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This invention relates to improvements in a photo-
graphic objective with a wide relative aperture.

There has been heretofore proposed many types of
photographic objectives with wide relative apertures. 1t,
however, is well known that the present objeciive has

the aperture of F/1.4 as its upper limit. With the recent =

advances of scientific researches and cinematography, and
the popularity of photo-news and color photography, the
objectives with wide apertures have been more in demand.
In the ultra rapid objective with the aperture exceeding
F/1.4 according to prior art, individual single lenses con-
stituting the lens system thereof should have much thin-
ner marginal or middie portions relative to the radii of
curvature of the lens surfaces due to the focal lengths,
provided that special optical glasses are not used. How-
ever such lenses are not suitable for mass production.
More particularly, it is very difficult to focus an image
in a plane surface of a frame 36 X 24 mm. taken on
standard 35 mm. cine film. It necessarily follows that
there is no means other than that for focusing in a curved
surface of that frame.

Accordingly, it is an object of the present invention to
provide an improved photographic objective with a wide
relative aperture exceeding F/1.4 made of the optical
glasses utilized customarily heretofore.

Tt is a further object of the invention to provide an
improved photographic objective suited for use with a
camera which takes 36 x 24 mm. pictures.

In accordance with the present imvention, a photo-
graphic objective lens system comprises five axially

aligned and air spaced components formed of nine lens /

elements; the first component comprising a converging
convex meniscus lens element positioned with its convex
surface towards the object space; the second component
comprising a dispersive combination of a converging con-
vex meniscus, a bi-convex lens element and a bi-con-
cave lens joined by cemented surfaces in the order
named; the third component comprising a plano-
convex lens element positioned with its plane surface
towards the object space; the fourth component com-
prising a plano-concave lens element with its plane
surface cemented to the plane surface of a further planc-
convex lens element and positioned with its concave outer
surface towards the object; and the fifth component com-
prising a dispersive combination formed of a further
plano-concave lens element with the plane surface por-
tion cemented to the plane surface of an additional plano-
convex lens element and with the outer concave surface
towards the object; and whereby the outer concave air
surfaces of each component are concave towards the dia-
phragm positioned between the second and third com-
ponents of the objective.

This type of lens comstruction makes possible objec-
tives having wide apertures ranging from F/1.3 up to
F/0.8 employing the conventional optical glasses.

For a more complete understanding of the invention
and for illustration of it, reference is made to the accom-
panying drawings in which:
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Fig. 1 schematically illustrates a longitudinal section of
a photographic objective embodying the present inven-
tion;

Fig. 2 shows graphs illustrating the spherical and chro-
matic aberration and sine condition of the objective shown
in Fig. 1;

Fig. 3 shows graphs illustrating the astigmatic aberra-
tion of the same; and

Fig. 4 shows a graph iliusirating the distortion of image
formed by the objective shown in Fig. 1.

Referring to Fig. 1, a photographic objective shown is
one embodiment of the present invention and has a rela-
tive aperture of F/1.1 and focal length of 50 mm. In
Fig. 1, a convex (positive) meniscus lens 1 with a convex
spherical surface thereof toward a subject comprises the
first lens section of the objective and converges the rays
of light which progress from the left side of the drawing
to the cbjective. This lens 1 is made of the extra dense
barium flint glass (nd=1.6700 and »d=47.2, where nd
is the index of refraction for the monochromatic light of
the Fraunhofer line d and »d the Abbe’s value) under
consideration of the focal length, chromatic aberration
and distortion. The radius of the first spherical surface
r1 of the lens 1, i. e. the surface facing the subject depends
upon the maximum incident angle of the incident rays
which are available by the objective. The radius of the
back spherical surface r2 and thickness di of the lens 1
are determined to give the desired focal length and to
make the distortion minimum. The thickness of the lens
denotes the distance between its vertices, that is, the
distance between the points of intersection of its respec-
tive surfaces with the principal or optical axis, and indi-
vidual spherical surface has the respective center on the
principal axis. The radii 1 and re are taken positive if
the surface is convex toward the subject and negative if
it is concave toward the subject.

