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57 ABSTRACT

Providing an optical system having excellent optical perfor-
mance with sufficiently correcting spherical aberration and
curvature of field, an imaging apparatus, and a method for
forming an image by the optical system. The optical system
includes a plurality of lens groups, at least one of the plurality
of lens groups having an A lens that satisfies at least one of
given conditional expressions.
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OPTICAL SYSTEM, IMAGING APPARATUS,
AND METHOD FOR FORMING IMAGE BY
THE OPTICAL SYSTEM

[0001] The disclosure of the following priority application
is herein incorporated by reference:

[0002] Japanese Patent Application No. 2007-215116 filed
on Aug. 21, 2007.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to an optical system,
an imaging apparatus, and a method for forming an image by
the optical system.

[0005] 2. Related Background Art

[0006] An optical system having a lens made of a glass
medium with a high refractive index has been known. As for
such an optical system, there has been proposed a one having
atwo-lens-group configuration composed of, in order from an
object, a negative lens group and a positive lens group such as
Japanese Patent Application Laid-Open No. 2005-134887.
[0007] Although the conventional optical system has a lens
made of a glass medium with a high refractive index, there
still has a problem that spherical aberration and curvature of
field cannot be sufficiently corrected.

SUMMARY OF THE INVENTION

[0008] The present invention has made in view of above
described problems and has an object to provide an optical
system having excellent optical performance with sufficiently
correct spherical aberration and curvature offield, an imaging
apparatus, and a method for forming an image by the optical
system.

[0009] According to a first aspect of the present invention,
there is provided an optical system comprising: a plurality of
lens groups; at least one of the plurality of lens groups having
an A lens that satisfies at least one of the following conditional
expressions (1) and (2):

1.88900<14-0.00250 v4 (D

~4.27500<14-0.3375 vA ()]

where nA denotes a refractive index of the A lens at d-line in
which wavelength A=587.6 nm, and vA denotes an Abbe
number of the A lens at d-line in which wavelength A=587.6
nm.

[0010] According to a second aspect of the present inven-
tion, there is provided an imaging apparatus equipped with
the optical system according to the present invention.

[0011] According to a third aspect of the present invention,
there is provided a method for forming an image of an optical
system comprising a step of: providing the optical system
including a plurality of lens groups; at least one of the plural-
ity of lens groups having an A lens that satisfies at least one of
the following conditional expressions (1) and (2):

1.88900<14-0.00250 v4 (D

~4.27500<14-0.3375 vA ()]

where nA denotes a refractive index of the A lens at d-line in
which wavelength A=587.6 nm, and vA denotes an Abbe
number of the A lens at d-line in which wavelength v=587.6
nm.
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[0012] The present invention makes it possible to provide
an optical system having excellent optical performance with
sufficiently correct spherical aberration and curvature of
field, an imaging apparatus, and a method for forming an
image by the optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a sectional view showing a lens configu-
ration of an optical system according to Example 1 of the
present application.

[0014] FIGS. 2A, 2B and 2C are graphs showing various
aberrations of the optical system according to Example 1
upon focusing on an infinity object, in which FIG. 2A isina
wide-angle end state (f=18.5), FIG. 2B is in an intermediate
focal length state (f=35.0), and FIG. 2C is in a telephoto end
state (f=53.5).

[0015] FIG. 3 is a sectional view showing a lens configu-
ration of an optical system according to Example 2 of the
present application.

[0016] FIGS. 4A, 4B and 4C are graphs showing various
aberrations of the optical system according to Example 2
upon focusing on an infinity object, in which FIG. 4A isina
wide-angle end state (f=18.5), FIG. 4B is in an intermediate
focal length state (f=35.0), and FIG. 4C is in a telephoto end
state (f=53.5).

[0017] FIG. 5 is a sectional view showing a lens configu-
ration of an optical system according to Example 3 of the
present application.

[0018] FIGS. 6A, 6B and 6C are graphs showing various
aberrations of the optical system according to Example 3
upon focusing on an infinity object, in which FIG. 6A isina
wide-angle end state (£=29.0), FIG. 6B is in an intermediate
focal length state (f=50.0), and FIG. 6C is in a telephoto end
state (f=91.7).

[0019] FIG. 7 is a sectional view showing a lens configu-
ration of an optical system according to Example 4 of the
present application.

[0020] FIGS. 8A, 8B and 8C are graphs showing various
aberrations of the optical system according to Example 4
upon focusing on an infinity object, in which FIG. 8A isina
wide-angle end state (f=29.0), FIG. 8B is in an intermediate
focal length state (f=50.0), and FIG. 8C is in a telephoto end
state (f=91.7).

[0021] FIG. 9 is a sectional view showing a lens configu-
ration of an optical system according to Example 5 of the
present application.

[0022] FIGS. 10A, 10B and 10C are graphs showing vari-
ous aberrations of the optical system according to Example 5
upon focusing on an infinity object, in which FIG. 10Aisina
wide-angle end state (f=18.5), FIG. 10B is in an intermediate
focal length state (f=35.3), and FIG. 10C is in a telephoto end
state (f=53.4).

[0023] FIG. 11 is a sectional view showing a lens configu-
ration of an optical system according to Example 6 of the
present application.

[0024] FIGS. 12A, 12B and 12C are graphs showing vari-
ous aberrations of the optical system according to Example 6
upon focusing on an infinity object, in which FIG. 12Aisina
wide-angle end state (f=18.5), FIG. 12B is in an intermediate
focal length state (f=35.3), and FIG. 12C is in a telephoto end
state (f=53.4).

[0025] FIG. 13 is a sectional view showing a lens configu-
ration of an optical system according to Example 7 of the
present application.
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[0026] FIGS. 14A, 14B and 14C are graphs showing vari-
ous aberrations of the optical system according to Example 7
upon focusing on an infinity object, in which FIG. 14A isina
wide-angle end state (f=18.5), FIG. 14B is in an intermediate
focal length state (f=35.3), and FIG. 14C is in a telephoto end
state (f=53.4).

[0027] FIG. 15 is a sectional view showing a lens configu-
ration of an optical system according to Example 8 of the
present application.

[0028] FIGS. 16A, 16B and 16C are graphs showing-vari-
ous aberrations of the optical system according to Example 8
upon focusing on an infinity object, in which FIG. 16 A isina
wide-angle end state (f=18.5), FIG. 16B is in an intermediate
focal length state (f=35.2), and FIG. 16C is in a telephoto end
state (f=53.4).

[0029] FIG. 17 is a sectional view showing a lens configu-
ration of an optical system according to Example 9 of the
present application.

[0030] FIGS. 18A, 18B and 18C are graphs showing vari-
ous aberrations of the optical system according to Example 9
upon focusing on an infinity object, in which FIG. 4A isin a
wide-angle end state (f=18.5), FIG. 4B is in an intermediate
focal length state (f=35.2), and FIG. 4C is in a telephoto end
state (f=53.4).

[0031] FIG. 19 is a sectional view showing a lens configu-
ration of an optical system according to Example 10 of the
present application.

[0032] FIG.20is graphs showing various aberrations of the
optical system according to Example 10 upon focusing on an
infinity object (f=18.5).

[0033] FIG. 21 is a graph showing a camera equipped with
the optical system according to Example 1 of the present
application.

DESCRIPTION OF THE MOST PREFERRED
EMBODIMENT

[0034] An optical system, an imaging apparatus and a
method for forming an image by the optical system according
to the present application are explained below.

[0035] An optical system according to the present applica-
tion includes a plurality of lens groups, at least one of the
plurality of lens groups has an A lens that satisfies at least one
of the following conditional expressions (1) and (2):

1.88900<14-0.00250 v4 (D

~4.27500<14-0.3375 vA ()]

where nA denotes a refractive index of the A lens at d-line in
which wavelength A=587.6 nm, and vA denotes an Abbe
number of the A lens at d-line in which wavelength A=587.6
nm.

[0036] An optical system according to the present applica-
tion has an A lens having a glass material with a high refrac-
tive index. By using a glass material with a high refractive
index appropriately, the radius of curvature of the A lens can
be large, so that it becomes possible to excellently correct
various aberrations.

[0037] Conditional expression (1) defines an appropriate
range of a refractive index of the glass material of the A lens.
[0038] When the value nA-0.00250 vA is equal to or falls
below the lower limit of conditional expression (1), refractive
power of the glass material of the A lens becomes small, so
that it becomes difficult to sufficiently correct spherical aber-
ration and curvature of field.
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[0039] Inan optical system according to the present appli-
cation, with satisfying conditional expression (1), it becomes
easy to correct aberrations such as spherical aberration and
curvature of field, so that excellent optical performance can
be secured.

