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The present invention relates to an anamorphotic cy-
lindrical lens system which is set up in the path of rays
of a spherical camera objective lens on the side of the
shorter distance between back lens and film plane. In
the prior art, anamorphic objectives are used in taking
and projecting motion pictures to create a panoramic ef-
fect on the screen. During filming with such a system,
the scene is recorded horizontally compressed on the
film.

During projection, a horizontal expanding anamor-
phoser is employed to recreate the photographed scene
in its original proportions. By means of this taking and
projecting technique it becomes possible to store scenes
of larger than conventional aspect ratio on conventional
film frames.

The conventional anamorphic objective lens systems
usually comprise a commercially available optical lens
which is rotationally symmetrical, and an anamorphoser
positioned on the opposite side of said optical lens from
the film plane. This anamorphoser comprises an afocal
combination of positive and negative cylindrical lenses.
The function of the anamorphoser is to predeterminedly
compress all lengths in the horizontal direction of the
scene being photographed in the same ratio, the com-
pression ratio, to all lengths in the vertical direction.

There are several limitations to the resolving power
of such anamorphic systems, especially when combined
with objective lenses of longer focal length, most con-
spicuous in telephoto lenses. Moreover the conventional
front positioned anamorphic attachments to tele-lenses
require an excessively large housing, invariably causing
the need of an optical bench support. Moreover, to ob-
tain focus for different camera-object distances, it is nec-
essary simultaneously to change the distance between
the elements of the anamorphoser as well as adjusting
the spherical objective along the optical axis.

The change in position of the elements of the anamor-
phoser also leads to a variation of the compression fac-
tor, noticeable in projection where the expanding ratio
is constant,

The present invention obviates this latter disadvan-
tage, i.e., change in compression factor, by positioning
in front of the anamorphoser a rotationally symmetrical
double-lens system which has at least one variable air
distance, ‘which may be adjusted in connection with an
anamorphic lens system including anamorphoser and ob-
jective lens both preset to infinity, so that it will focus
an object at a finite distance on the plane of the film.
This expedient, however, only increases the length and
the weight of the objective to such an extent that in the
case of tele-objectives such a solution is manifestly im-
practical, or the range of the resulting anamorphic tele-
photo system is limited.

It is therefore an object of the invention to provide
means for removing the above outlined disadvantages
of anamorphic objectives of the prior art. According to
the invention, this is accomplished by introducing be-
tween the spherical objective lens and the film plane a
vertical expanding and with respect to the film plane
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afocal anamorphoser comprising respectively a negative
cylindrical lens component adjacent to the film plane
and a positive cylindrical lens component axially air
separated with their cylindrical axes parallel to each
other and horizontally disposed.

The invention is based on the fact that the effect of a
horizontal compression may be obtained by a vertical
expansion. The image such formed on the film, being
vertically expanded, to the degree of the standardized
compression factor, will when reproduced by the usual
horizontally expanding projecting system get the orig-
inal relative dimensions of the object restored on the
screen. By the conventional front positioned anamor-
phoser (cylindrical axes vertical) the focal length of
the system in the horizontal plane is divided by the
compression factor, i.e., the picture angle is multiplied
by the same factor. In the case of the invention, how-
ever, the focal length of the system in the horizontal
plane is identical with the focal length of the spherical
objective lens, whereas in the vertical plane the focal
length of the system, due to the rear positioned, verti-
cal expanding anamorphoser, is increased, i.e., the focal
length of the spherical lens multiplied by the compres-
sion factor. Thus by utilizing a system in accordance
with the invention with an anamorphic factor of 2, a
spherical objective lens of only one half of the focal
length of the one used by the conventional systems is re-
quired to obtain the same picture angle. Or, vice versa,
if the same focal length of the objective lens is used
with both systems, the system according to the inven-
tion will have half the picture angle compared to the
other, i.e., the telescopic effect is doubled—provided the
anamorphic factor remains 2.

