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The instant invention relates to wide aperture photo-
graphic objectives.

It is an object of the instant invention to provide a
wide aperture photographic objective of superb photo-
graphic power, comprising six components consisting of
nine lens elements. .

The figure of the attached drawing illustrates an em-
bodiment of the objective according to this invention of
which the third and the fourth components each consists
of a pair of cemented lenses.

In the photographic objective according to this inven-
tion, the first component I, that is, the first lens element,
and the second compcnent If, that is, the second lens
element, are each a positive meniscus lens with its convex
surface towards the object. The third component III is a
cemented meniscus lens consisting of the third lens ele-
ment, a single convex lens and the fourth lens element,
a single concave lens, the convex outer surface of the
cemented third component facing towards the object. The
fourth component IV is a cemented meniscus lens con-
sisting of the fifth lens element, a single concave lens,
and the sixth lens element, a single convex lens, the convex
outer surface of the cemented fourth component facing
towards the image plane. The fifth component V, that
is, the seventh lens element, is a single convex lens. The
sixth component VI is a cemented positive meniscus lens
comprising the eighth lens element, a single concave
lens, and the ninth lens element, a single convex lens, the
convex outer surface of the sixth component facing to-
wards the object.

The respective absolute value of the focal length of
each component is desigined tc be not less than 1.1 f and
to minimize the individual portions of various aberra-
tions, in which f denoctes the resulting focal length of the
objective composed of the above lenses. Stated more
particularly, by making

1.69<n;, 40<v3<<55
0.45 f<r5<0.60 f, 0.25 f<r;<0.40 f

and observing the relation of ng>n,, mainly coma and
astigmatic aberration can be minimized, where T'subseript
is the radius of curvature of the successive refractive
surfaces of the objective, Mgypgerps the refractive index
on the d-line of the glass of the successive lenses, and
Vsubsertps the Abbe number, representative of the disper-
sive power, of the glass of successive lenses, the subscripts
increasing from the object to the image side of the objec-
tive. Furthermore by making:

1.70<ng, 37<vg<55
0.35 f<|rs]<0.50 £, 0.50 <] re| <0.65 f

and by observing the relation of ng>ns, coma can be min-
imized. By choosing 0.20 f<d,;<0.35 f, curvature of
field can be minimized.

By the above mentioned design, superb photographic
objectives of F:1.1 with the minima of chromatic aberra-
tion, spherical aberration, coma, astigmatic aberration
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and curvature of field, for a field angle of 46° can be
obtained.
Example

The illustrative embodiment according to this inven-
tion itlustrated in the sole figure of the attached drawing
has the following detailed characteristics:

[f=100 F=1.1 46°]
Axial
Focal Length Radius Thickness | Refractive | Abbe
of Component and Index Number
Separation
n =-4+167.6
i =+447.7 di= 87 | m=16073 | 01=50.5
ry =-}428.3
d = 0.6
r3 =+ 93.0
Jir =+338.9 dg= 85 | na=16073 | v.=59.5
1y =-4163.8
di= 1.4
rs =4 63.5
. d; =19.4 | m3=17170 | 13=47.9
Jim=—823.7 ro =-+872.1
ds = 4.1 | n1=1.5027 | v,=85.4
77 =+ 33.3
d7 =25.2
13 =— 42.6
ds = 5.4 | ns=1.6483 | 15=33.8
J1v =+2300.5 re =+4135.7
de =20.5 | ns=1.7170 | vs=47.9
rio=~ 58.1
di= 0.6
rm=-116.3
fv = 1622 dn=110 | n=17170 | 0:=47.9
=
diz= 0.8
riz=-+142. 3
dis= 2.9 | ns=1.6250 | v3=35.6
Jvi= 300.2 riy=-4 96.9
dis= 7.8 | 129==1.6385 | 1y=55.5
T|5=+5]8. 0

Where Fsupsertpts Psubseript 304 Vaupseript are as above stated,
supscript 18 the thickness of the successive lenses and the
distance of the successive spacings at the optical axis, the
subscripts likewise increasing from the object to the image
side of the objective, and a surface which is convex to
the incident light has a positive radius of curvature and
a concave surface has a negative radius of curvature.

It will be noted that the lenses of each the third and
fourth components of the objective of my invention may
be slightly separated from each other rather than be inter-
cemented as shown in the figure.

