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[57] ABSTRACT

Disclosed is a photographic lens with improved correc-
tion for off-axis halo and image plane distortion, and
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composed of seven lenses in six components. The first

component consists of a positive meniscus lens having a
convex surface toward the object, the second compo-

nent a positive meniscus lens having a convex surface.

toward the object, the third component a negative me-
niscus lens having a convex surface toward the object,
the fourth component a negative meniscus lens consist-
ing of a negative and a positive lens cemented to each
other and having a convex surface toward the image as
a whole, the fifth component a positive meniscus lens
having a convex surface toward the image and the sixth
component a bi-convex lens; with the conditions:

(1) L75<(N1+N2+4N5+4+N6+N7)/5

2) W1+v24+v5+v6+vT7)/5>45.

(3) 1.85<n6

(4) v4<26.

(5) n3<1.67

R6+| 7] ©)

0.34f < <037, R7<0

(7) 0.30f < D6 <0.35f

(8) 0.4/f< | b4+ 5] <0.6/f, p4+d5<0

(9) 0.68f< |R11| <0.73f, R11<0

wherein:
f is the focal length of the whole lens system
Ri is the radius of curvature of the i-th surface
Di is the distance between the i-th and (i+ 1)th sur-

face

Ni is the refractive index of the i-th lens
vi is the Abbe number of the i-th lens
&i is the refracting ower of the i-th surface.

4 Claims, 15 Drawing Figures -
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LARGE APERTURE RATIO PHOTOGRAPHIC
LENS

BACKGROUND OF THE INVENTION

The present invention relates to improvements in
large aperture-ratio standard lens systems, particularly
lens systems of the deformed Gauss type for use with
single lens reflux cameras, and composed of seven
lenses in six components.

Generally, a Gauss type or deformed Gauss type lens
is used as the standard large aperture-ratio lens in a
single lens reflex camera because such lenses permit a
large aperture-ratio with a relatively long back focus.

U.S. Pat. Nos. 4,099,843 and 4,110,007, U.S. patent
application Ser. No. 891,024 now U.S. Pat. No.
4,247,171, and Japanese patent applications Laid-Open
Nos. Sho 53-69031 and Sho 53-117420, disclose various
attempts at correcting aberrations in such lenses.

However, even in a Gauss type lens consisting of
seven lenses in six components and having a superior
picture quality, aperture-ratios as large as F=1:1.2 re-
sult in increases in various aberrations, especially off-
axial halo and curvature of field. This lowers the con-
trast of the picture or the resolving power of the lens.

An object of the present invention is to provide a
standard angle large aperture lens for single lens reflux
cameras.

Another object of the present invention is to correct
various aberrations, particularly off-axial halo and cur-
vature of field.

According to an aspect of the invention, the lens is
composed of seven lenses in six components. The first

component consists of a positive meniscus lens having a 35

convex surface toward the object, the second compo-
nent a positive meniscus lens having a convex surface
toward the object, the third component a negative me-
niscus lens having a convex surface toward the object,
the fourth component a negative meniscus lens consist-
ing of a negative and a positive lens cemented to each
other and having a convex surface toward the image as
a whole, the fifth component a positive meniscus lens
having a convex surface toward the image and the sixth
component a bi-convex lens, with the following condi-
tions:

(1) L75<(N14+N2+N5S+N6+N7)/5

(2) (VI +v24v5+v64+1T7)/5>45.

(3) 1.85<n6

(4) v4<26.

(5) n3<1.67

R6 + |R7 6
0.34f < + <037 R71 <0 ®

(7) 0.30f< D6 <0.35f
(8) 0.4/f< |d4+ 5| <0.6/f, p4-+5<0
(9) 0.68f< |R11| <0.73f, R11<0 . :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a section of a first embodiment of the
lens in accordance with the presént embodiment.

FIG. 2 shows a section of a second embodiment.

FIG. 3 shows a section of a third embodiment.

FIGS. 4A to 4D each show an aberration of the first
embodiment.

FIGS. 5A to 5D each show an aberration of the sec-
ond embodiment.

