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(571 ) ABSTRACT

A retrofocus type ultra-wide angle lens, having 13 air-
spaced elements in four groups, which include, as
viewed from the object side of the lens, a first group
consisting of two divergent meniscus elements and a
convergent meniscus element, a second group consist-
ing of three divergent meniscus elements and a con-
vergent cemented component, a third group consisting
of a divergent meniscus element and a positive ce-
mented component, and a fourth group consisting of a
convergent element, a divergent element, a conver-
gent meniscus element and a cemented component. A
diaphragm is disposed immediately behind the third
group.
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RETROFOCUS TYPE ULTRA-WIDE ANGLE LENS
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a retrofocus type ultra-wide
angle lens which has 13 elements (not including the
filter) in four groups and separated from one another
by air space, and which can provide a back-focus
(hereinafter referred to as B.f.) of not less than 37.5
mm, a relative aperture of at least F/8 and an angle of

-view of 118°for the total focal length £~=13.2 mm.

2. Description of the Prior Art '

In a lens of short focal length having a wide angle of
view, such as the lens to which the present invention re-
lates, it is very difficult to obtain a predetermined B.f.
and even more difficult to obtain the proper quantity of
marginal or peripheral light. For example, when the
angle of view is 118° the actual quantity of marginal
light is only 7 percent due to the cosine biquadratic
rule, even when a quantity of light amounting to 100
percent of the lens aperture is introduced, as measured
on the first tangential plane. In view of the fact that the
value of such marginal light should usually be at least
about 20 percent in photographic lenses of the type to
which the present invention relates, a very great quanti-
ty of light, such as more-than 300 percent of the lens
aperture as measured on the first tangential plane, must
be provided. To achieve this, there is an additional
requisite, i.e. the coma in the marginal area of the lens
must be well corrected. This necessarily requires that

the relative aperture of the lens be reduced to a certain

degree, with respect to the limitations existing in the
correction of the coma in the marginal lens area. On
the other hand, when the matter is considered from
another viewpoint, i.e. from the viewpoint of aberra-
tion, the large angle of view necessarily leads to the
creation of large distortions and astigmatism. Taking
distortion, for example, a curvature of distortion is al-
ready present in a similar wide-angle lens whose angle
of view is about 80°, and from this fact it is evident that
the curvature of distortion will be even greater in lenses
having an extremely large angle of view, such as the
lens to which the present invention relates. This also
holds true for astigmatism, and, therefore, the curva-
ture of ‘astigmatism must be absolutely prevented, in
order to introduce a great deal of marginal light,
because the coma in the marginal region of the lens
tends to be attracted to the meridional plane. Ac-
cordingly, the meridional plane must be more under-
corrected in the outermost marginal area than in any
other part of the view field. The present invention has
been made in view of the problems noted above.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a

" retrofocus type ultra-wide angle lens system which
comprises thirteen air-spaced elements in four groups.
The four groups include, as viewed from the object side
of the system, a first group consisting of two divergent
meniscus elements and a convergent meniscus element,
a second group consisting of three divergent meniscus
elements and a convergent composite component, a
third group consisting of a divergent meniscus element
and a positive composite component, said third group
being immediately followed by a diaphragm, and a
fourth group consisting of a convergent element, a
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divergent element, a convergent meniscus element and

a composite component. The lens system satisfies the
relations:

A 1.2R; <R, < 2R, |
1.2R; < R3; < 2R,
3R, < Rg< Sks

SR; < Rs <8R,

where R represents the radius of curvature of each ele-
ment.

The lens system according to the present invention
further satisfies the relations: ‘

1.2Rs < Ry < 2Rs
1.2Ry0 < Ry < 2Ry
2Ry < Ryy < 2Ry,

n, > ng, dyy > dyg

where n represents the refractive index of each element
and d the inter-vertex distance of each element.

The lens system of the present invention further
satisfies the relations:

R, <0.6Ry

ydio < ydy

-where d represents the dispersive power of each ele-

ment.
The lens system further satisfies the relatlons

dyg+ dy > dyg, dys OF dyg.
BRIEF DESCRIP;TION OF THE DRAWINGS

The invention will become fully apparent from the
following - detailed description of an' embodiment
thereof when taken in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a longitudinal sectional view of the lens

system according to one embodiment of the presentin- -
vention; and

FIGS. 2A - 2E graphically illustrate various aberra-

tions in the lens system of FIG. 1 for its focal length f=
13.2mm. '

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is shown a lens system ac-
cording to the present invention whose arrangement

and characteristics will be described hereinafter, ex-
cept for the filter.

