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N° 16,810 A.D. 1915

Date of Application, 23th Nov., 1815 —Accepted, 29th Nov., 1916

COMPLETE SPECIFICATION.
OpticaJ Appliances for Two Colour Heliochromy.

We, Franx Twymax, Manager of Adam Hilger Limited, of 754, Camden
Road, London, N_, buoumﬁe Instrument Makers, Jonx Suare Hrcitanm, of The
(_/Jl]l(‘.l‘ Bul\dale,, Launcashire, Cotion \lauuiaotmm,' and Harorn WORKMAN,
of 12, Univexbity Gardens, Ke]vmsule, Glasgow, North Britain, Engineer, do
horeb‘y declare the nature of this inv ention and in what manner the same is to
be ‘perforimned, to be particularly described 'md dh(‘elf"nllﬁ'd in and by the
following statement:— :

The pu-bcu{ inveniion relates to cameras, and more esp(‘om]ly cmomatoglaph

cameras, in which a branch is separated from the entering beam of light, by
reflection in a partially tl.msmlttmg and p.utml]y reflecting compound prism
bluck’ (hereinafter called ‘‘ compound prl’im block ’’), the direct beam passing
through, one objective (hereinaftor called ‘‘direct lens’’), while the branch
beawm reflected in the l)Loc]\ is again reflected by a reflecting prism (hereinafter
called “* reflecting prism ’’) fitted at the side of the compound prism block mo
that the axes of the direct beam and the branch beam are brought into
])d)l'dll()llbll] and the brauch beam traverses a second objective (hereinafter called

“side.lens *’). Such a device is used in association with colour screens appro~
plmte to the iwo colour system and the herein described system -produces two
images in the same plane.

The present invention aims to provide new and improved forms and arrange-
meunts of a combined lens and prism systam of the class bereinabove referred to
whereby ,such a taking system is madée more efficient for use in two colour
cameras, and in particular for use in two colour cinematograph cameras.

By the present invention provision is made for securing an efficient taking
system of the class described 1u which lenses of large aperture and of short focal
length can be used at a small separation: with a minimum or a considerably
mduch amount of hooding or cutting off of light from the lenses in the prism
system, and for securing equal size of two images for objects at a specific
nvpmge “distance from the camera at which it is intended to use the system,

tolerable error in size of the images for objects more distant flom or nearer to
the camera being negligible or allowable.

To the foregoing ends i{he present invention comprises the provision in such
a ta.kmg system of a specially coustructed partially transmitting and partially
reflecting compound prism block with a reflecting prism arranged at the side of
it, the compound prism block being made up of two equal sided or approximately
equal sided right angled prisms cemented together hypothenuse to hypothenuse,
together with a flat picce of glass added to or pmfﬂmhly made in one piece with
that rectangular prism through the face of which the light enters the system,
such addition being on the side optlc.;.]]y iantegral with the reflecting prism, and
together with a reflecting rectangular prism added to the cxtended side of such
a compound prism block so that its reflecting surface is exactly parallel to the
partially reflecting surface formed at the junction surface of the compound
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Optical Appliances for Two Colour Heliochromy.

prism_block and so that its face by which the doubly reflected portion of the
divided light leaves it is parallel to and preferably on the same plane as the back
surface of the compound prism block, such totally reflecting prism being either
cemented to or made in one piece with the flat piece added to the side of the
front prism of the compound prism block or made in one piece with the front
prism and the flat piece added to the side of it. -

The partially transmitting and partially reflecting surface of the block may be
made partially reflecting by the coating or deposition all over of a thin partially
reflecting and partially transmitting layer of silver, platinum, or other smta._ble
metal or substance, or by the coating or deposition all over of a fully reflecting
layer of silver, platinum or other suitable metal or substance, and the subse-
quent removal of narrow lines or small areas of such coating over the whole
reflecting surface, so as to reflect and transmit the light in the desired propor-
tions. :

As exemplified in the hereinafter described forms of the block with its reflect-
ing prism, constructions under the invention need involve no more than three
pieces and in certain cases two pieces will serve.

In taking systems of the class described and also in such taking systems con-
structed according to the present invention, the side lens is virtually or optically
situated somewhat farther from the scene than the direct lens; thus the two
lenses if accurately paired will form images of unequal size, the image formed
by the side lens being the smaller. This i8 remedied by part of the present
invention, and to this end two lenses of unequal focal length are used the fide
lens being of greater focal length, and so much greater focal length as.to give
“equality of image to objects at a determined distance, or a distance in reference
to which an adjustinent has been made, as for example, 26 feet, and this for a
set or known separation between the axis of the direct lens and the axis of the
side lens, one inch for example. As in practice it may be difficult to secure
lenses originally constructed to the required relative focal length, known
expedients for adjusting the relative focal length of the two lenses may be
adopted, a universally applicable expedient being to introduce appropriate thin
supplementary glasses as for example a thin supplementary negative glass to
extend the focal length of the side lens or a thin supplementary positive glass
to diminish the focal length of the direct lens. One advantage of this system of
supplementary thin glasses is that the device may be readily adjusted or altered
for true effect at various distances, especially when objects at near distances are
to he pliotographed. Other known methods of adjusting the relative focal
length of the two lenses may be adopted, as for exumpi, by shortecning or
lengthening the mount or hy modes indicated in the chapter ¢ Adjusting
Dissimilar Lenses *’, commencing on p. 164 of Taylor’s Optics of Photography,
London, 1892.° ¥For instance adjustments may be made by separating or
approaching constituents of the lenses in accordance with known conditions and