The second lens section is arranged to space a very
small air gap /1 apart from the first section. The air gap
denotes the distance between the points of the back sur-
face of the lens and that of the front surface of the suc-
ceeding lens with the principal axis respectively. The
second section is of dispersive or divergent character and
comprises a triple lens cementing a further convex menis-
cus 2, a bi-convex 3 and a bi-concave lens 4 together in
that order by a suitable binder such as Canada balsam.
The triple lens serves to diverge and focus the convergent
image formed by the first section.

The length of the air gap /1 is determined to correct for
the distortion. The first lens 2 of the second section made
of the extra dense barium flint glass (2#d=1.6790,
vd=47.2) converges the pencils of light from the lens 1.
The radius of the front spherical surface 4r3 and thick-
ness dz of the lens 2 are determined to converge the rays
from the lens 1 to correct for the spherical aberration and
to satisfy the sine condition. Since the back spherical sur-
face of the lens 2 is the junction surface with the front
spherical surface of the lens 3, the radii of both surfaces
should evidently be equal. This radius --r4 and the thick-
ness d3 of the lens 3 are made tc give the focal length
required for divergent focusing of the bi-concave lens 4
(which is the third lens of the second section) combined
with the convex meniscus lens 2. Due to the divergent
focusing effect of the lens 4, the lens 3 has ordinarily
been made of a low refractive material such as the fluorine-
crown glass having the indices of refraction ranging from
1.463 to 1.487 in accordance with prior design. In this
invention, the lens 3, however, is preferably made of the
borosilicate crown glass (nd=1.5163, »d=64.0) to give
the focal length required for divergent focusing of the
lens 4.

Since the back spherical surface of the bi-convex lens
3 is the junction surface with the front spherical surface
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of the bi-concave lens 4, the radii of both surfaces must
be equal. ~ Also, the thickness d3 and radii of the front

and back spherical surfaces —rs, —rs of the lens 3 are de- -

termined under consideration of the spherical and chro-
matic aberration. The material of the lens 4 is the extra
dense flint glass (nd=1.7400, »d=28.2). The radivs of
the back concave spherical surface +rs of the lens 4 is
one of the most impotrant matters in the objective of the
wide aperture. The radii —rs, -}-rs and thickness di of
the lens 4 are determined to correct for the spherical,
astigmatic and chromatic aberration, distortion and curva-
ture and to satisfy the sine condition. Furthermore, the
radii —rs, --ré and thickness ds: should be made to give
the required back focal length.

The first lens system which consists of the first and
second sections combined together is required to have
various aberration corrected to a.certain extent. This
system also should have the back focal length accom-
modated to the focal length of the second lens system
disposed behind the first section. This back focal length
is preferably as short as possible. . By way of example,
such a photographic objective has the aperture of F/2.8
and focal length of 131.17 mm.

“The. second lens system -is -considered characteristic
of the invention and comprises the third, fourth and fifth
sections. 'That is, it consists -of five single lenses- sepa-
rated by air medium into three sections. This system is
disposed between the final back surface and back focus
of the first system and the distance between the first and
second system is le. The rays passed through the first
system are converged by the third and also fourth sec-
tions and then diverged by the fifth section to form the
desired final image which is substantially completely cor-
rected for all aberrations.

As described above, the first lens system is corrected
for a certain extent of different aberrations. In this case,
the image formed by the first system is in the image
field having small negative aberrations. In -order that
the image formed by the first system may not be de-
formed, the second lens system disposed at the distance
I2 from the first system is required to have positive aber-
rations of such magnitudes that these negative aberrations
may be just compensated. Therefore, the front surface
of the third section, i. e. the surface of the lens 5 opposed
to the first system is made to have its radius of curvature
r7 equal to infinity. In other words, this surface should
be plane. to correct for the spherical and chromatic aber-
ration and also distortion of the final image. It has been
found that the desiréd final image is not satisfactory, pro-

vided that this surface would have positive or negative §

finite radius of curvature. The lens 5 is made in form
of a plano-convex lens for converging the rays passed
through the first system and its material is the extra dense
barium flint glass (nd=1.6700, »vd=47.2). 1Its thickness
ds and radius of the back spherical surface —rs are de-
termined under consideration of the spherical aberraticn
and distortion.
length because it serves to converge the rays in the manner
described above. '