The anamorphic system described in this application
has principally three main advantages compared to
known anamorphic objectives of longer focal length:

(1) A considerable reduction in size and weight of the
complete system.

(2) The simplified method of focussing, by adjusting
the spherical objective only, the elements of the ana-
morphoser remaining in fixed positions.

(3) Increase of definition by distributing the causes
of optical errors partly to the horizontal image in tak-
ing, and partly to the vertical image in projecting.

In all known anamorphic systems comprising cylin-
drical lenses, either in front of the objective lens or on
both sides, at least one of the cylindrical elements must
be made movable along the optical axis for focussing.
The only known exception where all cylindrical elements
can remain in fixed positions is when, as described, a
variable collimating lens combination of at least two
spherical lenses is placed in front of the whole anamor-
phic system. The other exception is represented by the
present invention, where the anamorphoser is made afo-
cal with respect to the film plane and the cylindrical ele-
ments kept in fixed distances from the film plane. It
has no influence on the focussing of the image whether
different focal length objective lenses are used in front
of this anamorphoser, or whether they are focused on
infinity or on finite objects. The only focussing neces-
sary is carried out by adjusting the spherical objective
only. This is particularly valuable for long-focus ana-
morphic work where, due to less depth of field sharp-
ness, the adjustment of the focussing correspondence be-
tween the anamorphoser and the objective lens becomes
very sensitive. According to the invention this corre-
spondence is predetermined. Furthermore, the compres-
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sion factor remains constant at all times, and allows the
anamorphic system to be used down to extremely short
object distances.

The image formed on the film is being expanded ver-
tically to the degree of the standardized compression
factor, and when reproduced by a horizontally expanding
projecting system, the original relative dimensions of the
object are restored. According to the invention, the
anamorphosing action of the rear positioned expanding
anamorphoser (horizontal generatrices of cylindrical sur-
faces) only influences the horizontal image (horizontal
lines of distorted picture), whereas the definition of the
vertical image is dependent on the highly corrected spher-
ical objective only. By this expedient the optical in-
accuracies introduced by the anamorphoser are limited to
the horizontal image. .

By the conventional method of using a front positione
anamorphoser in connection with a spherical objective,
the problem of how to correct such a system for the high
degree of definition required increases as the focal length
of the spherical objective increases. As the anamorphos-
er invariably is a horizontal compressing. one, it will re-
duce the definition of the vertical image. By reproduc-
tion of filmed pictures in this conventional manner with
a horizontally expanding anamorphoser the vertical image
once more is subject to additional optical errors. More-
over, during the photographing introduced inaccuracies
will get greater magnification in projection, due to the
horizontal expanding action of the reproduction system.

The object of the invention is therefore an anamorphot-
ic system for photographing pictures, that are reproduced
in a horizontally expanding anamorphotic projecting ob-
jective, comprising between a spherical obiective lens
and a film plane a vertical expanding and with respect to
the film plane a focal anamorphoser comprising respec-
tively a negative cylindrical lens component adjacent to
the film plane and a positive cylindrical lens component
axially air separated with their cylindrical axes parallel
to each other and horizontally disposed, and said ana-
morphoser having such a focal length as to cause a ver-
tical expansion corresponding to the desired compression
factor. In a preferred embodiment of the invention said
lens components of said anamorphoser are spaced in a
fixed position from the film plane.

The object of the invention will become fully under-
stood with reference to the following description and ac-
companying drawings in which:

FIG. 1 is a vertical cross sectional view of an anamor-
phic optical svstem of the prior art.

FIG. 2 and FIG. 3 in elevation are vertical cross sec-
tional views of a preferred embodiment of the invention;
and :

FIG. 4 is a horizontal cross section of the embodiment
of FIG. 3.

