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Imprevémenﬁs in Optical Syétems for Cameras for Photography
or Kinematography particularly in Golour.

We, LrupErT GEorcE Hrriuaw, British
Subject, Barrram Twmomas Girr, British
bubject, and  GErRraARD Wire Tryine
Macmines Company Limrtep, a British
Company, all of Victoria House, Vernon
Place, Southampton Row, London,
W.0.%, do hereby declare the nature of
iliis invention to be as follows:— -

The present invention relates to
improvements in optical systems for
cameras for photography ~or kine-
matography particularly colour

photography or kinematograpiy, and
more especially to two, three or four
coiour photographic or kinematographic
cameras ]
separated from the entering beam of light
by intersecting reflectors, the direct beam

passing 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
which may be parallel to the axes of the
direct Leam, although means may be pro-
vided if desired to bring the axes of the
direct beam and the branch heam or
beams into parallelism. - N

‘The present invention is pariiculaily
applicable for wuse as a Deliind lens
optical combination and in such use
broadly consists of reflectors in the form
of two optical fats, disposed in infer-
secting planes, the angle of intersection
being, for example, 90°, and so formed,
that the system divides the image forming
heam into four beams adapted to produce
complete images at three or four focal
planes, two beams combining to form one
image in the case where three images are
produced. Such a system may be used
with colour screens appropriate to the
two, three or four colour systems and such
sereens may be interposed as near the
focal planes as practical.

Conveniently and advantageously the
optical flats are polished to a mirror
surface, the centre one being of disc
form, slightly elliptical in contour, and
mounted at a suitable angle to the optical
axis, so as to divert by reflection a deter-
mined portion of the image carrying rays,
and form a complete image through the
red filter to the appertaining focal plane.

[Price 11-]

in- which branch beams are.

- The second optical flat is in the form
of an annulus slightly elliptical in con-
tour and mounted in such a position about
the optical axis, and at a suitable angle,
o0 as to divert by reflection a determined
portion of the image carrying rays, and
form a second complete image through
the blue filter to the appertaining focal
plane, this combination of reflectors
being mounted and provided with the
necessary adjustments to enable the com-
bination to be corrected in all directions.
The ring reflector is mounted with the
disc refiector slightly projecting through
“the centre and ofiset from the true optical
axis in the direction of the reflected rays,
the ring reflector being also offset in the
" direction of the. reflected rays, and the
disc reflector being further offset towards
_the rear of the ring reflector position.
- ~The third image is formed by un-
_obstructed image carrying rays from two
"zones of the lens, one zone being in the
form of an-annulus defined .by the peri-
_phery- of the disc reflector, and the inner
periphery of the ring reflector, and the

" other- zone, permitting marginal rays of

the lens to go to assist in forming the
third image, being defined by the outer
contour of the ring reflector, whereby
such marginal rays fall on the same
plane as the annulus-controlled rays of
the first zone, to form a complete image
through the green filter to the appertain-
ing focal plane.

The division of the light provides for

three plates being exposed simultaneously
from a single objective and may be com-
puted by methods well known to a
skilled optical instrument maker to pro-
_duce substantially even exposure through
the respective colour screens.
__ In the hereinabove described preferred
embodiment of the present invention the
red and blue are reflected images, and
the green 1s a direct image, and the atreas
of reflection, and the direct Tays may
be so computed by well known methods
as above stated, in relation to thejr
respective filter losses as to provide with
one lens, a simultaneous exposure of
three plates, at a speed capable of taking
moving objects, the resultant plates being
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80 Macmines Coi

evenly e:.posed

In viewing the zones throug gh the lens
it will be observed that the central zene
appears red and of elliptical contour, the

5 next zone will appear green in_the *orm

of an elliptical ring,. the- next- zone will’

~ appear blue in the form of an elliptical
- ring, and the next zone will_appear green

and formed by the marginal rays -of the -

-~ 40 lens with an ellipiical Tnterior.

