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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an optical system and an optical device including the same, and is suitably
applied to an optical device such as, for example, a silver halide camera, a digital still camera, or a digital video camera.

Description of the Related Art

[0002] An optical system for a use in an image taking apparatus such as a digital camera or a video camera is required
to have a short total lens length (length from a first lens surface closest to an object side to an image surface), and to
be small and lightweight as an entire optical system. In particular, an optical system with a large diameter is likely to
have a long total lens length and a large weight, and hence it is strongly required to reduce the size and the weight. In
general, when an optical system is reduced in size and weight, various aberrations, in particular, chromatic aberrations
such as a longitudinal chromatic aberration or a lateral chromatic aberration is increased, with the result that optical
performance is likely to be deteriorated. In particular, in a telephoto type optical system (telephoto lens) which is reduced
in total lens length or weight, chromatic aberration is increased as the focal length becomes long.
[0003] As a method of reducing chromatic aberration in an optical system, there is generally well known a method in
which an anomalous partial dispersion material is used as an optical material (see US Patent No. 6,115,188).
[0004] In the telephoto type optical system, chromatic aberration is corrected in a front lens unit at which passing
positions of a paraxial on-axis light ray and a paraxial chief ray are relatively higher than that of the optical axis. Specifically,
a positive refractive power lens made of a low dispersion optical material such as fluorite having anomalous partial
dispersion (optical member having a large Abbe number) and a negative refractive power lens made of an optical material
having high dispersion are used for correcting chromatic aberration. Here, the paraxial on-axis light ray refers to a paraxial
light ray that enters in parallel to the optical axis of the optical system when a focal length of the total optical system is
normalized to be one and the light ray has a height of one from the optical axis. Meanwhile, the paraxial chief ray refers
to a paraxial light ray that passes through an intersection of an entrance pupil of the optical system and the optical axis,
among light rays entering at -45 degrees with respect to the optical axis, when a focal length of the total optical system
is normalized to be one.
[0005] For example, in US Patent No. 6,115,188 discloses a telephoto type optical system in which a low dispersion
optical material such as fluorite having anomalous partial dispersion is used, to thereby reduce chromatic aberration. In
the telephoto type optical system using fluorite as an optical material, it is easy to correct chromatic aberration in the
case where the total lens length is set relatively large. However, when trying to reduce the total lens length, chromatic
aberration increases.
[0006] The reason is as follows. That is, chromatic aberration generated in the front lens system is reduced by merely
utilizing low dispersion and anomalous partial dispersion of the material such as fluorite. In order to correct chromatic
aberration of the optical system that is deteriorated due to reduction of the total lens length, it is necessary to largely
change a refractive power of a lens, for example, in a lens system using a low dispersion glass such as fluorite having
a large Abbe number. Therefore, it is difficult to correct appropriately all aberrations including spherical aberration, coma
aberration, and astigmatism, which are generated due to increases of chromatic aberration and a refractive power. In
the optical system disclosed in US Patent No. 6,115,188, a low dispersion material having a high anomalous partial
dispersion property is used at a position having a large front lens diameter so that various aberrations such as chromatic
aberration can be appropriately corrected.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide a compact and lightweight optical system and an optical device
using the same, which are capable of appropriately correcting various aberrations such as chromatic aberration.
[0008] An optical system according to the present invention includes: in order from an object side to an image side;
a first lens unit having a positive refractive power; an aperture stop; and a second lens unit, in which the first lens unit
includes a first-a lens unit having a positive refractive power and a first-b lens unit having a negative refractive power
which moves along an optical axis in focusing, the first-b lens unit includes at least one negative lens and at least one
positive lens 1bp, the following conditional expression is satisfied:
0.020<θgF1-0.6438+0.0016823vd1<0.100, where θgF1 denotes a partial dispersion ratio of a material of the positive
lens 1bp, and vd1 denotes Abbe number of the material.
[0009] Further features of the present invention will become apparent from the following description of exemplary
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embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a lens cross section of an optical system according to Numerical Embodiment 1 of the present invention
FIG. 2 is a diagram illustrating various aberrations when focused at infinity according to Numerical Embodiment 1
of the present invention.
FIG. 3 is a lens cross section of an optical system according to Numerical Embodiment 2 of the present invention.
FIG. 4 is a diagram illustrating various aberrations when focused at infinity according to Numerical Embodiment 2
of the present invention.
FIG. 5 is a lens cross section of an optical system according to Numerical Embodiment 3 of the present invention.
FIG. 6 is a diagram illustrating various aberrations when focused at infinity according to Numerical Embodiment 3
of the present invention.
FIG. 7 is a lens cross section of an optical system according to Numerical Embodiment 4 of the present invention
FIG. 8 is a diagram illustrating various aberrations when focused at infinity according to Numerical Embodiment 4
of the present invention.
FIG. 9 is a lens cross section of an optical system according to Numerical Embodiment 5 of the present invention.
FIG. 10 is a diagram illustrating various aberrations when focused at infinity according to Numerical Embodiment 5
of the present invention.
FIG. 11 is a lens cross section of an optical system according to Numerical Embodiment 6 of the present invention.
FIG. 12 is a diagram illustrating various aberrations when focused at infinity according to Numerical Embodiment 6
of the present invention.
FIG. 13 is a schematic diagram of a main part of an optical device (image taking apparatus) according to the present
invention.

