PATENT S

2 2

" nature " of - this

10

20

25

Complete Accepted

ECIFICATION
Application Date: April 72, 7932. No. 70,489 / 32.
April 5, 1933. No. 10,170/33..
One Complete Left: April 8, 71933.

: Jan. 72, 1934.

PROVISIONAL SPECIFICATION.
No. 10,489, A.D. 1932.

Improvements in Optical Systems for Photography or Kinemaio-
graphy particuiarly in Colour. '

We, Avserr Grorce Hirzmaw, British
Subject, and CoLOURGRAVURE LIMITED, a
British Company, both of Victoria
House, Vernon Place. Southampton Row,
London, W.C. 1, do hereby declare the
invention to be as
follows :— - . )

The present invention relates to im-
provements in optical systems for photo-
graphy or kinematography particularly
in colour, of the kind in which branch
beams are separated from the entering
beam of light by reflectors arranged in
intersecting planes, the direct beam pass-
ing unobstructed to the focal plane, while
the branch beams are reflected by optical
flats, which may be of polished steel, to
their respective focal planes.

The present invention is particularly
applicable for use as a behind lens opti-
cal combination in connection with three
colour photography.

An aim of the invention is to provide
a system designed to work well over a
wide range of stops, for example between
£/2.5 to £/11 inclusive.

A further aim of the invention is to

" facilitate the correct apportionment of
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the divided light beam to the respective
focal planes and to obtain even illumina-
tion of the images and especially the
direct image by facilitating the passage
through the system of the more inclined
rays, particularly at small aperture.
To this end the present invention
broadly comprises a pair of intersecting
reflectors which so divide the main beam
as to form two reflected images and a
direct image, one or both of the reflectors
being provided, for the production of the
direct image, with multiple perforations
whose walls are so inclined with respect
to the faces of the reflectors as to present
surfaces which converge toward the

45 optical axis on the lens side of the system,

and offer the minimum obstruction to the
passage through the perforations of-the

inclined rays.

The perforations may - expand rear-
wardly from the reflecting front suriace,
and usually only those perrorations which
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lie within the angle of vision at the ~

smaller apertures tor which the system is
designed, e.g., between f/8 and £/11,
have the so converging wall surfaces.
The size and shape of the reflecting
surfaces will depend on the plates used,
but for rectangular plates a pair of rect-
angular reflectors may be used in sub-
stantially the formation of a blunt wedge
directed towards the objective with the
edges of the wedge lying substantially
perpendicular to and intersecting or lying
near to the optical axis. In this arrange-
ment it is conveniept for the longer
dimension of the reflector to be parallel,
or substantially so, with. the Jlonger
dimension of the plate, the longer dimen-
sion of the reflectors thereby taking.-the
larger angle of wvision. The system is
mounted close to the lens with the meet-
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ing edges of the reflectors passing through *

or lying near the point where the outside
rays defining the larger angle of vision
of the lens at full aperture intersect on
the optical axis behind the lens.-

By varying the diameter of the
multiple perforations and thereby simul-
taneously varying the area of reflecting
surface a true apportionment of the ligms.
for the respective images is facilitated.

A suitable general arrangement of the
holes is one in which they progressively
increase in diameter in proportion as the
distance between the hole and the lens
increases. Thus the rows of holes nearest
the edge of the wedge will be of the
smallest diameter, the successive rows
then increasing in each reflector to the
back edges thereof,

When the lens is stopped down and the
emergent beams for anv particular point
of view are consequently in the form of
fine cones of light, such variably perfor-
ated reflectors have the advantage that
as the cross sectional area of these cones

75

80

90

95




404,307 .

10

30

35

in

=~
o

ol

decreases. from the meeting edges of the
reflectors to the rear edges thereof the
area of the perforations correspondingly
increase, thus compensating the reflector
factors for the increasing intensity of the
converging beams and providing for a
larger reflecting surface per total unit
area in the region of the reflectors close
to the lens from which a greater area of
plate has to be covered than from the
regions of the reflectors more remote from
the lens.

Where the reflectors are of substan-
tially the same shape and size the holes
in one may be of Telatively greater
diameter than corresponding holes in the
other so as to conduce to the balance of
light necessary as between the two
reflected images. :
- A convenient-method of obtaining a
satisfactory distribution of the light is
te provide multiple evenly spaced like
holes in the reflectors and then to enlarge
1he holes as required so as to compensate
for variations of the filter factors and
reflection losses.

A suitable lay-out of the holes to ensure
an initial even spacing thereof looking
perpendicularly on to the surface of the
reflector is one in which the holes are so
disposed that around any one hole other
than the marginal holes a circle may be
described which cuts through the equi-
distant centres of six other holes.

It is convenient to take the smallest
stop as a basis for setting out the multiple
perforations. Thus with a smallest stop
of 3" diameter, this may be made the
diameter of the circles above referred to.

In commencing to mark out the posi-
tion of the holes a centre line is taken
across each reflector surface perpendicu-
lar to the meeting edges of the two reflec-
tors and the first hole comes with its
centre of this line at a position near to
the said meeting edges dependent on the
focal length of the lens used. The first
%" diameter circle is described from this

centre and lines are taken, one on each-

side of the centre line at angle of 30°
thereto, which intersect the centre line at
the centre of the first hole. The points
where these lines intersect the first circle
struck provide the centres of further per-

, forations and with these points as centres

further ecircles are described and lines
taken parallel to the first two oblique

lines to provide the centres of the whole

geries of perforations.