A first group, génerally designated by A, consists of
three meniscus elements L, L, and L;. The elements L,
and L, are divergent lenses and the element L, is a con-

vergent lens. The respective elements are charactenzed
by the following radii of curvature R.
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" 1.2R, < R, < 2R, )

1.2R, < R; < 2R, 2)

BRy < Rg <5< 5 3)
where the subscripts attached to R represent the order
of the successive lens surfaces as viewed from the ob-
ject side of the system. Further, in order to avoid an ex-

tremely large air space between the marginal areas of

elements L, and L, the radii of curvature Rg and R, of
elements L and L, are selected to satisfy the relation:

5R; < Rg <8Ry S (4

A second group, generally designated by B, consists
of four elements Ly, Ly, Lg and L;. The elements L,, L;
and L4 are meniscus divergent lenses and the element
L, is a composite convergent lens. A filter may be inter-
posed between the elements Lg and L;. The elements
forming the second group are characterized, as follows:

1.2Rs < Ry < 2Ry (5

1.2R,, < Ry < 2Ry (6)

1.2R\; < Ryy < 2Ry, (&R

ny > ng, dy>dpy (8)
where n and d respectively represent the refractive in-
dices and intervertex distances of the respective ele-
ments.

A third group, generally designated by C, consists of
two elements Ly and Ly, Lg being a meniscus divergent
lens and L, being a composite convergent lens. These
two elements are characterized as follows: i

ng < 0'6Rl8 9)

Ydyo < ydyy (10)
where y d represents the dispersive power of each ele-
ment.

A fourth group, generally designated by D, consists
of four elements, L,, being a convergent lens, L, being
a divergent lens, L,, being a meniscus convergent lens
and L,; being a composite lens. The element L,; is
characterized as follows:

dag+ d3g > dys, dps OF dy; an
A diaphragm is interposed between the third group C
and the fourth group D.

The arrangement and characteristics described
above lead to excellent correction of various aberra-
tions, particularly distortion, astigmatism, coma, etc.

These characteristics will now be described in
greater detail. C

Generally, in the retrofocus type of wide-angle lens,
a member of positive refractive power, as means for the
correction of distortion, is disposed in the divergent
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ly large convexities or relatively. small refractive in-
dices, as specified in conditions (1) and (2) above,
respectively. At the same time, the respective convex
surfaces of these two elements have such curvatures
that all oblique rays incident thereon are made vertical
thereto, and this, together with the characteristics, as
specified in conditions (1) and (2), serves to reduce the
negative distortion created in these two elements.
Therefore, such distortion that does exist can be duly
corrected by the subsequent positive member L 3, even
if this member has a reduced refractive power. How-
ever, the curvature of distortion could not be reduced
simply by reducing the refractive power, and therefore,
it is necessary that the element L; be a meniscus lens of
great curvature whose concave surface has a smaller
curvature than its convex surface, as seen in condition
(3) above. In addition, the element L, is provided with
a characteristic, as specified in condition (4), so that
the intervertex air space between the element L3 and
the subsequent L, is not extremely larger than the mar-
ginal air space between these two elements. This en-
sures that the marginal rays will not be extremely
refracted in the element L; and that the marginal air
space or the length of the opticai path, as measured by
an_oblique light beam, will not be increased, thus
achieving a generally less curved correction without
causing substantially great over-correction of the
distortion in the marginal area.

