ably through none at all. In its preferred

45 form my improved splitting device takes the
form of a plane mirror of circular shape,
mounted to revolve or oscillate’ on an axis
through its center and provided with a plu-
rality of sector-shaped openings. The mir-
80 ror is mounted behind or in front of the cam-

era lens in a plane cutting the optical axis
thereof at an angle, usually 45°, so that as the
mirror revolves, the light will be reflected
when a reflecting portion of the mirror is in
the path of the rays and will be transmitted 55
when one of the openings is in the path. The
mirror may be made of any suitable mate-
rial, as glass or metal, preferably the latter,

in which case any metal convenient and suit-
able for the purpose can be employed, as for 60
example speculum metal, silver, or brass or
steel silvered on its front surface. Prefer-
ably, however, I use nickel unsilvered, as I
find that it will take a sufficiently high pol-
ish for most purposes without silvering and 65
that it possesses the rigidity necessary to pre-
vent distortion under the stresses to which it

is ordinarily subjected in the camera. More-
over, nickel can easily be rendered free of in-
ternal stresses or strains and hence can be ac- 70
curately figured. - _

Tt is believed that the invention will find
its chief utility in color cinematography, and
accordingly it will be described hereinafter
with special reference to that field, but it is 75
to be understood that the invention is not
limited in that respect. ‘

In the accompanying drawings:

Fig. 1is sectional plan view, somewhat dia-
grammatic, illustrating a motion picture 80
camera embodying my invention in lts pre-
ferred form.-

Fig. 12 is a detail section on line 12—1* of
Fig. 1, illustrating the adjustment of the re-
volving mirror vertically and horizontally. 85

Fig. 2 is a sectional side view, looking from
the bottom of Fig. 1, on line 2—2 of the lat-
ter figure. . .

Fig. 8 is-a front view of the revolving mir-
ror. :

Fig. 4 is a section of one of the reflecting
sectors of the mirror on line 4—4 of Fig. 1.

Fig. 5 is a front view of a modified form of
mirror, in which the light-transmitting aper-
tures are circular instead of sector-shaped. 95

Fig. 6 is a diagrammatic sectional plan
view illustrating the use of the mirror shown
in Fig. 5. . S

Fig. 7 is a diagrammatic side view illus-
trating my revolving mirrer employed in a 100
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two-lens camera of the type described in my
copending application Serial No. 242,538, for
making negatives of the so-called kinema-
color type, in which the two series of color-
value negative images are in alternating se-
quernce. :
Fig. 8isa view illustrating an arrangement
similar to Fig. 7, but with a single lens, in
front of the revolving mirror. )
Fig. 9 is a diagrammatic plan view illus-
trating the invention applied to a three-
color camera. :
In the camera illustrated in Fig. 1, 10 in-
dicates the usual light-tight casing or box.
The lens 11 is protected by a hood 12, in front
of which is a sector-shutter 13 which may

_be of the conventional type. As shown it is
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mounted on a shaft 14, driven by a crank (not
shown) suitably connected thereto in any
well known manner.

Tmmediately back of the lens 11 is a film
gate 15 to support a film, as 16, in a plane
at right angles to the optical axis of the lens,
and at right angles to the film gate 15 is a
second film gate 17, to support a film, as 18,

in a plane parallel to the optical axis and

perpendicular to the plane of film 16. Suit-
able color-filters are provided, as for exam-
ple a red or orange-red filter 19 in front of
film 16 and a green or blue-green filter 20 in
front of film 18. Any suitable mechanism
may be employed for feeding the films
through' the film gates simultaneously step-
by-step (one picture-space at each step) as

5 for example the conventional Geneva move-

ment type of mechanism. The latter (omit-
ting the upper sprockets provided to main-
tain the usual upper loops) include lower feed
sprockets 21, 22 on shafts 23, 24 which are
driven by Geneva movements 25, 26 from
shafts 27 and 14 which are themselves con-
nected together by any suitable gearing (not
shown) so as to rotate in unison. It will be
understood that the shutter, on shaft 14, is
set to operate in harmony with the film-
feeding devices, exposing the films while they
are at rest and obscuring them while they
are in motion through their film gates. It
is deemed unnecessary to illustrate the film
magazines, take up reels, etc., inasmuch as
these and the other parts may be of the con-
ventional character, well understood in the
moving picture art.