DESCRIPTION OF THE EMBODIMENTS

[0011] An optical system of the present invention consists of, in order from the object side to the image side, a first
lens unit L1 having a positive refractive power, an aperture stop SP, and a second lens unit L2. Further, the first lens
unit L1 in Numerical Embodiments 1, 2, 3, 5, and 6, which are described later, consists of a first-a lens unit L1a having
a positive refractive power and a first-b lens unit L1b having a negative refractive power for focusing. In addition, the
first lens unit L1 of Numerical Embodiment 4 that is described later consists of the first-a lens unit L1a having a positive
refractive power, the first-b lens unit L1b having a negative refractive power for focusing, and the first-c lens unit L1c
having a positive refractive power.
[0012] The optical system of each embodiment is used for an image taking apparatus such as a digital camera, a
video camera, or a silver halide film camera, or an observing apparatus such as a telescope or a binoculars, or an optical
device such as a projector.
[0013] In general, in the telephoto type optical system such as a telephoto lens, chromatic aberration is corrected in
a front lens unit at which passing positions a paraxial on-axis light ray and a paraxial chief ray are relatively higher than
that of the optical axis. Specifically, a positive refractive power lens made of a low dispersion optical material such as
fluorite having anomalous partial dispersion and a negative refractive power lens made of an optical material having
high dispersion are used for correcting chromatic aberration.
[0014] The optical system of the present invention performs focusing by moving, along the optical axis, the first-b lens
unit L1b having a negative refractive power disposed on the object side with respect to the aperture stop SP. In order
to suppress chromatic aberration fluctuation in the focusing, it is necessary to suppress occurrence of chromatic aberration
in each lens unit. In general, in order to suppress primary chromatic aberration, it is effective to use a low dispersion
material for a positive lens and to use a high dispersion material for a negative lens, in a lens unit having a positive
refractive power. On the contrary, it is effective to use a low dispersion material for a negative lens and use a high
dispersion material for a positive lens in a lens unit having a negative refractive power. In addition, in order to suppress
secondary chromatic aberration, it is effective to use a glass material having a high anomalous partial dispersion property.
[0015] In US Patent No. 6, 115, 188 described above, a low dispersion material having high anomalous partial dispersion
property is used for a positive lens having a large front lens effective diameter so as to alleviate various aberrations such
as chromatic aberration. In the optical system of the present invention, a high dispersion material having a high anomalous
partial dispersion property is used for a positive lens of the first-b lens unit L1b having a negative refractive power
disposed on the object side with respect to the aperture stop SP, so that a share of correcting chromatic aberration of
a positive lens having an anomalous dispersion property in the first-a lens unit L1a having a positive refractive power
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disposed on the object side with respect to the aperture stop SP is reduced. With this configuration, a lightweight or
compact optical system can be achieved.
[0016] Next, each embodiment of the present invention is described. FIG. 1 is a lens cross section of Embodiment 1
of the optical system according to the present invention. FIG. 2 is a diagram illustrating various aberrations when an
object at infinity is focused in the optical system of Embodiment 1. FIG. 3 is a lens cross section of Embodiment 2 of the
optical system according to the present invention. FIG. 4 is a diagram illustrating various aberrations when an object at
infinity is focused in the optical system of Embodiment 2. FIG. 5 is a lens cross section of Embodiment 3 of the optical
system according to the present invention. FIG. 6 is a diagram illustrating various aberrations when an object at infinity
is focused in the optical system of Embodiment 3. FIG. 7 is a lens cross section of Embodiment 4 of the optical system
according to the present invention. FIG. 8 is a diagram illustrating various aberrations when an object at infinity is focused
in the optical system of Embodiment 4. FIG. 9 is a lens cross section of Embodiment 5 of the optical system according
to the present invention. FIG. 10 is a diagram illustrating various aberrations when an object at infinity is focused in the
optical system of Embodiment 5. FIG. 11 is a lens cross section of Embodiment 6 of the optical system according to the
present invention. FIG. 12 is a diagram illustrating various aberrations when an object at infinity is focused in the optical
system of Embodiment 6. FIG. 13 is a schematic diagram of a main part of an optical device according to the present
invention.
[0017] The optical system of each embodiment is formed of a telephoto type. In the lens cross section, the left side is
the object side (front) while the right side is the image side (rear). The optical system OL includes the first lens unit L1
having a positive refractive power, an Fno stop (aperture stop) SP for regulating a light flux of open number, and the
second lens unit L2. The first lens unit L1 includes the first-a lens unit L1a of a positive refractive power, the first-b lens
unit L1b having a negative refractive power, and further the first-c lens unit L1c having a positive refractive power
depending on the embodiment.
[0018] An image surface IP corresponds to an imaging surface of a solid-state image pickup element (photoelectric
conversion element) such as a CCD sensor or a CMOS sensor when the optical system is used as an imaging optical
system such as a video camera or a digital still camera, while the image surface IP corresponds to a film surface when
the optical system is used for a silver halide film camera. In each aberration diagram, d and g denote a d-line and a g-
line, respectively, while m and s denote a meridional image surface and a sagittal image surface, respectively. Lateral
chromatic aberration is expressed by the g-line.
[0019] A feature of the optical system OL in each embodiment is as follows. In each embodiment, the first-b lens unit
L1b having a negative refractive power includes at least one of a negative lens and a positive lens 1bp. When θgF1
denotes a partial dispersion ratio of a material of the positive lens 1bp, and vd1 denotes Abbe number, the following
conditional expression is satisfied.