By arranging the elements of the first group A in the
manner described above, it has been found that distor-
tion can be corrected while the curvature thereof if
minimized. On the other hand, however, the relatively
reduced radius of curvature Rg of the element L, gives
birth to a disadvantage because it affects the astig-
matism, especially the meridional plane, to cause over-
correction in the marginal area of the view field and
under-correction in the vicinity of 80 percent of the
view field. Since the meridional plane in the marginal
area is closely related to the coma as described previ-
ously, the meridional plane in this area must as far as
possible be kept in a more under-corrected condition
than any other point in the view field. The purpose of-
such correction is, of course, to improve the coma in
the marginal area and to introduce as much marginal
light as possible. Consequently, according to the

. present invention, the element L, is immediately fol-
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group to thereby correct any negative distortion. Unde-

niably, however, such a member has the effect of creat-
ing an over-correction or curvature of distortion in the
area near the margin of the view field. Moreover, such
a phenomenon is naturally more pronounced as the
angle of view is increased. Hence, the refractive power
of the positive member must be minimized in order to
reduce the curvature of the distortion as much as possi-
ble when using a wide-angle lens. For this purpose, the
- lens system of the present invention employs two
meniscus divergent elements L, and L, having relative-

60

lowed by the second Group B consisting of three diver-
gent meniscus lenses of relatively great convexities,
which satisfy conditions ( 5), (6) and (7) above. This
reduces the negative refractive powers of these ele-
ments to thereby compensate for the disadvantage
resulting from the radius of curvature Rq of the element
Ls, i.e. the curvature of the meridional plane, and at the
same time it is useful to prevent the occurrence of
distortion. The forward portion of the second group is
designated in this way, while the rearward portion of
the same group includes the positive component L.,
which removes the distortion occurring in the forward
portion and which is a composite lens satisfying condi-
tion (8) above. The joint interface of element L, is pro-
vided with a diverging function tosecurea B.f.

In the third group C, the forward portion thereof
comprises the divergent meniscus element Lg having a
relatively great refractive power according to condition
(9) above, thereby securing a predetermined B.f. for
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the lens system of the present invention. The element
Lsis followed by the positive element L, which corrects
the negative distortion and positive spherical aberra-
tion caused by the preceding element Lg. The com-
ponent Ly comprises joined elements formed of glass
materials of different dispersive power, as given by con-
dition (10), so as to correct the chromatic aberrations
on and off the axis.

A common featuré of all of the described groups
preceding the diaphragm is that each of these groups is
followed by a convergent element. This is intended to
correct the distortion caused by the divergent elements
in each group, and is highly effective for removing the
curvature of distortion.

Condition (11) is imposed on the fourth group D, i.e.
the group disposed rearwardly of the diaphragm, to
satisfactorily compensate for the breach of the sine
condition which may often arise in a retrofocus type
lens, as well as to correct the closely related coma in
the intermediate and inner areas of the view field.

Among the various conditions enumerated above,
conditions (1) and (2) are intended to minimize the
possible distortion, but when the upper limits of these
conditions are exceeded there will occur a great nega-
tive distortion. Such distortion, however, could be cor-
rected readily and simply by increasing the refractive
power of the element L,. This would, on the other
hand, result in an increased curvature of distortion,
which is incompatible with the primary object of the
present invention of providing a lens directed to the
least curved correction of distortion. When the lower
limits of the conditions (1) and (2) are exceeded, no
B.f. will be attained and, at the same time, the
meridional plane at the portion near the margin of the
view field will be subject to such an extreme under-cor-
rection that it could never be compensated for.

When the upper limits of conditions (3) and (4) are
exceeded, it is apparent that the positive refractive
power will be increased to cause an over-corrected
distortion in the marginal area, thus failing to attain less
curved correction of distortion. When the lower limits
of these conditions are exceeded, there will be extreme
under-correction of the distortion, which could never
be compensated for by any other lens surface.

Among the conditions imposed on the second group
B, those indicated by (5), (6) and (7) are based on the
same concept as the conditions (1) and (2), and ac-
cordingly, they are similar in effect. When the condi-
tion (8) is not satisfied, considerable difficulties would
be encountered in securing a predetermined B.f.

If the condition (9), imposed on the third group C,
should not be satisfied, difficulties will likewise be en-
countered in obtaining the B.f. When the condition
(10) is not met, poor correction of chromatic aberra-
tion would be obtained. Also, when the condition (11)
for the fourth group D is not satisfied, the breach of the
sine condition could not be removed.

An example of the present invention and the Seidel
coefficients therein are shown in the table below,
where R represents the radius of curvature of each lens
surface, d the intervertex distance between adjacent
lenses, n the refractive index of each lens, and y d the
Abbe number of each lens.

