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The present invention relates to combined op-
tical blending and dispersing devices for effecting
exposures on lenticular films as used for example
in three colour photography.

The distinct fmage points formed by the juxta-
posed bands of the colour fllter in colour cinema-
tography on lenticular film result in the record-
ing on the film of monochrome images which are
not strictly coincident except at the parts repre-
senting the plane of the photographed object
which is exactly in focus.

Instead of in a blurring of the image, the lack
of coincidence, which is the more pronounced
the further the object s removed from the plane
of sharp definition, shows itself, on projection of
the original lenticular films or of coples thereof,
in the production of coloured fringes, and these
latter are the more pronounced the greater the
aperture and the greater the focal length of the
camera lens used for making the exposures.

To overcome this drawback inherent in mak-
ing exposures in colour on lenticular films, vari-
ous means have already been proposed utillzing
mirrors or prisms, elther to glve to two of the
colour bands of the fllter, or to three of them,
the breadth of one of these bands as image point
base, or by blending each of the image points
partially with the other two.

In the fArst case, there 13 achieved the dis-
persion of the relatively narrow beam of light
striking the entry lens, and its distribution over
the entire breadth of the fliter, but this result is
obtained at the cost of a considerable reduction
in the light yleld of the lens,

In the second case, the beams striking the lens
are blended over the breadth of the filter, but
owing to the reflecting surfaces used belng strict-
ly parallel, it will be understood that focussing
can only be effected for the plane of infinity of
the object photographed, and it is consequently
necessary to add to the device, In front of the
lens, a large aperture system of variable focal
length which enables any other plane of the ob-
Ject to be sharply focussed by throwing such
plane back to infinity by colllmation,

Apart from the very conslderable complication
implied in the use of a colllmating system for
this purpose, which has to have a wide aperture
and be perfectly corrected, it will be understood
that the light yield of the assembly is also seri-
ously sffected by the number of glasses of which
this colimating system is composed.

The present Invention has for its object to
provide a combined dispersing and blending de-
vice for the beams of light, of high luminous
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efliciency and capable of allowing the camera to
be sharply focussed on any plane of the object
photographed.

The princlpal characteristics of the invention
are the following:

(1) The division of each of the three coloured
bands of the filter into two segments of equal
width, which determines six segments having in
all the same superficlal area as the pupll of entry
of the camera lens;

{2) The provision of totally or partially re-
flecting facets projecting normally to the plane
of the fllter in such a manner that each coloured
band may be completely covered by the projec-
tion of merely two facets which may if desired
occupy two superposed tiers and baiflle each other
as between one tier and the other;

(3) Such distribution of the beams that after
incidence on one of the facets, they emerge either
through one only, or through two, or at the most
through three of the six segments of the pupil
of entry of the camera lens;

{(4) Paths of beams, which, by virtue of this
division and the baflle arrangement, are as short
and symmetrical as possible, while the device it-
self 1s as small as possible in depth, so that, with
g minimum of reflections as set forth above un-
der (3), maximum light yleld is secured;

(6) Division of the combined blending and
dispersing device into a plurality of bodies articu-
lated relatively to each other, rendering it pos-
sible to dispense with the provislon in front of
the device, of a system for collmating the focus-
sing plane (a system which is generally insepara-
ble from light beam blending devices equipped
with totally or partially reflecting facets), and
consequently enabling the handling of the device
to be simplified while at the same time achlev-
ing the novel improvement in light yield.

Preferred embodiments of the Invention are
shown, by way of example only, in the accome-
panylng drawings, in which:

Fig. 1 shows, in diagrammatic section, an em-
bodiment of the combined blending and dis-
persing device according to the ihventlon,

Fig. 2 shows the entry pupil of the camers
lens,

Fig. 3 represents a modification of the embodi-
ment shown in Fig, 1.

Fig. 4 1s a modification of Fig, 2.

Fig, b shows an arrangement constituting a de-
formable dispersing and blending device.

Figs. 8 and 7 show a simplified modification of
the device lllustrated in Fig. 5.

Fig. 1 represents, solely by way of example, an
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embodiment of the optical device according to the
invention. This device consists for example of
two glass plates having parallel faces and de-
noted by I and II, in each tler of which are In-
serted reflecting facets, ahd disposed in such &
manner, for example, that the plane EF les in
the plane of the pupil of entry of the objective
with which the exposures are made.

The disposition and arrangement of this optical
member are based on the following consldera-
tlons:—

Fig, 2 1s assumed to represcnt the division of
the pupil of entry Into six parallel segments, pref-
erably of equal breadth, numbered | to 6, their di-
rection being that of the three colour bands of
the fllter assoclated with the camera lens.