[0040] Moreover, when the lower limit of conditional
expression (1) is set to 1.89400, refractive power of the A lens
becomes further stronger, and the radius of curvature can be
larger, so that correction of aberrations becomes easier and
excellent optical performance can be secured.

[0041] Conditional expression (2) defines an appropriate
range of the Abbe number of the glass material of the A lens.
[0042] When the value nA-0.3375 VA is equal to or falls
below the lower limit of conditional expression (2), the Abbe
number of the glass material of the A lens becomes large, so
that it becomes difficult to sufficiently correct lateral chro-
matic aberration.

[0043] Inan optical system according to the present appli-
cation, with satisfying conditional expression (2), correction
of aberrations such as spherical aberration and curvature of
field becomes easy, so that it becomes possible to secure
excellent optical performance.

[0044] Moreover, when the lower limit of conditional
expression (2) is set to —4.28000, the Abbe number of the A
lens becomes further smaller, so that correction of lateral
chromatic aberration becomes easier and excellent optical
performance can be secured.

[0045] Inan optical system according to the present appli-
cation, it is preferable that the plurality of lens groups include,
in order from the most object side, a first lens group having
negative refractive power, and a second lens group having
positive refractive power.

[0046] Withthis configuration, an optical system according
to the present application makes it possible to realize a wide
angle of view and makes it easy to correct curvature of field.
[0047] Inan optical system according to the present appli-
cation, it is preferable that the plurality of lens groups include,
in order from the most object side, a first lens group having
negative refractive power, a second lens group having positive
refractive power, and a third lens group having negative
refractive power.

[0048] Withthis configuration, an optical system according
to the present application becomes symmetrical refractive
power distribution with respect to the aperture stop, so that it
becomes easy to correct distortion.

[0049] In an optical system according to the present appli-
cation, in order to secure excellent optical performance, the A
lens preferably satisfies at least one of the following condi-
tional expressions (3) and (4):

3.67<(r2+r1)/(r2-11) 3)

(P2+71)/(r2-71)<-2.08 4

where rl denotes a radius of curvature of the object side lens
surface of the A lens, and r2 denotes a radius of curvature of
the image side lens surface of the A lens.

[0050] Conditional expressions (3) and (4) show a shape
factor of the A lens in an optical system according to the
present application and define an appropriate range of the
shape factor of the A lens.

[0051] Inan optical system according to the present appli-
cation, when the value (r2+rl)/(r2-rl) is equal to or falls
below the lower limit of conditional expression (3), the radius
of curvature of the image side lens surface of the A lens
becomes large and close to a plane surface. When the image
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side surface of the A lens is close to a plane surface, since an
incident angle of an oblique ray not parallel to the optical axis
onto the image side surface of the A lens becomes away from
the normal, aberrations produced on the surface become
large, so that it becomes difficult to sufficiently correct cur-
vature of field.

[0052] Inan optical system according to the present appli-
cation, with satisfying conditional expression (3), correction
of aberrations such as spherical aberration and curvature of
field becomes easy, so that excellent optical performance can
be secured.

[0053] Moreover, when the lower limit of conditional
expression (3) is set to 3.70, correction of curvature of field
becomes easier and excellent optical performance can be
secured.

[0054] In an optical system according to the present appli-
cation, when the value (r2+r1)/(r2-rl) is equal to or exceeds
the upper limit of conditional expression (4), the radius of
curvature of the image side surface of the A lens becomes
relatively small. When the radius of curvature of the image
side surface of the A lens becomes relatively small, since
difference from the radius of curvature of the object side
surface of the A lens becomes large, aberrations generated on
the object side surface of the A lens becomes difficult to be
corrected by the image side surface of the A lens, so that it
becomes difficult to sufficiently correct curvature of field.
[0055] Inan optical system according to the present appli-
cation, with satisfying conditional expression (4), correction
of aberrations such as spherical aberration and curvature of
field becomes easy, so that excellent optical performance can
be secured.

[0056] When the upper limit of conditional expression (4)
is set to —2.15, correction of curvature of field becomes easier,
and excellent optical performance can be secured.

[0057] Inan optical system according to the present appli-
cation, in order to secure excellent optical performance, the A
lens preferably satisfies the following conditional expression

%):

—4.50<f4/fG<-0.10 )

where fA denotes a focal length of the A lens, and fG denotes
afocal length ofthe lens group in which the A lens is included.
[0058] conditional expression (5) defines an appropriate
range of a ratio of the focal length of the A lens to that of the
lens group in which the A lens is included.

[0059] When the ratio fA/fG is equal to or falls below the
lower limit of conditional expression (5), an absolute value of
fA becomes relatively large, and refractive power of the A
lens becomes small, so that it becomes impossible to suffi-
ciently correct spherical aberration.

[0060] When the lower limit of conditional expression (5)
is set to —4.30, correction of spherical aberration becomes
easy, and excellent optical performance can be secured.
[0061] On the other hand, when the ratio fA/fG is equal to
or exceeds the upper limit of conditional expression (5), an
absolute value of fG becomes relatively large, and refractive
power of the A lens becomes weak, so that it becomes difficult
to sufficiently correct curvature of field.

[0062] When the upper limit of conditional expression (5)
is set to —0.30, correction of curvature of field becomes easy,
and excellent optical performance can be secured.

[0063] Inan optical system according to the present appli-
cation, with satisfying conditional expression (5), correction
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of aberrations such as spherical aberration and curvature of
field becomes easy, so that excellent optical performance can
be secured.

[0064] Inan optical system according to the present appli-
cation, the A lens preferably has positive refractive power.
[0065] With this configuration in an optical system accord-
ing to the present application, refractive power of the positive
lens becomes strong, so that aberrations generated in the
positive lens such as spherical aberration can be excellently
corrected.

[0066] Inan optical system according to the present appli-
cation, it is preferable that the optical system includes an
aperture stop, and the A lens is disposed to the object side of
the aperture stop and has a convex surface facing the object.
[0067] Withthis configuration, an optical system according
to the present application can make smaller an angle of devia-
tion of the ray incident on the convex surface, so that correc-
tion of curvature of field becomes easy.

[0068] Inan optical system according to the present appli-
cation, it is preferable that the optical system includes an
aperture stop, and the A lens is disposed to the image side of
the aperture stop and has a concave surface facing the object.
[0069] Withthis configuration, an optical system according
to the present application can make smaller an angle of devia-
tion of the ray incident on the concave surface, so that cor-
rection of curvature of field becomes easy.

[0070] Inan optical system according to the present appli-
cation, among the plurality of lens groups, the lens group in
which the A lens is included preferably has negative refractive
power.

[0071] Withthis configuration, an optical system according
to the present application makes it possible to excellently
correct spherical aberration when the lens group including the
A lens is disposed near to the aperture stop, or coma when the
lens group including the A lens is disposed far from the
aperture stop.

[0072] Inan optical system according to the present appli-
cation, the most object side lens group among the plurality of
lens groups preferably has an aspherical lens.

[0073] Withthis configuration, an optical system according
to the present application makes it possible to realize a wide
angle of view and to easily correct curvature of field.

[0074] Inan optical system according to the present appli-
cation, it is preferable that varying a focal length from a
wide-angle end state to a telephoto end state is carried out by
varying each distance between the plurality of lens groups.
[0075] Withthis configuration, an optical system according
to the present application makes it possible to easily vary a
focal length, and to excellently correct curvature of field and
spherical aberration over entire focal length range from the
wide-angle end state to the telephoto end state.

[0076] An imaging apparatus according to the present
application is equipped with the above-described optical sys-
tem.

[0077] Accordingly, it becomes possible to realize an imag-
ing apparatus having excellent optical performance with suf-
ficiently correcting spherical aberration and curvature of
field.

[0078] In a method for forming an image of an optical
system according to the present application comprising a step
of: providing the optical system including a plurality of lens
groups; at least one of the plurality of lens groups having an A
lens that satisfies at least one of the following conditional
expressions (1) and (2):

1.88900<14-0.00250 v4 (D

~4.27500<14-0.3375 vA ()]
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where nA denotes a refractive index of the A lens at d-line in
which wavelength A=587.6 nm, and vA denotes an Abbe
number of the A lens at d-line in which wavelength A=587.6
nm.

[0079] With this configuration, it becomes possible to real-
ize an optical system having excellent optical performance
with sufficiently correcting spherical aberration and curva-
ture of field.

[0080] An optical system according to each numerical
example of the present application is explained below with
reference to accompanying drawings.

EXAMPLE 1

[0081] FIG. 1 is a sectional view showing a lens configu-
ration of an optical system according to Example 1 of the
present application.

[0082] The optical system according to Example 1 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, and a second lens group G2 having
positive refractive power.

[0083] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, and a positive meniscus lens
L12 having a convex surface facing the object. The negative
meniscus lens 11 is an aspherical lens that a resin layer is
applied on an image side glass surface and formed an aspheri-
cal surface thereon.