Seidel Coefficients

1 un m v
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R, 0.003 0.002 0.106 0.102 0.078
Ry ~-0.013 0.006 -0.142 -0.136 0.062
R, 0.010 0.006 0.122 0.114 0.072
R, -0.036 0.008 —0.154 —0.151 0.032
Ry 0.027 0.015 0.140 0.124 0.067
Rq 0.000 0.000 0.012 -0.016 -0.654
R, 0.015 0.017 0.256 0.216 0.247
R —0.235 0.001 -0.317 -0.317 0.002
R, 0.154 0.059 0.317 0.271 0.105
Ry —1.266 0.219 —0.537 —0.461 0.080
Ry, 0.996 0.042 0.322 '0.319 0.014
Ry =~3.522 0.525 -0.700 ~0.543 0.081
Ry 0.348 0.207 0.372 0.124 0.074
Ry —0.359 -0.214 —0.383 —0.128 -0.076
Ry 0.544 0.290 0.481 0.172 0.092
Ry -8.272 0.523 ~0.214 -0.147 0.009
Ry, 3.030 —0.870 1.042 0.543 ~0.156
Ry 5.284 0.781 0.666 0.434 0.064
Ry —178.546 —3.209 —0.901 —0.785 —0.014
Ry 95.728 4.919 1.172 0.667 0.034
Ry, —1.086 0.083 —0.024 —-0.01t 0.001 -
Ry -0.00t —0.004 ~0.061 0.020 —0.091
Ry 0.001 - 0.004 0.061 0.020 0.091
Ry 133.161 —4.474 0.920 0.619 —0.021
Ry —97.567 4.097 -0.982 ~0.638 0.027
Rse -11.793 -2.871 -2.269 —0.871 -0.212
Ryq 0.101 0.133 0.431 0.078 0.103 .
Ry 41.192 ~0.390 0.435 0428 —0.004
Ry —0.008 0.018 —0.119 —0.035 0.082
Ry -1.863 —0.494 -0.451 —0.189 -0.050
Ry, 38.783 0.846 0.346 0.309 0.007
z 14.810 0.275 —0.053 0.092 0.146
Example
Focal length fa 13.2mm, Relative
Aperture F/8 Angle of view 118°
R, =572 d,=3.9 ny=1.77279 vd, =49.5
Ry=43.0 dy=119
Ry=51.0 dy=3.0 ny=1.7335 ydy=51.0
Ry=375 d;=9.3
Ry=48.2 dy==13.5 ny= 1732 ydy = 53.7
Ry=190.0dy= 0.1
R,;=285d,=1.2 ny=17335 ydy=51.0
Ry=17.6 dy=3.3
Ry=22.5 dy=1.0 .ng=1,7320 yds = 53.7
‘Ryp=13.2d;g=3.0
R,;=17.6d;,=1.0 ng*=1.732 yds=53.7
R;y=12.0d;y=6.5 ‘
Roy=0o  dy=1.2 no=1.51743 Filter
T Ry=o  dym0.5 )
R13=350.0 d\3=3.0 ny=1.83739 ydy=43.5
Ry =12.08d, =123 ny = 1.54072 yds =47.2
Ris=-158d;=0.1 ) )
Rig=17.0d¢=0.38 ny= 1.6968 ydy=55.6
R;;=745d,,=1.7
Ryy=11.9d;y=2.8 ny,o=1.59507 ydy=
C 35.6
Ryy=—9.0 d;p=0.9 = 1.60311 ydyy =
. 60.7
Ryg=® dyg=1.6
Ryy=w dyy=4.1 nyy = 1.59507 ydyy =
- . 35.6
Ry =—10.5 dgs = 0.6
Ruy=—13.1dys = 1.5 nyy = 1.86074 yd;s =
23.1
Ry ™= 35.4 dyy = 0.65
Ris=—41.0d; =22 no= 1.44628 ydu=
. 67.2
Rz=-9.6 dyg=10.1
Ru = 900.0 dz1 = (.8 ny = 1.8663 yds =
379
Ryy = 30.7 dyy=5.7 ne= 1.48749 ydig =
70.0
Ryy=—14.901 - B.f. =37.517

As has been disclosed above, the present invention
provides a retrofocus type lens in which various aberra-
tions, particularly distortion, astigmatism, spherical
aberration and coma can be substantially corrected
throughout an angle of view as wide as 118° and in
which marginal light up to 320 percent, as measured on
the first tangential plane, can be introduced for the
relative aperture of F/8.