The optical system may he mounted in

a camera of suitable design; the three
focal planes being located one at the rear,
"and one on -each of tlie- sides, and oper-

2315 ated as focuscmrr planes ‘chwunh a single
- geéar,- engaging with ravks aﬂached “to
~eack- focal plane focal plane focussing
“retaining a constani posﬂlon between- the -

light dnl&mw system and ‘the lens: A °

R0 Lompensfl’clnrr device may be pmv1ded to

- accommodate for vanatlon of colour wave
length. -
- Tor the purpose of ploducmm four
--pictures, the direct rays passing throurrh

the ring, are reflected by the addition of
2 r1ng reflector behind the system and in
“-this form four plates. Wlﬂ be exposed
- simultaneously.

80 'The second ring reﬂector is alranged

outside the first ring and inclined so as
to reflect the light above or below, as con-
venient, to form thé fourth -image in a
-plane paraHeI with the plane containing

“images, -
In this- sys’cem all - the llthrecelved

fzom the -lens- (with the exceptlon in

certain cases of a small proportion which.

.40- may be cut off by the supports for the

d1sc and - rmcr) is utlhsed to form the
1maau o S

In the system above described the direct
image is green, the image formed by the
dlsc red, and that formed by the ring,
blue,

It should be noted that an increase in
aperture- of the lens will not alter the
balanee of illumination on .the red or
green plate.
shoht increase in intensity of illumina-
tion towards the edge remote from the lens
of the blue plate, but in actual practice
~this is of no importance. The illumina-
tion of the red remains cons \9-*1, so that
by an alteration in size of the lens the

-relative intensity of red and -green can -

be controlled.

Jnay-be utilised in any of the well known
ways to produce’ phomnaphm or kine-
mato“r&phlc effects in colour.

The present invention also provides for
theinspection of the focal definition of
the image while at the same time leaving
the camera ready for exposure. To this

disc reflector, to allow a pencil of light

Thele will however be a -

243

"The resulting colour sensation. piciures

60

65

- 25 the annulus formed between the disc and end a small perferation is provided in the -

to pass ﬂll‘OuOh and he reflected by a §mall i

mirror into a suitable examining -eye
. piece, which is automatically focussed
with the focussing mechanism of “the
_camera.
“is a section of the green image and a
‘green filter is ﬁt’ted on the focussing
screel. o

T gp the- -optical “centres of the normal three -

- Dated this 4th day of July, 1930.
"~ 7. HYDE & HEIDE,

2, Broad Street Buildings,
T L’iverpool Street, London, E.C.2,

Patent” Agents for the Apphcan’cs

CO’\IPLDTE QPTCH‘ICA’I‘ION

i D m.emamgzaa

: \VV:QLJALBERT GEORGE,HILLMAN, British
-subject;-Berrriv THoMas -Girn, British
Subject, % GERRARD Wine ‘TviNg
NY Livytep, a. British
atoria House ~Vernon

Company, “all of

Place; Southampton ~TRow, “London,
W.C. 2, do hereby declare™the nature of
this invention and in what manner the

85 same -is to be performed, fo be Fam;{cu—

larly described and ascertained.in and]
’che iollowmg statement :— -

The - present mventlon relates ~to
nnplovements in -optical systems - for

go fameras: for -photography or kinemato-

graphy particulatly colour photography

Loor kmematoo‘raphy, and more esPeclally

: ’E:ﬁz,pmvemem&s in @@tlcal mysbems for Cameras for Ph@u@ﬁ“ﬁp

pamwulmly in @ommo

‘to. two, _three -or four colour photo-
Olaphlt, or kinematographic cameras in
which bianch beams are separated from
the entering beam -of light by intersect-

The view seen in the eye nlece o

75

95

ing reflectors, the direct beam passing .

unobstructed to the focal plane, while the
branch beams are .reflected by optical
flats, swhich may be of polished steel, to
thelr respective focal pF anes which may
be parallel to the axis of the direct beam,

though -means  may -be provided it
desm&@ to bring the axes of the direct
beam and the branch beam or beams into
parallelism>

“The presenf\\lnventlon plov1des a

100G

> 105

behmd lens optu‘al combmatlon consmt— o
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ing of reflectors in the form of two
optical flats, disposed in intersecting
planes, the angle of intersection being,
for example, 90°, and so formed and