[0020] Note that a partial dispersion ratio and Abbe number of a material of the optical system in this embodiment is
as follows. Ng, NF, Nd, and NC respectively denote refractive indexes with respect to the g-line (wavelength 435.8 nm),
the F-line (wavelength 486.1 nm), the d-line (wavelength 587.6 nm), and the C-line (wavelength 656.3 nm) as Fraunhofer
lines. The Abbe number vd and the partial dispersion ratio θgF concerning the g-line and the F-line are as follows.

[0021] The conditional expression (1) defines a condition that a glass material having an anomalous dispersion property
of the g-line (435.8 nm) that is high in a positive direction is used for the positive lens 1bp in the first-b lens unit L1b. In
a telephoto lens system, longitudinal chromatic aberration and lateral chromatic aberration may be alleviated by using
a glass material having an anomalous dispersion property that is high in a positive direction for a lens on the object side
with respect to the aperture stop. Further, when a share of chromatic aberration in the first-a lens unit L1a is reduced,
the power of the positive lens 1bp in the first lens unit L1 decreases, which allows a lightweight and compact system to
be achieved. If the upper limit value in the conditional expression (1) is exceeded, chromatic aberration is corrected
excessively.
[0022] On the other hand, if the lower limit value is fallen short of, the correction effect of the chromatic aberration
correction is reduced. More preferably, the numerical value range in the conditional expression (1) may be set as follows.
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[0023] In addition, in each embodiment, it is preferred that the Abbe number vd1 of a material of the positive lens 1bp
satisfying the conditional expression (1) satisfies the following conditional expression.

[0024] The conditional expression (2) defines a condition that a high dispersion material having a small Abbe number
may preferably be used for the positive lens 1bp in the first-b lens unit L1b. Because the first-b lens unit L1b is a negative
lens unit, a high dispersion material may preferably be used for the positive lens 1bp in view of achromatization in the
lens unit. If the upper limit value in the conditional expression (2) is exceeded, it is difficult to attain achromatization in
the lens unit, with the result that chromatic aberration fluctuation increases in focusing. More preferably, the numerical
value range in the conditional expression (2) may be set as follows.

[0025] Further, in each embodiment, the first-a lens unit L1a of a positive refractive power has at least one positive
lens 1ap satisfying the following conditional expressions.

[0026] Here, θgF2 denotes a partial dispersion ratio of a material of the positive lens 1ap, and vd2 denotes Abbe number.
[0027] The conditional expressions (3) and (4) define a condition that a low dispersion glass material having a high
anomalous dispersion property is used for at least one positive lens 1ap in the first-a lens unit L1a. Because the first-a
lens unit L1a is a lens unit having a positive refractive power, longitudinal chromatic aberration and lateral chromatic
aberration can be alleviated by using a low dispersion glass material having a high anomalous dispersion property for
the positive lens 1ap.
[0028] More preferably, a glass material such as fluorite satisfying the following conditional expressions (3a) and (4a)
may be used, so that an ability of alleviating chromatic aberration is increased.

[0029] In addition, in each embodiment, the first-b lens unit L1b having a negative refractive power may preferably
include at least one negative lens which is mainly made of niobium (Nb) or lanthanum (La).
[0030] In addition, in each embodiment, the negative lens 1n disposed closest to the object side among the negative
lenses included in the first lens unit L1 having a positive refractive power may preferably satisfy the following conditional
expression.

[0031] Here, SGn1 denotes a ratio of a mass of a glass material used for the negative lens 1n disposed closest to the
object side under a pressure of 101.325 kPa (standard air pressure) at room temperature to a mass of pure water of the
same volume under a pressure of 101.325 kPa (standard air pressure) at 4 degrees centigrade.
[0032] The conditional expression (5) defines a condition concerning a specific gravity of a material of the negative
lens 1n disposed closest to the object side in the first lens unit L1. As the focal length increases, a ratio of the weight of
the negative lens 1n disposed closest to the object side to the weight of the optical system is apt to increase. If the upper
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limit value in the conditional expression (5) is exceeded, the specific gravity increases, which makes it difficult to realize
weight reduction.
[0033] More preferably, the numerical value range in the conditional expression (5) may be set as follows.

[0034] In addition, in each embodiment, the negative lens 1n disposed closest to the object side may preferably satisfy
the following conditional expression.