 In forming the perforations in stain-

.6C

less steel reflectors, which are for prefer- -
ence used in the system, it is not com- -
venient so to form the inclined wall sur- - =

faces that they meet at a point when
produced, but a practicable -method of
perforating the reflectors which gives an
approximation to such an arrangement is
as follows i~

The reflector combination is set with
the meeting edges lying in a horizontal
plane and the reflector surfaces lying at
45° thereto. The holes along the centre
lines and those marginal holes which lie
outside the angle of vision of the smaller
stops, -e.g., between £/11 and f/8, are
then formed with the drilling tool hori-
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zontal and perpendicular to the vertical

plane containing the meeting edges. The
combination is then turned through 30°
about a vertical axis, first on one side of
the original position then on the other,
and the holes lying within the aforesaid
angle are formed with the tool in the
same position as before. '
The holes are relieved from the back

of the system for example through a total ":

angle of 13°. -~

The meeting edges of the reflectors may
be provided with tongues or extensions.
These tongues may be shaped and spaced
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to provide a series of rectangular spaces - -

or notches which lie in place of what
would be the place of a line of perfora-
tions if the system were constructed with-
out tongues and with two straight meet-
ing edges.
system to be positioned closer to the lens.

The system may be pivotally mounted
on a support with the lens as a complete
unit with means for adjusting the reflec-
tors relatively to one another and us a
unit in multiple directions, rncluding
provision for off-setting the system with
respect to the optical axis to assist in con-
trolling the balance of light to the respec-
tive plates.

The walls of the holes may be blacked
o1 otherwise made non-reflecting.

Dated this 11th day of April, 1932.
- HYDE & HEIDE,
‘2, Broad Street Buildings,
Liverpool Street, London, E.C. 2,
. Patent Agen’té for the Applicants. 7

This construction permits the -
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PROVIS[ONAL sPLCIFI(,ATION
' 1\0 10,170, AD 1933,

Improvements in Optical Systems for Photography or Kmemato-_
graphy particularly in Colour. B

We, ALBERT (GEORGE E[ILLMAN, British
Subject, and COLOURGRAVURE LIMITED, a
British Company, both of Victoria
House, Vernon Place, Southampton Row,
Londen, W.C. 1, do hereby declare the
® nature of this 1nvent10n to be as
tollows :—

The present invention relates to im-
provements in optical light dividing
devices for photography . or kinemato-
graphy particularly in colour.

L'he present invention comprises certain
developments of the invention described
in our application No. 10,489 filed 12th

15 April, 1982, in which we have referred

more specifically to an arrangement of

reflectors in intersecting planes
According to one aspect of the present

invention this comsists in the application

20 of certain of the features 'the subject ot

our prior application to other-types of
perforated  reflector light dividing
systems; whether used before or behind

an objective, or with one or more objec-

o tives, in connexion with two or three
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-~ areas shall be
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colour photography or kinematograpny.

Thus a single perforated polished
metallic reflector may be used permitting
part of the light of the entering beam fo
pass ’rhelefhrourrh to the focal plane ang
form one image "and reﬂectmg part of the
light to form ‘another image, the reflected
image conveniently being blought 1o the
same focal plane as the “direct image by
the use of a suitably placed addltloual
reflector, the latter system being especi-
ally sultdble for ('mematoolaph)

in using a light dividing system in

connexion with lhe taking of images for-

colour work, it is essential for good

results that the images snnultaneouslv'

taken shall be free from ghost ** effects
and that the sensitive plates or picture
substantially uniformly
illuminated over the entire effective sur-
face so that a correct blending of the
colours shall be realised when the images
are superimposed.

The use of- pelished reflectors

steel

enable_images to be produced .free from.

such p;host effects as are inherently a
fault in light-dividing systems.involving
glass components, but

sueh metallic

reflectors must be of a substantial 'thiof{-
ness so as to be free from distortion and
maintain the high standard - of* optical
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ACCUraLy so essent1al in high class colour .,

work.
tors are perforated with tunnel-like holes
to permit the passage -of direct- light "to
form one of the images, the other -or
others being formed by reflected light,
the perforations, mnecessarily
walls of substantial - dimensions, ordm-
arily militate against the free passage. of
the direct light and particularly of the

havmo '

When such thick m,etalho reflec- -
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inclined rays entering the system, besides
producing flare eﬁects due to.the tendency

to set up multiple spaced more intensely
illuminated areas spotted over the pic-
ture area. Moreover if the whole of the
perforations were formed with their walls
parallel to the optical axis, it would be
impracticable to use the system over a
desired- wide range of steps-or apertures,
since as the lens aperture becomes smaller

the rays are prevented by the walls of -,

the perforations from-. reaching
marginal portions of the sensitive plate
or picture area, and an unevenly: 1llum1n-
ated direct image results. co

It is an object of the pr esent. 111vent10n
as it is of our aforesaid prier application
to overcome the foregoing objections, and
to provide a-light dividing system which
will work well over a range -of stops,

the

80

85

which will tend. towards obtammo an even - -

illumination of the picture.areas or plates

with any stop within the range for which

the- system 1s desm‘ned ‘and which will
notably minimise the ob]ectlonable eﬁects

of parallax.
An object is to fauhtate the passage

through the system of tlie more inelined-

T3YS, ‘and also to facilitate the design of

the reflector or reflectors. to attain an even.

20

illumination and correct- apportionment. ..
of light to the sensitive.plates or picture

areas.

cision to reahse the proper appor tlonmeuf

It may be here pointed out that
the design of the- perforated reflector or.
reflectors must be effected with great pre-

106

of the light, smce it is.to be remembered - -

that the light is not divided-equally. For-
example in three colour werk, tlhe image-
behind the green filter receives a greater.
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portion of. the available light than the
1mage behind either the blue or red filter,
while the image behind the red filter
must receive more Dght than that behind

5 the blue. Such an apportionment is on

the basis of full day-light or white arc-

light, and in such light the ratio of the
light division ‘may be taken approxi-
mately as follows: 7 -units, red; 3 units,
blue; 10 units, green. Where half watt
lamps are used there will be a preponder-
ance of red actinic rays and it will be
generally found satisfactory to reverse
the red und blue fiffers. In two colour
work it is also important to obtain the
desired correet apportionment of the
light. - ' :

The invention motably. lends itself to
this- desired distribution.

