July 29, 1958 ~ G.LANGE

PHOTOGRAPHIC ORJECTIVE
Filed Nov. 26, 1956

4

~b 4
4
/|

i
§<‘A«: m\\k\\&‘

2,844,997



United States Patent O

2,844,997
Patented July 29, 1958

ICC

1

2,844,997
PHOTOGRAPHIC OBJECTIVE
Giinther Lange, Konigsbronn, Wurttemberg, Germany,

assignor to Carl Zeiss, Heidenheim (Brénz), Wurttem-

berg, Germany
Application November 26, 1956, Serial No. 624,355
Claims priority, application Germany December 6, 1955
2 Claims. (Cl 88—57)

The present invention concerns photographic objectives
which have a focal intercept of more than 80% of the
focal length. Objectives of this kind are used particu-
larly in the so-called single-lens reflex cameras in which
room must be found for a tilting mirror between the
objective and the film. In my copending patent ap-
plication Serial No. 527,232, filed August 9, 1955, I have
disclosed an interchangeable lens system for photographic
purposes which can be put in the place of. the front
member of a three-component photographic objective
(basic objective) consisting of a collective front lens,
of a biconcave middle lens and of a collective rear mem-
ber, producing in this way in conjunction with the two
remaining components of the basic objective (middle
lens plus rear member) an objective showing an equal
focal intercept but a shorter focal length f than the basic
objective, which interchangeable lens system is character-
ized by the following particulars and comprising a front
component formed as a cemented dispersive meniscus
presenting its convex side to the object, and containing
a collective lens made from a glass of high dispersion
(v<50), the axial thickness of this first component lies
between the limits 0.06 X f'and 0.30x f, the radius
of the anterior external surface of this front component
lies between the limits of 0.50X f and 2.00X f, the
radius of the posterior external surface lies between the
limits 0.2X f and 0.8X  f, an asymmetrical collective
member positioned a distance at least 0.20 f, but at
most 0.70X f from the front member, the more deeply
curved surface of said member is on-the side further
from the object, the radius of said deeply curved sur-
face lies between the limits —1.20 f and —0.6X f
and is simultaneously numerically smaller than ¥4 of
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- being more than one third of the radius of the front
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the radius of the other external surface of said member, -

the axial thickness of said member lies between the limits
0.12X f and 0.48X f, and positioned behind the last-
mentioned said member, a collective surface convex
towards the object with a radius of curvature within the
limits 0.35X f and 0.80X f having an apical separation
from the last surface of the system of at least 0.15X f
but at most 0.5X f, the last said surface of the system
being a collective surface whose radius lies between the
limits —2.0X f and —1.0X £, and at least one dispersive
surface lying between the two last-mentioned collective
. surfaces. .

The objective of the present invention makes use of
lenses similar to those included in the interchangeable
lens system but is not restricted thereto. For the pur-
pose of constructing wide angle photographic objectives
with a focal intercept greater than the focal length of
the objective it is proposed according to the invention to
arrange at a separation of not less than 0.5 f but at
most 10X f in front of the diaphragm at least one
meniscus-shaped dispersive component which turns the
concave surface towards the diaphragm and a second
component in the shape of an asymmetrical collective
component with the more deeply curved surface on the
side further from the object, the radius of this surface
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surface of this component, the axial separation between

the dispersive front component and the diaphragm being .

not less than 0.5X f and at most 10X f, where f is the
focal -length of the whole. objective, the air space between

said - dispersive front component and said asymmetrical

component being at least 0.20X f and at most 0.70X f,
and a third component being double convex and fol-
lowing the said second component and having its front
surface convex towards the object and with a radius of -
curvature within the limits 0.35X f and 0.80X f, and to
provide between this third component and the diaphragm
at least one further component shaped such that between
them and said third component -at least one air space
is formed whose two bounding surfaces turn their con-
vex sides towards the diaphragm wherein the radius
of either of these two bounding surfaces lies between
the limits —2.5X f and —0.25 f and the quotient, the
radii of these two surfaces bounding said air space lies
between the limits 0.5 and 2.0 and wherein the length
of this air space lies withifi the limits of 0.5% and
10.0% of the sum of the absolute values of the radii
of its two bounding surfaces and furthermore to arrange
a convergent doublet adjoining and following the air
space which includes the diaphragm, as the last com-
ponent of the objective.

By the collective action of a dispersive front meniscus-
‘shaped- component with an air space of the said kind
provided between this component and the diaphragm
it is possible to attain good correction of the coma of
oblique pencils. .

In the figure of the appended drawing one embodi-
ment according to the invention is represented and in
the following table the numerical values for this embodi-"
ment are given. : :

In the figure and in the numerical example -there ‘are
designated: ' R

By L the individual lenses,
By r the radii i
By d the axial separations of the surfaces,
By n the refractive indices and
By v the Abbé numbers.
The numerical values refer to a focal length of f=1.