[0035] Here, θgF3 denotes a partial dispersion ratio of a material of the negative lens 1n, and vd3 denotes Abbe number.
[0036] The conditional expression (6) defines a condition that a glass material having an anomalous dispersion property
of the g-line (435.8 nm) that is high in a negative direction is used for the negative lens 1n disposed closest to the object
side in the first lens unit L1. In general, in view of secondary achromatization, the effect becomes larger as a θgF
difference is larger between a glass material used for a positive lens and a glass material used for a negative lens.
[0037] More preferably, the numerical value range in the conditional expression (6) may be set as follows.

[0038] In addition, in each embodiment, when fG1 denotes a focal length of a lens G1 disposed closest to the object
side, and d2 denotes an air gap between the lens G1 disposed closest to the object side and a neighboring lens on the
image side, the following conditional expression may preferably be satisfied.

[0039] The conditional expression (7) defines a condition concerning a focal length of the lens G1 disposed closest
to the object side and an air gap to a lens (referred to as lens G2) neighboring to the lens G1 disposed closest to the
object side. If the upper limit value of the conditional expression (7) is exceeded, an effective diameter of the lens G2
increases, which makes it difficult to realize weight reduction. On the other hand, if the lower limit value in the conditional
expression (7) is fallen short of, an ability of correcting various aberrations of the lens G2 (in particular, longitudinal
chromatic aberration and spherical aberration) is weakened, which leads to performance deterioration.
[0040] More preferably, the numerical value range in the conditional expression (7) may be set as follows.

[0041] Next, a feature of each embodiment is described. In Embodiments 1 to 3, 5, and 6, the optical system OL
consists of, in order from the object side, the first lens unit L1 having a positive refractive power, the aperture stop SP,
and the second lens unit L2 having a positive refractive power. The positive first lens unit L1 consists of, in order from
the object side, the positive first-a lens unit L1a, and the negative first-b lens unit L1b. In addition, in Embodiment 4, the
optical system OL consists of, in order from the object side, the first lens unit L1 having a positive refractive power, the
aperture stop SP, and the second lens unit L2 having a positive refractive power. The positive first lens unit L1 consists
of, in order from the object side, the positive first-a lens unit L1a, the negative first-b lens unit L1b, and the positive first-
c lens unit L1c.
[0042] In addition, in each embodiment, focusing from an object at infinity to an object at a close distance is performed
by moving the first-b lens unit L1b having a negative refractive power to the image side along the optical axis. In addition,
correction of blur of a taken image due to a shake of the optical system is performed by moving at least some of the
lenses in the second lens unit L2 to have a component in a direction perpendicular to the optical axis. Thus, a shake
prevention effect is obtained.

[Embodiment 1]

[0043] In the optical system OL of Embodiment 1 illustrated in FIG. 1, the first-a lens unit L1a consists of, in order from
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the object side, a first positive lens, a second positive lens, a third negative lens, a fourth positive lens, and a fifth lens
having a convex surface on the object side. The first-b lens unit L1b consists of a cemented lens of a sixth positive lens
and a seventh negative lens in this order from the object side. The second lens unit L2 consists of, in order from the
object side, a cemented lens of an eighth negative lens and a ninth positive lens, a cemented lens of a tenth positive
lens and an eleventh negative lens, and a cemented lens of a twelfth negative lens, a thirteenth positive lens, a fourteenth
positive lens, and a fifteenth negative lens.
[0044] The sixth positive lens corresponds to a positive lens 1bp. The second positive lens and the fourth positive lens
correspond to the positive lens 1ap. The third negative lens corresponds to the negative lens 1n.

[Embodiment 2]

[0045] In the optical system OL of Embodiment 2 illustrated in FIG. 3, the first-a lens unit L1a and the first-b lens unit
L1b are the same as those in Embodiment 1. The second lens unit L2 consists of, in order from the object side, a
cemented lens of an eighth positive lens and a ninth negative lens, a cemented lens of a tenth positive lens and an
eleventh negative lens, and a cemented lens of a twelfth negative lens, a thirteenth positive lens, a fourteenth positive
lens, and a fifteenth negative lens.

[Embodiment 3]

[0046] In the optical system OL of Embodiment 3 illustrated in FIG. 5, the first-a lens unit L1a is the same as that in
Embodiment 1. The first-b lens unit L1b consists of a cemented lens of a sixth negative lens, a seventh positive lens,
and an eighth negative lens in this order from the object side. The second lens unit L2 is the same as that in Embodiment 1.

[Embodiment 4]

[0047] In the optical system OL of Embodiment 4 illustrated in FIG. 7, the first-a lens unit L1a and the first-b lens unit
L1b are the same as those in Embodiment 1. The first-c lens unit L1c consists of an eighth positive lens. The second
lens unit L2 is the same as that in Embodiment 1.

[Embodiment 5]

[0048] The optical system OL of Embodiment 5 illustrated in FIG. 9 is the same as that in Embodiment 1.

[Embodiment 6]

[0049] The optical system OL of Embodiment 6 illustrated in FIG. 11 is the same as that in Embodiment 1.