20 - To the foregoing ends the invention
broadly comprises, for taking simultane-
ously two or-more images, a non-refract-
ing - optical - light dividing reflector
device, incorporating one or more reflec-

25 tors, perforated with multiple holes
which diminish locally or generally
through the reflector thickness towards
the reflecting face. )

. The attainment of the results aimed at

30 by the present invention is enhanced by

inclining the axes, and where necessary

differently inclining local portions of the
walls, of somé or all of the multiple per-
forations with respect to the optical axis
in such -a way that inclined rays are free
to reach the margins of the picture area
despite stopping down of the objective.
The manner of forming such holes will
depend on the particular use of the reflec-
tor device; whether for photography or
kinematography, and on the focus of the
objective or ohjectives employed.
- In general for a given class of work
the inclination of the axes or general
direction of the holes with respect to the
optieal axis will increase inversely with
the focus of the objective. The design

- of the holes will also depend on the
dimensions of the picture area in relation

50 to the reflector device. .

In our prior application we have
described & vee-formation of reflectors in
which -only a group of holes suitably
spaced around the optical axis medially

55 of the system have their axes so inclined,
the marginal holes and a central row
having their- axes substantially parallel

T tor the'optiga,lz aXiS and the Othel‘ 110188
having their axes intersecting in front

60 of the system -a plane which contains
the optieal axis and bisects the reflector
faces, the inclined axes of the holes on

- -either side of such plane being substan-
tially in parallelism. )

85 T a form of reflector device according

i
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to the present invention the multiple
holes have their axes inclined with
respect to the optical axis in the direc-
tion of a marginal portion or portions of
the dirvegt light receiving picture frame
or area and are locally relieved through
the reflector thickness without disturbing
the reflecting face to permit the passage

~of light to other marginal portions-of the

picture frame or area. A single reflector
so perforated can be employed in con-
junction with a further reflector- for pro-
ducing a direct and a reflected image at
the same focal plane. Such a system is
well suited for wuse in two colour
cinematography, taking simultaneously
two images on a standard size film, in
conjunction with lenses of the usual verv
short focus, two lenses being = used
arranged behind the system. ,

Such a single reflector is conveniently
formed with three substantially hori-
zontal rows of holes progressively increas-
ing in size and so variably spaced as by
computation to obtain even illumination
of the reflected image.

Conveniently all the holes are drilled
so that their axes are inclined to the
optical axis when the reflector is related
to its objective. The holes may be
drilled, with the tool horizontal, by tilt-
ing the reflector through the desired
angle,

Such an inelined aspect of the holes
with respect to the optical axis will
favour the marginal portions of one half
of the picture area, and in order te
realise an effective and even illumination
of the marginal portions of the other half
of such picture area, the holes are locally
expanded rearwardly such as by a conical
tool, without disturbing the reflecting
area of the front reflecting face, to pro-
duce part conical channels or indentations
in the walls of the holes, such channels
being variously inclined to control the
light to the margins. Thus the inclina-
tion of the axes may be such as o favour
the top half of the picture area and the
holes at one side of the reflector, looking
at the front of the system, may have
their channels ~directed towards the
marginal portions at and near one bottom
and opposite corner of the picture
area and the holes at the other side may
have their channels directed towards the
marginal portions at or near the other
bottom corner, while a medial row of
holes may each have two channels direct-
ing respectively towards or near each
bottom. corner. vy varying the size and
inclination of such channels a clogse con-
trol of the distribution of the light is
possible without affecting the even
illumination predetermined . for the
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reflected image. L o
The central hole of such-a series is it-
self capable of permitting light to pass
to. all parts of the picture area. Only a
slight channelling of the medial hole in
the bottom row is ordinarily necessary.
" The lens can be stopped down without
causing a lack of effective illumination
of the margins of the picture area and
the light is caused to reach such margins
at the expense of the light which norm-
ally tends to concentrate at the medial
part of the picture area. .

The walls of the holes may be black-
ened or _are otherwise made non-reflect-
ing.

Light dividing reflector devices accord-

ing to this and our prior application
have the advantages that the lens can be

stopped down without cutting off light to 20

the margins, that the centre of the picture
area is not too strongly illuminated, that
the-tendency to produce more intensely
illuminated local areas spotted over the

picture area is countered, and that the 95

apportioning of the light to produce even
illumination of the respective picture
areas is greatly facilitated.

Dated this 5th day of April, 1988.
HYDE & HEIDE,
2, Broad Street Buildings,
Liverpool Street, London, E.C. 2,
Patent Agents for the Applicants.

T COMPLETE SPECIFICATION.

Improvements in Optical -Sys_tems for Photography or Xinemato-
_ graphy particularly in Colour.

We, ArperT Grorge Hivimaw, British
Subject, and COLOURGRAVURE LIMITED, a
British Company, both of Victoria
House, Vernon Place Southampton Row,

_ London, W.C. 1, do hereby declare the

nature of this invention and in what
manner the same is to be performed, to
be particularly described and ascertained
in and by the following statement :—
The present invention relates to 1im-
provements in optical light dividing
devices for photography or kinemato-
graphy, and is particularly applicable to
light dividing devices, used before or

"behind an objective for two or three

50

‘planes,

colour photography or kinematography,
employing a perforated non-refracting
reflector or reflectors to divide a main
beam into component beams so as to pro-
duce images simultaneously from the
same point (aspect) of view.

In such devices branch beams may be
separated from the entering beam of
light by reflectors arranged in intersect-
ing planes, a direct beam passing wun-

obstructed to the focal plane, while the.

branch beams are reflected by polished
metallic optical flats, preferably of
optical steel, to their respective focal
thus producing three images

" simultaneously from the same point of

60
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view, or a single perforated polished
netallic reflector may be used permitting
part of the light of the entering beam to
pass therethrough to the focal plane and
form one image and reflecting part of the
light to form another image, the reflected
image conveniently being brought to the
same focal plane as the direct image by
the use of a suitably placed additional

reflector.