[0084] The second lens group G2 is composed of, in order
from the object, a double convex positive lens [21, a
cemented lens constructed by a double convex positive lens
122 cemented with a double concave negative lens [.23, and
a cemented lens constructed by a double concave negative
lens [.24 cemented with a double convex positive lens [.25.
[0085] With this configuration, an air space between the
first lens group G1 and the second lens group G2 is varied
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0086] In the optical system according to Example 1, an
aperture stop S is disposed in the second lens group G2, and
moved together with the second lens group G2 upon varying
a focal length from the wide-angle end state to the telephoto
end state.

[0087] Intheoptical system according to Example 1, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0088] In the optical system according to Example 1, the
positive meniscus lens [.12 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a positive meniscus shape
having a convex surface facing the object, so that an incident
angle of an oblique ray not parallel to the optical axis onto the
A lens becomes close to the normal.

[0089] Various values associated with the optical system
according to Example 1 are listed in Table 1.

[0090] In Table 1, f denotes a focal length, and Bf denotes
a back focal length.

[0091] In [Lens Data], the left most column “i” shows the
lens surface number counted in order from the object side, the
second column “r” shows a radius of curvature of the lens
surface, the third column “d” shows a distance to the next
surface, the fourth column “nd” shows a refractive index of a
material at d-line (wavelength A=587.6 nm), and the fifth
column “vd” shows an Abbe number of the material at d-line
(wavelength A=587.6 nm). In the fourth column “nd” refrac-
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tive index of the air nd=1.000000 is omitted. In the second
column “r”, r=c0 denotes a plane surface. In the third column
“d”, Bf denotes a back focal length. The position of an
aspherical surface is expressed by attaching “*” to the right
side of the surface number.
[0092] In[Aspherical Data], an aspherical surface is exhib-
ited by the following expression:
=2 [1+[1=k(p/r)?] V2 ]+ A3% [y 3+ A 4%y +46xy5+
A8xyP+410xy 0+ A12xy"?

where y denotes a vertical height from the optical axis, x
denotes a sag amount which is a distance along the optical
axis from the tangent surface at the vertex of the aspherical
surface to the aspherical surface at the vertical height h from
the optical axis, r denotes a radius of curvature of a reference
sphere (a paraxial radius of curvature), k denotes a conical
coefficient, An denotes aspherical coefficient of n-th order,
“E-n” denotes “x107"”, for example, “1.234E-5" denotes
“1.234x107>”.

[0093] In [Specifications], FNO denotes an f-number, 2w
denotes an angle of view in degrees, Y denotes an image
height, TL denotes atotal lens length, W denotes a wide-angle
end state, M denotes an intermediate focal length state, T
denotes a telephoto end state.

[0094] In [Variable Distances], di denotes a variable dis-
tance at the surface number i where 1 is an integer.
[0095] In[Lens Group Data], a starting surface number
and a focal length of each lens group are shown. In [ Values for
Conditional Expressions], respective values with respect to
conditional expressions are shown.

[0096] In the tables for various values, “mm” is generally
used for the unit of length such as the focal length, the radius
of curvature and the distance to the next lens surface. How-
ever, since similar optical performance can be obtained by an
optical system proportionally enlarged or reduced its dimen-
sion, the unit is not necessarily to be limited to “mm”, and any
other suitable unit can be used. The explanation of reference
symbols is the same in the other Examples, so that duplicated
explanations are omitted.

73233
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TABLE 1
[Lens Data]
i T d nd vd
1 82.7116 2.00 1.88300 40.8
2 17.5800 0.20 1.55389 38.1
3% 12.6532 11.55
4 33.2422 2.80 2.14352 17.8
5 51.5817 ds
6 29.8617 2.50 1.49782 82.6
7 -64.4330 2.00
8 ] 1.80 Aperture Stop S
9 73.9122 4.10 1.65160 58.5
10 -15.5658 1.00 1.77250 49.6
11 210.7172 11.20
12 -522.2353 0.90 1.83400 37.2
13 16.9886 4.50 1.62041 60.3
14 -27.1583 Bf

[Aspherical Data]
Surface Number: 3

K =+0.0841

A3 =-74262E-06
A4 = +6.0257E-06
A6 =-27T752E-08
A8 = +4.1500E-11
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TABLE 1-continued

Al10 =-1.5448E-13
Al12 =+0.0000

w M T

[Specifications]
Zoom Ratio: 2.89

f 18.5 35.0 53.5
FNO 35 4.5 5.8
20 77.0 44.5 29.9
Y 14.25 14.25 14.25
TL 129.08 118.47 128.93
Bf 40.38 60.25 82.53
[Variable Distances]
ds 44.15 13.67 1.86
d14(Bf) 40.38 60.25 82.53

[Lens Group Data]

Group i focal length
1 1 -31.51
2 6 37.95

[Values for Conditional Expressions: (L12)]

(1): nA - 0.00250vA = 2.09910
(2):nA - 0.33750vA = -3.85385
(3): (2 +rl)Y(x2-11) = 4.63
(4): (22 +r1)(x2-11) = 4.63
(5): TA/fG = -2.40

[0097] FIGS. 2A, 2B and 2C are graphs showing various
aberrations of the optical system according to Example 1
upon focusing on infinity, in which FIG. 2A is in a wide-angle
end state (f=18.5), FIG. 2B is in an intermediate focal length
state (f=35.0), and FIG. 2C is in a telephoto end state (f=53.5).
[0098] Inrespective graphs, FNO denotes an f-number, and
A denotes a half angle of view. In graphs showing spherical
aberration, f-number with respect to the maximum aperture is
shown. In graphs showing astigmatism and distortion, the
maximum value of a half angle of view is shown. In graphs
showing coma, coma with respect to each half angle of view
is shown. In respective graphs, d denotes aberration curve at
d-line (wavelength A=587.6 nm), and g denotes aberration
curve at g-line (wavelength A=435.8 nm). In graphs showing
astigmatism, a solid line indicates a sagittal image plane, and
a broken line indicates a meridional image plane. The above-
described explanation regarding various aberration graphs is
the same as the other Examples.

[0099] As is apparent from the respective graphs, the opti-
cal system according to Example 1 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 2

[0100] FIG. 3 is a sectional view showing a lens configu-
ration of an optical system according to Example 2 of the
present application.

[0101] The optical system according to Example 2 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, and a second lens group G2 having
positive refractive power.
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[0102] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, and a positive meniscus lens
L12 having a convex surface facing the object. The negative
meniscus lens [11 is an aspherical lens that a resin layer is
applied on an image side glass surface and formed an aspheri-
cal surface thereon.

[0103] The second lens group G2 is composed of, in order
from the object, a double convex positive lens [21, a
cemented lens constructed by a double convex positive lens
122 cemented with a double concave negative lens .23, and
a cemented lens constructed by a negative meniscus lens 1.24
having a convex surface facing the object cemented with a
double convex positive lens [.25.

[0104] With this configuration, an air space between the
first lens group G1 and the second lens group G2 is varied
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0105] In the optical system according to Example 2, an
aperture stop S is disposed in the second lens group G2, and
moved together with the second lens group G2 upon varying
a focal length from the wide-angle end state to the telephoto
end state.

[0106] Intheoptical system according to Example 2, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0107] In the optical system according to Example 2, the
positive meniscus lens [.12 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a positive meniscus shape
having a convex surface facing the object, so that an incident
angle of an oblique ray not parallel to the optical axis onto the
A lens becomes close to the normal.

[0108] Various values associated with the optical system
according to Example 2 are listed in Table 2.

TABLE 2

[Lens Data]

i T d nd vd
1 97.9612 2.00 1.81600 46.6
2 17.5800 0.20 1.55389 38.1
3* 12.6532 11.55
4 33.3981 2.80 1.94595 18.0
5 56.7142 ds
6 25.0493 2.50 1.49782 82.6
7 75.9580 2.00
8 ] 1.80 Aperture Stop S
9 160.3175 4.10 1.65160 58.5

10 -14.4571 1.00 1.77250 49.6

11 366.8344 11.20

12 123.6295 0.90 1.83400 37.2

13 16.2628 4.50 1.60311 60.7

14 —32.9952 Bf

[Aspherical Data]

Surface Number: 3
K= +0.0856
A3 = —7.2738E-06
Ad = +5.9947E-06
A6 = —2.6718E-08
A8 = +1.3725E-11
Al0 = -2.5203E-14
Al2 = +0.0000
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TABLE 2-continued

[Specifications]
Zoom Ratio: 2.89

w M T
f 18.5 35.0 53.5
FNO 3.5 4.5 5.8
2m 76.7 44.5 299
Y 14.25 14.25 14.25
TL 129.13 118.52 128.98
BF 40.43 60.30 82.58

[Variable Distances]

\ M T
ds 44.15 13.67 1.86
d14 (Bf) 40.43 60.30 82.58
[Lens Group Data]
Group i focal length
1 1 -31.51
2 6 37.95

[Values for Conditional Expressions: (L12)]

(1): nA-0.00250vA = 1.90100
(2): nA-0.33750vA = -4.12230
3): (2 +r1)/(x2-1l) = 3.86
(4): (2 +r1)/(x2-1l) = 3.86
(5): fAHG = -2.57
[0109] FIGS. 4A, 4B and 4C are graphs showing various

aberrations of the optical system according to Example 2
upon focusing on infinity, in which FIG. 4A is in a wide-angle
end state (f=18.5), FIG. 4B is in an intermediate focal length
state (f=35.0), and FIG. 4C is in a telephoto end state (f=53.5).
[0110] As is apparent from the respective graphs, the opti-
cal system according to Example 2 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 3

[0111] FIG. 5 is a sectional view showing a lens configu-
ration of an optical system according to Example 3 of the
present application.