40

2
.- FIGS. 6A to 6D each show an aberration of the third
' embogi_iment. _

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1, 2 and 3 show embodiments of respective
lenses whose lens data normalized for a focal length=1-
are as follows: Each embodiment consists of a positive
meniscus lens (r1, r2) having a convex surface toward
the object, a positive meniscus lens (r3, r4) having a
convex surface toward the object, an air gap, a negative
meniscus lens (r$, r6) having a convex surface toward
the object, a diaphragm, a negative meniscus lens (r7,
r9) constituted with a negative and a positive lens ce-
mented with each other and having a convex surface
toward the image, a positive meniscus lens (r10, r11)
having a convex surface toward the image and a bi-con-
vex lens (r12, r13) in sequence from the object. The
spherical aberrations and the sine conditions of respec-
tive lenses with reference to the object at the infinite
distance are shown in FIGS. 4A, 5A and 6A. The dis-
tortions are given in FIGS. 4C, 5C and 6C. The curva-
tures of field are shown in FIGS. 4B, 5B and 6B for the
astigmatisms (meridional image surface: m, sagittal
image surface: S). The off-axial halo are shown in
FIGS. 4D, 5D and 6D for the lateral aberrations.

Generally, in order to keep the field curvature small,
it is necessary that the Petzval’s sum should be small.
However, in order to keep the Petzval’s sum small, it is

30 necessary that the refractive index of each lens should

be large, whereby the correction of the aberrations such
as the off-axial halo is difficult for large aperture ratio
lens such as of F/1.2. In order to correct the field cur-
vatuve and the off-axial halo simultaneously it is effec-
tive that the positive lenses should be constituted with a
glass having as high refractive index as possible. How-
ever, the glass to be made use of has a limit, whereby
there exists a tendency that with reference to the glass
whose refractive index is larger than 1.75 the larger the
refractive index is the larger the dispersion is, so that the
correction of the chromatic aberration becomes diffi-
cult when a glass with remarkably large refractive in-
dex. The relations (1), (2), (3), (4) and (5) are the condi-
tions for the effective glass under the afore mentioned
restriction of the glass distribution. Out of them, the
relations (1) and (2) are the basic conditions, more or
less of the character of the sufficient condition for mak-
ing the correction of the field curvature, the off-axial
halo and the chromatic aberration easy, whereby the
refractive index of the all positive lenses is kept large
and the dispersion is kept small. The relation (3) is the
condition for constituting the most effective 6th lens
with the glass having a larger refractive index than 1.85
and effective for the aberration correction in order to
correct the spherical aberration and the off-axial halo.
In case the above relations are not fulfilled, the compen-
sation of the field curvature, the off-axial halo and the
chromatic aberration becomes difficult even if the con-
ditions to be mentioned below are fulfilled. The relation
(4) is the condition for correcting the under-correction
of the chromatic aberration when the glass for consti-
tuting the positive lenses are selected under the above-
mentioned conditions, whereby if this condition is not
fulfilled the correction of the chromatic aberration be-
comes difficult. The relation (5) is the condition for
constituting the third lens with the glass having a com-
,paratively small refractive index in order to further
improve the Petzval's sum, whereby if this condition is
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not fulfilled the compensation of the Petzval’s sum can-
not be safficiently corrected. In accordance with the
present invention beside the above-mentioned condi-
tions for the glass to be used the following conditions
are further given for the basic lens constitution for ob-
taining a good aberration correction. The conditions (6)
and (7) are for obtaining the best correction of the field
curvature and the off-axial halo under the conditions
(1), 2), (3), (4) and (5), whereby beyond the upper limit
of the condition (6) the astigmatism is under-corrected
and the field curvatuve is difficult to be corrected,
while beyond the lower limit the off-axial halo is diffi-
cult to be corrected. The condition (7) is for obtaining
the proper correction of the off-axial halo under the
condition (6), whereby beond the lower limit the cor-
rection of the off-axial halo is difficult, while beyond the
upper limit the astigmatism is under-corrected and the
light amount along the circumference is decreased,
which is disadvantageous.