It may be estimated that, roughly speaking, the
superficial area of the segments | and § is half
that of each of the remaining segments 2, 3, &
and B,

It 1s assumed that each of the three points of
view taken in the pupil of entry represents the
area of two of these neighbouring segments, and
that it 1s a case of causing the same quantity of

fight flux to traverse each of the three groups of 2

segments of the pupii of entry, composed respec-
tively of these segments | and 2, 3 and 4, and §
and 6, as if the optical system shown in Plg. 1
were non-existent. For this purpose, when R
is the flux traversing one of the seements | and 8,
and 2R that traversing each of the four others,
giving a total of 18R for the useful incident flux,
it 1s necegsary that the three groups enumerated
above be finally traversed, respectively, as fol-

lows:— Group 142 by 3R, group 34-4 by 4R, and :

group §-4-6 by 3R, glving a total of IR,

Referring to Flg. 1, It will be seen that this re-
sult is duly achieved when it is assumed, for ex-
ample, that the facets shown in full lines are
totally reflecting, while those shown in dotted
lines are partially reflecting, for Instance merely
seml-reflecting.

On top of the six facets Mi1—Ms are superposed
on the facets M1 and Mz of tier I, the facets M":
and M’z of tier II, these being symmetrical with
respect to the plane of separation CD between
these two tlers. Two further facets M7 and M'r
are also disposed, symmetrieally with respect to
said plane CD, like M: and M': but have their
projection on the plane EF outside the pupll of
dlameter d while belng tangential to this pupil.
All these facets, superposed oh top of the six first-
mentioned, have the helght 2 measured normally
to the piane of the drawing.

Owing to the differenice between the areas of i

the seements | and 6 and those of the four other
gegments (Fig. 2), dominant image points may
become formed in the blend of the three groups of
image points. To counteract this, the dis-
tribution of the beams in their blend may be
modified, for example by rendering a fractlon 8
and 9 of the facets Mz and M totally reflecting.

Fig. 3 represents in section a blending and adis-
persing device according to the invention in which
the distribution of the beams presents a high de-
gree of symmetry,

In thls symmetrical distribution of the beams,
given by way of example, the differences of path
are slizht and negligible, owing to the small total
thickness of the two superposed tiers, amounting
to half that obtalned@ without the baflling ar-
rangement of the facets (rendered possible by the
division of the surface of Ineidence into six seg-
ments), and also owing to the principle aceord-
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not traverse all the scgments of the emergent face
but only one, two, or at the most three of these
six segments,

In Fig. 4 is Indicated in outline a fllter having
the contour of a curvilinear lozenge, known for
giving the diaphragm corresponding to the maxi-
mum useful aperture of a camera lens, In order
to ensure the most correct use possible of the
pupil of entry furnished by this diaphragm, in
combination with the combined blending and
dispersing device according to the invention, the
diameter of this diaphragm, measured perpen-
dicularly to the direction of the coloured bands,
Is reduced tc a value d which is less by about %
than the diameter T, by elimlnating the corners
N,
In this way, and at the cost of an Insignificant
sacrifice of luminosity of this diaphragm, the dis-
parities hetween the mean values of the respec-
tive heights of the segments 1, 2, and 3 (and cor-
respondingly of #, 5 and 6) is diminished, while
at the same time & substantial improvement is
effected in the eflciency of this fliter when used
with a combined blendihg and dispersing device
according to the invention, of the type shown by
way of example {n Fig, 3.

It will readlly be understood, for example, that
the fluxes incident on the segments 3 and 4 of the
face AB would be reduced to a conslderable ex-
tent, with reference to the fraction emerging
therefrom through the segments | and §, if this
precaution were not taken.

It 18 assumed that the lozenge shape with
truncated corners delimits, without varying, the
emergent face EF of the device, whereas there
may be utiized a circular diaphragm of variable
diameter, an iris diaphragm for example, In the
plane of the incident face AB, centred on the axis
of the camera lens. For this purpose it 1s neces-
sary that the ratio between the flux emerging
through the central band, on the one hand, end
that emerging through one of the side bands of
the lozenge-shaped fllter, on the other hand, re-
main substantially constant when the diameter
of the diaphragm varies.

It is khown that when a three colour filter
comprigeg three bands of the same breadth oe-
cupying the pupil of entry of maximum useful
aperture, It is necessary to obscure the ecentral
coloured band of this filter relatively to the
nelghbouring bands, on account of Its greater
height.

This greater degree of opacity could not how-
ever in practice be imparted to it in the present
device without effecting variation of the ratlo
between the fluxes discussed above when the
diameter of an iris diaphreagm placed in the
plane of Incidence AB of the device is caused to
vary.