In the FIGURES L.. L, is the anamorvhoser, 3 is the
optical obiective and 4 the film plane. FIG. 2 in com-
parison with FIG, 1 shows that only a focal length of
F/K is required to.obtain the same picture angle by
using the new rear positioned vertical expanding ana-
morphoser. In FIG. 1 optical obiective 3 is located be-
tween anamorphoser L;, L, and film plane 4. In ac-
cordance with the invention as shown in FIGS, 2, 3 and
4 the anamorphoser L;, L, composed of negative and
positive cylinder lenses is positioned between optical ob-
jective 3 and film plane 4 and thus causes a picture ex-
pansion in a vertical direction, the axes of the cylindrical
lenses being horizontal. The symmetrical axes of the
cylindrical axes are parallel, and the positive cylindrical
lens adjoins the optical objective. The negative cylindri-
cal lens is located as closely as possible to the film plane 4.

In this system for vertical expansion, i.e., where the
axes of the cylindrical lenses is horizontally disposed, typi-
cal values of the optical parameters are given below with
reference to the elements illustrated in FIGS. 3 and 4.
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Example
Thick-
Component Radii nesses and | ngq \'2 A nfr
Distances
4 =67.0
rn=-22,5 1.52 | 60.2 } --0.0231
d1=2.0
r3=2-}-56.0 1.67 | 32.5 | +0.0027
) T d;=6.0
r3=="56.0 1.52 ) 60.2 | +0.0027
d3=2, 56
ri=+443.0 +0.0121
13=92.0
5= 0
di=2.5
) 7 SN re=-172.0 dem5.0 1.62] 36.0 ) <0.0008
==
ry==172.0 1.52 ] 60.2 | +0.0030

The values for r, d and ! are in mm. and the values for
An/r are
!

mm.

r being the radii of the individual lens surfaces, ! the air
separations,

d the lens thicknesses, ng the refractive indices and V the
Abbe numbers,

An/r the power of refraction of the individual lens sur-
faces.

Individual focal length of the diverging component:
fra=-30.6

Individual focal length of the converging component:
fr,=+412.0

Factor of anamorphotic extension in vertical cross sec-
tion: 2.

The cylindrical lenses may be built in a conventional
manner from a plurality of lenses of various types of
glass in order to compensate for chromatic abberation,
as well as tangential curvature.

The focusing of the overall system of the present in-
vention is accomplished simply by adjusting the optical
objective 3, while the precomputed anamorphoser 1, 2
remains fixed. This is possible because the anamorphoser
is always focused on film plane 4 at a constant distance.
Thus it is possible to adjust the focus of the optical ob-
jective in a simple manner by using, for instance, worm
gears, or similar means, During focusing on objects at
close range, no changes in the compression factor occur
since in this system the relation of the anamorphoser to
the film is not altered.

Since the anamorphoser-film plane distance amounts
to only a few centimeters it is necessary to precompute
this distance in the anamorphotic objective structure, in
order to obtain the desired compression factor. While
the known front-positioned anamorphoser, when adjusted
to infinity, has a focal length relationship between the
front and the rear lenses, which is equal to the compres-
sion factor, the anamorphoser of the present invention,
located between the photographic objective and the plane
of the film, however necessitates a considerably greater
difference between the focal lengths of the two cylindrical
lenses. 1In the example shown, the relation of the focal
length for a compression factor of 1:2 is approximately
34:3.

Since, in accordance with the invention, it is possible
to obtain the desired anamorphotic focal length by use
of a photographic objective of ¥4 the conventional focal
length, and since the anamorphoser also will become sub-
stantially smaller and is positioned in the back of the main
objective housing, it is possible to reduce the total weight
of this system to about one-tenth to one-twentieth of the
conventional systems. In accordance with the invention,
also the quality of the picture is improved. It is necessary
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to take into account certain of the unavoidable defects in
cylindrical lenses. In addition thereto there are also
optical deficiencies. These deficiencies influence the quali-
ty of the picture considerably more when front positioned
anamorphosers are utilized, and to a greater extent when
used in connection with tele-lenses of longer focal
length. This goes to such extremes that up to the present
it has not proved advisable to use focal lengths in excess
of 300 millimeters—in particular with relatively large
aperture values. In the system of the present invention,
the quality of the picture, contrary to the above, however,
depends mainly on the quality of the spherical objective
and even improves with objectives of longer focal length.