The light-splitting mirror 30, shown in
Figs. 1,2 and 3, is in the form of a disk with
sector-shaped reflecting portions 31 and in-

* termediate openings 32 of the same shape.

60

65

Preferably the mirror is made of solid nickel,
with its front reflecting surface or surfaces
accurately figured to an optical plane and
highly polished. It is fixed firmly on a shaft
33, mounted in running bearings 34, 35, of
the ball type, with ball thrust-bearings 36,
87. - The outer race of bearing 35 is mounted
in any convenient and suitable manner (not

1,762,477

shown) upon a stationary part of the appa-
ratus, and the outer race of the front bearing
34 may be mounted in a fixed or adjustable
support 88. Preferably the latter is mounted
in a fixed or adjustable carrier 39, provided
with vertical and horizontal adjusting screws
40, 41, bearing on the support 38. The rear
of the collar or carrier 88 has a threaded cup
49 to receive the forward end of spring 43,
encircling the shaft, and the rear end of the
spring bears on the rear thrust-bearing, which
in turn bears on the inner races of the running
bearings.

Asindicated in Fig. 1, the splitting mirror
extends edgewise into the space behind the
lens, at an angle to the optical axis thereof.
It is in general important that the reflect-
ing plane of the mirror be so positioned
that the reflected axial ray will strike the
film at right angles. In practise I prefer
to construct and position the parts as accu-
rately as possible, and then make a final ad-
justment by means of the screws 40, 41, and
shims 44, 45, opposite the same, by which the
shaft 83 can be swung laterally and verti-
cally within sufficient limits to compensate
for inaccuracies of the construction, etc. In
this adjustment the shaft swings on a cen-
ter which is coincident with the center of
curvature of the spherical inner surface of
the outer race. Since this point is remote
from the front bearing, a very minute amount
of shake or backlash in the gears permits a
substantial movement of the mirror.

The outer races of the running bearings
have a snug sliding fit in the collars 38 and
35 and the inner race of the rear bearing
rests against a collar 33 on shaft 33. The
carrier 39 is axially stationary. Hence screw-
ing the cup 42 into the carrier 39 shifts the
shaft 33 and all the bearings forwardly in
the collars 88, 85, and backing the cup out
permits the shaft and bearings to be pulled
or pushed backwardly.

The mirror shaft 33 is driven from shaft
o7 by gearing 46. As shown in Fig. 1, the
ratio of the gearing is such that the mirror
will be rotated at least once in each revolu-
tion of the shaft 27. Further (see also Fig.
2) the Maltese crosses 25, 26, are actuated to
feed the films one step in each revolution of
shafts 14, 33, which, as stated hereinbefore,
are connected by gearing (not shown) to ro-
tate in unison. Hence in each cycle of opera-
tion of the camera, i. e., from the beginning
of one film feeding operation to the beginning
of the next, the mirror will rotate at least
one complete revolution, thus giving with the
three bladed mirror shown, a plurality of
transmissions and a plurality of reflections
in each period of exposure. Two revolutions
in each cycle, obtained by the employment

of suitable gearing at 46, give a correspond-

ingly greater number of transmissions and
reflections in each cycle, but it is to be under-
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stood that the speed of revolution of the mir-

_ ror may be greater or less without departing
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from the spirit of my invention. Better re-
sults are obtained, however, with a mirror
speed sufficient to give several transmissions
and reflections in each exposure period.

The straight and curved edges of the re-
flecting portions of the mirror are preferably
beveled to a knife edge, as indicated in Fig. 4,
so that thera will be no sensible reflection ex-
cept from the front surface of the mirror.