[Numerical Embodiments]

[0050] Hereinafter, concerning Numerical Embodiments 1 to 6 corresponding to Embodiments 1 to 6, specific numerical
data are shown. In each Numerical Embodiment, i denotes an order from the object side. Symbol ri denotes a curvature
radius of the i-th optical surface, di denotes an on-axis distance between the i-th surface and the (i+1)th surface, ndi
and vdi respectively denote the refractive index and the Abbe number of a medium between the i-th and the (i+1)th
surfaces with respect to the d-line. BF denotes back focus. Two final optical surfaces in each Numerical Embodiment
correspond to a glass block such as a face plate, a filter, or the like. In addition, a relationship among the conditional
expressions (5) and (7) and various numerical values in each Numerical Embodiment is shown in Table 1.

[Numerical Embodiment 1]

[0051]

Surface data

i ri di ndi vdi

1 251.287 16.40 1.48749 70.4

2 -569.439 47.74
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(continued)

i ri di ndi vdi

3 134.398 21.28 1.43387 95.1
θgF2=0.5373

4 -239.479 0.24

5 -237.555 4.00 1.61340 44.3
θgF3=0.5633

6 178.770 17.18

7 76.688 14.20 1.43387 95.1
θgF2=0.5373

8 318.525 1.03

9 60.263 6.00 1.51633 64.1

10 47.352 22.04

11 -1630.821 4.00 1.92286 18.9
θgF1=0.6495

12 -301.810 3.20 1.65412 39.7

13 149.471 45.57

14 (Stop) ∞ 8.36

15 327.772 2.18 1.72047 34.7

16 40.638 10.87 1.72916 54.7

17 -927.465 10.02

18 103.249 5.93 1.84666 23.8

19 -133.810 1.71 1.71300 53.9

20 45.777 5.62

21 -155.221 1.67 1.88300 40.8

22 121.068 6.32

23 137.098 3.35 1.74950 35.3

24 -256.865 5.53

25 85.030 7.34 1.65412 39.7

26 -133.787 2.00 1.92286 18.9

27 -3193.452 21.53

28 ∞ 2.20 1.51633 64.1

29 ∞

Unit: mm

Various data

Focal Distance 390.06

F number 2.90

Field angle 3.17

Image height 21.64

Total lens length 365.05

BF 67.53
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[Numerical Embodiment 2]

[0052]

Surface data

i ri di ndi vdi

1 270.270 14.50 1.48749 70.4

2 -835.232 31.14

3 138.907 20.35 1.43387 95.1
θgF2=0.5373

4 -523.327 0.19

5 -499.366 4.30 1.72047 34.7
θgF3=0,5834

6 310.896 27.04

7 96.687 14.92 1.43387 95.1

8 664.543 0.24

9 63.598 6.00 1.51633 64.1
θgF2=0,5373

10 51.493 24.99 24.99 24.99

11 461.177 5.35 1.80809 22.8
θgF1=0.6307

12 -178.181 3.20 1.83400 37.2

13 117.578 73.69

14 (Stop) ∞ 10.03

15 285.718 7.19 1.72916 54.7

16 -69.727 2.18 1.84666 23.8

17 -247.741 0.84

18 81.104 5.31 1.84666 23.8

19 -151.144 2.00 1.69680 55.5

20 41.763 5.33

21 -163.217 1.70 1.88300 40.8

22 95.192 2.18

23 93.284 5.74 1.83400 37.2

24 -356.898 8.32

25 63.599 9.04 1.74950 35.3

26 -95.263 1.87 1.80809 22.8

27 101.811 11.05

28 ∞ 2.20 1.48749 70.2

29 ∞

Unit: mm

Various data

Focal Distance 390.09

F number 2.90

Field angle 3.17
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[Numerical Embodiment 3]

[0053]

(continued)

Image height 21.64

Total lens length 367.66

BF 66.79

Surface data

i ri di ndi vdi

1 231.110 17.35 1.48749 70.4

2 -558.109 51.15

3 131.640 20.12 1.43387 95.1
θgF2=5373

4 -260.094 0.22

5 -254.979 4.00 1.65412 39.7
θgF3=0.5737

6 226.567 20.15

7 69.726 14.20 1.43387 95.1

8 210.857 1.03

9 65.119 6.00 1.51633 64.1
θgF2=0.5373

10 46.496 20.21

11 -2436.427 2.00 1.84480 24.9

12 177.579 2.59

13 1091.298 4.00 1.92286 18.9
θgF1=0.6495

14 -207.015 2.00 1.65412 39.7

15 393.677 43.82

16 (Stop) ∞ 10.26

17 325.034 2.18 1.74950 35.3

18 47.631 7.74 1.72916 54.7

19 -282.501 5.87

20 88.239 5.26 1.84666 23.8

21 -142.510 1.71 1.71300 53.9

22 46.340 5.01

23 -193.013 1.67 1.88300 40.8

24 85.178 7.35

25 105.584 5.03 1.74950 35.3

26 -315.066 4.43

27 73.759 6.73 1.65412 39.7

28 -153.022 2.00 1.92286 18.9

29 351.555 18.75

30 ∞ 2.20 1.51633 64.1
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[Numerical Embodiment 4]

[0054]