§ arranged, and dimensioned with respect
to a single objective placed in front of
the reflector combination that the system
divides the main image forming beam
into iour beams adapted to produce com-

40 plete 1mages at three or four focal planes,
two beams combining to form one image
in the case where three images are pro-
duced, the division of the main beam by
the reflecting surfaces being such as

45 viewed through the lens to define rings or
endless bands or zones of light, one with-
in the other around a central zone. Such
a system may be used with colour screens
appropriate to the two, three or four

-9p colour systems and such screens may be
interposed as mnear the focal plane as
practical,

In order that the invention may be the
more readily understood veference 1is

25 made to the accompanying drawings in
wualch (—

Fig, 1 illusirates diagrammatically the
general lay-out of the system. ,
¥igs. 2 and 3 are face views of the

30 reflectors, - N

Iig. 4 is an elevation of Fig. 1 look-
ing in the direction of the arrow A.

Fig. 5 15 a view of the division of the
fight as seen through the lens aperture.

35 Iig. 6 shows a lens of a known type

suitable for use with the present system

and indicates-the passage of certain of
the rays passing through such lesns,
Referring to the drawings, 1 and 2 are
¢ optical flats which are conveniently and
advantageously polished to a mirror sur-
face, the centre reflector being of disc
foim, slightly elliptical in contour, and
mounted at a suitable angle to the

35 optical axis, as to divert by reflection a
determined portion of the image cairying
rays, and form a complete image through
the red filter 3 in the appertaining focal
plane 4.

50 The second optical flat is in the form
of an annulus 2, slightly elliptical in
.eontour and mounted in such a pogition
about the optical axis, and at a suitable
angle, so as to divert by reflection a

B5 determined portion of the image carrying
rays, and form a second complete image
through the blue filter 5 in the appertain-
ing focal plane 6, this combination of
reflectors being mounted and provided

60 with the necessary adjustments to enable
the combination to be corrected in all
directions; the apparatus for effecting

 these adjustments forming no:part of the
present imvention. - S B

85 The third image is formed by un-

S

obstructed image carrying rays from two
.zones 7,-8 of the lens 9, one zone 7 being
in the form of an annulus defined by the
periphery of the-disc reflector 1 and the

inner periphery of the ring reflector 2, 5o

-and the other zone 8, permitting marginal

rays of the lens to go to assist in forming

~the third image, being defined by the

outer contour of the ring -reflector 2,

whereby such marginal rays fall on the mp
same plane 10 as the rays from the first °
zone 7, to form a complete image through
-the green filter 11 in the appertaining
focal plane. :
In viewing the zones through the lens gy
it will be observed that the central zone
12 appears red and of elliptical contour,
the next zone 7 will appear green in the
form of an elliptical ring, the next zone
13 will appear blue in the form of an gg
elliptical ring, and the next zone 8 will
appear green and be formed by the
marginal - rays of the lens with an
elliptical interior. '
The division of the light provides for 20
three plates being exposed simultaneously

{rom a single objective and such division

of the light may be computed by methods
well known to a skilled optical instru-
ment maker to produce substantially even g
exposure through the respective colour
screens, 7
In the hereinabove described preferred
~embodiment of the present invention the
red and” blue are reflected images, and
the preen is a direct image, and the
areas of reflection, and the direct rays
may be so computed by well known -
methods as above stated, in relation to
their respective filter losses, time filter 105
factors and the losses due to light reflec-
tion coupled with the focal length of the
particular objective »used and the full
working aperture thereof, as to provide
with one objective a simultaneous 110
exposure of three plates, at a speed

100

“capable of taking moving objects, the

resultant plates being evenly exposed.