Caleulation shows indeed that fhe ratio be-
tween the flux emerging from the central band
of the fllter and that emerging from one of the
side bands varies with the aperture of the irls
digphragm dispased In front of the blending and
dispersing deviee, In the vieinlty of its surface
of Incidence AB, In a different manner aceording
to the degree of reflection taken for the partlally
reflecting faeets of the deviee. There are con-
sequently represented in this Fig, 2 what might
quite slmply be masks K assoclated with the
central band, providing the sereenmg effect re-
ferred to above, s desirable, in the event for
example of the facets Mz amd My being semi-
reflecting and the facets M’'s and M's dispensed
with, In order thal, when the fAlter 13 of the
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kind which is balanced at futl aperture, this
equilibrium is automatically maintained what-
ever he the dlameter of the diaphragm G sus-
ceptible of variation between full aperture and
d/n, n belng any number which may possibly be
greater or smaller than the number 3.

¥e. b shows an emhodiment of the Inventlon
which allows of focussing on to any plane of the
object photographed, by deformation of the de-
vice having reflecting facets.

It will be noted that the normal focussing
procedure by extending the objective O, to effect
focussing t¢ any plane other than infinlty, pro-
duceg on the filter correct focussing of the image
for those of the light rays proceeding from sald
plane, which traverse the objective O without
having undergone reflectlon in the dispersing-
blending device, For all the remalning rays,
which undergo such reflection, on the other hand,
there occurs disturbance in the constructlon of
the Image on the film, except for certaln Incldent
rays, particularly such, for example In the case
of the arrangements shown in Figs. 1 and 3, In
consequence of an even humber of reflections,
as those Incldent on the facets M: or Ms, and
which emerge from the device through the seg-
ments | or 6 of the same number as these facets.

To correct the direction, on emergence from
the device, of all other reflected beams, 1t would

have to be possible to turn the reflecting facets .

through a certaln angle in such conditions that
only these beams are correctly readjusted. This
1s allowed for (see Fig. 5) by the artlculation of
the bodles C: and Ca of the device relatively to
the body Co assumed to be flxed with the objec-
tlve O and, respectively, on these bodles C1 and
Cz2, ag shown in this figure, by the supplementary
articulation of the facets Mi and M.

If 2 d/3 he the deviatlon between the mid-
points of the groups of viewpolnts furnished by
the bodles C: and Ca, it will be seen that the
beams of lght are correctly conducted If the
rotation of these articulated facets takes place
In the appropriate sense and symmetrically with
reference to the axis XX of the objective O, as
a function of the parallax relative to the base
2 d/3, of any selected point in the focal plane
of the object. If « be the angular extent of this
parallax relatively to the base 2 d/3, 1t will be
understood that beams emerging from the device,
after having undergone reflection twice In one
directlon or the other between the central body
Co and one of the side bodies on such facets
(spaced apart by the amount d/3), will appear,
if these facets are parallel, to proceed from a
point located at the distance d/3 from the object
point in the focal plane of the object photo-
graphed. After having traversed the objective
O, these beams will thus form on the film an
Image distinet from that formed by the beams
which traverse this objective without undergoing
reflection. But it will also be understood that
these two Images will coinclde if the beams
emerging from the device after having under-
gone reflectlon on the facets the deviation be-
tween which 1s d/3, are alone deflected through
an angle of «/2 by a rotation of the slde bodles
through «/4 about the flxed axes O:1 and Oz
of the objective O. In effect, the beams will
appear, llke those which are not reflected, to
proceed from the obJect polnt 1tself.

1ikewlse, it will be understood that a rotation
through half thig anegle, that 1s to say through
a/8, tor the facets Mi and Mr, will suffice to
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the hodies C1 and Ca to reflection on the facels
at & distance of only d/8, fn such A manner as
to cause these beams toc form the same Image
as those consldered above.

The invention finally contemplates rendering
this adjustment automatic by arranging for it
to be effected In dependence on the extension
of the objective lens, 1f, for example, the articu-
latlon point Zs of connectlng rods Th and Ta
he fixed on the camera, and connecting rods
artlculated at Z; and Za to levers Li and Ia
pivoted in their turn at Oi1 and Oz on the mount-
Ing of the objective be of such length relatively
to the length of the sald levers {(measured be-
tween the axes) and form such angles that, on
rotation of the slde bodies, the deformation of
the device 1s caused to follow substentiglly the
law of parallax varlatlon, on varlation of the
plane selected for focussing.

Instead of levers and connecting rods it may of
course be preferred to employ a system of cams
for effecting this control. It is alsc possible to
serve this purpose approximatively by making the
device out of transiucent elastic material in one
plece, and causing this device to become bent or
curved by any sultable control means.