I'claim: :

1. A retrofocus type ultra-wide angle lens system
comprising 13 air-spaced elements in four groups, said
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four groups including, as viewed from the object side of
the system, a first group consisting of two divergent
meniscus elements and a convergent meniscus element,
a second group consisting of three divergent meniscus
elements and a convergent cemented component, a
third group consisting of a divergent meniscus element
and a positive cemented component, said third group
being immediately followed by a diaphragm, and a
fourth group consisting of a convergent element, a
divergent element, a convergent element and a ce-
mented convergent component.

2. A retrofocus type ultra-wide angle lens system
comprising 13 air-spaced elements in four groups, said
four groups including, as viewed from the object side of
the system, a first group consisting of two divergent
meniscus elements and a convergent meniscus element,
a second group consisting of three divergent meniscus
elements and a convergent cemented component, a
third group consisting of a divergent meniscus element
and a positive cemented component, said third group
being immediately followed by a diaphragm, and a
fourth group consisting of a convergent element, a
divergent element, a convergent meniscus element and
a cemented component, said lens system having the fol-
lowing characteristics:

Focal length f= 13.2mm, Relative
Apcnure F/8, Angle of view
118°

R,=572 dy=3.9 ny=1.71279 vd,=49.5
Ry=43.0 dy=11.9 :

Ry=51.0 dy=3.0 ny=1.7335 yds=51.0
R,=37.5 d,=9.3 '
Ry=482 dy=13.5 ny=1.732 vdy=53.7
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Re™= 190.0dq = 0.1

Ry= 28.5d;=1.2 n,=1.7335 dy=51.0

Ry=17.6 dy=3.3

Ry=22.5 dy= 1.0 ng = 1.7320 yds = 53.7

Rig™13.2dyp=3.0

Ryy=17.6d,;, =10 ne=1.732 ydg =537

Riy=12.0d13= 6.5

Ro=® dy=1.2 ne= 1.51743 Filter

Ro=® dy=0.5

R|a=3500du='30 n,=1.83739 yd; = 43.5

Ru =12.08 du =123 Ng ™ 1.54072 ‘yd. =472

Ris=-15.8 diy=0.1

Rig=17.0d,4=0.8 ny = 1.6968 ydy =55.6

Ry =745d;= 1.7

Ry=119d,,=2.8 ny o= 1.59507 'rsd“,
=35.6

Rig=—9.0d,y=0.9 ng, = 1.60311 vyd,;
=60.7

Reyg= dyy = 1.6

Ryy=® dy;=4.1 nyy = 1.59507 ydis
=35.6

Rzz = '—105 d” = 0.6

Rz:; =-13.1d; =15 nys = 1.86074 'deI;T

Ryq=35.4 dpy = 0.65

Ru —410 dgs =22 nyo= 1.44628 ydy,
=67.2

R,.--9 6 dyg = 0.1

2= =08 " gy = 1.8663 vdys

=379

Ryy = 30.7 dgy = 5.7 nye ™= 1.48749 vd\e
=70.0

Ryp=—14.901 Bf. =37.517
wherein, R subscript denotes the radius of curvature of
the surface of each element; d subscript denotes the
thickness of each element and the air space between
adjacent elements; n subscripts denotes the refractive
index of each element; and vy d subscripts denotes the
Abbe number of each element.
* x Xk ¥ % ;



UNITED STATES PATENT OFFI(;E
CERTIFICATE OF CORRECTION

Patent No. _ 3,728,011 Dated_ April 17, 1973

Inventor(s) KNUO MORI

It is certif_ied that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 3, line 5, change "3Rs<Rs<5<5" to —- 3Rs<Re<5Rs =-—;
lire 15, change "four" to -- three --; sSame llne, after
"Lq " 1nsert - and -=; Ssame llne, change "Le¢" to -- Le, —--;
same line, before "L-", insert -- one component ~-=:; 1line 1le6,
‘change "element" to -- component --; line 18, change "elements"
to -- element --; same line, after “and", insert -- component--
line 43, change "element" to -- component --.
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