[0112] The optical system according to Example 3 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, and a third lens group G3 having
negative refractive power.

[0113] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having convex
surface facing the object, a negative meniscus lens [.12 hav-
ing a convex surface facing the object, and a positive menis-
cus lens [.13 having a convex surface facing the object. The
negative meniscus lens [.12 is an aspherical lens that a resin
layer is applied on an image side glass surface and formed an
aspherical surface thereon.

[0114] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a double
convex positive lens [.21 cemented with a negative meniscus
lens [.22 having a concave surface facing the object, a
cemented lens constructed by a double convex positive lens
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123 cemented with a double concave negative lens [.24, and
a double convex positive lens [.25.

[0115] The third lens group G3 is composed of a negative
meniscus lens [.31 having a concave surface facing the object.
[0116] In the above-described optical system according to
Example 3, varying a focal length is carried out by varying a
distance between the first lens group G1 and the second lens
group G2, and increasing a distance between the second lens
group G2 and the third lens group G3.

[0117] In the optical system according to Example 3, an
aperture stop S is disposed in the second lens group G2, and
moved together with the second lens group G2 upon varying
a focal length from the wide-angle end state to the telephoto
end state.

[0118] Intheoptical system according to Example 3, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0119] In the optical system according to Example 3, the
positive meniscus lens [.13 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a positive meniscus shape
having a convex surface facing the object, so that an incident
angle of an oblique ray not parallel to the optical axis onto the
A lens becomes close to the normal.

[0120] Various values associated with the optical system
according to Example 3 are listed in Table 3.

TABLE 3

[Lens Data]

i T d nd vd
1 447484 1.80 1.88300 40.8
2 19.0070 8.50
3 81.8610 1.60 1.77250 49.6
4 52.8000 0.20 1.55389 38.1
5% 43.1816 2.75
6 29.7977 3.50 1.94595 18.0
7 41.6291 d7
8 27.9527 5.70 1.62041 60.3
9 -57.7149 1.00 1.80100 35.0

10 -526.6817 1.50

11 ] 1.00 Aperture Stop S

12 20.9370 6.75 1.65160 58.5

13 -36.7727 5.00 1.83400 37.2

14 14.8195 1.50

15 27.4570 4.00 1.58144 40.8

16 —68.0982 d16

17 -83.5171 1.00 1.51680 64.1

18 —237.5589 Bf

[Aspherical Data]

Surface Number: 5
K= —2.4420
A3 = +0.0000
Ad = -4.0180E-07
A6 = +7.7512E-09
A8 = —2.3967E-10
Al0 = +1.0250E-12
Al2 = -1.9550E-15

[Specifications]
Zoom Ratio: 3.16
W M T

F 29.0 50.0 91.7

FNO 4.1 4.5 5.8

2w 76.6 46.8 26.3

Y 21.6 21.6 21.6
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TABLE 3-continued

TL 129.10 121.85 138.77
BF 38.91 51.29 75.04
[Variable Distances]
\ M T
d7 42.02 18.05 2.89
d16 2.37 6.72 15.04
d18 (Bf) 38.91 51.29 75.04
[Lens Group Data]
Group i focal length
1 1 -43.42
2 8 35.05
3 17 -249.77

[Values for Conditional Expressions: (L13)]

(1): nA-0.00250vA = 1.90100
(2): nA-0.33750vA = -4.12230
3): (2 +r1)/(x2-1l) = 6.04
(4): (2 +r1)/(x2-1l) = 6.04
(5): fa/fg = -2.23
[0121] FIGS. 6A, 6B and 6C are graphs showing various

aberrations of the optical system according to Example 3
upon focusing on infinity, in which FIG. 6 A is in a wide-angle
end state (f=29.0), FIG. 6B is in an intermediate focal length
state (f=50.0), and FIG. 6C is in a telephoto end state (f=91.7).
[0122] As is apparent from the respective graphs, the opti-
cal system according to Example 3 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 4

[0123] FIG. 7 is a sectional view showing a lens configu-
ration of an optical system according to Example 4 of the
present application.

[0124] The optical system according to Example 4 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, and a third lens group G3 having
negative refractive power.

[0125] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having convex
surface facing the object, a negative meniscus lens [.12 hav-
ing a convex surface facing the object, and a positive menis-
cus lens [.13 having a convex surface facing the object. The
negative meniscus lens [.12 is an aspherical lens that a resin
layer is applied on an image side glass surface and formed an
aspherical surface thereon.

[0126] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a double
convex positive lens [.21 cemented with a negative meniscus
lens [.22 having a concave surface facing the object, a
cemented lens constructed by a double convex positive lens
[.23 cemented with a double concave negative lens .24, and
a double convex positive lens [.25.

[0127] The third lens group G3 is composed of a negative
meniscus lens [.31 having a concave surface facing the object.
[0128] In the above-described optical system according to
Example 4, varying a focal length from a wide-angle end state
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to a telephoto end state is carried out by varying a distance
between the first lens group G1 and the second lens group G2,
and increasing a distance between the second lens group G2
and the third lens group G3.

[0129] In the optical system according to Example 4, an
aperture stop S is disposed in the second lens group G2, and
moved together with the second lens group G2 upon varying
a focal length from the wide-angle end state to the telephoto
end state.

[0130] Intheoptical system according to Example 4, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0131] In the optical system according to Example 4, the
positive meniscus lens [.13 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a positive meniscus shape
having a convex surface facing the object, so that an incident
angle of an oblique ray not parallel to the optical axis onto the
A lens becomes close to the normal.

[0132] Various values associated with the optical system
according to Example 4 are listed in Table 4.

TABLE 4

[Lens Data]

i T d nd vd
1 44.2009 1.80 1.90265 35.7
2 19.0358 8.50
3 88.6772 1.60 1.77250 49.6
4 52.8000 0.20 1.55389 38.1
5% 43.1816 2.75
6 30.8314 3.50 2.14352 17.8
7 41.6237 d7
8 27.2269 5.70 1.62041 60.3
9 -59.8727 1.00 1.80100 35.0

10 -561.2797 1.50

11 ] 1.00 Aperture Stop S

12 21.3881 6.75 1.65160 58.5

13 —34.0769 5.00 1.83400 37.2

14 14.8949 1.50

15 27.4070 4.00 1.58144 40.8

16 -67.0190 d16

17 —78.9307 1.00 1.51680 64.1

18 —204.0294 BF

[Aspherical Data]

Surface Number: 5
K= -2.2368
A3 = +0.0000
Ad = -6.1562E-07
A6 = +5.4178E-09
A8 = —2.1299E-10
Al0 = +9.1017E-13
Al2 = -1.7805E-15

[Specifications]
Zoom Ratio: 3.16
W M T

f 29.0 50.0 91.7

FNO 4.1 4.5 5.8

2w 76.6 46.8 26.3

Y 21.6 21.6 21.6

TL 129.23 121.98 138.90

BF 38.85 51.23 74.98
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TABLE 4-continued

[Variable Distances]

w M T
d7 42.24 18.27 3.11
d16 2.34 6.68 15.01
d18 (Bf) 38.85 51.23 74.98

[Lens Group Data]

Group i focal length
1 1 -43.42
2 8 35.05
3 17 -249.77

[Values for Conditional Expressions: (L13)]

1): nA-0.00250vA = 2.09910
2): nA-0.33750vA = -3.85385
3): (2 +r1)/(x2-1l) = 6.71
(4): (2 +r1)/(x2-1l) = 6.71
(5): fA/G = -2.04

[0133] FIGS. 8A, 8B and 8C are graphs showing various
aberrations of the optical system according to Example 4
upon focusing on infinity, in which FIG. 8A is in a wide-angle
end state (f=29.0), FIG. 8B is in an intermediate focal length
state (f=50.0), and FIG. 8C is in a telephoto end state (f=91.7).
[0134] As is apparent from the respective graphs, the opti-
cal system according to Example 4 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 5

[0135] FIG. 9 is a sectional view showing a lens configu-
ration of an optical system according to Example 5 of the
present application.

