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United States of America, of 823, North
Seward Street, Hollywood, California,
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5 United States of America, do hereby
declare the nature of this invention and
in what manner the same iy to be per-
tormed, to be particularly described and

ascertained in and by the following
10 statement : — ,
This invention is .concerned with

optical devices, especially with arrange-
ments using reflectors for the purposze of
dividing light beams.
15  Light-dividing devices of various types
are used in optical apparatus such as
range finders, stereo-microscopes, inter-
ferometers, and especially in apparatus
for recording or reproducing different
aspects of an object field, for purposes of
stereoscopic and color photography. In
such apparatus it is frequently necessary
not only to divide an incident light beam
into two or more beams, but especially to
maintain a predetermined ratio of the
intensities of the component beams. In
the case of cameras for colour photo-
graphy, for example, it would otherwise
become impossible to comirol the com-
30 ponent colour aspect records for true
recordation and proper balance with
regard to subsequent reproduction pro-
cesses.
When photographing colour separa-
35 tion records with. motion picturercameras
employing a light splitter, it was fre-
guently found impossible to maintain the
theoretically and experimentally prede-
termined ratio of light division; for
40 example, the recordation of certain high
lights would vary so much that, in the
final print, they appeared at one time
" decidedly green, and then again reddish.
After considerable experimentation, it
45 was determined that the printing process
was not the cause of trouble, but that the
transmission-reflection ratio of the light
divider varied. Further research led to
the conclusion that the difficulty was due
50 to the fact that the light reflected into
the. camera from most objects is more or
less polarized and that the effect of the
reflector used for dividing light beams
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of this nature varies comsiderably with
the ratio of incident wunpolarized and
polarized light, respectively, and the
characteristics of the polarized light
itself,

It is the principal object of the present
invention to provide an arrangement
rendering the function of a reflector for
practical purposes insensitive to the
‘polarization characteristics of the light
impinging  thereon. The invention
accomplishes this result by converting
light to be reflected, before it is actually
reflected, into a form in which it
is uniformly affected by the reflector,
regardless of the modifications of which
it may have been previously composed,
and independent of spatial relations
between reflector and light rays.

In another aspect, the invention pro-
poses the conversion of plane polarized
light, before it reaches the reflector, into
polarized light of a type which is
reflected substantially in  the same
manner as non-polarized light.

Another object of the invention is to
provide totally or partially light reflect-
ing devices, for use in optical apparatus
having in their light path in front of the
reflector an element, easily incorporated
in devices of this type, which renders the
reflection properties insensitive fo the

polarization characteristics of the inci-

dent light.
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In another more specific aspect, the -

deals with
utilizing a

invention

light-dividing
devices

sami-transparent
reflector, the transmission-refiection
ratio being maintained
uniform by converting the polarized com-
ponent of the incident light into circu-
larly polarized light.

These and other objects, aspects and
features of the invention will be
apparent from the following description
illustrating the genus of the invention
with reference to several concrete
embodiments thereof.. The description
refers to the accompanying drawings in
which : — o .

Fig. 1 is a diagrammatic view of a

90

substantially

95

1a0

light splitting device to which the inven- 105

tion may be applied;
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Fig. 2 is a schematical plan view of a -