The correet apportionment of the light
to the respective focal planes is deter- 15
mined by the shape and positioning of
the two reflectors 1 and 2 which is such
that each plate receives its correct pro-
portion of the emergent cone of light and
that the ring reflector 2 will not obstruct 120
the correct amount of light to the disec
reflector 1. ,

To this end the ring reflector 2 1is
.mounted with the disc reflector 1 slightly
‘projecting through the centre and offset 125
from the true optical axis in the direc-
‘tion of the -reflected rays to the focal
‘plane 4, the ring reflector 2 being also
offset in “the same direction and the disc
reflector ‘being “further offset towards the 130



~357;660

" rear oi the ¥ing reﬂector posutlon

‘The .shape or contour of the two re-

flectors for the. given objective illustrated
to produce- images ‘on sensitive plates of-
rectangular form is shown in Figs: 2 and
-8. The shape of the ring reflector-is such
“that the ‘width of the ring bears: a pro-
_gressive increase from a minimum at Kt
t0 & maximum at L. -

~ - The layout- 11111strated in Fig.
’ dlagl ammatically -

the

d1v1smn of the

- main beam of light by the reflectors, and
) also shows. “how - the positions: ot the

reflectors -are -determined.

- The entrant rays D, D, U 1 which

- emerge from the lens 111 COnUs of image
Dt at.
- the focal plane 10 at the margins of the-

formmg light terminating at Ct,

 plate, represent the characteustlc of the

20 5

given objective illustrated in the drawing

-at full aperture focussed at infinity.

The entrant rays AA—BB, which are

“conveiged by the Tens to AlBlrepresentthe

: o5 A

'1the lens.
" of - emergent lmane-fonmno dight S, O,
H representing an image “at mﬁmty at a

“data
" position- and

selected angle of vision of the objective ;
AL belno the shorter dnnensmn of the
IeCt‘mOulm plate

The outer entrant lays D C indicate .
“the. ineclusive working angle of the objec-
tive and cover the lonrrer dimension of~
: the rectanguual plate, these rays crossing

a point X- on the optical axis behmd
< This peint X, and -the cone

full aperture on the optl(al axis, form
which - assists-in deteunmum the

. reflectors.

[TAr
ine

pornt \Z deﬁne> the position along

7 JV.J’EOV'H‘Q optical axis of the line K14 Whlch
: 1efe1n11nes the plane of the ring reflector

- surface 2 which position-is such that the

45

distance from .thecpoint where this line
intersects the optical axis to the point X

is equal to the distance between the point .
“direct image is green, the image formed
" by the dlSC red,. and ‘that formed by the

X and the last face of egress of the objec-
tive.” This point is 1mpor’cant for - the

-reason that if the line K*I# intersects

the optical axis too near to the objective
the centre of the plate loses dens1ty and
shalpness of definition -

The cone of light 8, G, H is divided by

‘a line at approximately 450 4o the optical

60

total factor wunits” which -

sur of the distances K,

" axis in such a position that the dimension
K, I will make contact with- the lines

O'X and D'X and the- total length of
the line K3L8 represents the sum of-three
comprise the
time filter factors and losses due to light
reflection, and - the dlmensmn KL as the

- -third factor.

The positioning of the’ ring reflector 2
on-the line K*T4- also provides that the

~dimension-of this line must represent-the

sum total of the three factor wnits, the
K2 and L1 12

1 shows )

shape of the m’cexsectmcr, ,

.being .one of the ’(hlee factms

By correctly positioning and shaping
the reflectors 1 and 2 the light is properly
apportioned to the-respective plates in

‘spite of variations in the cross sectional

area of the convergent come due to
changes of the angle -of VlblOI]. -of- the

.objective.

‘Phe construction and positioning of the

light-dividing elements as described pro-

vide for-the illumination of rectangular
plates; with the use of square platea the
contour of the reflectors 1 and 2 would
coni(nm more to the form of a circular

disc in the case of the reflector 1, and in-
the case of reflector 2 to the

form of

a

8

circular annulus with the perforated por- -

tion excentrie with the outer comfour and
positioned as previously. explained,

i g, 6 shows a known form of objective -
suitable for use with the OP’mLal dividing-

systens accordl 1g to this invention.

For. the pwipose of producing four
mctmea, the-divect rays passing through
the annulus formed between the dise and
the ring, are reflected by the addition of
a ring reflector behind the sys’cem and in
this form four plates wﬂl be exposed
simultaneously.
. The qebond ring 1e‘iec’col is arranged
outside the first ring and inclined so as
to refleet the hoht abme or below, as
convenlent, to form the fourth linags in

phne palallel with the plane contain-
7"{1(‘
thlee images. 7

Tn this system ,all the light received
frome® the lens (with the exception
certain cases of a small mopoltmn which

“may be cut off by the. supports for the

(hsc and- ring) is utilised to form the
images, and in full daylight, wusing a

735 lens, good results-are obtained with:
~.an- exposure of 1/100 second.

