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My invention relates to an optical system and 
more particularly to an optical System for use 
in taking and reproducing of colored images, for 
example in Connection. With color photography, 
color cinematography, color television and color 
printing. 

In taking Colored images, for example in color 
cinematography, it has been suggested taking a 
plurality, for example, three of color separation 
images in black and white. In reproducing the 
Color separation images are combined into one 
colored picture. In taking the color Separation 
images, it is generally necessary to divide the 
light beam into Several partial light beams and, 
in reproducing, to recombine the partial light 
beams emanating from the color separation im 
ages into one light beam, the dividing and re 
combining being effected in known manner by 
means of mirrors and prisms. If more than two 
color separation images are used and if they have 
to be provided arranged in a common plane, the 
paths of the partial light beams have different 
lengths, as a Consequence of Which it WaS in 
possible, without employing complicated means, 
to make the Color separation images coincide 
completely, for example when projected, so that 
the Super-imposed imageS showed a certain 
amount of parallax. 
One object of my invention is to provide an 

Optical System, by means of which the above 
mentioned disadvantages encountered with the 
use of more than tWO color Separation inages 
are avoided. 
A further object of my invention consists in 

providing an Optical System comprising a light 
divider wherein the length of the partial beams 
emanating from the light divider is equalized. 

Still another object of my invention is to pro 
vide an optical System. With plane entrance and 
exit surfaces, which has a light divider dividing 
the light into two Outer partial beams and One 
inner partial beam and has compensating means 
in the path of the inner partial beam, whereby 
the length of the path of the inner partial beam 
is increased to the length of the Outer partial 
beams without ultimate change of its direction 
and the three partial beams leaving the exit 
surface are in alignment with each other. 

In order to carry Out my invention into prac 
tice, I provide an optical system of solid trans 
parent material comprising a light divider hav 
ing outer plane entrance and exit Surfaces, in 
ner partially reflecting and inner totally reflect 
ing plane surfaces arranged in Such a Way as 
to divide and direct a light beam entering the 

(C. 88-) 
Said entrance surface into three parallel beams 
leaving the plane exit surface, the inner partial 
beams of Said three partial beams passing through 
Said partially reflecting surface, the two Outer 
partial beams being reflected by said totally re 
flecting surfaces, the length of the path of the 
inner partial beam through said divider being 
shorter than the length of the path of the outer 
partial beams between said entrance and said 
exit surfaces, the path of the Outer partial beams 
being Straight after the reflection of Said totally 
reflecting surfaces, and means for equalizing the 
lengths of said partial beams, said equalizing 
means comprising a compensator cooperatively 
associated and forming a unitary structure with 
Said divider and arranged in series relationship 
with the path of the inner partial beam, said 
compensator having at least two rows of parallel 
equally Spaced totally reflecting surfaces, the re 
flecting surfaces of the first row being inclined 
to the direction of the inner partial beam en 
tering the compensator, the reflecting surfaces 
of the second of Said rows being equally inclined, 
but in the Opposite direction to the direction of 
the inner partial beam entering the compensa 
tor, said two rows being in series relationship 
With respect to the direction of the inner partial 
beam, and each reflecting surface of said two 
rOWs extending between the path of the Outer 
partial beams reflected by the totally reflecting 
Surfaces of the divider, whereby the length of 
the path of said inner partial beam is increased 
Without ultimate change of its direction and the 
three partial beams leaving the exit surface are 
in alignment with each other. 
The above objects as Well as others not partic 

ularly pointed out Will appear from the follow 
ing description. With reference to the accompany 
ing drawing in which: 

Figs. 1-6 illustrate steps in the method of man 
ufacturing prisms for use in my optical system, 

Fig. 7 shows an optical System according to my 
invention, and 

Fig. 8 is a perspective detail view of the com 
pensating element of the optical System. 

Referring now to the drawing, Fig. 7 illustrates 
an embodiment of my Optical System of Solid 
transparent material for the purpose of three 
color photography and cinematography. The op 
tical system comprises six prisms, a, b, c, d, e and 
f, which are cemented together or brought in 
any other Suitable way into Optical contact. 