In using a light dividing system in
connexion with the taking of images for
colour work, 1f is essential for good
results that the’ images simultaneously
taken shall be free from ‘ ghost *’ effects
and that the sensitive plates or picture
areas shall be substantially wuniformly
illuminated over the entire effective sur-
face so that a correct blending of the

colours shall be realised when the images,

are_superimposed. -

The use of polished steel reflectors
enables images to be produced free from
such ghost effects as are inherently a
fault in light-dividing systems involving
oglass components, but sueh metallic
reflectors must be of a substantial thick-
ness so as to be free from distortion and
maintain the high standard of optical
accuracy so essential in high class colour
work. When such thick metallic reflec-
tors are perforated with tunnel-like holes
to permit the passage of direct light to
form omne of the multiple images, the
others being formed bv reflected light,
the perforations, necessarily having walls
of substantial dimensions, ordinarily
militate against the free passage of the

“direct light and particularly of the in-

clined rays entering the system besides
producing flare effects due to the tendency
to set up multiple spaced more intensely
illuminafed areas spotted over the picture
area. Moreover if the whole of the per-
forations were formed with their walls
parallel to the optical axis, it would be
impracéticable to use the system over a
desired wide range of stops or apertures,
since as the lens aperture hecomes smaller
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the Tays are prevented by the-walls of
the i -perforations-* from’ -reaching the
marginal portions of‘the sensitive pldate;
and an unevenly lluminated dirvect plate
results. - T o
- It is an ‘object of ‘the présent invention
to overcome the' foregoing objéections and
to provide a light dividing svstem whick
will-work-well over a range of stops, for
example, in the case of the Vee reflector
formation for still photography of the
order between f/2.6 and f/1l inclusive,
will tend towards obtaining an even
illumination of the picture areas or plates
with any stop within the range for which
the system is designed, will obviate or
minimise lens flare and will notably
minimise the objectionable effects of
parallax.

The invention aims to facilitate the
passage through the system of the more
inclined rays, ‘particularly with small
stops, and also to facilitate the design of
the reflector or reflectors to attain an even
illumination and correct apportioniment
of light to the sensitive plates or picture
areas. It may beé here pointed out that
the design of the perforated reflectors
miust be effected with precision to realise
the proper apportionment of the light.
since it is to be remembered inat the
light is not “divided equally. For
example in three colour work, the image
behind the green filter receives a greater
portion of ‘the available light than the
imiage behind either the blue or red filler,
while the image behind the red filter must
reteive more light than that behind the
blue. Such an apportionment is on the
basis of full day-light or white arc-light,
and in such light the ratio of the light
division may be taken approximately as
follows: 7 units, red; 3 wunits, blue; 10
units, green. Where falf watt lamps are
used there will be a preponderance of red
actinic rays and it will be generally
found satisfactory to reverse the red and
blue filters. In two colour work it is also
important to obtain the desired correct
apportionment of the light.

In the case of a behind-lens perforated
light dividing system with the reflectors
dispased obliquely to the optical axis of

the Jens, the conical beam of light emerg-

ing from the lens of any point in the
scene or object is divided by the system
into pencils of light converging to the
focal plane. If the apertures in the
reflectors are formed with their walls

narallel to the optical axis, the more in--
clined pencils, viz., those inclining. to-
wards the margins of the picture area or-
plate, are obstructed by the walls and.

consequently the medial area of the

direct-image receiving surface, already

illuminated more than the :marging by
lens - flare, - receives considerably more
light than the margins of the plate.
"It has beeir proposed to taper the walls
of the holes towards the reflecting plane,
and obstruction -of- ‘the: more inclined
pencils is thereby avoided or minimised
and as much light, botli’ of the more in-
clined and less inclined peneils, is'allowed
to pass as possible. The result is that
there is still a balance of light to the
medial area of the direct image.
With a before lens system having the
reflector or reflectors obliquely disposed
to the optical axis of the objective and
the holes formed as above stated, the
parallel rays or less inclined pencils of
light produced by the reflector device
pass more readily than the more inclined
pencils and it is not possible to attain
even illumination of the direct image.
The present invention is broadly
characterised by providing the mnon-
vefracting light dividing reflector device
with an arrangement of tapered aper-
tures whose non-reflecting walls have por-
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tions so inclined to the optical axis to- -

wards the margins of the direct image-
receiving surface as to facilitate the
passage of the light pencils passing to
the marginal parts of the dirgct-image
veceiving surface and have portions
which intrude in the path of and parti-
ally obstruct the passage of light pencils
to the medial part of such suriace.

By this means it is possible, using one
or more reflectors computed to provide
an even illumination of the reflected
image or images, to obtain a-uniformly
Uluminated direct image, the evenly illu-
minated images and the degree of sharp-
ness permitted by the mnon-refracting
reflectors, resulting in an excellent colour
hlending and reproduction of the scene
or object when the multiple images are
superposed.

One important aspect of the present
invention consists in a behind lens light-
dividing system comprising a Vee forma-
tion of non-refracting mirrors having a
multiplicity of apertites whereby to form
two reflected images and a direct image,
the mirrors each having multiple aper-
tures whose ‘walls expand from the reflect-
ing plane and are so differently inclined
as to facilitate the passage of the light
pencils to the marginal parts
direct-image receiving surface whilst
partially obstructing the passage of the
light pencils to the medial part of such
surface, the apertures in one mirror leav-
ing a greater reflecting area than those
inn the other and so varving in size in
each ‘mirror as to provide for a progres-
sive decrease iif the respective reflecting
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areas as the distance therefrom to- the
objective increases the tapering of the
walls of the holes being varied in one mir-
ror with respect to the other to compensate
the direct image' for the difference
between the total aperture area in the
refleeting plane of one mirror with respeet
to that in the other for the - purposés
deseribed. - - R :

The attainment of the resulis aimed at
by the present invention is realised by
inclining the axes, and where necessary
differently inclining local portions of the
walls of some or all of the multiple per-
forations with respect to the optical axis
in such a way that inclined rays are free
to reach the margins of the plcture area
despite stopping down of the objective.

The manner of forming such holes will
depend on the particular use of the reflec-
tor device, whether for photography or
kinematography, and on the focus of the
objective or objectives employed.