(continued)

i ri di ndi vdi

31 ∞

Unit: mm

Various data

Focal Distance 390.06

F number 2.90

Field angle 3.17

Image height 21.64

Total lens length 362.40

BF 67.37

Surface data

i ri di ndi vdi

1 240.969 15.82 1.48749 70.4

2 -761.554 58.13

3 115.449 21.98 1.43387 95.1
θgF2=0.5373

4 -252.399 0.55

5 -253.747 4.00 1.65412 39.7
θgF3=0.5737

6 173.095 -0.44

7 91.251 14.20 1.56907 71.3

8 370.432 1.03

9 65.936 6.00 1.51633 64.1

10 50.274 21.94

11 -1327.464 4.00 1.92286 18.9
θgF1=0.6495

12 -214.560 3.20 1.72047 34.7

13 140.534 38.82

14 385.507 4.17 1.49700 81.5

15 1109.317 5.88

16 (Stop) ∞ 13.99

17 346.997 2.18 1.74950 35.3

18 41.228 7.87 1.72916 54.7

19 -493.145 7.58

20 89.175 5.17 1.84666 23.8

21 -178.339 1.69 1.71300 53.9

22 43.931 5.80
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[Numerical Embodiment 5]

[0055]

(continued)

i ri di ndi vdi

23 -149.151 1.67 1.88300 40.8

24 115.045 7.31

25 115.843 5.14 1.74950 35.3

26 -433.314 5.92

27 89.966 7.89 1.65412 39.7

28 -144.994 2.00 1.92286 18.9

29 -2212.083 20.71

30 ∞ 2.20 1.51633 64.1

31 ∞

Unit: mm

Various data

Focal Distance 390.06

F number 2.90

Field angle 3.17

Image height 21.64

Total lens length 363.47

BF 67.09

Surface data

i ri di ndi vdi

1 285.181 10.70 1.48749 70.2

2 -365.280 45.00

3 77.200 19.00 1.43387 95.1
θg F2 =0.5373

4 -201.628 0.12

5 -211.919 3.10 1.65412 39.7
θgF3=5737

6 185.490 0.74 0.74 0.74

7 68.270 9.50 1.43387 95.1

8 241.309 4.51

9 49.323 5.00 1.51633 64.1
θgF2=0.5373

10 36.974 18.45 18.45 18.45

11 -366.928 4.05 1.92286 18.9
θgF 1=0.6495

12 -98.774 2.40 1.74950 35.3

13 101.913 29.58

14 (Stop) ∞ 5.56
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[Numerical Embodiment 6]

[0056]

(continued)

i ri di ndi vdi

15 153.525 1.33 1.84666 23.8

16 52.297 5.67 1.65160 58.5

17 -178.690 10.22

18 80.489 3.59 1.84666 23.8

19 -117.581 1.80 1.72916 54.7

20 38.409 5.45

21 -114.990 1.70 1.83400 37.2

22 105.792 4.62

23 83.144 3.75 1.80518 25.4

24 -362.882 3.23

25 118.635 5.83 1.74950 35.3

26 -68.316 1.61 1.92286 18.9

27 -658.596 6.39

28 ∞ 2.00 1.51633 64.1

29 ∞

Unit: mm

Various data

Focal Distance 294.99

F number 2.90

Field angle 4.19

Image height 21.64

Total lens length 274.25

BF 59.36

Surface data

i ri di ndi vdi

1 286.629 16.20 1.48749 70.2

2 -880.980 65.94

3 161.292 15.80 1.43387 95.1 θgF2=0.5373

4 -824.201 1.11

5 -528.597 4.00 1.74950 35.3 θgF3=0.5818

6 235.619 59.99 59.99 59.99

7 100.762 13.80 1.43387 95.1

8 2169.151 0.91
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(continued)

i ri di ndi vdi

9 72.216 6.00 1.51633 64.1 θgF2=0.5373

10 58.679 64.97

11 684.025 3.00 1.92286 18.9

12 -443.346 2.70 1.74950 35.3

13 127.036 41.45

14 (Stop) ∞ 4.40

15 130.503 3.76 1.80610 33.3

16 75.938 6.53 1.60311 60.6

17 -599.947 2.52

18 70.907 4.88 1.84666 23.8

19 -121.453 2.68 1.72916 54.7

20 44.211 3.54

21 -102.891 1.50 1.80400 46.6

22 105.801 1.98

23 71.196 2.88 1.78472 25.7

24 413.138 28.03

25 247.878 5.79 1.74950 35.3

26 -39.660 1.80 1.92286 18.9

27 -257.888 26.16

28 ∞ 2.63 1.51633 64.1

29 ∞

Unit: mm

Various data

Focal Distance 585.79

F number 4.12

Field angle 2.12

Image height 21.64

Total lens length 471.39

BF 76.44

(Table 19)

Conditional Expression (5) Conditional Expression (7)