There is provided an air gap s between the-third and
fourth sections. The fourth section is of dioptric or con-
vergent character and comprises a plano-concave 6 and
a further plano-convex lens 7 with their plane. portions
cemented together by a suitable binder such as Canada
balsam. The fourth section as well as the fifth section
behind it are made of the proper optical glasses to correct
for the chromatic and spherical aberration.

" The length of the air gap s is determined to correct for
“the spherical and. astigmatic aberration and distortion.
The radius of the front spherical surface —rg-of the lens
6 acts to correct for the distortion and to prevent flare.
The light flint glass (nd=1.5814, »d=40.8) is employed
as the material of the lens 6. The radius of the bac
" spherical surface —r11 of the plano-convex lens 7 is deter-
mined to correct for the chromatic and spherical aberra-

The lens 5 has preferably a long focal
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tion and to prevent flare and furthermore to give the
desired back focal length of the second lens system. The
lens 7 is made of the extra dense barium crown glass
(nd=1.6584, »d=350.8). Also, the thicknesses .of.the

lenseés 6 and 7, ds and d7, are determined under considera- .

tion of the spherical aberration.

The fifth section which is the final one of the second
lens system is disposed at the distance Iy from the fourth
section. This section is of dispersive character and com-
prises an achromatic lens consisting of.a further plano-
concave lens 8 and an additional plano-convex lens 9 with
their . plane portions cemented together by. a suitable
binder such as Canada balsam. The length of the air gap
ls principally serves to correct for the coma. The fifth
section functions to diverge the rays passed through the
fourth section and to give the desired aperture and result-
ing focal length, whereby the superior image field may be
obtained. The lens 8 is made of the light barium flint
glass LBF4 (nd=1.5796, vd=53.9), while the lens 9 is

made of the extra dense barium crown -glass EDCS

(nd=1.6584, »d=50.8). The radius of the front spherical
surface —riz of the lens 8 is determined to correct for the
distortion and spherical abeiration. The radius of the
back -spherical surface —riz of ‘the lens 9, also is deter-
mined to correct for the distortion, curvature and spheri-
cal aberration.. The spherical aberration is corrected by
the thicknesses of the lenses 8 and 9, ds and ds.”

1t is noticed that the radius of the back surface —rs of
the: lens 5 is made to be equal to the radius of the back
surface —r14 of the lens 9 by properly selecting the mate-
rials of lenses 5,6, 7, 8 and 9.

The iris type of diaphragm 19 is disposed at the proper

-position between the second .and third sections.

The data: of various elements consisting. of the photo-
graphic objective designed according to teachings. of the
invention will now-be shown in the following table by
way of example. The objective thus obtained-has the

focal length of 50 mm. and the aperture of F/1.1. It may-
cover a 36 x 24 mm. picture.
n= 4358 mm. | di=835mm. | 78 =—23.0mm. | T=0.71mm.
r;=-+2400 mm. | 4= 0.1 mm. r9 =-20.0 mm. ds=0.78 mm. .
73= 4-21.0 mm, dz-— 7.33 mm. | - rop=c dr=8.52 mm.
r4= -51.0 mm. ri=-16.7 mm. 14=0.67 mm.
r5=—=330.0 mm. rie=-—16.3 mm. ds=1.2 mm.
re= ~411.5 mm. 3= dy=6.5m.
7= . rie=—23.0 mm.
I
Material of Optical Glass
I;Io. of
£ns. )
Name of General g Index of Abbe's
Classification Abbreviation | gepaction | Value
) I Eg;at dense barium | EDBT 670472__ 1. 6700 47.2
cdo o EDBF 670472 16700 47.2
Borosilicate-crown BSC 516640___ . 1. 5163 64.0
_{ Extra dense flint______ EDY 740282_.__ 1. 7400 23.2
> R Em dense barium | EDBYF 670472__ 1. 6700 -47.2
G- Light flint_ . __.____.__ LF 581408 ___._ 1.5814 40.8
. Extra dense barium | EDBC 658508__ 1.6584 50.8
CrOWIL. -
: — Light barium-flint____| LBF 580539 ___ 1. 5796 53.9
9 .- Extra dense barium | EDBC 658508.- 1. 6584 50.8
CrowIL.