Tn general for a given class of work
the inclination of the axes or general
direction of the holes with respect to the
optical axis will increase inversely with
the focal length of the objective. The
design of the holes will also depend on
{he dimensions of the picture area in
relation to the reflector device.

For instance in the case of the vee-
mirror formation hereinafter described
for three colour photography a group of
holes suitably spaced around the optical
axis and occupying oblique areas extend-
ing to the corners of the system will have
their axes inclined towards the corre-
sponding cormer of the plate, and it is
found that good results are obtained when
the holes in either one reflector assume
one or other of three directions, the
marginal holes and a central row having
their axes substantially parallel to a plane
which contains the optical axis an
bisects the reflector faces and the other
holes having their axes intersecting that
plane in front of the system, the axes of
the holes inclining to the corners of the
system on a given side of such plane

being substantially in parallelism in any

one reflector.

Tn the hereinafter described system for
use in two colour cinematography, in con-
junction with which lenses of ‘the usual
very short focus will be used, it is found
cuitable to arrange the whole series of
holes with their axes inclined with
respect to the optical axis in one direc-
tion, local portions of the walls of such
holes being appropriately cut away to
permit inclined rays to pass’ to those
marginal portions of the plate other than
the marginal portions favoured by the
general inclination of the holes.

Such: a system can be so disposed as to
facilitate the passage of ground light bv
sloping the axes towards the ground, the
lower -portion of the walls of the holes
intruding into the ‘path of the less in-
clined pencils of light or those parallel
to the optical axis and having: local
enlargements formed in such portions
which allow a predetermined amount of.
bright sky light to reach the picture area.
The holes may increase in size as the dis-
tance therefrom to the objective increases
so as to tend to equalise the unbalancing
effect of the different location of the holes
from the objective by the angular setting
of ‘the reflector with respect to the ebjec-
tive. : :

In order that the invention may be the
more readily understood referemce is here-
inafter made to the accompanying draw-
ings, in which Fig. 1 to 11 show one form
of the invention suitable for three-colour
photography, and Figs. 12 to 17 ancther
form of the invention suitable for iwo
colour cinematography. : i ’
Tig. 1 is a front elevation with the

objective removed, Fig. 2 a side eleva-
tion and Fig. 3 a plan of the system

mounted on the panel of the objective.
Fig. 4 is a view looking towards the
rear of the objective. - :
Fig. b is a detail view of a
member for the light divider.
Figs. 6 and 7 show face
two reflectors. '
Figs. 8 and 9 are face views showing
the disposition of the variously drilled
groups of holes of one reflector. . :
Fig. 10 is a part sectional view of the
intersecting mirrors, and Fig. 11 an
enlarped sectional view of one of' the
reflectors. o —
Fig. 12 is a side view and Fig. 13 a
front view of a reflector for use in two
colour cinematography, the reflector and

iews of the

the optical axis being tilted to show the

reflector in a position for drilling the
holes.

"Figs. 14 and 15 are side and rear views
of the same reflector in its mormal posi-
tion. )

_Fig. 15a is a view on an enlarged scale
of a picture area or frame of a cinemato-
graph film hereinafter:referred to. .

Tig. 1871s a part sectional view through-

one of the holes.

Fig. 17 shows an optical system incor-
Do?ging’ a reflector according to Figs. 12
to 16. -

Referring to Figs. 1 to 11, the light
dividing svstem here comprises a pair of
reflectors 1, 2 in substantially ~vee or
wedgze formation. the reflectors-having
multiple perforations 8. The reflectors
are shown positioned béhind: an objective

mounting:
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4 50.as to divide the heam of light coming
from. the objective, some part of. such
beam_being' reflected by the reflector 1 to
form ome image, another part. by the
-5 reflector 1 to form one image, another
reflector 2 to form a second image, and
the remainder passing through the per-
forations for the production of the direct

image.. .- i

40 The reflectors in the 'ex:aﬁlpler 1lus-

trated.are of approximately .16” in thick-
ness: - T

The multiple perforations 3 are tapered

or expanded rearwardly from the polished

15 reflecting front surfaces 5, 6, the medial

row of- holes 7, 8 of the reflectors and

the marginal group ¢f holes 9, 10 (see

particularly “Fig. 8)- being formed with

their axes substantially parallel with the

20 horizontal plane containing the optieal

axis Y—Z, whilst the triangular series
of holes 11, 12 are formed with their axes
inclined to that plane, the axes of those
of-the triangular series of holes 11, 12
25 in a given reflector above the transverse
centre -line C—D of the reflectors inclin-
ing  downwardly  substantially in
parallelism and the axes of the triangu-
lar-series of holes 11, 12 in a given reflec-
30 tor below such centre line inclining up-
wardly substantially in parallelism to-
wards the front of the system. Thus if
a plane be taken. which contains the
optical axis. Y—Z and the transverse
% centre line of each mirror, then the axes
of all the holes 11 and 12 will inter-
seet such- plane in . front of the
‘aflectors. : :
The portions of the walls of the holes
40 11, 12 nearer to the optical axis are dis-
posed so as to intercept some part of the
less inclined pencils of light produced
by the svstem and the disposition of such
~ walls and the amount of light - they
I5 obstrzet can be readily so varied - as
required to cause a substantially even
distribution of the light to the picture
area of the direct image.

