PUBLISHED V. SMEJKAL Serial No.
MAY 4, 1943, BRIGHT OPTICAL SYSTEM FOR COLOUR PHOTOGRAPHY 362,652

BY A. P. C. Filed Cct. 24, 1940

LA TS
Veders Srmeyhal

sild //f%&i&/ob% 7

AT ey



Published May 4, 1943

Serial No. 362,652

ALIEN PROPERTY CUSTODIAN

BRIGHT OPTICAL SYSTEM FOR COLOUR
PHOTOGRAPHY

Vilém Smejkal, Prerau, Moravia; vested in the
Aljen Property Custodian

- Applieation filed October 24, 1540

The object of the invention is a very bright
optical system for colour photography, particu-
larly for photographic cameras used in three ar
four colour photography. The system consists
of an objective and a prismatic spectral division
systere In which from the entering rays by pass-
ing through refiectors partial beams of light are
separated and produce in the respective focal
plans partial images.

To get the objective corrected in the focal plane
behind the prismatic spectral division system the
following conditions are to be complled with:

1. The chromatle devlations of the intersec-
tions must be chosen so that cortaln of their val-
ues be maintained behind the speotral division
systam in order to obfain & favourable .sphero-
chromatic correctian.

2. The chromatic deviations of the focal dis-
tance must be 85 small as possible to obtain par-
tlal Images of as much as possible equal size,

3. The objective must be subcorrected so that
the value of the subcorrection corresponds to the
value of the subcorrection created by the pris-
matle spectral division system.

4, The comma and the sine conditlons of the
objective connected with the spectral division
system must be well corrected.

5. The value of the supercorrection of the stig-
matism must be such as to be supercorrected with
the contrary sign of the spectral division system.

6. The distortion must have positive values
hecause the distortion of the prisms of the spec-
tral division system has negative values.

In the case of hyperchromatic objectives that
were used until now in colour photography, the
chromatic aberration of magnification Is not only
maintained but certainly {ncreased, but on ac-
count of the spectral division system employed,
the aberrations are suitably removed. The weil
known special hyperchromatic objectives with
prismatic spectral divislon systems had no exact
corrections for three or four elementary colours
and besldes that thelr brightness was insuficlent.
Objectives in which before the normal objective
of projection a negative optical, chromatically
corrected element is set and In which the dis-
tance between the two elements corresponds at
least to the focal distance of the objective of pro-
Jection has been proposed, but had the disadvan-
tage that they greatly diminish the brightness of
the objective and the optical system had ex-
traordinary dimenslons. On account of thelr
small brightness these objectives had not been
used in the speciral division system for colour
photography.

The disadvantages and wants of obJectives un-
til now In use in colour photography have been
removed by the speclal arrangement of the ob-
Jective which forms the object of the present in-
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vention complying with all conditions required
from an objective for such purpose i, e. chro-
matic, spherie, astigmatic correction as well as
correction of comma and distortion. This in-
vention is characterized by the ratio of the diam-
eter of the frontal convex surface of the first
alement of the objeciive on the side of the obiect
to be photographed and the foesl distance of the
oblectlve heing smaller than 1:2,5. ‘The abjective
cepsivs suitably of & biconvex leps as fiyst ele-
ment and & plano~eonvex ens as ithird ¢lement,
the distance of the frental curved surface of the
first element being greater by a third of the focal
distance of the ghjective from the surface of the
third element facing the object to he photo-
graphed. An advantage of the new ohjective is
1ts high hyperchromatism together with itz easy
production and execution, for the second ele-
ment—a dispersion lens—is of a symmetrical
form and the two dlameters of the further ele-
ments may be equal and one surface 1z plane,
In comparison with all eptical systems known up
to now, the new optical system offers the advan-
tage of a more precise correction for three or
four colours of the partial image 1. e. for the
red, yellow and blue (eventually grey) colours
used in the three or multicolour photography
as well as a complete correction of the comma
and the distortion. The oblective is moreover
characterised by lis considerable brightness re-
quired in colour photography.

In order that the present invention may be
clearly understood and readily carried into effect,
the same will now be described more fully, by
way of example, with reference to the accom-
panying drawing.

The objective Itself consists of five elements
having eight surfaces that are in contact with
the air. The first element I is a condensing ele-
ment consisting of a biconvex lens. This lens is
made so that the ratlp of the diameter r of the
frontal convex surface facing the oblect to be
photographed and the focal distance of the ob-
Jective 1s no less than

1:2,5 (%<1:2,5)

The second element II Is a dispersion element
consisting of gne biconcave lens. The best re-
sults are obtalned if the radius of curvature of
the beconcave lens IT is from 0,5 to 0,7 of the
focal distance f of the objective. The third ele-
ment IIT is again & condensing element consisting
of a plano-convex lens. The last two elements
IV and V are jolned and form a double condens-
ing element.

The first and the third element (I, III) are
placed in guch a manner that the distance be-
tween the frontal curved surface of the first ele-
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ment I and the straight piane of the plano-con-
vex lens III be greater than the third of the
focal distance of the objective i, e.

dytdi+4L -+ >".‘:‘

The distance between the frontal curved surface
of the condensing element and the frontal curved
surface of the biconvex lens II is chosen so as to
be greater than a fifth of the focal distance of
the objective, i. e.

f"J ’|'11>‘{‘
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The prismatic spectral division system VI
placed behind the described objective is provided
with the optical reflecting surfaces i1, 72, {3 where
the entering beams enter without obstacle into
the focal plane, whilst the marginal beams are
reflected through the optical surfaces in the di-
rection of the respective focal planes, where all
partial beams are of an absolutely equal length.
A, B, C represent partial images of equal size of
which the image B is reversed with regard to the
images A and C.

The values of the optical system for an objec-
tive of a great brightness and a focal distance
f=100 are £. {. the following ones:

ri = 58.37 di= 134
ra =287.8 di==_17.1
r3= 60.82 dai= 2.2
ra = 60.82 h= 185
rs = 00 di= 45
ra = 54.89 h= 0.1
r1 =180.98 di= 539
ra = 38.57 ds=.. 15
rs=180.98 = AT
ruo= 00 ds = 94.31

ri= 00
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Kinds of glasses

I 1L

Ir=1,50857 1,0

v v vI

- 1,68R00  1,588890 161300 1,51302

r==42.6 36.0 60.5 G0.5 L Gd.4

The exact calculation of the objective gives:

For the linee = ___3g=8, G705  Jo= 100,044
For the line D______ B e T fp=100.00
For the line G__________ sa="8. 184 i=100,015

The optical system of the afore mentioned
values have then a high apochromacy for the dif-
ferences of focal distances d do not go beyond
03%. A diminy ian o the chromatic deviation of
the intersection ! be produced by a spectral
division system made of glass and the Abbe-num-
ber (v) of which differs from the indicated value.

If v1 is the Abbe-number of the first element
of the optical system and 2 the Abbe-num-
ber of the second element of the optical
system and ¢1 the refractivity of the first element
and 2 the refractivity of the second element of
the system, then is the refractivity of the first two
elements

$1+d
v+

This desighed and described opfical system for
colour photography is of course only an example
for the execution of this invention and particulars
of the system may he altered without going be-
yond the outlines of the present invention,

VILEM SMEJKAL.