What I claim is:

1. A wide aperture photographic objective comprising
six aligned and spaced components consisting of a total
of nine lens elements, of which the first component is a
first positive meniscus lens with its convex surface to-
wards the object side of the objective, the second com-
ponent is a second positive meniscus lens with its con-
vex surface to the object side, thé third component is a
cemented meniscus component consisting of a first con-
vex lens and a first concave lens, the convex outer sur-
face of the third component facing towards the object
side, the fourth component is a cemented meniscus com-
ponent consisting of a second concave lens and a second
convex lens, the convex outer surface of the fourth com-
ponent facing towards the image side of the objective, the
fifth component is a single positive lens, the sixth com-
ponent is a cemented positive meniscus component con-
sisting of a third concave lens and a third convex lens,
the convex outer surface of the sixth component facing
the object side, each component has a focal length of an
absolute value not less than one-tenth in excess of the
total focal length of the objective, the index of refraction
of the first convex lens is greater than 1.69 and greater
than the index of refraction of the first concave lens,
the Abbe number of the first convex lens lies between
40 and 55, the outer convex surface of the third com-
ponent has a radius of curvature of from 0.45 f to 0.60 f
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the outer concave surface of the third component has a
radius of curvature of from 0.25 f to 0.40 f, the index
of refraction of the second convex lens is greater than
1.70 and greater than that of the second concavé lens,
the radius of curvature of the outer concave surface of
the fourth component has an .absolute value lying be-
tween 0.35 f and 0.50 f, the outer convex surface of the
fourth component has a.radius of curvature of an.ab-
solute value lying between 0.50 f and 0.65 f, the Abbe
number of the second convex lens lies. between 37 and
55, and the axial distance from the outer concave surface
of the third component to the outer concave surface of
the fourth component lies between 0.20 f and 0.35 f, where
f is the total focal length of the objective.

2. ‘A wide aperture photographic objective comprising
-six aligned and spaced components consisting of a total
of nine lens elements of which the first component is a
positive meniscus lens of which the convex surfaces faces
the object side of the objective, the second component
is a second positive meniscus lens of which the convex
surface faces the object side, the third component is a
meniscus array consisting of a first convex lens closely
spaced from a first concave lens in the direction to the
image side of the objective, the convex outer surface of
the third component facing towards the object side, the
fourth component is a meniscus array consisting of a
second concave lens closely spaced from a second convex
lens in the direction to the image side of the objective,
the convex outer surface of the fourth component fac-
ing towards the image side, the fifth component is a
single positive lens, the sixth component is a cemented
positive meniscus component consisting of a third con-
cave lens and a third convex lens, the convex outer sur-
face of the sixth component facing the object side, each
component has an individual focal length which is at
least one-tenth greater than the total focal length of the
objective, the index of refraction of the first convex
lens is greater than 1.69 and greater than of the first
concave lens, the index of refraction of the second convex
lens is greater than 1.70 and greater than that of the
second concave lens, the outer convex surface of the
third component has a radius of curvature lying between
0.45 f and 0.60 £, the outer convex surface of the fourth
component has a radius of curvature of absolute value
lying between 0.50 f and 0.65 f, the outer concave surface
of the third component has a radius of curvaiure lying
between 0.25 f and 0.40 f, the radius of curvature of the
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outer 'concave surface of the fourth component is of an

-absolute value lying between 0.35 f and 0.50 f, the Abbe

number of the first convex lens lies between 40 and 55,
the Abbe number of the second convex lens lies between
37 and 55, and the axial distance from the outer con-
cave surface of the third component to the outer concave
surface of the fourth component lies between (.20 f and
0:.35 £, where f is the total focal length of the objective.

3. A wide aperture photographic objective having the
following numerical data:

[Focal length /=100 F:1l Field angle 46°]
Axtal
Focal Length Radius Thickness | Refractive | -Abbe
of Component and Index Number
Separation
ry =+4167.6
J1 =477 dy =87 =L16073 | 1=59.5
ry =-+428.3
da= 0.6
rs =+ 03.0
Ju =433%.9 . ds= 85 | ne=1.6073 | 13=50.5
ry =4-163.8
dy= 1.4
rs =+ 53.5
ds =19.4 | m3=1.7170 | v3=47.9
Sfin=—823.7 re =--872.1
do= 4.1 | ni=1.5927 | 01=35.4
r7 =} 33.3
dr =25.2
rg =~ 42.6
ds = 5.4 | ns=1.6483 | £;=33.8
fiv= 2309.5 ro =+135.7
do =20.5 | me=1.7170 | ve=47.9
rio=— b3.1
dio== 0.6
m=-+4116.3
fv = 162.2 duy=110 | n;=1.7170 | v:=47.9
rig=c
dia= 0.6
ris=-+142.3
dis= 2.9 | ns=1.6259 | v3=35.6
fei= 300.2 riy=-4 96.9
du= 7.8 | n9=1.6385 | 9=55.5
ri5=-4518.0
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