in a case of this kind a graduated milled head may control the separation. It.

may be remarked that ordinarily the separation required is so minute as not to
appreciably effect the adjustments for flatuess of field or spherical aberration;
but if desired counter corrections may be applied in a way well known to
opticians.

It may be remarked that there are distances beyond which photographers
will tolerate errors in focussing, such distances being sometimes called by the
photographer ¢ infinities”’, and at other times ‘‘ hyperfocal distances’’. 1In
parity there are distances beyond which the errovs due-to paired lenses may he
tolerated, and if lenses are adjusted for true effect at any great distance, the
evrors may be tolerated for all beyond this distance, although nearer objects
may involve intolerable error. In other words the corrections above treated
of most notably affect uear objects. It is obvious that the error which is cor-
rected by the present invention becomes greater as the separation of the lenses
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(direct lens and side lens) is increased, thercfore the separation of the lenses
should be as little as -practicable.

As the side lens has a greater focal length than the direet lens, the side lens
should be set forward in relation to the direct lens by the difference between
the two back conjugate foci as gauged by or tested on an object at the distance
for which the device is adjusted for true effect, this distance being conveniently
determined by trial.

Apart from the above defined optical conditions for true effect in the matter
of focal length and magnitude as bearing on any given or required distance
from the camera, this invention as hereinbefore stated includes forms and
arrangements of the prism system by which the -combined lens and prism system
is rendered more efficient.

These forms and arrangements will be best explained by assuming and illus-
trating cases in which there is most need of good working conditions: these
being especially cases in which lenses of short focal length and comparatively

large aperture are used.

In the drawings Fig. 1 is a diagram illustrating a combined lens and prism
system of the class described, but according to one part of the presentr inven-
t1on this is to be considered as modified in the sense of the side lens having a
greater focal length as hereinabove defined.

Fig. 2 is a diagram illustrating a combined lens and prism system of the class
described in which improvements according to the present invention have been
embodied, and, .

Fig. 3 1s a similar diagram to Fig. 2 illustrating a modification.

As an example the desired result may be obtained with two objectives (direct
lens and side lens) the focal lengths of which are slightly different and are
about 21/, inches and of £/3.5 aperture, set with a separation of the axes of 13/,th
inch for forming fwo pictures of one inch wide and 3/, inch high, side by side
on one film; the block and reflecting prism being made of a clear permanent
glass of high refractive index, ag flint glass of 1.66 refractive index.

In Fig. 1 the compound prism block is of the class deseribed being compased
of two rectangular prisms C C!' cemented hypothenuse to hypothenuse placed
directly in front of the direct lens H, the cemented surface being made partially
transmitting and partially reflecting as described and having a similar right
angled reflecting prism D cemented to the side of it, these prisms being of such
a gize that the axes produced of the two lenses A and H pass through the centres
of the back faces of the two prisms D and C.

As hereinabove stated the side lens A has a slightly longer focal length than
the direct lens H and is set slightly forward closer to the prism. )

In Fig. 2 the compound prism block together with the reflecting prism are
shown of the improved form comprised in the present invention.

In order to make a first approximation in plotting out such a system on paper
the following procedure may be adopted. Yt A Fig. 2 represent the side
lens. As near as convenient to the outer surface of the front glass of A is drawn
a line B B at right angles to the axis of A.: this line B B indicating the position
of the inner face of the compound prism block C and reflecting prism D. The
positions of the two parallel reflecting surfaces E and F at or about 45 to the
axial ray and the front face of the prism block through which the light enters
the system are found by trial and error. An outer marginal ray assumed for
the purpose of construction to leave A should be so reflected from E as to
reach ¥ at the point where F meets the line B B, and this ray is reflected from F
so as to veach the forward angle of the extension of the compound prism block

-marked G. The inner marginal ray which for the purpose of construction may

be regarded as coming from the side lens A meets the reflecting surfuce E at the
junction of the reflecting prism with the extension of the compound prism

‘block at the position indicated by K.,
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The axis“of the doubly reflected beam extended back\vays through the prlsm -

bIULk forms the axis of the lens H which forms the directly transmitted image.