In Fig. 7 one film, 50, is used, with two
lenses, 51, 52, to produce separated or dis-
placed images of different color-values on the
same film, as in my copending application Se-

rial No.242,538. 1nlieu of the splitting prism-

described in that application, I employ in
Fig. 7 my improved splitting mirror 30, ar-
ranged at an angle in front of one of the
lenses, say the lower, and a stationary mir-
ror, 53, in front of the other. When, as the
mirror 30 revolves, an aperture is in-front
of the lens 52, light from the object passes di-
rectly to the lens and forms an image on the
film, but when a reflecting portion of the mir-
ror 1s in front of the lens, light is reflected to
the upper mirror, 53, and thence to the upper
lens, to form another image on the film. Of
course suitable color-filters, not shown, are
provided in the paths of the rays to give the
proper color values, as for example a red and
green. ‘

In Fig. 8 a single lens, 54, is used, with mir-
rors 30 and 53° behind the lens. The path of

5 the reflected rays from the lens to the filmfis

longer than the path of the transmitted rays
by the distance between the images, center to
center, and hence one or both images would be
more or less out of focus, with consequent loss
of definition. To improve this condition, a
block of glass, as 55, may be placed in the
path of the reflected rays between the film and
the upper mirror, which, in effect, as is well
understood, shortens the path. In other re-
spects the method is the same as that illus-

trated in Fig. 7.

Fig. 9 shows an arrangement for three-color
work, three films, 56, 57, 58, and two splitting
mirrors, 30, 30%, being used. In this case the
mirrors are so related as'te speed of rotation,
or size of their transmitting apertures, or
both, that when mirror 30 is transmitting
light the transmission must continue long
enough for mirror 30 to reflect light to film
58 and also transmit light to film 57. Color
filters (not shown) are of course used, say
red, green and blue.

Fig. 5 shows a splitting mirror 30°, in which
the transmitting apertures are in the form of
holes and peripheral notches, preferably cir-

“citlar, as 60, 61, Fig. 6 illustrates the mirror

arranged for use, between the lens 62 and the
film gates 63, 64. The edges of the openings
are preferably flared rearwardly to conform

as nearly as possible to the cones of rays pro-

3

jected by the lens, and may be painted opti-
cal black to eliminate undesired reflections.

T prefer to have the openings decrease in size . -

from the periphery inwardly, and to have
their centers in radial alignment, thus secur-
ing to some extent at least the effect of sec-
tor-shaped openings, as indicated by the

.dotted lines.

It will be understood that in the arrange-
ments illustrated in Figs. 6, 7, 8 and 9 the
other necessary devices are assumed, such as

‘the usual light-tight casing, film magazines,

shutters, film-feeding mechanisms, color-fil-
ters, ete., but for the sake of brevity they are
not shown.

The amount of light received by the re-
spective image-areas on the film or films de-
pends chiefly upon-the relative extent of the
reflecting and transmitting portions of the
mirror and upon the efficiency of the reflecting

surface. In general, films are more sensitive '

to blue and green than to red light, and hence
I prefer to subject the green-sensitive film (in
such constructions as are illustrated in Figs.
1, 6,7 and 8) and the green and blue-sensitive
films in Fig. 9, to the reflected rays. In de-
signing a mirror for actual use the two fac-
tors mentioned, and the relative sensitive-
ness of the films, should be kept in mind, so
that each film may receive the amount of
light necessary to produce images of the de-
sired densities. In principle it is possible to
compensate for inaccurate design or for re-
flection losses, by periodic variation of the
speed of the mirror, so as, for example, to
keep the reflecting portions in operative po-

sition for a longer time than the transmitting -

portions, but this method introduces undesir-
able mechanical complications. The color fil-
ters should also be taken into consideration in
some cases, since they sometimes vary greatly
in respect to the amount of light that they

will pass. Thus there is usually a greater loss

of green light in a green filter than of red
light in a red filter. Hence the filters may aid

“in attaining the desired light-ratio; as for

example, if the reds are persistently over-ex-
posed, a filter which will pass less light may
be used, or a more efficient green filter may be
used. A person skilled in the art can, in ap-
plying my invention in practise, take all the
above points into consideration, and by prop-
er variation of one or more can secure the
results desired. - ‘

To make it possible to attain the utmost ac-
curacy of registry of the images in subse-
quent printing on the two sides of a positive
film, the negative film or films may be posi-
tioned in the camera, and in the printing ma-
chine, by means of registry pins as in my Pat-
ent No. 1,359,025, issued November 16, 1920.