Embodiment 1 2.93 7.54

Embodiment 2 3.19 13.51

Embodiment 3 2.93 6.60

Embodiment 4 2.93 6.49
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[0057] Next, an embodiment of a single-lens reflex camera system using the optical system OL according to the
present invention is explained with reference to FIG. 13.
[0058] In FIG. 13, the camera system includes a single-lens reflex camera main body 10, and an interchangeable lens
11 equipped with an optical system of the present invention. A recording unit 12 includes a film, an image pickup element,
or the like for recording a subject image obtained through the interchangeable lens 11, and a finder optical system 13
is used for observing a subject image from the interchangeable lens 11. A quick return mirror 14 switches and transmits
the subject image to be received from the interchangeable lens 11, between the record unit 12 and the finder optical
system 13. When the subject image is observed by the finder optical system 13, the subject image is formed on a focus
plate 15 through the quick return mirror 14. Then, a pentaprism 16 converts the subject image into an erect image, which
is observed by being magnified by an eyepiece optical system 17. When taking an image, the quick return mirror 14
turns in an arrow direction, so that the subject image is formed on the record unit 12 and is recorded therein. The camera
system further includes a sub mirror 18 and a focus detection device 19.
[0059] In this way, the imaging optical system of the present invention is applied to an image taking apparatus such
as an interchangeable lens of a single-lens reflex camera or the like, to thereby realize an image taking apparatus of
high optical performance. Note that the present invention may also be applied to a single-lens reflex camera without a
quick return mirror in the same manner.
[0060] The preferred embodiments of the present invention are described above, but the present invention is not
limited to the embodiments, and may be modified and changed variously within the scope of the claims.
[0061] While the present invention has been described with reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary embodiments.
[0062] Provided is a zoom lens system including: in order from an object side to an image side, a first lens unit (L1)
having a positive refractive power; an aperture stop (SP); and a second lens unit (L2), in which the first lens unit (L1)
includes a first-a lens unit (L1a) having a positive refractive power and a first-b lens unit (L1b) having a negative refractive
power which moves along an optical axis in focusing, the first-b lens unit (L1b) includes at least one negative lens and
at least one positive lens (1bp), and the following conditional expression is satisfied:
0.020<θgF1-0.6438+0.0016823vd1<0.100, where θgF1 denotes a partial dispersion ratio of a material of the positive
lens (1bp), and vd1 denotes Abbe number of the positive lens (1bp).

Claims

1. An optical system (OL) comprising: in order from an object side to an image side,
a first lens unit (L1) having a positive refractive power;
an aperture stop (SP); and
a second lens unit (L2),
wherein the first lens unit (L1) includes:

a first-a lens unit (L1a) having a positive refractive power; and
a first-b lens unit (L1b) having a negative refractive power which moves along an optical axis in focusing,

wherein the first-b lens unit (L1b) includes at least one negative lens and at least one positive lens 1bp, and
wherein the following conditional expression is satisfied: 

where θgF1 denotes a partial dispersion ratio of a material of the positive lens 1bp and vd1 denotes Abbe number
of the positive lens 1bp.

2. An optical system according to claim 1, wherein the Abbe number vd1 of a material of the positive lens 1bp satisfies

(continued)

Conditional Expression (5) Conditional Expression (7)

Embodiment 5 2.93 7.34

Embodiment 6 3.29 6.76
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the following conditional expression: 

3. An optical system according to claim 1 or 2,
wherein the first-a lens unit includes at least one positive lens 1ap, and
wherein the following conditional expressions are satisfied:

and 

where θgF2 denotes a partial dispersion ratio of a material of the positive lens 1ap and vd2 denotes Abbe number
of the positive lens 1ap.

4. An optical system according to any one of claims 1 to 3, wherein the first-b lens unit includes at least one negative
lens which is mainly made of one of niobium (Nb) and lanthanum (La).

5. An optical system according to any one of claims 1 to 4, wherein the following conditional expression is satisfied: 

where SGn1 denotes a ratio of a mass of a glass material used for a negative lens 1n disposed closest to the object
side under a pressure of 101.325 kPa (standard air pressure) at room temperature to a mass of pure water of the
same volume under a pressure of 101.325 kPa (standard air pressure) at 4 degrees centigrade.

6. An optical system according to claim 5, wherein the following conditional expression is satisfied: 

where θgF3 denotes a partial dispersion ratio of a material of the negative lens 1n and vd3 denotes Abbe number
of the material.

7. An optical system according to any one of claims 1 to 6, wherein the following conditional expression is satisfied: 

where fG1 denotes a focal length of a lens G1 disposed closest to the object side and d2 denotes an air gap between
the lens G1 and a lens neighboring the lens G1 in the optical system.

8. An optical device comprising the optical system according to any one of claims 1 to 7.

Patentansprüche

1. Optisches System (OL), das in einer Reihenfolge von einer Objektseite zu einer Bildseite aufweist:

eine erste Linseneinheit (L1), die eine positive Brechkraft hat;
eine Aperturblende (SP); und
eine zweite Linseneinheit (L2), wobei die erste Linseneinheit (L1) enthält:
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eine erste-a Linseneinheit (L1a) mit einer positiven Brechkraft; und
eine erste-b Linseneinheit (L1b) mit einer negativen Brechkraft, die sich beim Fokussieren entlang einer
optischen Achse bewegt,
wobei die erste-b Linseneinheit (L1b) zumindest eine negative Linse und zumindest eine positive Linse
1bp enthält, und
wobei der folgende Bedingungsausdruck erfüllt ist: 

wobei θgF1 ein partielles Dispersionsverhältnis eines Materials der positiven Linse 1bp bezeichnet, und vd1
eine Abbezahl der positiven Linse 1bp bezeichnet.