[0136] The optical system according to Example 5 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, a third lens group G3 having nega-
tive refractive power, and a fourth lens group G4 having
positive refractive power.

[0137] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, a double concave negative lens
12, and a positive meniscus lens [.13 having a convex sur-
face facing the object. The negative meniscus lens .11 is an
aspherical lens that a resin layer is applied on an image side
glass surface and formed an aspherical surface thereon.
[0138] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a negative
meniscus lens [.21 having a convex surface facing the object
cemented with a double convex positive lens .22, and a
positive meniscus lens [.23 having a convex surface facing the
object.

[0139] The third lens group G3 is composed of a cemented
lens constructed by, in order from the object, a positive menis-
cus lens [.31 having a concave surface facing the object
cemented with a double concave negative lens [.32.

[0140] The fourth lens group G4 is composed of, in order
from the object, a plano-convex positive lens 1.41 having a
plane surface facing the object, and a cemented lens con-
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structed by a double convex positive lens .42 cemented with
anegative meniscus lens [.43 having a concave surface facing
the object.

[0141] In the above-described optical system according to
Example 5, varying a focal length from a wide-angle end state
to a telephoto end state is carried out by varying a distance
between the first lens group G1 and the second lens group G2,
increasing a distance between the second lens group G2 and
the third lens group G3, and decreasing a distance between
the third lens group G3 and the fourth lens group G4.

[0142] In the optical system according to Example 5, an
aperture stop S is disposed to the object side of the third lens
group GG3, and moved together with the third lens group G3
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0143] Intheoptical system according to Example 5, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0144] In the optical system according to Example 5, the
positive meniscus lens [.31 in the third lens group G3 is an A
lens. Since the A lens is disposed to the image side of the
aperture stop S, the A lens has a meniscus shape having a
concave surface facing the object, so that an incident angle of
an oblique ray not parallel to the optical axis onto the A lens
becomes close to the normal.

[0145] Various values associated with the optical system
according to Example 5 are listed in Table 5.

TABLE 5

[Lens Data]

i T d nd vd
1 115.5513 1.90 1.51680 64.1
2 15.6014 0.17 1.55389 38.1
3* 13.3000 10.00
4 —203.6563 1.50 1.62299 58.2
5 35.4686 1.10
6 29.5562 3.10 1.78472 25.7
7 74.7181 d7
8 59.7272 0.90 1.84666 23.8
9 23.3566 4.30 1.51823 58.9

10 —28.6402 0.10

11 19.3966 1.80 1.51823 58.9

12 52.8204 d12

13 ] 2.90 Aperture Stop S

14 -43.5025 2.75 1.94595 18.0

15 -17.9969 0.80 1.85000 32.4

16 111.8314 d16

17 @ 3.20 1.51742 52.3

18 —23.6843 0.10

19 100.1845 5.70 1.49700 81.6

20 -16.5860 1.30 1.85026 32.4

21 -55.6622 Bf

[Aspherical Data]

Surface Number: 3
K= 0.0000
A3 = +0.0000
Ad = +2.6205E-05
A6 = +5.9408E-08
A8 = -4.8810E-11
Al0 = +7.6103E-13
Al2 = +0.0000
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TABLE 5-continued

[Specifications]
Zoom Ratio: 2.89

w M T
f 18.5 35.3 534
FNO 3.8 53 6.2
2m 78.5 44.2 29.8
Y 14.25 14.25 14.25
TL 131.31 125.64 136.79
Bf 38.14 55.12 73.74

[Variable Distances]

w M T
d7 32.30 9.65 2.18
d12 2.71 8.06 12.30
d16 16.54 11.19 6.96
d21 (Bf) 38.14 55.12 73.74

[Lens Group Data]

Group i focal length
1 1 -24.96
2 8 28.22
3 14 -41.43
4 17 46.91

[Values for Conditional Expressions: (L31)]

1): nA-0.00250vA = 2.00900
2): nA-0.33750vA = -4.12230
3): (2 +r1)/(x2-1l) = -2.41
(4): (2 +r1)/(x2-1l) = -2.41
(5): fA/G = -0.74

[0146] FIGS. 10A, 10B and 10C are graphs showing vari-
ous aberrations of the optical system according to Example 5
upon focusing on infinity, in which FIG. 10A is in a wide-
angle end state (f=18.5), FIG. 10B is in an intermediate focal
length state (f=35.3), and FIG. 10C is in a telephoto end state
(£=53.4).

[0147] As is apparent from the respective graphs, the opti-
cal system according to Example 5 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 6

[0148] FIG. 11 is a sectional view showing a lens configu-
ration of an optical system according to Example 6 of the
present application.

[0149] The optical system according to Example 6 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, a third lens group G3 having nega-
tive refractive power, and a fourth lens group G4 having
positive refractive power.

[0150] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, a double concave negative lens
12, and a positive meniscus lens [.13 having a convex sur-
face facing the object. The negative meniscus lens .11 is an
aspherical lens that a resin layer is applied on an image side
glass surface and formed an aspherical surface thereon.
[0151] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a negative
meniscus lens [.21 having a convex surface facing the object

Feb. 26, 2009

cemented with a double convex positive lens [.22, and a
positive meniscus lens [.23 having a convex surface facing the
object.

[0152] The third lens group G3 is composed of a cemented
lens constructed by, in order from the object, a positive menis-
cus lens [.31 having a concave surface facing the object
cemented with a double concave negative lens [.32.

[0153] The fourth lens group G4 is composed of, in order
from the object, a plano-convex positive lens [.41 having a
plane surface facing the object, and a cemented lens con-
structed by a double convex positive lens .42 cemented with
anegative meniscus lens [.43 having a concave surface facing
the object.

[0154] In the above-described optical system according to
Example 6, varying a focal length from a wide-angle end state
to a telephoto end state is carried out by varying a distance
between the first lens group G1 and the second lens group G2,
increasing a distance between the second lens group G2 and
the third lens group G3, and decreasing a distance between
the third lens group G3 and the fourth lens group G4.

[0155] In the optical system according to Example 6, an
aperture stop S is disposed to the object side of the third lens
group GG3, and moved together with the third lens group G3
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0156] Intheoptical system according to Example 6, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0157] In the optical system according to Example 6, the
positive meniscus lens [.31 in the third lens group G3 is an A
lens. Since the A lens is disposed to the image side of the
aperture stop S, the A lens has a meniscus shape having a
concave surface facing the object, so that an incident angle of
an oblique ray not parallel to the optical axis onto the A lens
becomes close to the normal.

[0158] Various values associated with the optical system
according to Example 6 are listed in Table 6.

TABLE 6

[Lens Data]

i T d nd vd
1 115.5513 1.90 1.51680 64.1
2 15.6014 0.17 1.55389 38.1
3% 13.3000 10.00
4 180.3836 1.50 1.62299 58.2
5 36.7979 1.10
6 29.8103 3.10 1.78472 25.7
7 74.7181 d7
8 50.5666 0.90 1.84666 23.8
9 21.7186 4.30 1.51823 58.9

10 29.0198 0.10

11 19.2917 1.80 1.51823 58.9

12 46.5501 d12

13 ] 2.90 Aperture Stop S

14 40.1312 2.75 2.00170 20.7

15 15.5486 0.80 1.89800 34.0

16 152.9489 d16

17 w 3.20 1.51742 52.3

18 23.8646 0.10

19 101.1522 5.70 1.49700 81.6

20 16.5227 1.30 1.85026 32.4

21 54.1237 Bf
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TABLE 6-continued

[Aspherical Data]
Surface Number: 3

K= 0.0000
A3 = +0.0000
Ad = +2.6205E-05
Ab = +5.9408E-08
A8 = -4.8810E-11
Al0 = +7.6103E-13
Al2 = +0.0000
[Specifications]
Zoom Ratio: 2.89
W M T
f 18.5 35.3 53.4
FNO 3.6 5.2 6.0
20 78.4 44.2 29.8
Y 14.25 14.25 14.25
TL 131.31 125.69 136.93
Bf 38.14 55.17 73.88
[Variable Distances]
W M T
d7 32.30 9.65 2.18
d12 2.71 8.06 12.30
dié 16.54 11.19 6.96
d21 (Bf) 38.14 55.17 73.88
[Lens Group Data]
Group i focal length
1 1 -24.97
2 8 28.20
3 14 -41.36
4 17 46.69
[Values for Conditional Expressions: (L31)]
(1): nA-0.00250vA = 1.95020
(2): nA-0.33750vA = —-4.95080
3): (2 +r1)/(x2-1l) = -2.27
(4): (2 +r1)/(x2-1l) = -2.27
(5): fA/G = -0.58
[0159] FIGS. 12A, 12B and 12C are graphs showing vari-

ous aberrations of the optical system according to Example 6
upon focusing on infinity, in which FIG. 12A is in a wide-
angle end state (f=18.5), FIG. 12B is in an intermediate focal
length state (f=35.3), and FIG. 12C is in a telephoto end state
(£=53.4).