The condition (8) is for the refractive index of the
divergent air lens sandwiched between the fourth and
the fifth surface in order to correct the under-correction
of the astigmatism under the conditions (6) and (7) and
to obtain a sufficiently long back focus of the whole lens
system by means of the divergent effect of the air lens.
Beyond the lower limit of this condition the astigmatism
is under-corrected and it is difficult to obtain a long
back focus, while beyond the upper limit much under-
correction of the coma takes place, which is disadvanta-
geous. The condition (9) relates to the shape of the 6th
lens consisting of a glass with large refractive index in
order to properly correct the spherical aberration and
the coma, whereby beyond the upper limit of this condi-
tion the coma is under-estimated, while the lower limit
the under-correction of the spherical aberration is in-
creased. .

When the refractive index and dispersion of the glass
according to the conditions (3), (4) and (5) are limited
by the lens data, the results are:
1.85<n6< 1.9, 25<vd<26, 1.6 <n3<1.67

As explained above, in accordance with the present
invention a large aperture standard lens for the single
lens reflex camera, whose field curvature, the off-axial
halo and other aberrations are, as is shown in the draw-
ings, properly corrected, can be offered.

Embodiment 1:
Focal length f = | F.No. 1:1.2 Image angle 20 = 46°

R; = 0.84846 Dy =0.11815 Nj= 17725 v} = 496
Ry = 6.16873 D; = 0.00291
R3 = 0.56128 D3 = 008827 . N,
R4 = 0.88343 Dy = 0.03832

1.7725 vy = 49.6

Rs = 1.70294 Ds = 0.04842 N3 = 1.62588 v3 = 35.7
Rg = 0.35417 Dg = 0.32347

R7 = —0.36350 D7 = 0.03293 N4 = 1.80518 vg = 254
Rg= Dg = 0.14446  Ns = 1.7725 vs = 49.6
Rg = —0.59484 Dg = 0.00291 .
Rio = —3.15150 Djg = 0.10072 Ng = 1.883 ve = 40.8

Ry = —0.71025 Djj = 0.00291
Ri2 = 2.09424 Dj; = 0.06198 N7 = 1.7725 vy = 49.6
Ri3 = —5.38540

Hereby, Ri: radius of curvature, Di: thickness of the
i-th lens or air gap, Ni: refractive index of the i-th lens,
vi: the Abbe’s number of the i-th lens.