JPreferably, the prism or compensator e pro 
vided With two rows of parallel equally spaced 
totally reflecting surfaces or mirrors 44, 45 (see 
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Fig. 8) inclined to each other at 90° is manufac 
tured in the following manner: 
As best shown in Fig. 1, plane parallel plates 

20, 2, 22, 23, the thickness of which is equal 
to the distance between two consecutive mirrors 
of One row of the prism, e, are covered with re 
flecting surfaces indicated by 25, 26, 27. The 
plates are placed one above the other and ce 
mented together so that a unit 37 is formed as 
illustrated diagrammatically in Fig. 2 in which 
the reflecting surfaces are indicated by the nu 
merals 25-32. Parts 33, 34, 35 are cut or ground 
out of the unit 37 in such a manner that the 
cut or ground Surfaces are inclined to the re 
flecting surfaces at a suitable angle. In the emi 
bodiment illustrated this angle is chosen as 45. 

For making the prism e shown in Fig. 8, two 
of the parts, e. g. 34 and 35, are positioned 
as shown in Fig. 3 and are brought together 
into optical contact to form finally the prism 
e diagrammatically illustrated in Fig. 4. The 
parts 34 and 35 can be brought together either 
by holding them in contact in a suitable frame 
or by cementing Same together. 
The mirrors 44 of the first row of mirrors 

thus formed in the prism e are parallel and 
equally spaced and so are the mirrors 45 of the 
second row of mirrors. The inner edges of the 
inclined reflecting surfaces or mirrors 44, 45 of 
the two rows are contiguous, the angles between 
said inclined mirrors of said two rows are 90, 
and said mirrors of said two rows are Symmet 
rically arranged about the straight plane bisect 
ing said angle of 90. The dash and dotted line 
4 shown in Fig. 4 indicates the path through 
the prism of a light ray impinging normally on 
the prism. The light ray is reflected four times 
as illustrated. The light ray emerges from the 
prism in the same direction as it was incident. 
It will be easily appreciated that the length of 
the path of the light ray within the prism is 
twice the length it would be if no mirrors Were 
provided in the prism, i. e. the length of the 
path of the light ray is increased without ulti 
mate change of its direction. 
Preferably, the prism f provided With two par 

tially reflecting and partially transparent plane 
surfaces 42, 43 (see Fig. 7) diagonally crossing 
each other is manufactured in the following 
ane 
The plane parallel plates 20, 2, 22, 23 shown 

in Fig. 1 are covered with partially reflecting and 
partially transparent surfaces 25, 26, 27. Then, 
a prism shown in Fig. 4 is produced in the same 
manner as described above in connection with 
the manufacture of the compensator e. In this 
case, however, the prism to be used for the prism 
f has partially reflecting and partially transpar 
ent surfaces. Now, parts 36 and 3 (Fig. 4) are 
severed from the prism and are brought together 
into optical contact (see Figs. 5 and 6) so that 
the vertices of the angles or and 3 touch each 
other and finally CrOSSed mirrors as diagram 
matically shown in Fig. 6 are formed. The parts 
36 and 37 are brought together in any suitable 
way, for example, by cementing, or by means of 
a frame. 
As best shown in Fig. 7, a light beam 300 en 

tering the entrance surface of a prism f thus 
formed with crossed partially reflecting and par 
tially transparent plane surfaces 42, 43 is di 
vided into three parallel beams 30, 302 and 
303. 
The optical system shown in Fig. 7 comprises 

2,234,665 
a light divider having Outer plane entrance and 
exit surfaces and includes the six prisms a, b, 
C, d, e and f cooperatively associated with each 
other. The Optical System has the shape of a 
cube and the prisms have the shape of rectangu 
lar parallelopipeds having one square section. 
The six prisms are arranged in two series, one 
Series above the other. The first series contains 
the first prism d, the second prism f and the 
third prism b; the Second prism f is arranged 
between the first and third prisms and has the 
entrance Surface of the Optical System. The Sec 
ond Series contains the fourth prism c, the fifth 
prism or compensator e and the sixth prism, d; 
the fifth prism e is arranged between the fourth 
and Sixth prisms, and the fourth, fifth and 
Sixth prisms have the exit surface of the opti 
Cal System. The first prism at is arranged above 
the fourth prism C, the second prism f is ar 
ranged above the fifth prism e, and the third 
prism b is arranged above the sixth prism d. 
The prism, a is provided in one diagonal plane 
With a totally reflecting mirror 40. The prism 
b is provided with a similar mirror 4 which 
is inclined at 90° to the mirror 40. The prism 
f is provided diagonally with two mirrors 42 
and 43 which cross each other at right angles 
and Which are partially reflecting and partially 
transparent. The prisms c and d are formed of 
Simple transparent blocks without mirrors, while 
the prism or compensator e is provided with 
two rows of reflecting surfaces or mirrors 44, 
45 (see Fig. 8) inclined to each other at 90°. 
Each reflecting surface of Said two roWS extends 
between the prisms c and d. 
In taking a three Color photograph the inci 