[0160] As is apparent from the respective graphs, the opti-
cal system according to Example 6 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 7

[0161] FIG. 13 is a sectional view showing a lens configu-
ration of an optical system according to Example 7 of the
present application.

[0162] The optical system according to Example 7 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, a third lens group G3 having nega-
tive refractive power, and a fourth lens group G4 having
positive refractive power.

10
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[0163] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, a double concave negative lens
[12, and a positive meniscus lens [.13 having a convex sur-
face facing the object. The negative meniscus lens [.11 is an
aspherical lens that a resin layer is applied on an image side
glass surface and formed an aspherical surface thereon.
[0164] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a negative
meniscus lens [.21 having a convex surface facing the object
cemented with a double convex positive lens [.22, and a
positive meniscus lens [.23 having a convex surface facing the
object.

[0165] The third lens group G3 is composed of a cemented
lens constructed by, in order from the object, a positive menis-
cus lens [.31 having a concave surface facing the object
cemented with a double concave negative lens [.32.

[0166] The fourth lens group G4 is composed of, in order
from the object, a plano-convex positive lens [.41 having a
plane surface facing the object, and a cemented lens con-
structed by a double convex positive lens .42 cemented with
anegative meniscus lens [.43 having a concave surface facing
the object.

[0167] In the above-described optical system according to
Example 7, varying a focal length from a wide-angle end state
to a telephoto end state is carried out by varying a distance
between the first lens group G1 and the second lens group G2,
increasing a distance between the second lens group G2 and
the third lens group G3, and decreasing a distance between
the third lens group G3 and the fourth lens group G4.
[0168] In the optical system according to Example 7, an
aperture stop S is disposed to the object side of the third lens
group GG3, and moved together with the third lens group G3
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0169] Intheoptical system according to Example 7, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0170] In the optical system according to Example 7, the
positive meniscus lens [.31 in the third lens group G3 is an A
lens. Since the A lens is disposed to the image side of the
aperture stop S, the A lens has a meniscus shape having a
concave surface facing the object, so that an incident angle of
an oblique ray not parallel to the optical axis onto the A lens
becomes close to the normal.

[0171] Various values associated with the optical system
according to Example 7 are listed in Table 7.
TABLE 7
[Lens Data]
i T d nd vd
1 115.5513 1.90 1.51680 64.1
2 15.6014 0.17 1.55389 38.1
3% 13.3000 10.00
4 -248.6179 1.50 1.62299 58.2
5 34.6127 1.10
6 29.6569 3.10 1.78472 25.7
7 74.7181 d7
8 53.9942 0.90 1.84666 23.8
9 22.5667 430 1.51823 58.9
10 ~29.5940 0.10
11 19.0339 1.80 1.51823 58.9
12 47.2870 d12
13 ] 2.90 Aperture Stop S
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TABLE 7-continued

14 -43.2107 2.75 2.14352 17.8
15 -17.4145 0.80 2.00330 28.3
16 198.6809 d16
17 ] 3.20 1.51742 52.3
18 -24.5210 0.10
19 90.7179 5.70 1.49700 81.6
20 -16.6300 1.30 1.85026 324
21 -55.9527 Bf

[Aspherical Data]
Surface Number: 3

K= 0.0000

A3 = +0.0000

A4 = +2.5968E-05
A6 = +5.3443E-08
A8 = -7.4059E-11
Al0 = +7.6103E-13
Al2 = +0.0000

[Specifications]
Zoom Ratio: 2.89

w M T
f 18.5 35.3 534
FNO 3.7 53 6.1
2m 78.1 44.2 299
Y 14.25 14.25 14.25
TL 131.31 125.87 137.23
Bf 38.14 55.35 74.18

[Variable Distances]

w M T
d7 32.30 9.65 2.18
d12 2.71 8.06 12.30
d16 16.54 11.19 6.96
d21 (Bf) 38.14 55.35 74.18

[Lens Group Data]

Group i focal length
1 1 -24.97
2 8 28.41
3 14 -42.74
4 17 47.47

[Values for Conditional Expressions: (L31)]

1): nA-0.00250vA = 2.09910
2): nA-0.33750vA = -3.85385
3): (2 +r1)/(x2-1l) = -2.35
(4): (2 +r1)/(x2-1l) = -2.35
(5): fA/G = -0.56

[0172] FIGS. 14A, 14B and 14C are graphs showing vari-
ous aberrations of the optical system according to Example 7
upon focusing on infinity, in which FIG. 14A is in a wide-
angle end state (f=18.5), FIG. 14B is in an intermediate focal
length state (f=35.3), and FIG. 14C is in a telephoto end state
(£=53.4).

[0173] As is apparent from the respective graphs, the opti-
cal system according to Example 7 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 8

[0174] FIG. 15 is a sectional view showing a lens configu-
ration of an optical system according to Example 8 of the
present application.
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[0175] The optical system according to Example 8 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, a third lens group G3 having nega-
tive refractive power, and a fourth lens group G4 having
positive refractive power.

[0176] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, a double concave negative lens
[12, and a positive meniscus lens [.13 having a convex sur-
face facing the object. The negative meniscus lens [.11 is an
aspherical lens that a resin layer is applied on an image side
glass surface and formed an aspherical surface thereon.
[0177] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a negative
meniscus lens [.21 having a convex surface facing the object
cemented with a double convex positive lens [.22, and a
positive meniscus lens [.23 having a convex surface facing the
object.

[0178] The third lens group G3 is composed of a cemented
lens constructed by, in order from the object, a positive menis-
cus lens [.31 having a concave surface facing the object
cemented with a double concave negative lens [.32.

[0179] The fourth lens group G4 is composed of; in order
from the object, a plano-convex positive lens [.41 having a
plane surface facing the object, and a cemented lens con-
structed by a double convex positive lens .42 cemented with
anegative meniscus lens [.43 having a concave surface facing
the object.

[0180] Inthe above-described -optical system according to
Example 8, varying a focal length from a wide-angle end state
to a telephoto end state is carried out by varying a distance
between the first lens group G1 and the second lens group G2,
increasing a distance between the second lens group G2 and
the third lens group G3, and decreasing a distance between
the third lens group G3 and the fourth lens group G4.
[0181] In the optical system according to Example 8, an
aperture stop S is disposed to the object side of the third lens
group GG3, and moved together with the third lens group G3
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0182] Intheoptical system according to Example 8, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0183] In the optical system according to Example 8, the
positive meniscus lens [.13 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a meniscus shape having a
convex surface facing the object, so that an incident angle of
an oblique ray not parallel to the optical axis onto the A lens
becomes close to the normal.

[0184] Various values associated with the optical system
according to Example 8 are listed in Table 8.
TABLE 8
[Lens Data]
i T d nd vd
1 123.1562 1.90 1.51680 64.1
2 15.5000 0.17 1.55389 38.1
3% 13.3000 10.00
4 ~183.9004 1.50 1.62299 58.2
5 53.4327 1.10
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TABLE 8-continued

6 29.8607 3.10 2.00170 20.7
7 44.5512 d7
8 34.0508 0.90 1.84666 23.8
9 18.0131 4.20 1.51823 58.9
10 -30.6255 0.10
11 19.8978 1.90 1.51823 58.9
12 40.4509 di12
13 ] 2.90 Aperture Stop S
14 -36.2369 2.75 1.85026 32.4
15 -10.7239 0.80 1.80400 46.6
16 96.3187 d16
17 @ 3.20 1.51823 58.9
18 -24.2955 0.10
19 138.8999 5.20 1.48749 70.5
20 -16.5664 1.30 1.85026 32.4
21 -42.2488 Bf

[Aspherical Data]
Surface Number: 3

K= 0.0000

A3 = +0.0000

A4 = +2.4776E-05
A6 = +7.6999E-08
A8 = -1.4364E-10
Al0 = +9.0560E-13
Al2 = +0.0000

[Specifications]
Zoom Ratio: 2.89

w M T
f 18.5 35.2 534
FNO 3.7 5.0 5.9
2m 78.0 44.2 29.7
Y 14.25 14.25 14.25
TL 131.37 124.82 135.43
Bf 38.35 54.44 72.52

[Variable Distances]

w M T
d7 32.95 10.30 2.83
d12 2.50 7.85 12.08
d16 16.46 11.10 6.87
d21 (Bf) 38.35 54.44 7252

[Lens Group Data]

Group i focal length
1 1 -25.15
2 8 27.16
3 14 -36.09
4 17 43.20

[Values for Conditional Expressions: (L13)]

1): nA-0.00250vA = 1.95020
2): nA-0.33750vA = -4.95080
3): (2 +r1)/(x2-1l) = 5.07
(4): (2 +r1)/(x2-1l) = 5.07
(5): fA/G = -3.25

[0185] FIGS. 16A, 16B and 16C are graphs showing vari-
ous aberrations of the optical system according to Example 8
upon focusing on infinity, in which FIG. 16A is in a wide-
angle end state (f=18.5), FIG. 16B is in an intermediate focal
length state (f=35.2), and FIG. 16C is in a telephoto end state
(£=53.4).