Usually only those perforations which
B0 lie within tke angle of vision at the small
apertures fer which the system is
designed, w. v , between #/8 and f[11,
have their w»ts so inclined, the marginal
. perforations 9, 10 which have their axes
55 substantially parallel to the aforesaid
plane being shut off at such small aper-
tures, “except that certain of the aper-
tures at'and near the corners of the system

. have axes inclined to the said plane.
60 - The size and shape of the reflecting
surfaces will depend on the sensitive
plates used. but for rectangular plates the
reflectors 1, 2 are «f rectangular form
. arranged in the formation of a blunt
65"‘Wedg"e directed towards “he objective with

the edge of the wedge lying substantially
perpendicular o and intersecting or lying
near to the optical axis. In this arrange-

ment it ig convenient for the longer

dimension of the reflector to be vertical
and parallel, or substantially so, with the
longer dimension of the plate, the longer
dimension of the reflectors thereby taking
the larger angle of vision. The system
1, 2 is mounted close to the objective 4
with the meeting edges of the reflectors
passing through or lying near the point
where the outside rays C', D* defining the
larger angle of vision of the lens at full
aperture intersect on the optical axis
behind the lens. If the system is
arranged substantially nearer to the
objective 4 than is shown in Fig. 2, in-
clined rays will be reflected on to the
rear face of the objective, whence they
will stray on to the plate and produce
“ ghost ”’ effects; moreover some part of
the light from the reflectors would be
liable to be obstructed by the lens mount,
and the corresponding plates badly
illuminated near one edge.

It will be observed that when the aper-
ture of the objective is stopped down.
the marginal perforations are excluded
from the angle of vision of the objective
but the particular formation and disposi-
tion of the perforations 11, 12 will permit
inclined rays a ready passage through
the system to the marginal areas of the
directly illuminated sensitive plate.

Apart from this advantage however the
particular tapering formation of the per-
forations has the important additional
advantage of facilitating the proportion-
ing of the system to obtain correct divi-
sion of the light. This will be apparent
from the following explanation.

To accommodate for the different filter
factors for the two reflected images, the
perforations in the reflector 2 e.g., for
the green image are somewhat smaller
than those in the other reflector, so that
a greater reflecting area is provided for
the rays which form the green image.
But this in itself does mnot suffice to
promote even illumination, for when the

lens is stopped down, and the emergent

beams for any particular point of view
are in the form of fine cones of light, the
cross sectional area of these cones
decreases from the meeting edges of the
reflectors to the rear edges thereof. To
allow for this, the perforations are so
formed that in each plate they progres-
sivelv increase in diameter in proportion
as the distance between the perforations
and the objective increases. Thus the
rows of holes nearest the meeting edges

" will be of the smallest diameter, the suc-

cessive rows then increasing in each reflec-

TG

-3
[$14

785;
90
95
100
105
110
15
120
125

130



40U

10

15

20

30

35

40

&5

50

55

60

tor to the back edges thereof.

Thereby coizpensation is made to the
reiector tactors for the increasing inten-
sty of the converging beams and a larger
veilecting surface per unit area is pro-
vided in the region of the reflectors close
to the lens irom which a greater area of
plate has to be covered than from the
regions of the reflectors more remote from
the lens.

Having obtained an arrangement of
holes which will give even illumination
of the reflected images, the even illumin-
ation of the direct image can be attained
by appropriately enlarging or tapering
the walls of the perforations without
effecting the dimensions of the reflecting
areas.

Figs. 6 to 9 show a suitable arrange-
ment of holes, the dimensions of the holes
in each row being marked adjacent there-
to in Figs. 6 and 7. This arrangement
is found to work well using reflectors
having a length of 2.25” and breadth of
1.60” excluding the prongs and an objec-
tive of approximately 6” focus.

A convenient method of obtaining a
satisfactory distribution of the light is
first to provide multiple evenly spaced
like holes in the reflectors and then fo
enlarge the holes as required so as to com-
pensate for variations of the filter factors
and reflection losses.

A suitable lay-out of the holes to ensure
an initial even spacing thereof looking
perpendicularly on to the surface of the
reflector is one in which the holes are so
disposed that around any one hole other
than the marginal holes a circle may be
described which cuts through the equi-
distant centres of six other loles, as
shown in Fig. 9

Tt is convenient to take the smallest
stop as a basis for setting out the multiple
perforations. Thus with a smallest stop
of 1”7 diameter, this may be made the
dizmeter of the circles above referred
to.

In commencing to mark out the posi-
tion of the holes a centre line M—N is
taken' across each reflector surface per-
pendicular to the meeting edges of the
two reflectors and the first hole comes
with its centre on this line at a position
near to the said meeting edges dependent
on the focal length of the lens used. The
first 17 diameter circle is deseribed from
this centre and lines are taken, one on
each side of the centre line at an angle
of 30° thereto, which intersect the centre
line at the centre of the first hole. The
points where these lines intersect the first
circle struck provide the centres of
further perforations and with these points

65 o4 centres further circles are described

and lines taken parallel to the first two
oblique lines to provide the centres of the
whole series of perforations.

In forming the perforations in stain-
less steel reflectors, which are for prefer-
ence used in the system, it is not con-
venient to vary the inclination of the
wall, each hole with respect to the wall
of each other hole, but a practicable
method of perforating the reiiectors which
satisfactorily transmits the more inclined
rays coming from different points around
the optical axis is as follows :—

The reflector combination is set with
the meeting edges lying in-a horizontal
plane and the reflector surfaces lying at
459 thereto. ‘The holes 7, 8 along the
centre lines and marginal holes 9, 10,
which lie outside the angle of vision of
the smaller stops, e.g., outside the stops
between /11 and #/8, are then formed
with the drilling tool (indicated by the
arrow A in Fig. 11) horizontal and per-
pendieular to the vertical plane contain-
ing the meeting edges. The combina-
tion is then turned through 30° about an
axis —D (Fig. 1), which lies perpen-
dicular to the meeting edges and in a
common plane with the transverse centre
Jines-of the reflectors, first on one side of
the original position then on the other,
and the holes 11, 12 lying within the
aforesaid angle are formed with the tool
in the same direction as before. In the
above description it is comsidered for the
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sake of clarity that the two reflectors are .

assembled and then perforated.

The holes are relieved from the back
towards the margins of the system, for
example, through a total angle of
approximately 13°, the angle being some-
what greater for the holes in one plate
than for those in the other, in order to
obtain even illumination of the direct
plate despite the fact that the holes in
one reflecting face are relatively larger
than those in the other.

