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We,
corporation organised and existing under
the laws of the State of Delaware, United
States of America, of 1, Wall Street,

. b New York - City, New York, United

States of America, do hereby declare the

nature of this invention and in what
manner the same is to be performed, to
be particularly deseribed-and ascertained
10 in and by the following statement:—.
This invention relates to  motion
picture films and to apparatus for record-
ing colour-component images on said
films. : - : :
According to the present invention a
motion picture film has recorded thereon
consecutive groups of three . separate
oblong colour-component images, two of
said images being of substantially equal
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20 size and being arranged one above _the
other, and the third image being

arranged beside the other two, turned.on
its side with zespect to them and larger
than either of them to an extent such
that its long dimension approximates. the
sum of their short dimensions. ahd the
three images cumulatively ocgupy an
area substantially commensurate to the
area of a normal motion picture frame,

25

30 the ratio of short side to long side being.

equal in all of said images. * L
Further according to the invention
there is provided apparatus for produc-
ing a motion picture film of the form set
95 forth above, comprising an -objective,
means hetween the objective and the
film dividing the light from the objec-
tive into three parts, two of the said
parts being redirected and the ather part

40
the vedirected parts of the light so that

it forms an image on the film adjacent

and substantially in vertical alignment
with the aforementioned image, means to
further redirect the second portion of
redirected ‘light so that it forms an

45

image turned on its side and arranged
beside the other two images, means to’

50 cause this third image to be larger than

those formed by the other two portions

of light, and filtering means in each
’_,/ N

passing “directly to the film to form an’
image, means to further redirect one of

light path intermediate the means for
dividing the light into three parts and
the . film for removing predetermined
‘colour components therefrom, the paths

66

“of-all three portions of light being such -

that the images carried by the three por-
tions all come to focus in the plane of
the film. .

The beam splitter methods have here-
‘tofore been considered undesirable due
‘to the loss of light but by selecting the
resultant divided beams as hereinafter
described for -recording eertain spectral
ranges very little effective light is
absorbed or otherwise lost, Aecordingly,
by the use of a single optical device com-
prising an chjective and a new-type of
beam splitter, very exeellent component
images can --teadily - be obtained and

recorded within a single panchromatic

emulsion layer. The new type of beam
splitter is devised so as to produce three
images having ~substantially  equal
-intensities. =~ = , ,

" The invention will best be understood
from the following description of the
specific embodiments when read in con-
nection with the accompanying draw-

ings, wherein like reference characters-

indicate like parts throughout.

Figure 1 is a view in perspective of
optical apparafus for simultareously
‘producing’ three - component images
arranged in accordance with the inven-

“tion, and®the film having such an
arrangement of images thereon; ' :
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. Figure 2 is an exploded view of a

three-way beam splitter; E
Tigures 3 and 4 are views in elevation
of d’c.he/ sides of modified beam splitters;
and S . '
Figures 5 and 6 are views in perspee-
tive similar to Figure 1, and showing

modifications of the apparatus, -
. Referring particularly to Figure 1.of
the drawings, it-will be seen that an
image beam g of-the object A.is received
by an objective 1 and focussed upon a
film 2. . The . objective 1 is preferably
the type having a long back focus in
vorder to mechanically accommodate a
beam splitter .3 between the emergent
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side of the objective 1 and the -film 2.
As objectives having a long back focus
are Inclined to also have a relatively
narrow object field it may be desirable to
O combine a dispersivé member, or so-
called ‘“ wide angle’’ lens with the
objective to obtain both the wide field
and the long back focus.  Satisfactory
lenses of this type are shown in Patent
10 Specification No. 355,452. The beam
splitter 3 is provided with two- partially
transparent, partially reflecting faces 4
and 4!, (Figure 2), so that an image
beam is initially divided, into two beams
and one of the divided ‘beams is again
divided into two beams, whereby three
beams are-obtained, two being rediretted
by the faces 4, 4', and the third passing
directly to the film. Blocks of glass are
interposed in the paths of at least two
of the divided beams to compensate for
their longer light paths. The film 2
preferably comprises a standard type of
panchromatic emulsion but, of course,
25 two or more spectrally selectively sensi-
tive emulsion layers may be used,