In the previous cemented lens,: the junction  surface

customarily is spherical, but the invention utilizes the
plane junction surface as seen in the fourth and fifth sec-
tions. This utilization of the plane surface makes it pos-
sible to eliminate all aberrations and to obtaln the wide
plcture angle.

Tt is noticed that the second lens system comprising the
third, fourth and fifth sectioms, is arranged so that all
of the spherical surfaces of three sections are concave to-

- ward the first lens system. If three sections would be ar-

ranged so that all of these spherical surfaces are convex
towdrd the first system, the image principal plane of the
second system would be displaced toward the positive di-

.
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rection, that is, the direction approaching the subject. Asa
result, the distance between the final back surface and back
focus of this lens system is shorter, resulting in that the
desired effective picture angle cannot be obtained in the
focal plane. This results from the fact that due to the
image field and image ring, the wider the aperture is, the
more the length of the glass portions through which the
rays pass increases, and the back focus becomes more ad-
jacent to said back surface. The image principal plane
therefore should be disposed as far rearward as possible,
in order to obtain the wider picture angle. It has been
determined experimentally that when the prior type of
design is employed, the lens immediately preceding one
for diverging the pencils of light converged by the second
section of this system, i. e. the lenses 6 and 7, has a small
enough radius to attain its lower limit, and therefore the
radius is too small to obtain the desired picture angle.
The arrangement of the invention overcomes this difficulty.
According to this arrangement, the image principal plane
can be shifted as far rearward as possible, and the back
focus also can be disposed far from the final back surface.
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Fig. 4 shows a graph illustrating the distortion of
tmage. The ordinate denotes the incident angle and the
abscissa denotes the difference between the size of the
actual image and that of the ideal one. It is seenm from
curve K that the distortion of the objective of the in-
vention is very small and may stand comparison with
that of the existing one.

The numerical values of various elements and the
materials of the optical glass of the objective referred
to have been described only as an example. It will be
apparent that this invention is by no means limited to
these values and use of the materials. It will be under-
stood that the radii and thicknesses of various lenses
constituting the objective and the distances between the
lenses may be changed within certain ranges, depending
upon the materials of the optical glass employed and the
focal length of the complete objective etc. Now the
ranges within which various elements of the second lens
system relating to the invention may be changed, will
be shown in terms of percentage with respect to the
focal length of the complete objective.

7= ds=11.4 to 8% —rn=30 to 409, l4=1.4100.6%,
—rg =42 10 549, 13=1.8 10 0.8%, ~—112=30 t0 36% ds=3.2 to 1.4%
—ry =36 to 489 ds=3.6 to 1.5%, M= dy=14 t0 9%
ry=o dy=18 to 149, —ru=42 to 54%

The objective formed of the second lens system of the
invention (which has the focal length of 31.544 mm.) with
the first lens system of focal length of 131.17 mm. re-
ferred to at the distance of 11.46 mm. had the focal length
of 51.813 mm. and the distance from the back surface of
the objective to its back focus was 15.95 mm.

In the objective according to prior art, the second lens
system comprises a compound lens cementing three or

four single lenses together so that the objective with the *

aperture exceeding F/1.4 has the very thick middle por-
tion, resulting in the difficulty of obtaining the desired
picture angle in the image field. The second system of
the invention overcomes this difficulty.