dent light beam has generally to be divided into 
three partial light beams each of which produces 
a color separation image. For this purpose, the 
Optical System illustrated in Fig. 7 is positioned 
in a suitable taking camera in such a way that 
the incident light beam 300 impinges on the up 
per Surface of the prism. f. In Said prism f the 
light beam is divided into two outer partial 
beams 30 and 303 and one inner partial beam 
302. 
The Outer partial beam 30 f is reflected to the 

left in Fig. 7 by the partially reflecting mirror 
42 and enters the first prism a. It then im 
pinges on the mirror 40 and is reflected down 
Wards, paSSes through the fourth prism c and 
emerges from the lower surface thereof. The 
path of the outer partial beam 30 f is straight 
after the reflection by the mirror 40. 
The other outer partial beam 303 is reflected 

to the right in Fig. 7 by the partially reflecting 
mirror 43 of the prism f and enters the third 
prism. b. It then impinges on the mirror 4 and 
is reflected downwards, passes through the sixth 
prism d and emerges from the lower Surface 
thereof. The path of the outer partial beam 303 
is straight after the reflection by the mirror 4 
and parallel to the path of the first outer par 
tial beam 30. 
The inner partial beam 302 passes downwards 

through the partially transparent mirrors 42 and 
43 of the prism f and enters the compensator e 
having its reflecting surfaces 44, 45 inclined to 
the direction of the inner partial beam 302. It 
then impinges on the mirrors 44 and is reflected 
by the mirrors 44 and 45, whereby the length of 
its path is increased without ultimate change 
of its direction, so that the inner partial beam 
302 finally emerges from the lower Surface of 
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the prism e in a direction parallel to the direc 
tion of the two outer partial beams 30 and 303. 

If the partial prism, c were not provided with 
the rows of mirrors, obviously the path of the 
inner partial beam 302 would be shorter by the 
distance ac than the paths of the outer light 
beams 30 and 303. However, by providing the 
prism or compensator e with the two rows of 
mirrors 44, 45, this is corrected since the path 
of the inner partial light beam 302 is doubled 
Without altering its direction. So that it is in 
creased exactly by the missing length ac. Thus 
the lengths of the three partial beams 30, 302, 
303 is equalized, and all three paths of the par 
tial light beams through the optical system have 
equal lengths. 
In the paths of the three partial light beams 

30, 302, 303 color filters may be provided in 
known manner, e. g. a red filter 46, a green 
filter 47 and a blue filter 48. The filters may 
be secured rigidly on the lower surfaces of the 
prisms C, e and b respectively. 

If it is intended to combine three light beams 
into one as is required in many additive color 
processes, the optical system described above 
may be used, its action here, however, being 
reversed. In this case the light path is re 
versed. The three black and White color sepa 
ration images are projected respectively on to 
the lower surfaces of the prisms C, e and d, if 
desired or necessary through Suitable color 
filters. The three partial light beams produced 
are combined in the optical System into a single 
light beam in a similar but reverse Way to that 
above described. 

It is obvious that the optical system can be 
Subdivided into prisms in numerous ways other 
than that illustrated, without altering its action. 
For example, some of the prisms shown can be 
combined or subdivided; for instance, the prism 
e could be subdivided into two partial prisms as 
indicated by the dash line in Fig. 8. 
Although a preferred embodiment of my op 

tical system has been described and illustrated, 
it Will be apparent that numerous modifications 
and variations are possible within the Scope of 
the invention. For instance, prisms embody 
ing the invention can be easily constructed for 
taking and reproducing colored images using 
more than three color separation images. Again, 
the prisms having several rows of reflecting Sur 
faces can be used in every case where it is es 
Sential to increase by a certain amount the path 
of light rays within an optically transparent 
body. Furthermore, the Optical System can be 
used in every case in which a light beam has to 
be split or Several light beams have to be com 
bined (in which case the prisms act as a beam 
combining prism), while maintaining equal the 
paths of all partial light beams within the prism, 
The specific embodiment described and illus 

trated must be understood not to limit in any 
manner the scope of the invention as defined in 
the appended claims. 
What I claim is: 
1. An optical System of Solid transparent ma 