After the positive film is developed and
fixed it can be dyed, say green on one side and
red on the other, by any suitable method, as
for example by the method described in the
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4

patent of Hoyt Miller, No. 1,214,940, issued
February 6, 1917. If the film is sensitized
only on one side, one series of negative images
is printed thereon, then developed, fixed, and
dyed, after which the dyed images are pro-
tected by an impervious coating, as by means
of a celluloid varnish. The film can then be
re-sensitized, over the impervious coating, to
receive the second series of negative images,
which can be developed, fixed, and dyed with-
out affecting the first series of positive im-
ages. In the same manner a third series (as
in three-color work) can be printed on the
film, or on a film which bears 1mages on both
sides.

It is to be understood that the invention is
not limited to the specific constructions and
methods of procedure herein specifically de-
scribed, but can be practised in other ways
without departure from its spirit. In ve-
ferring to the operation of the revolving mir-
ror in the appended claims I use the terms
“transmit” and “transmission” in the sense of
passage of light through the opening or open-
ings in the mirror as distinguished from
transmission by a transparent medium.

Iclaim:

1. In a color camera, the combination with
a lens, a film-gate in rear of the lens to sup-
port a negative film in position for exposure,
a plane mirror extending between the lens and
said film-gate and occupying a plane at an
angle to the axis of the lens, said mirror hav-
ing at least one light-passing opening, means
for revolving the mirror in its own plane, &
film-gate arranged to support a negative film
in position to receive light reflected by the
mirror, means for feeding films through the
film-gatessimultaneously step-by-step, a shut-
ter for exposing both films at each period of
rest thereof, and means for actuating the mir-
ror, the shutter, and the film-feeding means in
harmony with each other.

2. In'a color camera, the combination of a
lens, a film-gate in rear of the lens to-sup-
port a negative film in position for exposure,
a plane mirror extending between the lens
and said film-gate and occupying a plane at an
angle to the axis of the lens, said mirror hav-
ing at least one sector-shaped light-passing
opening, means for revolving the mirror in its
own plane whereby light from the lens passes
to the aforesaid film-gate and is reflected lat-
erally, in alternation, a film-gate arranged to
support a negative film in position to receive
the laterally reflected light, mechanism for
feeding films through the film-gates simul-
taneously step-by-step, a shutter for exposing
both films at each period of rest thereof, and
means for actuating the mirror, the shutter,
and the film-feeding mechanism in harmony
with each other.

3. In a color cinematographic camera, a
lens; a plane mirror extending into the path
of light rays transmitted by the lens and oc-

1,762,477

cupying a plane at an angle to the axis of said
lens, said mirror having at least one light-
passing opening ; film gates arranged to sup-
port negative films, one in position for ex-
posure to light rays refiected by the mirror
and another in position for exposure to light
rays transmitted by the mirror; color filters
for the films; a shutter adapted to permit
light from the lens to reach both said films at
each period of rest and while both are simul-
taneously at rest; means for revolving the
mirror in its own plane whereby light rays
from the lens are alternately reflected and
transmitted by the mirror ; means for actuat-
ing the mirror revolving means and the shut-
ter; and means for feeding the films through
the film gates step by step while the shutter
is closed.

4, In a color cinematographic camera, &
lens; a plane mirror extending into the path
of light rays transmitted by the lens and oc-
cupying a plane at an angle to the axis of said
lens, said mirror having at least one sector-
shaped light-passing opening; film gates ar-
ranged to support negative films, one in po-
sition for exposure to light rays reflected by
the mirror and another in position for ex-
posture to light rays transmitted by the mir-
ror; color-filters for the films; a shutter
adapted to permit light from the lens to
reach both said films at each period of rest
and while both are simultaneously at rest;
means for revolving the mirror in its own
plane whereby light rays from the lens are al-
ternately reflected and transmitted by the
mirror ; means for actuating the mirror re-
volving means and the shutter; and means
for feeding the films through the film gates
step by step while the shutter is closed.