Various curves shown in Figs. 2, 3 and 4 illustrate the
superiority of the objective according to the invention.

Fig. 2 shows graphs illustrating the spherical and
chromatic aberration and also sine condition of the ob-
jective shown in the above table. The ordinate denotes
the distance of the light ray incident upon the objective
from its optical axis, 1. e. the incident height, and the
abscissa denotes the deviations of the formed image from
the ideal image plane. The solid line m is the curve

of the spherical aberration for the monochromatic light
of the Fraunhofer line 4 and the dotted line s is the *

curve of the sine condition for the same line. The solid
lines with the reference character ¢ and g illustrate
the positions of the images for the monochromatic light
of the Fraunhofer lines ¢ and g respectively. It is seen
from these curves that the objective referred to better
satisfies the sine condition than the existing objective
of relatively narrow aperture and that the spherical and
chromatic aberration is corrected to the same order
compared with the last-mentioned objective.

Fig. 3 shows graphs illustrating the astigmatic aber-
ration of the objective referred to. The ordinate de-
notes the angle of the light ray incident upon the ob-
jective with respect to its optical axis, i. e. the incident
angle and the abcissa has the same meaning as in Fig. 2.
‘The solid line I illustrates the positions of the sagittal
images and the dotted line J, the positions of the me-
ridional images. Both lines are referred to the mono-
chromatic light of the Fraunhofer line 4. These curves
illustrate that the correction for astigmatic aberration is
very excellent.

It is appreciated from the curves of Fig. 3 that the
curvature of image is minute. This may be proved by
means of the numerical calculation. That is, the ob-
jective referred to sufficiently satisfies the Petzval’s con-
dition.
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From the foregoing description, it is evident that the
second lens system comprising the third, fourth and
fifth sections can correct for various aberrations and
form the definite image with the desired picture angle.
It is possible to make the photographic objective with
the apertures ranging from F/1.3 to F/0.8 by employing
the conventional optical glasses. Furthermore, there are
provided the objective of the focal lengths ranging from
12 mm. to 100 mm. in the same type.

What we claim is:

A photographic objective comprising a lens system
corrected for different aberrations, and a further lens
system disposed between the back surface and back
focus of the lens system and spacsd apart from said
back surface, characterized in that said further lens sys-
tem comprises five lens elements separated by an air
medium into three sections, the first section comprising
a plano-convex lens element with a plane portion thereof
opposed to said lens system, the second section com-
prising a dioptric combination comprising a plano-con-
cave lens element with a plane portion thereof united
with a plane portion of a further plano-convex lens ele-
ment, the third section comprising a dispersive combina-
tion comprising a further plano-concave lens element
with a plane portion thereof united with a plane portion
of an additional plano-convex lens element, and said
first, second and third sections being arranged so that
all of the spherical surfaces of three sections in contact
with the air medium exclusive of the plane portion of
the first section are concave toward said lems system,
whereby the position of the back focus of said further
lens system is disposed as far rearward as possible
wherein the radii of the convex spherical surface of said
plano-convex element range from 42 to 50% of the
focal length of said objective and thicknesses thereof
from 11.4 to 8% of the focal length; the radii of the
concave spherical surface of said plano-concave element
from 36 to 48% of the focal length and thicknesses
thereof from 3.6 to 1.5% of the focal length; the radii
of the convex spherical surface of said further plano-
convex element from 30 to 40% of the focal length and
thicknesses thereof from 18 to 14% of the focal length;
the radii of the concave spherical surface of said further
plano-concave element from 30 to 36% of the focal
length and thicknesses thereof from 3.2 to 1.4% of the
focal length; and the radii of the convex spherical sur-
face of said additional plano-convex element from 42
to 54% of the focal length and thicknesses thereof from

5 14 to 9% of the focal length, and wherein the distances
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between -said . first and second sections range from -1.8
to 0.8% of the focal length, and the distances between
-said- second and third sections range from 1.4 to 0.6%
of ‘the. focal length: .
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