Colour filters are interposed in the
paths of these three beams to thereby
obtain three separate colour-component
images. A blue filter 51, a yellow filter
52, and a red filter 53, may be inter-
posed in the paths of the image beams,
so as to remove from the beams the
spectral complements of the,colours of
85 their respective filters, or other colours
may be used, such as blue, green, and
red, or blue-violet, yellow-green, and
orange-red. As a matter of copveni-
ence, the colour filters may be m(ﬁ)\nted
on the emergent faces of the beam
splitter although of course they may
likewise be separately mounted as a
removable unit so that they may be
replaced or other filters of slightly
different absorption values may be sub-
stituted.

As best shown in Figure 2, the beam
splitter comprises a right angle prism 5,
one face 6 of which is positioned normal
50 to the image beam a. The face 4 of this

member 5 lies at 45° to the image beam
* a and may be treated as by sputtering
silver, gold, aluminium or the like,
thereon so that, when it is in contact with
55 2 face 14 of a prism 13 hereinafter
described, it forms a partially reflecting,
partially - transmitting surface.  This
face 4 1s prepared so that approximately
one-third of the light which strikes
60 said face is reflected while two-thirds of
the light incident to said face is trans-
mitted. The reflected light beam 2 is
directed to a six-sided prism 7 which
comprises two prisms similar to.the prism
6 © in one unit and has an incident face 8,
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two full reflecting surfaces 9 and 10 and
an emergeut surface 11. By meaus of
this  prism combination the peflected
image is not only set off to one side of the
original image beam . but is also turned
through an angle of 90° sa that the image
X, which is recorded on the £ilm, lies
upon its side,

After the jmage beam . emerges from
the face 11 it then passes through a com-
pensating block 12 to equalize the paths
of the reflected beam %W and the trans-
mitted beam y'. Tpon passing through
the compensatting bloek 12, the beam .
then passes through the red filter 53 so 80
that the resulting Iihage X comprises the
red component, The light beam ' that
is transmitted by the face 4, which com-
prises two-thirds of the light ineident
thereto, then passes into a rhomboid
prism 13 through its ineident face 14
lying in contact with the face 4.  The
prism 13 bhas a face {' serving, when in
contact with the face 19 of a prism 18, os
a partially reflecting, partially trans- 90
mitting face. This surface 4! js adapted
to reflect as beam = one-half of the light
comprising beam y' and to transmit as
beam y one-half of the said light so that
two like images are formed, each of
which comprises approximately one-third
of the total light of the original image
and is substantially equal to the power
of the first reflected image.

The image beam = reflected hy the
surfaces 4! is direeted into a prism 15
surface 4' iz directed into a prism™ 15
which lies at an angles of 45° to the .
direction of the image beam : and -
parallel to the surfaces 4 and 4'. The 105
image beam = is thereby reflected
through the extended portion 17 of the
prism 13 which constitutes a compensat-
ing element to equalize the length of
image beam = with respect to the paths of 110
»the other divided images, The image beam
z emerging from the prism 15 is passed
_through the yellow filter 52 so as to record
the yellow-green component image #
upon the film, The image beam ¥ which
1s transmitted by the surface 4' passes
into a right angle prism 18 through its
surface 19 lying inscontact with the sur-
face 4' emerges through ap upright. sur-
face 20 that lies normal to the beam y and 120
from which the beam passes through fhe
blue filter 51 to the film 2 to yecord there-
on a biue component image Y.