2. Optisches System nach Anspruch 1, wobei die Abbezahl vd1 eines Materials der positiven Linse 1bp den folgenden
Bedingungsausdruck erfüllt: 

3. Optisches System nach Anspruch 1 oder 2, wobei die erste-a Linseneinheit zumindest eine positive Linse 1ap
enthält, und
wobei die folgenden Bedingungsausdrücke erfüllt sind: 

und 

 wobei θgF2 ein partielles Dispersionsverhältnis eines Materials der positiven Linse 1ap bezeichnet, und vd2 eine
Abbezahl der positiven Linse 1ap bezeichnet.

4. Optisches System nach einem der Ansprüche 1 bis 3, wobei die erste-b Linseneinheit zumindest eine negative
Linse enthält, die hauptsächlich aus einem aus Niob (Nb) und Lanthan (La) gemacht ist.

5. Optisches System nach einem der Ansprüche 1 bis 4, wobei die folgenden Bedingungsgleichung erfüllt ist: 

wobei SGn1 ein Verhältnis einer Masse eines Glasmaterials, das für eine negative Linse 1n verwendet wird, die
der Objektseite am nächsten angeordnet ist, unter einem Druck von 101,325 kPa (Standardluftdruck) bei Raum-
temperatur zu einer Masse von reinem Wasser desselben Volumens unter einem Druck von 101,325 kPa (Stan-
dardluftdruck) bei 4°C bezeichnet.

6. Optisches System nach Anspruch 5, wobei der folgende Bedingungsausdruck erfüllt ist: 

wobei θgF3 ein partielles Dispersionsverhältnis eines Materials der negativen Linse 1n bezeichnet, und vd3 eine
Abbezahl des Materials bezeichnet.

7. Optisches System nach einem der Ansprüche 1 bis 6, wobei der folgende Bedingungsausdruck erfüllt ist: 
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wobei fG1 eine Brennweite einer Linse G1, die der Objektseite am nächsten angeordnet ist, bezeichnet, und d2
eine Luftlücke zwischen der Linse G1 und einer Linse, die der Linse G1 in dem optischen System benachbart ist,
bezeichnet.

8. Optische Einrichtung mit dem optischen System nach einem der Ansprüche 1 bis 7.

Revendications

1. Système optique (OL), comprenant : dans l’ordre d’un côté objet à un côté image,
une première unité de lentilles (L1) ayant une réfringence positive ;
un diaphragme (SP) ; et
une seconde unité de lentilles (L2),
dans lequel la première unité de lentilles (L1) comprend :

une première unité a de lentilles (L1a) ayant une réfringent positive ; et
une première unité b de lentilles (L1b) ayant une réfringence négative qui se déplace le long d’un axe optique
lors d’une mise au point,

dans lequel la première unité b de lentilles (L1b) comprend au moins une lentille négative et au moins une lentille
positive 1bp, et
dans lequel l’expression conditionnelle suivante est satisfaite : 

où θgF1 désigne un rapport de dispersion partielle d’un matériau de la lentille positive 1bp et vd1 désigne un nombre
d’Abbe de la partie positive 1bp.

2. Système optique selon la revendication 1, dans lequel le nombre d’Abbe vd1 d’un matériau de la lentille positive
1bp satisfait l’expression conditionnelle suivante : 

3. Système optique selon la revendication 1 ou 2,
dans lequel la première unité a de lentilles comprend au moins une lentille positive 1ap, et
dans lequel les expressions conditionnelles suivantes sont satisfaites : 

et 

 où θgF2 désigne un rapport de dispersion partielle d’un matériau de la lentille positive 1ap et vd2 désigne un nombre
d’Abbe de la lentille positive 1ap.

4. Système optique selon l’une quelconque des revendications 1 à 3, dans lequel la première unité b de lentilles
comprend au moins une lentille négative qui est principalement constituée de l’un du niobium (Nb) et du lanthane (La).

5. Système optique selon l’une quelconque des revendications 1 à 4, dans lequel l’expression conditionnelle suivante
est satisfaite : 
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où SGn1 désigne un rapport d’une masse d’un matériau de verre utilisé pour une lentille négative 1n disposée le
plus près du côté objet sous une pression de 101,325 kPa (pression atmosphérique normale) à température ambiante
à une masse d’eau pure du même volume sous une pression de 101,325 kPa (pression atmosphérique normale)
à 4 degrés centigrades.

6. Système optique selon la revendication 5, dans lequel l’expression conditionnelle suivante est satisfaite : 

où θgF3 désigne un rapport de dispersion partielle d’un matériau de la lentille négative 1n et vd3 désigne un nombre
d’Abbe du matériau.

7. Système optique selon l’une quelconque des revendications 1 à 6, dans lequel l’expression conditionnelle suivante
est satisfaite : 

où fG1 désigne une longueur focale d’une lentille G1 disposée le plus près du côté objet et d2 désigne un espace
d’air entre la lentille G1 et une lentille voisine de la lentille G1 dans le système optique.

8. Dispositif optique comprenant le système optique selon l’une quelconque des revendications 1 à 7.
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