The invention is not limited to the embodiment of the
objective shown and described herein.

By providing means for extreme extension for the tak-
ing lens it is possible also to use the system as a magni-
fying objective at a close range cut down up to twice the
focal length, the compression ratio remaining constant.
Also a projector system may be built in the same manner
in accordance with this invention.

The application does not limit itself to the disclosure
of a projection system having a long vertical dimension.
The only limitation to a system of the present invention
is that the axes of symmetry of the cylindrical lenses be
parallel and perpendicular to the optical axis of the sys-
tem.

The present specification describes examples of pre-
ferred embodiments of the invention. It is, however, in-
tended to cover all changes and modifications of the em-
bodiments shown, which do not depart from the spirit
and scope of the invention.

What I claim is:

1. Anamorphotic system for photographing pictures
on to a film plane, that are reproduced in a horizontally
expanding anamorphotic projecting objective, comprising
a spherical objective lens, a vertical expanding and with
respect to the film plane a focal anamorphoser disposed
between said spherical objective lens and said film plane,
said anamorphoser comprising respectively a negative
cylindrical lens component adjacent to said film plane and
a positive cylindrical lens component axially air separated
from said negative cylindrical lens, said lenses having
cylindrical axes parallel to each other and borizontally
disposed, said anamorphoser having a focal length such
as to cause a vertical expansion corresponding to the de-
sired compression factor, said negative cylindrical lens
component having lenses with radii ry, rg r3 and ry, the
ratio of the powers of refraction of said lens radii being
substantially -+0.0231 to +0.0027 to -}0.0027 to
-+0.0121, and said positive cylindrical lens component
having lenses with radii 75, 7 and ry the ratio of the powers
of refraction of said lens radii being substantially 0 to
-+-0.0006 to -4-0.0030, said values being calculated in

]

mm.

2. Anamorphotic system for photographing pictures
on to a film plane, that are reproduced in a horizontally
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expanding anamorphotic projecting objective, comprising
a spherical objective lens, a vertical expanding and with
respect to the film plane afocal anamorphoser disposed
between said spherical objective lens and said film plane,
said anamorphoser comprising respectively a negative
cylindrical lens component adjacent to said film plane
and a positive cylindrical lens component axially air sep-
arated from said negative cylindrical lens, said lenses hav-
ing cylindrical axes parallel to each other and horizontal-
ly disposed, said anamorphoser having a local length such
as to cause a vertical expansion corresponding to the de-
sired compression factor, said lens components of said
anamorphoser being spaced in a fixed position from the
film plane, the values of said negative cylindrical lens
component (L;) and said positive cylindrical lens com-
ponent (L,) corresponding to the following table:

Thick-
Oomponent Radil nesses and | na v Anfr
Distances
=670
f=—22.5 dim2.0 1.52 | 60.2 { +0.0231
1= =4,
ra=-+456.0 1.67 { 32.5 | -+0.0027
) 7 O d1=6.0
ri=-56.0 1.52{60.2 | +0.0027
d3=2.5
r4=+443.0 --0.0121
13=92.0
f=o ]
dy=2.5
) PN Te=-4172.0 dem5.0 1.62 | 36.0 | -+0.0008
523,
r1=~172.0 1.52 | 60.2 | -+0.0030

the values for r, 4 and ! are in mm. and the values for
An/r are
1

mm.

r being the radii of the individual lens surfaces, ! the air
separations, d the lens thicknesses, nq the refractive in-
dices and V the Abbé numbers, An/r the power of re-
fraction of the individual lens surfaces.
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