The meeting edges of the reflectors may
be provided with interdigitated tongues or
extensions 13 preferably shaped and
spaced to provide a series of elongated or
rectangular spaces or notches which lie
in place of what would be a line of per-
forations if the system were constructed
without tongues and with two straight
meeting edges. This construction assists
in realising uniform illumination and
permits the system to be positioned closer
to the lens.

To facilitate drilling the perforations,
the reflectors may be suitably stepped to
provide a front face perpendicular to the

“gaxis of the drilling tool, (see Fig. 11), the

stéps being subsequently ground off, but
the drilling in multiple diréctions may
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be effected without such stepping in a
suitable jig.

The system may be pivotally mounted
on a support with the lens as a complete
unit with means for adjusting the reflec-
tors relatively to one another and as a
unit in multiple directions, including
provision for off-setting the system with
respect to the optical axis to assist in con-
trolling the balance of light to the respec-
tive plates.

The mirror 1 is rotatably mounted
about pivots 14, 15, being rotated and
locked in an adjusted position by the
serews 16, 17.

The mirror 2 is rotatably mounted
about the pivots 18, 19 and controlled
and locked by screws 20, 21.

To provide for adjustment of the separ-
ation of the pivots 14 and 18 the pivot
18 is mounted on a pivoted arm 22,
which, when clamping screws 25 and 26
have been released, can be turned about
8 pivot 23 and locked by screws 24, 24a.
A further adjustment of the mirror 2 can
be effected by means of an eccentric 27
‘which is mounted to rotate with the pivot
23, and which, when rotated by the screw
23 after a screw 24 or 24a and the clamp-
ing screws 25, 26 have been released, acts
against a wall of a slot 274 in the arm 22
and shifts the arm towards or away from
the objective. The clamping screws 25,
26 have sufficient freedom in the holes
28, 29 in the arm to permit this move-
ment.

In order to permit the system to be
moved with respect to the optical axis,
each reflector can be moved up or down
i.e., vertically of ¥ig. 1, independently
of the other by means of adjusting screws
30, 31, the screws 31 in the bottom plate
32 being set in their adjusted position by
locking screws 33 which tighten the split
clamp portions 35, 37 around the screws
31. The screws 30, 31 form the pivots
14, 15, 18, 19 above described. The
system can also be moved bodily in a
lateral direction of Fig. 1.  For this
purpose the bottom plate 32 and the top
plate 33 between which the mirrors are
held, are provided with shoes 34, sliding
in guides 36, the adjustments being
effected by screws 38, 39, clamping screws
40, 41 being provided to retain the shoes
in the desired adjusted position.

Fig. 17 shows another application of
the invention to a system for taking
simultaneously two negative images on a
standard size cinematograph film.

The system comprises a reflector 42
which is perforated to allow part of the
entering beam to pass therethrough and
thence through the lens 43 to the focal

5 plane, the other part of the beam being

reflected from the reflector 42 on to the
reflector 44, and thence through the lens
45 to the focal plane.

Figs. 12 to 16 show a suitable form of
i‘gﬁector 42 made according to this inven-
ion.

The reflector is formed with multiple
holes 46 the top row (Fig. 13) being of a
given diameter and the other rows pro-
gressively decreasing in size. The
diameter for the three rows in the par-
ticular reflector illustrated are indicated
in Fig. 13, the léngth of this reflecting
face being 11" and the breadth 11”. the
focus of the lenses being 2 inches.

All the holes are drilled so that their
axes are inclined to the optical axis when
the reflector is related to ifs objective.
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The holes may be drilled by tilting the

reflector into the position shown in Fig.
12 and drilling with a tool presented
horizontally.

Such an inclined aspect of the holes
with respect to the optical axis will
favour the marginal portions of one half
A of the picture area (Fig. 1ba), e.g.,
that illuminated by ground light, and in
order to realise an effective and even
illumination of the marginal portions of
the other half B of such picture area e.g.,
that receiving bright top light, the holes
are locally expanded rearwardly such as
by a conical tool, without disturbing the
reflecting area of the front reflecting face,
to produce part conical channels or inden-
tations 47 (a, b) in the walls of the holes,
such channels 47 (a4, b) being variously
inclined so as directionally to control the
light to the margins.

Thus referring to Figs. 15 and 15a the
channels 47a are suitably inclined to
illuminate the marginal portions of the
picture area 48 between X, X* and Y* and
the channels 470 are suitably inclined to
illuminate the marginal portions X, X7,
Y* while lower portions of the walls of
the holes lie behind the openings in the
reflecting plane and partially interrupt
the parallel or less inclined rays. Obvi-
ously by varing the size and inclination
of the holes and the channels a close
control on the distribution of the light is
possible without affecting the even
illumination predetermined for the
reflected image.

The central hole of the system is pro-
vided with channels 47a and 470, as also
are the central holes in the top and
bottom rows, and such central hole is
itself capable of permitting light to pass
to all parts of the picture area. Only a
very slight channelling of the medial hole
in the bottom row is ordinarily necessary.

The lens can be stopped down without
causing a lack of effective illumination
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of the margms of the picture area a,nd

e Lt 18 cansed 0 1each sueh wanonn

at the expense of the 101ht Whlch norm—

ally tends to concentrate at the medial
% part of the picture area.

The walls of the holes may be blackened
or are otherwise made non-reflecting.
Having now particularly descrlbed and
ascertamed the nature of our said inven-
10 tion and in what manner the same is to
be performed, we declare that what we
claim is:—
1. An optical light dividing system for
taking images by simultaneous exposure
15 from the same point (aspect) of view com-
prising a non-refracting optical light-
dividing reflector device perforated Wlth
multiple holes which diminish in size
through the reflector thickness towards
20 the reflecting plane or planes, charac-
terised by an arrangement of apertures
whose non-reflecting walls have portions
so inclined to the optical axis towards
the margins of the direct image-receiv-
ing surface as to facilitate the - -passage
of the light pencils passing to the
marginal parts of the direct-image
receiving surface and have portions which
intrude in the path of and partially
obstruct the passage of light pencils to
the medial part of such surface.