[0186] As is apparent from the respective graphs, the opti-
cal system according to Example 8 shows superb optical
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performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 9

[0187] FIG. 17 is a sectional view showing a lens configu-
ration of an optical system according to Example 9 of the
present application.

[0188] The optical system according to Example 9 is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, a third lens group G3 having nega-
tive refractive power, and a fourth lens group G4 having
positive refractive power.

[0189] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, a double concave negative lens
[12, and a positive meniscus lens [.13 having a convex sur-
face facing the object. The negative meniscus lens [.11 is an
aspherical lens that a resin layer is applied on an image side
glass surface and formed an aspherical surface thereon.

[0190] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a negative
meniscus lens [.21 having a convex surface facing the object
cemented with a double convex positive lens [.22, and a
positive meniscus lens [.23 having a convex surface facing the
object.

[0191] The third lens group G3 is composed of a cemented
lens constructed by, in order from the object, a positive menis-
cus lens [.31 having a concave surface facing the object
cemented with a double concave negative lens [.32.

[0192] The fourth lens group G4 is composed of, in order
from the object, a plano-convex positive lens [.41 having a
plane surface facing the object, and a cemented lens con-
structed by a double convex positive lens .42 cemented with
anegative meniscus lens [.43 having a concave surface facing
the object.

[0193] In the above-described optical system according to
Example 9, varying a focal length from a wide-angle end state
to a telephoto end state is carried out by varying a distance
between the first lens group G1 and the second lens group G2,
increasing a distance between the second lens group G2 and
the third lens group G3, and decreasing a distance between
the third lens group G3 and the fourth lens group G4.

[0194] In the optical system according to Example 9, an
aperture stop S is disposed to the object side of the third lens
group GG3, and moved together with the third lens group G3
upon varying a focal length from the wide-angle end state to
the telephoto end state.

[0195] Intheoptical system according to Example 9, focus-
ing from an infinity object to a close object is carried out by
moving the first lens group G1.

[0196] In the optical system according to Example 9, the
positive meniscus lens [.13 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a meniscus shape having a
convex surface facing the object, so that an incident angle of
an oblique ray not parallel to the optical axis onto the A lens
becomes close to the normal.
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[0197]

TABLE 9

Various values associated with the optical system
according to Example 9 are listed in Table 9.

[Lens Data]

i T d nd vd
1 120.5277 1.90 1.51680 64.1
2 15.4284 0.17 1.55389 38.1
3% 13.3450 10.00
4 -203.2133 1.50 1.62299 58.2
5 70.4202 1.10
6 27.2078 3.10 2.14352 17.8
7 33.0380 d7
8 34.2985 0.90 1.84666 23.8
9 17.9810 4.20 1.51823 58.9

10 -30.6254 0.10

11 19.4154 1.90 1.51823 58.9

12 38.9724 di12

13 ] 2.90 Aperture Stop S

14 -37.8261 2.75 1.85026 32.4

15 -10.7739 0.80 1.80400 46.6

16 86.6088 d16

17 @ 3.20 1.51823 58.9

18 -25.3312 0.10

19 140.4429 5.20 1.48749 70.5

20 -16.6752 1.30 1.85026 32.4

21 -40.5396 Bf

[Aspherical Data]

Surface Number: 3
K= 0.0000
A3 = 0.0000
Ad = +2.4722E-05
A6 = +7.9219E-08
A8 = 1.4112E-10
Al0 = +8.5922E-13
Al2 = +0.0000

[Specifications]
Zoom Ratio: 2.89
\ M T

F 18.5 35.2 53.4

FNO 3.7 5.0 5.9

2w 78.0 44.2 29.8

Y 14.25 14.25 14.25

TL 132.19 125.64 136.24

Bf 38.51 54.61 72.69

[Variable Distances]
\ M T

d7 33.78 11.13 3.66

d12 243 7.79 12.02

d16 16.35 10.99 6.76

d21 (Bf) 38.51 54.61 72.69

[Lens Group Data]
Group i focal length
1 1 -25.15
2 8 27.16
3 14 -36.09
4 17 43.20

13
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TABLE 9-continued
[Values for Conditional Expressions: (L13)]
(1): nA-0.00250vA = 2.09910
(2): nA-0.33750vA = —-3.85385
(3): (2 +r1)/(r2-1l)= 10.33
(4): (2 +r1)/(r2-1l)= 10.33
) fA/MG = -4.18
[0198] FIGS. 18A, 18B and 18C are graphs showing vari-

ous aberrations of the optical system according to Example 9
upon focusing on infinity, in which FIG. 4A is in a wide-angle
end state (f=18.5), FIG. 4B is in an intermediate focal length
state (f=35.2), and FIG. 4C is in a telephoto end state (f=53.4).
[0199] As is apparent from the respective graphs, the opti-
cal system according to Example 9 shows superb optical
performance as a result of good corrections to various aber-
rations in the wide-angle end state, in the intermediate focal
length state, and in the telephoto end state.

EXAMPLE 10

[0200] FIG. 19 is a sectional view showing a lens configu-
ration of an optical system according to Example 10 of the
present application.

[0201] Theoptical system according to Example 101is com-
posed of, in order from an object, a first lens group G1 having
negative refractive power, a second lens group G2 having
positive refractive power, a third lens group G3 having nega-
tive refractive power, and a fourth lens group G4 having
positive refractive power.

[0202] The first lens group G1 is composed of, in order
from the object, a negative meniscus lens [.11 having a con-
vex surface facing the object, a double concave negative lens
[12, and a positive meniscus lens [.13 having a convex sur-
face facing the object. The negative meniscus lens [.11 is an
aspherical lens that a resin layer is applied on an image side
glass surface and formed an aspherical surface thereon.
[0203] The second lens group G2 is composed of, in order
from the object, a cemented lens constructed by a negative
meniscus lens [.21 having a convex surface facing the object
cemented with a double convex positive lens [.22, and a
positive meniscus lens [.23 having a convex surface facing the
object.

[0204] The third lens group G3 is composed of a cemented
lens constructed by, in order from the object, a positive menis-
cus lens [.31 having a concave surface facing the object
cemented with a double concave negative lens [.32.

[0205] The fourth lens group G4 is composed of, in order
from the object, a plano-convex positive lens [.41 having a
plane surface facing the object, and a cemented lens con-
structed by a double convex positive lens .42 cemented with
anegative meniscus lens [.43 having a concave surface facing
the object.

[0206] In the optical system according to Example 10, an
aperture stop S is disposed to the object side of the third lens
group G3.

[0207] In the optical system according to Example 10,
focusing from an infinity object to a close object is carried out
by moving the first lens group G1.

[0208] In the optical system according to Example 10, the
positive meniscus lens [.13 in the first lens group G1 is an A
lens. Since the A lens is disposed to the object side of the
aperture stop S, the A lens has a meniscus shape having a
convex surface facing the object, so that an incident angle of
an oblique ray not parallel to the optical axis onto the A lens
becomes close to the normal.
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[0209] Various values associated with the optical system
according to Example 10 are listed in Table 10.
TABLE 10
[Lens Data]

i T d nd vd
1 123.1562 1.90 1.51680 64.1
2 15.5000 0.17 1.55389 38.1
3% 13.3000 10.00
4 —183.9004 1.50 1.62299 58.2
5 53.4327 1.10
6 29.8607 3.10 2.00170 20.7
7 44.5512 32.95
8 34.0508 0.90 1.84666 23.8
9 18.0131 4.20 1.51823 58.9

10 -30.6255 0.10

11 19.8978 1.90 1.51823 58.9

12 40.4509 2.50

13 ] 2.90 Aperture Stop S

14 -36.2369 2.75 1.85026 32.4

15 -10.7239 0.80 1.80400 46.6

16 96.3187 16.46

17 @ 3.20 1.51823 58.9

18 —24.2955 0.10

19 138.8999 5.20 1.48749 70.5

20 -16.5664 1.30 1.85026 32.4

21 —42.2488 Bf

[Aspherical Data]
Surface Number: 3
K= 0.0000
A3 = +0.0000
Ad = +2.4776E-05
A6 = +7.6999E-08
A8 = -1.4364E-10
Al0 = +9.0560E-13
Al2 = +0.0000
[Specifications]
f 18.5
FNO 3.7
20 78.0
Y 14.25
TL 131.37
Bf 38.35
[Values for Conditional Expressions: (L13)]
(1): nA-0.00250vA = 1.95020
(2): nA0.33750vA = -4.95080
3): (2 +r1)/(x2-1l) = 5.07
(4): (2 +r1)/(x2-1l) = 5.07
(5): fAHG = -3.25
[0210] FIG. 20 is graphs showing various aberrations of the

optical system according to Example 10 upon focusing on
infinity (f=18.5).