If the embodiment of the invention 1s of the
kind illusirated In Fig. 5, the three bodies will
preferably have cylindrical separation surfaces
and have Interposed between them a substantially
non-volatile liquid the refractive index of which
1s very close to that of the substance of which the
device is made, such as for example liquid Canada
balsam, castor oil, or glycerine,

Rotatlon of the facets Mi and M is permitted,
in the ease of the embodiment shown in Fig. 5 for
example, by supplementarily pivoting the facets
M: and Ms, at U. and Us, on the levers L and La,
respectively, pertalning to the mounting for the
two artlculated slde bodles C: and Ci1. This ro-
tary adjustment 1s controlled, when these levers
are moved by extension of the lens O in the course
of focussing, with consequent adjustment of the
lens relatively to the fixed point of articulation
on the camera, for example by the abutment of
fingers such as 8: and S2 against blocks P1 and Pa
secured for example to the lens mounting; these
fingers, which are secured to the artlculated
mountings of the facets Mi and Mr, are of sult-
able profile.

It will be understood that 1f the Tacets M’a and
M’s are held In position on the device shown In
Fig. 5, In the manner indlcated in Fig. 3, 1t would
also be necessary to make these facets artlculated
like the facets M1 and M7t on the mountings Li
and La of the side bodles C1 and Ca, It is in fact
necessary, on the one hand, that the fractions
of each of the beams incident on the segments |
and 6 of the surface AB, which are also reflected
by each of the facets M’z and M’s, shall not under-
go any deflectlon on emergence from the device,
because these fractlons, emerging through seg-
ments of the face EF denoted by the same in-
dices | and 6 as those of the entry face, are com-
prised in the “direct flux”. On the other hand,
it is also necessary, and at the same time, that
the fractions of beams striking these facets M’
and M’s and coming by reflection on the facets
M: and M, and which emerge through the seg-
ments 2 and § of the face EF, be deflected through
the angle corresponding to the deviation d/6
which exists only between the points of incidence
and emergence of the rays of these fractions of
beams. Finally, this articulation of the facets
M’s and M’s has no effect upon the fractions of
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.these .same beamsg -whieh traverse them and
»amerge through the ssgments- 1-and §-of the-face
EF, ner.on those which emetge through the seg-
ments 2 and B of the fage -EF-and derived from
. beams incident -on the segments |--and 6 -of the
face AB. ‘Thus, these-various fractions-only un-
<ergo,-respeetively, as has been-seen-above to be
necessary, deviations tmposed by rotation of the
facets Mi:and.M» regulated on the one hand for
the spreading to the extent of d/6 extant between
the points of incidence and emergence of the first
of these fractions-of beams, and by rotation of
the bodles €1.and Ca regulated on the other hand
for the spreading to the extent of d/3 established

between the points. of incidence and emergence -

of the second of these fractions of beams.

-According to the mode of construction - indi-
cated by Brewster in his U. S, Patent No.
1,277,040/1918, and for the purpose of substituting
mstallized mirrors which are totally or partially
reflecting, for the prismatic elements of a beam
dividing or dispersing device, the separation sur-
faces of -articulated bodies may alzo be iImmersed
together with the whole of the device, in a tank
containing liquld of such composition that its re-
fractlve Index renders absolutely invisible the
glass of the mirrors of which only the metallized
surface reflects. For this purpose it is known to
employ aqueous solutions of lodo-mercuriate of
barium, potassium, or sodium, the refractive in-
dex-of which may attain the figure 1.7.

Figs. 6 and 7 represent, ‘In -sectlon and in
plan view respectively, a device In which the-six
segments of the diaphragm (assumed to-be cir-
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cilar) delimiting the filfer, are divided into two

-groups of three separated by a diameter lying

trangversally of the bands b, v, r of this three color

- fliter, and in which the odd and even facets cross

each other.at 90°, These facets occupy for-ex-
ample the entire thickness e of the device, which
1s equal to the thickness of the two superposed
tiers. of - the preceding -devices, and, for example,
the facets Ma and M3 are 66 % reflecting, the facets
Mj; and M 509 reflecting, and the facets Mi and
Ms 100% reflecting. All-are gymmetrical again in
respect of the paths of rays in.the two groups of
facets, but a substantial fraction of the incident
beams is lost by the totsally reflecting facets.

The efficiency of the deviee and the distribu-
tion of the beams between the central and side
segments may be: very considerably improved by
making -them all of the same maxXimum height
H/2, which imcreases the parts reflected by the
slde facets and destined to traverse the segments
covered over by the other facets.

In these latier combinations, 1t 1s sufficient for
the facets to be divided up between three bodies
Ca, C1, Ca,In order to ensure, by articulation about

-the axes On O'1, Qa2 O's, correct focussing simul-

taneously with extension of the lens. It is also
sufficlent for the -dividing surfaces between the
three bodles to be plane, with very slight spacing
In the case of lenses In which d is relatively small,

-since the rotatlion of the two-side bodles 1s also

very limited.

ANNE HENRI JACQUES
pe LASSUS SAINT GENIES.