2. A behind lens light dividing system
for three colour photography or cinemato-
graphy comprising a Vee formation of
non-refracting mirrors having a multi-
plicity of apertures whereby to form two
reflected images and a direct image, the
mirrors each having multiple apertures
whose walls expand from the reflecting
plane and are so differently inclined as
to facilitate the passage of the light
pencils to the marginal parts of the
direct-image receiving surface whilst
partially obstructing the passage of the
light pencils to the medial part of such
mrface, the apertures in one mirror leav-
ing a greater reflecting area than those
in the other and so varying in size in each
mirror as to provide for progressive de-
crease in the respective reflecting areas as
the distance therefrom to the objective
increases, the tapering of the walls of
the holes being varied in one mirror with
respect to the other to compensate the
55 direct image for the difference between

the total aperture area in the reflecting

plane of one mirror with respeet to that

in the other for the purposes described.

3. A non-refracting optical light-

g0 dividing reflector device as in claim 1 in
which the multiple holes have their axes
mcl]ned with respect to the optlca,l axis
in the direction of a marginal portion or
portions of the direct ligcht receiving
picture frame or area and are locally
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relieved through the reflector thickness

mithot disturing the efeting fos o

permlt the passage of light to other
marginal portions of the plcture frame
or area for the purposes described.

4. A non-refracting optical light divid-
ing reflector according to claim 1 or 3
used in conjunction with a further reflec-
tor for producing a direct and a reflected
image at the same focal plane.

5. An optical light-dividing reflector
device according to claim 1 or 2, com-
prising a pair of reflectors dlsposed in
intersecting planes, characterised in that
the axes of different perforations inter-
sect in front of the system a plane which
contains the optical axis and bisects the
reflector faces, the axes of such holes on
a given side of such plane being substan-
tially in parallelism in either one reflec-
tor,

6. A non-refracting optical light-divid-
ing reflector device as in claim 1 or 3 or
4, in which the openings formed by the
holes in the reflector face or faces increase
in size as the distance therefrom to the
objective increase.

7. A light dividing reflector device as
in claim 2 or 5, characterised by the pro-
vision of interdigitated prongs at the
meeting edges- of the veflectors, said
prongs leaving elongated openings
between them. '

8. A light dividing reflector device as
in claim 2 or b or 7, characterised in that 100
a geries of holes are provided whose axes
intersect the plane containing the optical
axis and bisecting the reflector faces such
series occupying obliquely lying areas
extending from near the centre towards
the corners of the system, and a medial
horizontal row and a medial vertical row
and marginal series of holes are provided
whose axes lie substantially parallel to
that plane.

9. A light dividing reﬂector device as
in any preceding nlalm in which the
reflector or reflectors are adjustable.

10. A light dividing reflector device as
in claims 2, and 9, having means for
adjusting the reflectors relatively to one
another and means for adjusting the
system bodily.

11. A light dividing reflector device as
in claim 9 or 10, in which the reflector
or reflectors are rofat‘ably mounted.

12. A light dividing reflector device
substantially as herein described and
illustrated in Figs. 1 to 11.

13. A light dividing reflector deviece
substantially as herein described and
illustrated in Figs. 12 to 17.
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g2

404,307

. - 2, Broad Street Buildings,
HYDE & HEIDE, Liverpool Street, London, E.C. 2,
Patent Agents for the Applicants.

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Ltd.—1934.



28

SHEET 1

404.307 COMPLETE SPECIFICATION

Fig. 1.

30

X+ + +ob“=

T

[21098 PIITRPIL D U0 PRI FY SO UORITIPOLADLD 2 LIMDLI STY ] 7/




5 SHEETS
THEET 1« SHEET 2

Malby & Sons, Photo-Lith.




Malby & Sons, Phote -Lith,

ol
Gk
Wiy
Slu
ML
)
o
& 2
R
IR IR AAVA I A B
I e e \ : -
9 "m0 PRaLE
~1_ BN — \ E‘,, Cal
a—: s/ l \
~ N
et S N
. /QE'[::&
1y T
N /Ul
]
! D
o4
N
~
I
& a
oy
* T
z,
& 3
=
<
o
w
o
w
Q.|
(77
[0
—
L
-
0. |
=
O
O]
~
ol
o
<
)
<

[e10os paonpaLvUd TROGLIY T JO UONITIPOLdILD S LUIMDIT VYL, ]



Fig
128 —
28—
28 —
PE —
20 —
E —
7/
Vi
o4 -
. /28 -
./52 -
./56 -
./5’6 -
/36 -

404,307 COMPLETE SPECIFICATION

SHEET 3

[PqPOS PRINPDL D U0 JANLUIY FifF fO UCRTIIPOLAAL D 81 HUIMDLI ST ]




8§ SHEETS.
SHEET 4

SHEET 3

N
:'@I'@,‘w 34 41@ 2| _['36
Sleorrorrrorosrrroors\. \\39

Fig 4| | 3

\e feo Fig.8

NN\ M / /

/28 T :
; NN / ARy A
SN |y, o

28
12f — -
20—}~
Y/ -+
/4

‘R0
./24 —_
128
B2 _
/36 —-

/36
136

=~I3

M3&lby & Sons, Photo-Litho.



‘'o43r]-0304d 'sUoS 2 AR

%N\.

— e

T i 4

— O/

IREY A

TR

8a-
87+

T LN

RaANY

82/

\\\\\.\ A

AR

a9

el

65

P LIIHS

®[~V 123 0v®

%

f |

& LI3HS

]

l_|..w

[Proas prrpisl o-uo LI F1f2 JO 2 TEPOLLAL D St e D SYL ]

SL3THS &

NOILVOIS103dS 313T1dW00 L0E'v 0P



L ; S SHEETS
404,307 COMPLETE SPECIFICATION  _ SHEET 5

Fig. 15
717 46 479 17

458

475 47“ 476

' [This Drawing is e reproductionof the Original on a reduced scale]

Malby & Sons, Photo-Litho.



	Bibliographische Daten
	Beschreibung
	Ansprüche
	Zeichnungen