The principal objection to the use of
beam splitters has heretefore resided in
‘the fact that there lias been a consides-
able loss of the light as it passes througlh
the various optical elements. If is now
known that loss by surface reflection may
be reduced to a minimum by providing, 180
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optical surfaces with thin films, and the
surfaces of the =lements in the objective’
1 and various transmitting surfaces of
the elements of the beam splitter may be

‘c“

by providing the full reflecting surfaces

. of the beam splitter, namely surfaces 9,

- 16

S

10 and 16, with coatings which render
“* the highest possible value of reflection,
10 According to present-day methods, it
" has been found that the best reflection is
obtained by evaporating aluminium. upon
the totally reflecting surfaces. It has
also been found that'the light dividing
surfaces of the beam splitter; that s,
those surfaces which partially transmit
and partially veflect the light, ave the
. most efficient when they are formed by
. sputtering silver on the surfaces, In
20 the present instance the surfaces 4 and 4'
“ would, have the silver sputtered -thereon
in accordance with the amount of light
that each of these surfaces is supposed
to reflect. ST
Another feature which has been ‘incor-
porated in this system arises from the
fact that the light reflected by the light
dividing surfaces is velatively’ high 1in
the red values of the spectrum, whereas
- g0 the transmitted or direct beam of light is
relatively high in the blue values-of the
spectrum. Accordingly, the first reftected
image which is relatively high in the
red values, is filtered with a red Aflter,
gg whereas the directly ‘transmitted.beam of
light is filtered with a blue filter. This
principle is further borne out by the fact
“ihat the second reflected image is filtered
“ with a yellow filter to record the yellows
40 and greens.
* maximum amount of the vespective light
values is obtained for recording each of
the component images on the film, -
~ It has been found that in projection it
is preferable to have the best possible
" definition in the green component image
on the positive film, and therefore to have
the best possible definition in~the red
component image X, that is originally
o recorded.  An- additional advantage in
recording the red component image with
the first reflected beam which contains a
predominant proportion of ved light
resides in the fact that the red comi-
5 ponent image X may be considerably
enlarged.
the normal size of the blue and yellow-
green component images Y and Z will
provide film area for such an enlarged red
component in a normal picture area, or
preferably it may occupy the film area
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which is normally allotted to-the sound-

record as well as the normal picture area.
According to the preferred arrange-

so treated. Loss of light is also decreased .arrangement obtains a highly

ponent images may remain at the same
size of 495 inches by .360 inches and the
red component image may be enlarged to
660 inches - by .480 inches. This

result witheut produeing any difficulty,
because in -taking the original records
the picture images and the sound records
are usually recorded separately. The
differences in size of the image does mot
matter as the picture records obtained by
the present system are all enlarged dur-
ing printing to the nofmal size for a
motion picture image, which is .82
inches by .600 inches, or during the
intermediate steps of producing the com-
mercial projection films. -

The enlargement of the red component
image may be readily effected by inter-
osing a léens 25 in the path of the
reflected beam a that emerges from the
block 12. This effect may likewise be
obtained by the use of a modified struc-
ture as shown in Figure 3. wherein the
block 12 is provided with one or more
lens segments 26 . on the entrance or
emergent faces of said block 17 or on
both of said faces. Tt will also be seen
by Figures 1 and 3 that the red- filter 53
may be positioned between the emergefit
face of the block 12 and the lens 25 or

betweers the emergent face of the lens

and the film, 7

The centre of the red component image
X normally lies in sustantially the same
horizontal plane as the centre of the
yellow-green component image 7, and,
due to the turning of the red component
image X, the ends thereof extend beyond

By this atrangement the .one of the horizontal boundaries of ‘its

companion images Y and Z.  While this
offsetting of the images works no particu-
lar hardship in the average case, it is
sometimes desirable for all three of the
images to be positioned completely with-
in the area normally occupied by a single
standard sized image. The position of
the red component image X may be
readily adjusted by various means. For
instance, as shown in Figure 5, a very
thin wedge prism 28 may bé interposed
in the red image beam x. along with the
lens 25, not shown, - By this means the
red image beam 2 will be refracted so
that its image 2 will lie completely with-

A very slight reduction i1 .in the normal image avea.