Reference to tlils figire will show how the construction is accommodated to
the: codicity of the beant from the 'scene by decentreing: the compoeund prism
block C in relation to the direct lens H in a direction away from the axis of the
side 1ens A, and by providing an extension of or ajutage J to the block C, into
which cxtension or ajutage %the surface I does not intrude, towards the side
lens A. The reflecting prism D should be optically cemented to the block C,
this reflecting prism I} being of less depth than the compound prism block C
g6 as: to: cause the reflecting: surface E of the reflecting prism 1 to meet the
e\tendod -portion: J of the prism-block C some dlstance from its front surface,

that surface with aspect towards the scone.

In carrying out the comstéuction according to Fig. 2, a condition which
shoiild be dbserved is ‘that ‘a light ray drawn through the point at which the
reflecting surface of the reflectibg prism mects the compound prism block and
running parallel to the marginal ray of the entering cote of.light rays -on the
side remote from the side lens shall not enter such side lens. -

In:this ‘way the spread of the rays entering the side lens is allowed for so
that with lenses of this- focus and operating at this separation no¢ hooding or
culting off of light at the front face of the compound prism block occurs.

Theére may be cases where it is desirable-to use lenses ‘of this focus and aper-
ture at-a somewhat closer separation and under these circumstances some hood-
ing or cutting off of light to the side lens must be permitted and the prism
arrangement should preferably be constructed so that this hooding is equal on
both - sides’ of the pu,ture In_ these circumstances also it may be necessary to
mask the front face or back face of the compound: prism block slightly to
prevent a second: ary lmfmge ‘being formed by (1119( stly tl ansmltted llght thlough
the side lens. . ~

~A desirable apportioning of the light and control of tho houchng effect may
be realised by the afrangemecnt shown in Fig. 3;-the two reflecting surfaces in
this case not béing exaclly at -45° to the axis of the incident cone of light rays,

but being dlre-t tod 50 as tu come more nearly norm.d to the plodnced axes of’ the
lénses: -

“In thé case 1llush ‘ated 1)y lug 3 the reﬂcchng %urfa,ces Eand F mubt 'm‘ )
strictly parallel to .each -othér; although the angle of 45° is departed from as:

above stated wo as to cause the reflected marginal ray from the front edge of

the first reflecting surface ¥ to the second reflecting -surface E to substantially -

skim. the front face of the compound prism block and the prism ) need not be
continued so as io form an angle at L. Further this form lends itself well to
the simplification of forming the reflecting prism and the adjacent portion of
the block of one- piece of gLvss which carries both reflecting surfaces E.and F.

All faces of the prism bloek not concerried in reflection or transmissicn should
be ground and blackeued with o paint the medium of Wluch has a refxactwe
mdex u.pplo:ﬂm'ttely equal to that of the- glass.

H1v1ng now palhcul.lrly desorlbed and ascertained the nature of our said

invention and in what manner the same is to be performed, we declare that what
we claim is:— .

1. A combmed lens and prism system of the class described, in which the
compound- prisnt block in front of the direct lens is decentred- relatively to the
axis of ‘that'lens in-a direétion away from- the uxis of the side lens, and has a
plain - flab- glass extension: or. ajutage on that side of it with aspect towards the
produced. axis of the side lens into which extension or ajutage the transmission
reflectibn surface "does ‘not intrude and w1th -which- “extension or a]utage the
reflecting prism is dptically integral.

2. A combined lens and prism system as "claimed in Clajim 1 hereof i whlch
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the reflecting surface of the reflecting prism meets the extended portion of the
compound prism block some distance back from the front face or face with
aspect towards the scene of the compound prism block.

3. A combined lens and prism system as claimed in Claim 1 hereof in which
the co-opcrating reflecting surfaces of the compound prism block and its com-
panion reflecting prism are made parallel to each other but inclined at an angle
greater than 45 degvees to the axes produced of the lenses so as to cause the
reflected marginal ray from the front edge of the first reflecting surface to sub-
stantially skim the front face of the compound prism block.

4. A combination of two lenses and a prismatic system of the kind herein
referred to whereby cach lens forms an image from the same point or aspect of
view, the lenses being so selected or adjusted- or adapted substantially hy the
methods described as to give images of equal size for objects at a determined
distance, and the lenses being so adjusted as to focus on the same plane.

5. In a devyice as claimed by Claim 4 hereof, adjusting the foeal power of
either objective, for the purpose described by the introduction of a thin glass of
positive or negative power.

6. In a device as claimed- by Claim 4 hercof, adjusting the relative focal

powers by separating or approaching individual elements of the lens combina- -

tion.
7. The herein described improvements in a combined lens and prism system
of the class defined substantially as set forth or illustrated .

Dated this 29th day of Novembeér, 1915.
HYDE & HEIDE,

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

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Ltd.—191G.
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