20

25

45

50

55

65

Ry = —0.72005

Dj; = 0.00291

4
g 3rd Aberration coefficient
I I 1 P v
1 0.4025 0.1209 0.0363 0.5136 0.1652
2 0.1938 —0.4147 0.8870 —0.0706 —1.7463
3 ~0.0936 —0.0696 —0.0517 0.7764 0.5390
4 0.0970  —0.3234 1.0780 —0.4933 —1.9489
5 —0.4587 0.8170 —1.4552 0.2260 2.1892
6 —0.5958 —0.2941 —0.1452 - 1.0869 —0.6083
7 —-1.7316 0.6445 —0.2399 -1.2270 0.5460
8 —0.0079 —0.0157 —0.0311 0.0000 —0.0615
9 02184  —0.1295 0.0768 0.7326 © —0.4799
10 0.0000  —0.0008 0.0081 —0.1487 1.2940
11 1.4564  —0.1036 0.0073 0.6602 —0.0475
12 —0.0189 0.0795 —0.3331 0.2081 0.5238
13 0.6444 —0.2834 0.1246 0.0809 —0.0904
z 0.1061 0.0269 0.0379 0:1713 0.2743
Hereby:
1: Spherical aberration coefficient
1I: Astigmatic coefficient
1I1: Coma coefficient
P: Petzval's sum
V: Distortion coefficient
Embodiment 2:
Focal length f = 1 F.No. 1:1.2 Image angle 20 = 46°
Ry = 0.87785 D; = 0.11823 Ny = 1.7725 vy = 49.6
Rz = 6.16969 D; = 0.00291
R3 = 0.55216 D3 = 0.10121 N; = 1.713 vy = 53.9
R4 = 0.89993 Dy = 0.03729
Rs = 1.69652 Ds = 0.04458 N3 = 1.62004 vy = 36.3
Rg = 0.34887 Dg = 0.34306
R7 = —0.34887 D7 = 0.02907 - N4 = 1.78472 vy = 25.7
Rg = 138.385 Dg = 0.14027 N5 = L7725 vs = 49.6
Ry = —0.55565 Dg = 0.00291
Rig = —2.74235 Djp = 0.10079 Ng = 1.883 vg = 40.8
"Rip = —0.68806 Djyj = 0.00291
Rz = 1.80447 Dy = 006202 N7 = 1713 vy = 539
Ry3 = —7.56398
3rd Aberration coefficient
I II I P v
1 0.3634 0.1040 0.0297 0.4964 0.1506
2 0.1685 —0.3816 0.8638 —0.0706 —1.7954
3 —0.0737 —0.0455 —0.0280 0.7538 0.4477
4 0.0895 —0.3056 1.0427 —0.4625 —1.9795
5 —0.4138 0.7753 —1.4525 0.2255 2.2985
6 —0.6955 —0.3044 -0.1332 —1.0970 —0.5385
7 —1.7813 0.6135 —0.2112 —1.2603 0.5068
8 —0.0036 —0.0069 —0.0130 —0.0000 —0.0246
9 0.2922 —0.1425 0.0695 0.7843 —0.4164
10 —0.0002 0.0014 —0.0099 —0.1709 1.2294
it 1.6043 —0.0695 0.0030 0.6815 ~0.0296
12 0.0125 0.0645 —~0.3315 0.2306 0.5183
13 0.5772 —0.2767 0.1326 0.0550 —0.0899
b 0.1145 0.0259 —0.0381 0.1659 0.2773
Focal length f = 1 F.No. 1:1.2 Image angle 20 = 46°
R = 0.82369 Dy =0.11817 N; = 1.788 v) = 474
R2 = 5.96790 D, = 0.00291
R3 = 0.54669 D3 = 0.08638 N2 = 1.788 vy = 47.4
R4 = 0.85236 D4 = 0.03547
Rs = 1.68536 Ds = 0.04456 N3 = 1.6668 vy = 33,
Rg = 0.35451 D¢ = 0.31189
R7 = —0.36419 D7 = 0.03293 N4 = 1.80518 vy = 25.4
Rg = —31.3634 Dg = 0.14015 Ns = 1.7725 vs = 49.6
Rg = —0.58732 Dg = 0.00291
Rip = —3.94968 Djp = 0.10073° Ng = 1.863 ve = 41.5
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-continued »”
Embodiment 3: Focal length f = | F.No. 1:1.2 Image angle 20 = 46°
Focal length f = 1 F.No. 1:1.2 Image angle 2w = 46" Rj = 0.84846 D) = 0.1181S Ny = L7725 vy = 49.6
s Ra=6.16873 D, = 0.00291
Rz = 237377 D1z = 006199 Ny =17725 vy =496 Ry=056128  Dy=008827 Ny=17725 v;=4d96 "
Ri3 = —4.76363 R4 = 0.88343 D4 — 0.03832
Rs = 1.70294 Ds = 004842 N3 = 1.62588 v3 = 357
Rg = 0.35417 Dg = 0.32347
. . R; = —0.36350 D7 =003293 N4 = 180518 vg =254
3rd Aberration coefficient Rs = « Dg = 014446 Ns = 17725 vs = 49.6
10 Rg = 05948 Do = 0.00291
Rijo = —3.15150 Djo = 0.10072 Ng = 1.883 vg = 40.8
1 11 64 P \% Ry = —0.71025 Dy = 0.00291
Riz = 209424  Djy3 = 006198 Ny = 1.7725 =49,
I 04410 01266 00363 0.5350 01660 g T NG S Bovi=96
2 02284  —0.4672 09556  —0.0738  —1.8032
3 —0.1084 —0.0822 —0.0624 0.8061 0.5644 15
4 0.1177  —0.3694 11592 —05170  —2.0149 where,
5 —05592 09480  —1.6070 0.2373 2.3218 Ri is the radius of curvatuve of the i-th surface
2 _(1):2;2 —g-zg;‘; —8';;23 ‘i' ;ii‘; —ggggi Di is the thickness of the i-th lens or air gap
s y s o y Ni is the refractive index of the i-th lens
8  —00075 —00149  —0.0294 00003  —0.0574 i is the Abb £ the i
9 0239  —0.1428 0.0851 07420  —04931 20 Vi is the Abbe number of the i-th lens. )
10 0.0001 —0.0013 0.0173 _0.1172 1.3077 3A lgrge aperture ratio photographic lens in accor-
11 1.4820 —0.1571 0.0166 0.6433 —0.0699 dance with claim 1, wherein:
12 -0.0298 0.1000 —0.3352 0.1836 0.5083
13 0.6705  —0.3064 0.1400 0.0914  —0.1058
z 0.1092 0.0295 —0.0431 0.1779 0.2831 25 Focal length f = 1 F.No. 1:1.2 Image angle 20w = 46°
R; = 0.87785 Dy =0.11823 Ny= L7725 vy =496
. . . R; = 6.16969 D; = 0.00291
What is claimed is: . _ Ry=055206  D3=010121 Np=1713  vy=539
1. A large aperture ratio photographic lens compris- R4 = 0.89993 D4 = 003729 -
ing: six lens components the first component consisting is = é-gggg?z gs = 8"3):‘;32 N3 = 1.62004  v3 = 36.3
of a positive meniscus lens having a convex plane 30 Rg — _0.34887 D: — 00297 Ny= 178472 v =257
toward the object, the second component a positive Rg = 138.385 Dg = 0.14027  Ns = 1.7725 vs = 49.6
meniscus lens having a convex surface toward the ob- ~ Ro= —055565  Dg = 0.00291
X , . . Rip = —2.74235 Djyo = 0.10079 Ng¢= 1.883 ve = 40.8
ject, the third component a negative meniscus lens hav- g,/ — " ('¢3306 Dy = 0.00291
ing a convex surface toward the object, the fourth com- 35 Rz = 1.80447 D)z = 0.06202 N7 = 1713 vy = 539
ponent a negative meniscus lens consisting of a negative ~° Ri3 = —7.56398
and a positive lens cemented to each other and having a
convex surface toward the image, the fifth component a where,