5. In a color cinematographic camera, a
lens;a plane mirror extending into the path of
light rays transmitted by the lens, occupyling
a plane at an angle to the axis of said lens
and having at least one light-passing opening,
the mirror being mounted to revolve in its
own plane on a stationary axis whereby light
rays from the lens are alternately reflected
and transmitted by the mirror; film gates ar-
ranged to support negative films, one in posi-
tion for exposure to light rays reflected by
the mirror and another in position for ex-
posure to light rays transmitted by the mir-

ror; color filters for the films ; means for feed- -

ing the films through said film gates step by
step; a shutter adapted to permit light from
the lens to reach both said films at each period
of rest and while both are simultaneously at
rest; means for actuating the shutter and the
film-feeding means in harmony with, each
other; and means for revolving the mirror
at a rate giving a plurality of reflections to
one image area on one film and a plurality
of transmissions to one image area on the
other film in each cycle of operation of the
camera.
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6. In a color cinematographic camera, a
lens; a rotatable plane mirror extending into
the path of light rays transmitted by the
lens, occupying a plane at an angle to the
axis of said lens and having a plurality of
radially extending reflecting portions and a
plurality of intermediate light-passing open-
ings; the mirror being mounted to revolve
in its own plane on a stationary axis whereby
light rays from the lens are alternately re-
flected and transmitted by the mirror; film
gates arranged to support negative films, one
in position for exposure to light rays reflect-
ed by the mirror and another in position for
exposure to light rays transmitted by the
mirror; color filters for the films; means
for feeding the films through said filin gates
step by step; a shutter adapted to permit
light from the lens to reach both said films
at each period of rest and while both are
simultaneously at rest; means for actuating
the shutter and the film-feeding means in
harmony with each other; and means for re-
volving the mirror in harmony with *the
Alm-feeding means and at a rate giving a
plurality of reflections to one image area on
one of said films and a plurality of transmis-
sions to one image area on the other in each
cycle of operation of the camera.

%7, In a color cinematographic camera, a
lens; a plane mirror extending into the path
of light rays transmitted by the lens, occu-

: Fying a plane at an angle to the axis of said
e
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ns and having at least one light passing
opening, the mirror being mounted to re-
volve in its own plane on a stationary axis
whereby light rays from the lens are alter-
nately reflected and transmitted by the mir-
ror for the formation of images in different
positions; a shutter operating to open and
close the lens alternately; color filters in the
paths of the reflected and transmitted rays;
and means for revolving the mirror at a rate
giving a plurality of reflections to one image
area and a plurality of transmissions to an-
other image area in each open period of the
lens.

8. In a color cinematographic camera, &
lens; a plane mirror extending into the path
of light rays transmitted by the lens, oc-
cupying a plane at an angle to the axis of
the lens and having a plurality of radially
extending reflecting portions and a plurality
of intermediate light passing openings, the
mirror being mounted to revolve in its own

plane on a stationary axis whereby light rays

from the lens are alternately reflected and
transmitted by the mirror for the formation
of images in different positions; a shutter
operating to open and close the lens alter-
nately; color filters in the paths of the re-

" flected and transmitted rays; and means for

6

revolving the mirror at a rate giving a plu-

rality of reflections to one image area and a

5

plurality of transmissions to another image
area in each open period of the lens.

9. In a color cinematographic camera, the

combination of a lens, film-gates at an angle
to each other in rear of the lens to support
negative films at an angle to each other in
position for exposure, a plane mirror ex-
tending into the path of light rays emerg-
ing from the lens and rotatable in its own
plane at an angle to the axis of the lens, said
mirror having a plurality of light-passing
openings to transmit light to one of said films
and a plurality of intermediate reflecting por-
tions to reflect light to another of the films;
means for feeding the films through the film-
gates step by step, a shutter for exposing
Doth films at each period of rest thereof
while both are at rest, means for actuating
the shutter and the film-feeding means in
harmony with each other, and means for ro-
tating the mirror in harmony with the shut-
ter and the film-feeding means and at a speed
giving a plurality of transmissions to one
image area on one film and a plurality of re-
fections to one image area on the other in

“each cycle of operaticn of the camera.

In testimony whereof I hereto affix my

signature. .
PERCY D. BREWSTER.
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