device according to Fig. 1; and
Figs. 8 to 7 are schematical views,
similar {0 TFig. 2, of several devices
5 incorporating the present invention.
The general principles of the invention
will be explained by desciibing its appli-
cation to a well-known simple light-
dividing device, as for example described
10 in British patent No. 373,429 and dia-
grammatically shown in Figs. 1 and 2.
In this figure, P is a block of glass con-
sisting of two prisms contacting at sur-
faces M confining therebetween a partly
15 light transmitting reflector, applied for
example by way of sputtering or evapora-
tion of metal. An incident light beam
L is divided into two component beams R
and S, respectively. Two superimposed
20 films 1 and 2, respectively. are exposed.
in beam S, and a third film 3 in beam R:
As described in the above-mentioned
patent, films 1 and 2 record the blue and
‘red colour aspects, respectively, -and 3
95 the green aspect. Accordingly, the ratio
of the amounts of transmitted and
reflected light, respectively, is predeter-
mined to be about 1:2; in other words,
the two superimposed films 1 and 2 are to
80 receive about twice as much light as the
single film 8. As indicated above, it
was found that the transmission-reflec-
tion ratio of a reflector of this type has
considerably different values for ordinary
35 and polarized light; for example, a ratio
1:2 “for unpolarized light changes to
approximately 1:1.3 for a beam consist-
ing only of light vibrating in planes per-
pendicular to vertical surface V of the
40 prism whereas. for light vibrating in
planes perpendicular to horizontal sur-
face H, the ratio becomes approximately
1:8.3. These ratios will, of course,
. differ for intermediate inclinations of the
45 polarization planes relatively to the
reflector, and also with the amount of
polarized light in the beam.
The reason for this effeet is mainly the
extinetion effect of reflectors upon polar-
50 ized light; this and similar phenomena
are extensively dealt with in text books
on physical optics and need not be gone
into for purposes of the present invention
which-is concerned with their elimina-
55 tion for practical purposes. o
Tt will now be apparent that, with
changes of the reflection-transmission
ratio caused by variations of the relative
amounts. of polarized and wunpolarized
60 light in the beam. and by variations of
the planes of pelarization, the exposures
on the respective films will vary, making
it often very difficult to maintain the
correct balance of exposures. Further.
65 the transmission-reflection rafio for

different objects in one and the same
scene may vary. JFor example, an
article which reflects into the camera
light mainly in polarized form may occur

in an environment of objects which do 70
not affect the light reflected therefrom in
this manner, or to a slighter degree, as

a lacquer or enamel article on dull wood.

or a head taken against an indifferently
dull background. 1In such instances, 75
the rendering of the pelarizing and non-
polarizing objects, respectively, will be
different; the dull wood for example
being rendered correctly, whereas the
lacquer box resiing thereon is, especially 80
in its high lights, too green or too red.
due to relative overexposure in one of the
component beams.

According to the present invention,
these detrimental effects are for practical 85
purposes eliminated by converting the
plane polarized light. before it reaches
the reflector, into a form in which the
latter affects it in a manner whieh is not
substantially different from the reflection 90
of non-polarized light for which it is
designed.  According to the invention,
an element is for this purpose introduced
into the light path which changes plane
polarized into elliptically (ineluding cir-
cularly) polarized light, which for the
present purpose has the same properties
as unpolarized light. Convenient means
for converting plane polarized info
elliptically polarized light are tor 100
example the so-called quarter-wave
plates which resolve the plane polarized
vibration into two components at right
angles to each other with a phase differ-
ence of an odd number of quarter periods. 105
Quarter-wave plates can be made of mica ~
or selenite, or of quartz. For present
purposes, quarter-wave mica sheets of
about .0011 inch (.028 mm.) thickness
were found satisfactory. ' 110

In order that the light transmitted by
the quarter-wave plate be split into two
beams by the partially reflecting surface
without regard to its original plane of
vibration, the quarter-wave plate should 115
be oriented with its crystal optical axis
at 45° to plane V in a plane perpendicu-
lar to both V and H. There are thus
possible any of four positions of the plate
which will give successful results. Plane 120
polarized light incident on the quarter-
wave plate is then elliptieally (including
circularly) polarized with planes of
vibration parallel to and perpendicular
to the optie axis of the plate. In rela- 125
tion to the beam splitter, these planes of
vibration are parallel to and perpendicu-
lar to the plane bisecting the dihedral
angle between V and H and passing
through the glass block, and are parallel 180
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to the light beam L; the planes of vibra-
tion as well as the optical axis of the
plate may also be described as forming
angles of 45° with the plane through
5 axes L and S of the direct and deflected
light beams. Polarized light of either
of these azimuths is transmitted and
reflected by the partially reflecting sur-
face in the same ratio as unpolarized

10 light.