positive meniscus lens having a convex surface toward
the image and the sixth component a bi-convex lens,
wherein the conditions:

(1) L7S<(N1+N2+N5+N6+N7)/5

2) (V14v24+v54v64v7)/5>45.

(3) 1.85<n6

(4) va<26.

(5) n3<1.67

45

R6 + |RT] ©)

50

0.34f < <037 R7 <0

(7) 0.30f < D6 <0.35f
(8) 0.4/f< | P4+ 5] <0.6/f, P4+ P5<0
9) 0.68f< |R11| <0.73f, R11<0
wherein:
f is the focal length of the whole lens system
Ri is the radius of curvature of the i-th surface
Di is the distance between the i-th and (i+1)th sur-
face )
Ni is the refractive index of the i-th lens
vi is the Abbe number of the i-th lens
&i is the refracting power of the i-th surface.
2. A large aperture ratio photographic lens in accor-
dance with claim 1, wherein:

55

60

65

Ri is the radius of curvature of the i-th surface

Di is the thickness of the i-th lens or air gap

Ni is the refractive index of the i-th lens

vi is the Abbe number of the i-th lens.

4. A large aperture ratio photographic lens in accor-
dance with claim 1, wherein

Focal length f = 1 F.No. 1:1.2 Image angle 20 = 46°

R = 0.82369 Dy = 0.11817 N; = 1.788 vy = 474
Rz = 5.96790 Dz = 0.00291 :
Rj = 0.54669 D3 = 0.08638  Nj = 1.788 vy =474
R4 = 0.85236 D4 = 0.03547
Rs = 1.68536 Ds = 0.04456 N3 = 1.6668  v3 = 33.,
Rg = 0.35451 Dg = 0.31189
Ry = —036419 D7 = 003293 N4 = 1.80518 wv4 =254
Rg= —31.3634  Dg=0.14015 Ns= 17725  vs = 49.6
Ry = ~0.58732 Dy = 0.00291
Rip = —3.94968 Dy = 0.10073 Ng = 1.863 ve = 41.5
Ry; = —0.72005 Dy = 0.00291
Ryz = 2.37377 D2 = 006199 N7 = 17725 vy = 49.6
Rj3 = —4.76363
where,

Ri is the radius of curvatuve of the i-th surface

Di is the thickness of the i-th lens or air gap

Ni is the refractive index of the i-th lens

vi is the Abbe number of the i-th lens.

* * * * *