In the system above dcscnbed the

blue.
a given size plate it should ‘be

111’1‘7'

I‘Ol

noted that an increase in aperture of the.
of.

lens will | not alter the balance
illumination on the red or green plate,
There. will however be a Sllﬁ'ht inerease
in intensity of illumination Towards the
edge remote from the lens of the blue
plate but in actual practice thls is of
no importance, )

The resulting colour sensation pictures

may be utilised in any of the well known
ways to produce photographic or kine-

‘matographic effects in colour.

The present invention also provides for
the inspection of the focal definition of

the image while at the same time leaving

the camera ready for exposure. To this
end a small perforation 14 is provlded

the optical cenires of the normal.

in.
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in the disc reflector 1, to allow a pencil
of light to pass through and be reflected
by a small mirror 15 and conveniently
a further mirror 16 to an eye piece 17,
which is automatically focussed with the
focussing mechanism of the camera. The
view seen in the eye piece is a section
of the green image and a green filter
is fitted on the focussing screen '18.

Where the optical system is used in
connection with artificial light the posi-
tions described of the filters with respect
to the optical dividing system are sub-
stantially true for arc lights but if half
watt lamps are used there will be a pre-
ponderance of red actinic rays and it will
generally be found satisfactory to reverse
the positions of the red and blue filters.

The invention is well suited for use
with lenses of short focal length.

The optical system may be mounted
in a camera of snitable design, the three
focal planes being located one at the
rear, and one on each of the sides, and
operated as focussing planes through a
single gear, engaging with racks attached
to each focal plane, -focal plane focussing
retaining a constant position between the
light dividing system and the lens. A
compensating device may be provided to
accommodate for variation of colour wave
length.

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

1. A behind lens optical light-dividing

system for casting multiple images by .

simultaneous exposure from. the same
point of view comprising a pair of plane

reflecting surfaces disposed in intersesct-~

ing planes and so shaped and arranged
and so dimensioned with respect to a
single objective placed in front of the
system as to divide the main image form-
ing beam transmitted by the objective
into four sections, two of which passing

unobstructed by the system are on the-

optical axis and may combine to form
one direct image or be separated to form
a direct and reflected image, the division
of the beam by the reflecting surfaces

being such as viewed through the lens to
define rings or endless bands or zones of
light one within the other around a
central zone, :

2. An optical light-dividing system
according to claim 1 used in conjunction
with colour screens, preferably placed as
near as possible to the focal plane.
~ 3. An optical system according to
claim 1 or 2, in which the apportioning
of the light for the respective images is
completely effected by the shaping and

positioning of the reflecting surfaces.

4. An optical system according to any
preceding claim comprising a ring-like
reflector and a smaller dise reflector in-
truding therein, the reflectors being dis-
posed 1n intersecting planes.

6., An optical system according to
claim 4 having the disc and ring reflector
each offset with respect to the optical
axis in the direction of the rays from
the disc reflector for the purposes
described. '

6.. An optical system according to claim
4 or 5 having the disc reflector offset
towards the rear of the ring reflector
position. . ,

7. An optical system according io any
preceding claim having a ring reflector
whose width increases from a minimum
at one section to a maximum at a section
diametrically opposite to the first section.

8. An optical system according to any
preceding claim in which the disc
reflector 1s centrally perforated to permit
a pencil of rays to pass therethrough for
focussing purposes.

9. An optical system according to claim
1 in which the means for separating the
two sections which pass unobstructed by
the system consists of an additicnal
reflecting surface interposed behind the
system to reflect part of the direct rays
to form a fourth image.

10. An optical system substantially as
herein described and shown.

Dated this 4th day of May, 1931.
HYDE & HETDE,
2, Broad Street Buildings,
Tiverpool Street, T.ondon, E.C.2,
Patent Agents for the Applicants.

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Ltd.—1931..
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[This Drawing is @ reproduction of the Oriyinal on a reduced scale]
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