Ag shown in Tig. 1, a quarter-wave
plate Q can be inserted anywhere in front
of the light-dividing surface. Prefer-
ably  the plate is cemented to the front

15 face of the prism, as shown in Fig. 2. In
this Fig., n and p signify the normal and
plane polarized components, respec-
tively, of light beam L; plate Q con-
verts component p into elliptically polar-

20 ized light e which is reflected and trans-
mitted by M in the same manner as the
ordinary beam .

Figs. 8 to 7 show several other embodi-
ments of the invention. 1In Fig. 3, a

25 device according to copending applica-
tion Serial No. 14723/36 (Serial No.
475,808) having three prism components
11, 12, 13 and three reflecting-trans-
mitting surfaces 14, 15, 16 is provided

30 with a quarter-wave plate Q covering
that portion of prism 1 which receives
the beam L. It will be apparent that
the improvement according to the inven-
tion is especially important in a device

85 of this type which has five reflecting sur-
faces and therefore involves many possi-
bilities for wvariations of the transmis-
sion-reflection ratio due to irregularities
in the reflection of polarized light.

40 Fig. 4 shows a light-dividing arrange-
ment employing a pellicle reflector 21 of
well-known construction instead of a
prism. Again, a quarter-plate Q equai-
izes the reflection-transmission ratio.

45 The invention is also useful if applied
to light-dividing devices employing
totally reflecting surfaces, as shown in
Figs. 5 and 6.

Fig. 5 illustrates schematically the

50 optical arrangement of a light-dividing
camera employing a rotating mirror 24
having an apertured portion 26 and a
reflecting portion 26. Mirror 26 directs
the light beam towards film gate 27,

55 whereas aperture 25 passes it, in alternat-
ing intervals, tfowards gate 28. A
quarter-wave plate Q in front of the
mirror compensates for variations in the
absorption of polarized light striking

60 reflector 26 at different angles between
reflector and plane of polarization.

Fig. 6 shows a light-dividing device
with two totally reflecting prismg 31, 32
partly extending into beam L and reflect-

65 ing portions thereof towards film holders

33, 34, respectively, whereas an undevi-
ated component of the beam passes on
the holder 835. Tt will be evident that
plate Q compensates for variations

in the ratio of reflected and ‘un- g
deviated light. '

It will now be apparent that the inven-
tion can be applied mnot only to photo-
graphic apparatus but to any device
where variations of reflection effects are 75
undesirable. As an example, Fig. 7
shows a diagram of the light-dividing
portion of a conventional stereo magni-
fier, where M is the semi-reflecting sur-
face dividing the impending light beam gg
L coming from the object into two com-
ponents [ and » which are then deviated
into parallel directions for observation
with both eyes. Quarter-wave plate Q
compensates for variations between the gj
images for the respective eyes which may
be detrimental in certain instances.

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

1. Apparatus for dividing a light beam
into component beams by means of partly
transmitting reflectors, intermittently g5
effective reflectors, reflectors intercepting
part of the beam, or similar arrange-
ments, characterized by the insertion in
the light beam before it strikes the
reflector of a compensating element 100
which converts plane polarized light into
elliptically (including circularly) polar-
ized light, rendering the light-dividing
effect of the reflector substantially inde-
pendent of the proportion of plane 105
polarized light which the beam may
contain.

2. Apparatus according to claim 1,
characterized in that the compensating
means 1s a quarter-wave plate. 110

3. Apparatus according to claims 1 and
2 characterized by a partly transmitting .
reflector, a lens directing a beam of light
towards the reflector, and a quarter-wave
plate inserted between lens and reflector. 115

4. Apparatus according to claims 1 to
3 characterized by a reflector dividing
an incident beam into two component
beams, and a quarter-wave plate in the
path of the incident beam, the angle 120
formed by the directions of the axes of
the plate being bisected by the plane
through intersecting rays of the com-
ponent beams.

Dated the 24th dav of March, 1937.
WM. BROOKES & SON,
No. 1, Quality Court, Chancery Lane,
London, W.C.2,
Chartered Patent Agents.

Leamington Spa: Printed for His Majesty’s Stutiouery Cflice, by the Courier Press.—1938.
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