The embodiment has an aperture ratio of 1:2.8..
Embodiment
[r=1.0)
Lenses Radii Separations n ?
11 =+ 1.01065 !
) S, dy =0.13640 1. 74000 28 2
r =4 3.19587
| 2 d2 =0. 03546 1. 74400 49
r3 =4 0.438637
ds =0. 541955
ry =—10 2530 °
| 7 3 SO . d; =0. 27230 1. 50378 66.7
rs =— 0.802773
ds =0. 06820
re = 0.556187
L1ve o ccicmmaeas des =0. 26325 1. 50378 66.7
r7 =~ 0.695180
. dr =0.01855 .
rg =— 0.675456
) 25 S dg =0.02728 1. 74400 44.9
r9 =— 1.28151
dp =0. 05456
rio=— 1.15040
) 73T SO, dio=0. 03683 1. 62536 356
ru=-+ 0.464608
d11=0.11130
rig=-13 0947 X
) 737 ) SN, di2=0. 03274 1. 54869 45.4
ri3=- 0. 576566 .
LIl crmcanne- di3=0. 12276 1. 72000 50.3
== 0.779094
I claim:

1. A photographic objective comprising at least seven
lens elements arranged as at least five axially aligned
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and air spaced components to form a wide angle ob-
jective having a long back focal intercept greater than
the focal length for use on the so called single-lens reflex
camera, and including at least one front meniscus-

4
lying between the limits of 0.5 and 2.0, and the length
of the said air space lying between the limits 0.5% and
10.0% of the sum of the absolute values of the radii of
the two surfaces bounding said air space, and the last

shaped dispersive component with the convex side to- & component qf _the objective bging form‘ed as a convergent
wards the object and the concave side towards the dia- doublet adjoining and following the air space which in-
phragm, the second component being an asymmetrical cludes the diaphragm. . . )
callective component with the more deeply curved surface 2. A photographic objective according to claim 1 hav-
on the side further from the object, the radius of this ing the individual refractive powers of the surfaces
surface being more than one third of the radius of the 10 (An/r) differing by a maximum of *0.5/f and'the axial
front surface of this component, the axial separation separations of the surfaces (d) by a maximum of
between the dispersive front component and the dia- +0.2X f from the numerical values of the following
phragm being not less than 0.5% f and at most 10X f, table:
. ’ [f=1.0]
Lenses Radii Separations n v . An'r
1 =+ 1.01065f +0. 7322021
| S di =0.13640-f | 1.74000 | 28.2
7y = 3.19587.f 0. 001252/f
1 S d; =0.0354G-f | 1.74400 | 44.9
r3 =4 0.438637.f —1.696183/f
ds =0. 541955.f
1o =—10.2330-f : ~0. 049135/
7% SO di =0.27280f | 1.50378 | 68.7
15 == — 0.802773-f +0. 627549!f
ds =0.06520-f
7o =+ 0.556187.f +0. 905TT4/f
L 2 ds =0.26325-f | 1.50378 | 66.7
f7 = 0.605180- 0. 724675/f
dr =0.01855-
rs =— 0.675436-f —1.101478/
S dr =0.02728.f | 1.74400 | 4.9
ro=— 1.28151f +0. 53058511
dy =0.05456.f
rio=— 1.15040.f —0. 543602'f
) 727 dio=0.03683-f | 1.62536 | 35.6
n=-+ 0. 464608.f —1. 345004/1
dy1=0. 11130-f
Fia=—13.0047.f —0. 041902/
) 7 S h2=0.03274-f | 1.54860 | 45.4
ry=+ 0.576366-f +0.207121/f
Lvieeeciceacacanan- d13=0. 12276-f 1.72000 | 50.3
ra=— 0.779994.f +0. 923088/f
where f is the focal length of the whole objective, the L; . . . Ly being the individual lens elements,
air space between said dispersive front component and ry . . . ri4 being the radii of the lens surfaces,
said asymmetrical component being at least 0.20X f dy . . . di; being the axial separations,

snd at most 0.70X f, the third component being double
 convex and following the said second component and
having its front surface convex towards the object and
with a radius of curvature within the limits 0.35X f and
0.80% f and between said third component and the
diaphragm at least one further component shaped such
that between them and said third component at least
one air space is formed whose bounding surfaces
turn their convex sides towards the said diaphragm, the
radius of each said bounding surfaces lying between the
limits of —2.5X f and —0.25X £, and the quotient of

the radii of the two surfaces bounding said air space

40 , being the refractive indices and
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v being the Abbé numbers.
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