[0211] As is apparent from the respective graphs, the opti-
cal system according to Example 10 shows superb optical
performance as a result of good corrections to various aber-
rations.

[0212] As described above, with setting a high refractive
index and an Abbe number of a medium in appropriate
ranges, each Example makes it possible to realize an optical
system having excellent optical performance with sufficiently
correcting spherical aberration and curvature of field.

[0213] Although optical systems with a two-lens-group
configuration, a three-lens-group configuration and a four-
lens-group configuration are shown as respective Examples
of the present application, lens configuration of the optical
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system according to the present application is not limited to
this, and other lens-group configurations such as a five-lens-
group configuration can be applied.

[0214] In the present optical system, in order to focusing
from an infinity object to a close object, a portion of a lens
group or a lens group may be moved along an optical axis as
a focusing lens group. The focusing lens group may be used
for an auto focus, and is suitable for being driven by a motor
such as an ultrasonic motor. In particular in the optical system
according to the present application, it is preferable that the
firstlens group or a portion of the first lens group is used as the
focusing lens group.

[0215] Ineach Example described above, a lens group or a
portion of a lens group may be shifted in a direction perpen-
dicular to the optical axis as a vibration reduction lens group
in order to correct an image blur caused by a camera shake, a
lens group or a portion of a lens group of the other lens groups
may be used as a vibration reduction lens group. In an optical
system according to the present application, it is particularly
preferable that a portion of the second lens group or a portion
of the third lens group is used as a vibration reduction lens
group.

[0216] Moreover, in an optical system according to the
present application, with using an aspherical lens in the first
lens group, correction of aberrations such as spherical aber-
ration and curvature of field is effectively carried out. How-
ever, an aspherical lens may be used in other than the second
lens group. The aspherical surface may be fabricated by a fine
grinding process, a glass molding process that a glass material
is formed into an aspherical shape by a mold, or a compound
type process that a resin material is formed into an aspherical
shape on a glass surface.

[0217] An antireflection coating having high transmittance
over a broad wavelength range may be applied to each lens
surface of an optical system according to the present appli-
cation to reduce flare or ghost images, so that high optical
performance with a high contrast can be attained.

[0218] Inan optical system according to the present appli-
cation, a diffractive optical element may be easily used. With
this configuration, it becomes possible to excellently correct
chromatic aberration The present embodiment only shows a
specific example for the purpose of better understanding of
the present invention. Accordingly, it is needless to say that
the invention in its broader aspect is not limited to the specific
details and representative devices.

[0219] Then, a camera equipped with an optical system
according to the present application is explained below with
reference to FIG. 21.

[0220] FIG. 21 is a schematic diagram showing a camera
equipped with the optical system according to Example 1 of
the present application.

[0221] As shown in FIG. 21, the camera 1 is a single-lens
reflex digital camera equipped with the zoom lens system
according to Example 1 as an image-taking lens 2.

[0222] In the camera 1, light emitted from an object (not
shown) is converged by the image-taking lens 2, and focused
on a focusing screen 4 through a quick return mirror 3. The
object image focused on the focusing screen 4 is reflected a
plurality of times by a pentagonal roof prism 5, and led to an
eyepiece 6. Therefore, a photographer can observe the object
image as an erected image through the eyepiece 6.

[0223] When the photographer presses a shutter release
button (not shown), the quick return mirror 3 is removed from
an optical path, and the light from the object (not shown)
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reaches an imaging device 7. Accordingly, light from the
object is captured by the imaging device 7 and stored in a
memory (not shown) as the object image. In this manner, the
photographer can take a picture of the object by the camera 1.
[0224] The optical system according to Example 1 of the
present embodiment attached to the camera 1 as an image-
taking lens 2 makes it possible to realize excellent optical
performance with sufficiently correcting spherical aberration
and curvature of field by means of the specific lens configu-
ration. Accordingly, the camera 1 makes it possible to realize
excellent optical performance with sufficiently correcting
spherical aberration and curvature of field.

[0225] It is needless to say that the same result as the cam-
era 1 described above is obtained by constructing a camera
equipped with the optical system according to any of
Examples 2 through 10 as an image-taking lens 2.

[0226] As described above, it becomes possible to provide
an optical system having excellent optical performance, an
imaging apparatus, and a method for forming an image by the
optical system.

What is claimed is:

1. An optical system comprising:

a plurality of lens groups;

at least one of the plurality of lens groups having an A lens
that satisfies at least one of the following conditional
expressions:

1.88900<14-0.00250 v4

—-4.27500<14-0.3375 v4

where nA denotes a refractive index of the A lens at d-line in
which wavelength A=587.6 nm, and vA denotes an Abbe
number of the A lens at d-line in which wavelength A=587.6
nm.

2. The optical system according to claim 1, wherein the
plurality of lens groups include, in order from the most object
side, a first lens group having negative refractive power, and a
second lens group having positive refractive power.

3. The optical system according to claim 1, wherein the
plurality of lens groups include, in order from the most object
side, a first lens group having negative refractive power, a
second lens group having positive refractive power, and a
third lens group having negative refractive power.

4. The optical system according to claim 1, wherein the A
lens satisfies the following conditional expression:

3.67<(r2+r1)/(r2-11)

where rl denotes a radius of curvature of the object side
surface of the A lens, and r2 denotes a radius of curvature of
the image side surface of the A lens.

5. The optical system according to claim 1, wherein the A
lens satisfies the following conditional expression:

(r2+71)/(r2-71)<-2.08

where rl denotes a radius of curvature of the object side
surface of the A lens, and r2 denotes a radius of curvature of
the image side surface of the A lens.
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6. The optical system according to claim 1, wherein the A
lens satisfies the following conditional expression:

—4.50<f4/fG<-0.10

where fA denotes a focal length of the A lens, and fG denotes
afocal length ofthe lens group in which the A lens is included.

7. The optical system according to claim 1, wherein the A
lens has positive refractive power.

8. The optical system according to claim 1, further com-
prising an aperture stop, wherein the A lens is disposed to the
object side of the aperture stop, and has a convex surface
facing the object.

9. The optical system according to claim 1, further com-
prising an aperture stop, wherein the A lens is disposed to the
image side of the aperture stop, and has a concave surface
facing the object.

10. The optical system according to claim 1, wherein
among the plurality of lens groups, the lens group that
includes the A lens has negative refractive power.

11. The optical system according to claim 1, wherein the
most object side lens group in the plurality of lens groups has
an aspherical lens.

12. The optical system according to claim 1, wherein vary-
ing a focal length from a wide-angle end state to a telephoto
end state is carried out by varying each distance between the
plurality of lens groups.

13. The optical system according to claim 1, wherein
among the plurality of lens groups, the lens group that
includes the A lens is composed of two lenses or less.

14. An imaging apparatus equipped with the optical system
according to claim 1.

15. A method for forming an image of an object by an
optical system comprising steps of:

providing the optical system including a plurality of lens

groups; and

including an A lens in at least one of the plurality of lens

groups, the A lens satistying at least one of the following
conditional expressions:
1.88900<14-0.00250 vA

—-4.27500<14-0.3375 v4

where nA denotes a refractive index of the A lens at d-line in
which wavelength A=587.6 nm, and vA denotes an Abbe
number of the A lens at d-line in which wavelength A=587.6
nm.
16. The method according to claim 15, wherein the plural-
ity of lens groups include, in order from the most object side,
a first lens group having negative refractive power, and a
second lens group having positive refractive power.

17. The method according to claim 15, wherein the plural-
ity of lens groups include, in order from the most object side,
a first lens group having negative refractive power, a second
lens group having positive refractive power, and a third lens
group having negative refractive power.

18. The method according to claim 15, wherein the A lens
satisfies the following conditional expression:

-4.50<f4/fG<-0.10
where fA denotes a focal length of the A lens, and fG denotes
afocal length ofthe lens group in which the A lens is included.

19. The method according to claim 15, wherein the A lens
has positive refractive power.
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