“desirable
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In Figure b the red component image

X has been shifted to a position where
its centre lies in the horizontal plane
that runs between the adjacent hori-
zontal edges of the eompanion images Y
and 7, although it will be uriderstood
that it need not be shifted as much.
Instead of employing a separate wedge
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pensating block 12 may be -arranged ac

an angleas showy in Tigure 4, so as to
vause the red component image X tg be
refracted to the desired position.,  Of
& course, the shifting of the imuoge can also
be obtuined by tilting the mugnifving
lens 25 shown in Figure 1-although some
slight distortion might yesult by so doing.
Likewise, the magnifying lens 25 might
10 be formed in more or less of a wedge
which would cause the necessary refrac-
“ tion of the image,
Still another - modification of  the
invention is shown in Fig. 6. wherein the
16 optical image beam a is received und
divided by the beam splitter 3 into three
like image beams and filtered by the color
filters 91, 52 and 33 as hereinbefare
deseribed.  The principal difference in
20 this modification vesides in the fart that
a separate lens is used for each of the
image beams after they have been divided
in lieu of the objective 1 for receiving the
original image beam. Tt will be under-
2b stood that the separate lemses may be
employed in combination with = the
principal objective 1 if it is desired to
control the separate image beams in any
manner. It will be seen in Fig, @ that
80 2 lens 54 may be placed in the image beam
© o, a lens 55 may be placed in the image
beam y and a lens 56 mayv be placed in the
image beam z. By such an arrangement,
the original image beam mav be received
35 by the beam splitter and divided into
three like beams, colored by comple-
mentary color filters to ferm comple-
mentary color images, the color filtered
complementary images may then he
40 focused upon the plane of the film aud
thereby recorded in a single light sensi-
tive silver halide emulsion,

Having now particularly deseribed and
ascertained the nature of our said inven-
4p tlon and in what manner the same is to
be performed, we declare that whai we

claim is:— )
1. A motion picture film having
recorded thereon consecutive groups of
50 three separate oblong colour-component
images, two of said images being of sub-
stantially equal size and being arranged
one above the other, and the third image
being arranged beside the other two.
66 turned on its side with respect to them,
and larger than either of them to au
~extent sueh that its long dimension
approximates the sum of their short
dimensions and the three images camula-

- 60 tively oceupy an area substantially com-

_ mensurate to the area of a normal moting
picture frame, the ratio of short side to

long side heing equal iy all of said

Images, :

2. A motion pictare film as claimed i 65

Claim 1, wherein the lazger image ix a
red component image. .

3. Apparatus for producing a motion
picture film of the form set forth in
Claim I, comprising an objective, means T0
between the objective and the filin divid-
ing the light from the objective into
three parts, two of the said parts being
redirected and the other ~part passing
directly to the film to form an image, 76
means to further redirect omne of the
redirected parts of the light so that it
forms an image on the film. adjacent apd
substantiaily in vertical alipnment with
the aforementioned image,
turther redirect the second poriion of
redirected light so that it forms an image
turned on its side and arranged beside
the other two images, means to cause this

means to 80

third image to be larger than those 85

formed by the other two portions of light,
and filtering means in each light path
intermediate the means for dividing the
light into three parts and the film for
removing - -predetermined  colour
ponents therefrom, the paths of all three
portiens of light being such that the
images carried by the three portions all
come to focus in the plane of the film.

4. Apparatus as eclaimed in Claim 3, 95

.wherein a separate lens is provided in

each beam between the beam splitter and
the, film, either in conjunction with an
objective in front of the beam splitter or

com. 90

in substitution for it. 100

5. Apparatus as elaimed in Claim 3 or

4, in which the filterine means remove

the spectral complement of blue from the
portion of the light forming one<of the

smaller images, the spectral complement 105

of yellow-green from the portion, of the
light forming the other of the smaller
images, and the spectral complement of

red from the portion of the light forming

the larger image’ 110

6. A motion picture film substantially
as described with reference to the accon:.
panying drawings,

7. Apparatus for producing a motion
picture film substantially as deseribed 11
with reference to the accompanying
drawings.

Dated this 30th day of December, 1041,
For the Applicants:
F T, CLEVELAND & COMPANY.
Chartered Patent Agents,
29, Southampton Buildings,
Chancery Tane, London, W.(0.2,

s

Leamington Spa: Printed for His Majesty’s Stationery O}fice, by the Courif.r Press.—1943.
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