terial comprising a light divider having Outer 
plane entrance and exit surfaces, inner partially 
reflecting and inner totally reflecting plane Sur 
faces arranged in Such a way as to divide and 
direct a light beam entering the Said entrance 
surface into three parallel beams leaving the 
plane exit surface, the inner partial beam of said 
three partial beams passing through Said par 
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beams being reflected by said totally reflecting 
surfaces, the length of the path of the inner par 
tial beam through said divider being shorter than 
the length of the path of the Outer partial beams 
between said entrance and said exit surfaces, the 
path of the Outer partial beams being straight 
after the reflection of said totally reflecting sur 
faces, and means for equalizing the lengths of 
said partial beams, said equalizing means com 
prising a compensator cooperatively associated 
and forming a unitary structure With said divider 
and arranged in series relationship with the path 
of the inner partial beam, said compensator hav 
ing at least tWO roWS of parallel equally Spaced 
totally reflecting surfaces, the reflecting surfaces 
of the first row being inclined to the direction of 
the inner partial beam entering the compensa 
tor, the reflecting Surfaces of the Second of Said 
rows being equally inclined, but in the opposite 
direction to the direction of the inner partial 
beam entering the compenSator, said two roWS 
being in series relationship with respect to the 
direction of the inner partial beam, and each re 
flecting surface of said two rows extending be 
tween the path of the Outer partial beams re 
flected by the totally reflecting Surfaces of the 
divider, whereby the length of the path of said 
inner partial beam is increased without ultimate 
change of its direction and the three partial 
beams leaving the exit Surface are in alignment 
with each other. 

2. An optical system as claimed in claim 1, the 
linear edges of the inclined reflecting surfaces of 
the two rows of the compensator being Contigul 
ous, the angles between said inclined reflecting 
surfaces of said two rows being symmetrically 
arranged about the straight plane bisecting Said 
angle of 90. 

3. An optical System of Solid transparent ma 
terial comprising a light divider having outer 
plane entrance and exit surfaces and including 
six prisms cooperatively associated with each 
other, said six prisms being arranged in two se 
ries, one series above the other, the first series 
containing the first, second and third prism, the 
Second prism having Said entrance surface and 
being arranged between said first and third 
prisms, the Second series containing the fourth, 
fifth and sixth prism, the fourth and sixth prisms 
being formed of simple transparent blocks, the 
first and third prisms being arranged above the 
fourth and Sixth prisms respectively and the Sec 
ond prism being arranged above the fifth prism, 
the Second prism having two partially reflecting 
and partially transparent plane surfaces diago 
nally crossing each other So as to divide a light 
beam entering said entrance surface into three 
partial beams, the first and third prism having 
each an inclined totally reflecting Surface, the 
totally reflecting Surfaces of the first and third 
prisms being inclined at 90 to each other so as 
to direct the first and third partial beams ema 
nating from the second prism through the fourth 
and sixth prisms into paths parallel with the 
second and inner partial beam emanating from 
the Second prism, the length of the path of said 
inner partial beam through said divider being 
shorter than the length of the path of the outer 
first and third partial beams between the said 
entrance and exit Surfaces, the path of the outer 
partial beams being straight after the reflection 
by said totally reflecting surfaces of the first and 
third prisms, and means for equalizing the length 
of said partial beams comprising a compensator 
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cooperatively associated and forming a unitary 
structure with Said divider and arranged in Series 
relationship with the path of the second and 
inner partial beam, said compensator including 
the fifth prism having at least two rows of par 
allel equally spaced reflecting surfaces, the said 
reflecting surfaces of the first row being inclined 
to the direction of the Second and inner partial 
beam entering the fifth prism, the said reflecting 
surfaces of the second of Said rows being equally 
inclined, but in the opposite direction to the di 
rection of the second and inner partial beam 
entering the fifth prism, said two rows being in 
series relationship with respect to the direction 
of the second and inner partial beam, and each 

annual per-h 
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reflecting surface of Said two rows extending 
between said fourth and sixth prism, whereby the 
length of the path of said inner partial beam 
is increased without ultimate change of its direc 
tion and the three partial beams leaving the exit 
Surface are in alignment with each other. 

4. An Optical System as claimed in claim 3, 
the inner edges of the inclined reflecting sur 
faces of the two rows of the fifth prism being 
contiguous, the angles between said inclined re 
flecting surfaces of said two rows being 90, and 
said reflecting surfaces of said two rows being 
symmetrically arranged about the straight plane 
bisecting Said angle of 90'. 
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