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ZOOM LENS AND IMAGE PICKUP 
APPARATUS HAVING ZOOM LENS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 13/761,466 filed Feb. 7, 
2013, which claims priority from Japanese Patent Application 
No. 2012-026211 filed Feb. 9, 2012. U.S. patent application 
Ser. No. 13/761,466 and Japanese Patent Application No. 
2012-026211 are hereby incorporated by reference herein in 
their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a Zoom lens and an 
image pickup apparatus having the Zoom lens, and is Suitable 
for an image pickup apparatuses using a solid-state image 
pickup device such as video cameras, electronic still cameras, 
broadcasting cameras, and monitoring cameras or image 
pickup apparatus such as cameras using silver-halide film. 
0004 2. Description of the Related Art 
0005 Photographic optical systems used in image pickup 
apparatuses are required to be a Zoom lens having a short 
entire lens length, being compact, having a wide field angle, 
and having a high Zoom ratio. 
0006. In particular, being a Zoom lens having a high 
resolving power in which chromatic aberration is adequately 
corrected in addition to single-color aberration Such as 
spherical aberration and coma aberration is required. 
0007. A positive-lead type Zoom lens including a first lens 
unit having a positive refractive power, a second lens unit 
having a negative refractive power, a third lens unit having a 
positive refractive power, and a rear lens group including one 
or more lens units in this order from an object side to an image 
side is known. 

0008. As a positive-lead type Zoom lens, a Zoom lens 
having a Zoom ratio on the order of 10 in which an anomalous 
dispersion material is used for lenses of the first lens unit to 
adequately correct chromatic aberration is known (U.S. Pat. 
No. 6,594,087). 
0009. As another type of a positive-lead type Zoom lens, a 
Zoom lens including four lens units having refractive powers 
of positive, negative, positive and positive in this order from 
the object side to the image side, and having a Zoom ratio on 
the order of 96 and a photographic field angle at a wide angle 
end on the order of 62° is also known (U.S. Pat. No. 7,679, 
837). 
0010. Among Zoom lenses including five lens units com 
posed of lens units having refractive powers of positive, nega 
tive, positive, negative, and positive in this order from the 
object side to the image side, a Zoom lens in which lenses 
formed of material having anomalous dispersion properties 
are used in the first lens unit is known (U.S. Pat. No. 7.304, 
805). 
0011. As another example, a Zoom lens including five lens 
units having refractive powers of positive, negative, positive, 
positive, and positive, or refractive powers of positive, nega 
tive, positive, positive, and negative, or refractive powers of 
positive, negative, positive, negative, positive in these orders 
from the object side to the image side, having a Zoom ratio on 
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the order of 24 and a photographic field angle at a wide angle 
end on the order of 77 is also known (Japanese Patent Laid 
Open No. 2004-117826). 
0012. The positive-lead type Zoom lens is relatively easy 
to achieve a high Zoom ratio while reducing the size of the 
entire system. Reduction of the size of the entire system of the 
positive-lead type Zoom lens while maintaining a predeter 
mined Zoom ratio is achieved only by reducing the number of 
lenses while increasing the refractive powers (optical 
power inverse of focal length) of the respective lens units 
which constitute the Zoom lens. However, the Zoom lens in 
this configuration Suffers from a significant aberrational 
variation during a Zooming operation and has a difficulty in 
obtaining high optical performance over an entire Zoom 
range. 
0013. In addition, in order to secure a certain cut-end 
thickness in association with increase in refractive powers of 
the respective lens Surfaces, the thickness of the lenses may 
increase. In particular, the front lens effective diameter is 
increased, and hence the reduction of the lens system as a 
whole may become insufficient. Furthermore, if an attempt is 
made to increase the Zoom ratio in the positive-lead type 
Zoom lens, a secondary spectrum of axial chromatic aberra 
tion may often be generated in a Zoom area on the telephoto 
side. In the positive-lead type Zoom lens, in order to obtain a 
high optical performance over the entire Zoom range while 
trying to achieve a high Zoom ratio, reduction of the chro 
matic aberration, specifically, the secondary spectrum is 
important. 
0014. In order to reduce the chromatic aberration and the 
secondary spectrum, it is effective to use a lens formed of a 
material having low dispersion properties and anomalous 
dispersion properties at an adequate position in the Zoom lens. 
As regards the chromatic aberration, optimization of the 
respective lens units which constitute a Zoom lens on the basis 
of material characteristics (Abbe number or partial dispersion 
ratio) is important. 
0015. In particular, in the positive-lead type Zoom lens 
including four lens units or five lens units described above, a 
reduction of the secondary spectrum on the telephoto side 
becomes difficult when an attempt is made to achieve a high 
Zoom ratio unless the first lens unit having a positive refrac 
tive power is set adequately. Consequently, achievement of a 
high optical performance over the entire Zoom range becomes 
difficult. 
0016. In addition, adequate setting of imaging magnifica 
tions of the second and the third lens units and the lens units 
to be moved during the Zooming operation as the refractive 
power of the third lens unit is important. Without setting these 
configurations adequately, obtainment of a Zoom lens having 
a wide field angle, a high Zoom ratio, and a high optical 
performance while achieving the reduction in size of the 
entire system becomes difficult. 

SUMMARY OF THE INVENTION 

0017. An embodiment of the present invention provides a 
Zoom lens capable of reducing generation of chromatic aber 
ration at a telephoto end, having a high Zoom ratio, and 
providing desirable optical characteristic over an entire Zoom 
range, and an image pickup apparatus having the Zoom lens. 
0018. A Zoom lens including a first lens unit having a 
positive refractive power, a second lens unit having a negative 
reflective power, a third lens unit having a positive refractive 
power, and a rear lens group including one or more lens units 
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in this order from an object side to an image side, wherein 
distances between the respective lens units vary during a 
Zooming operation, wherein the first lens unit consists of 
three lenses including one negative lens, and where 0gF is a 
partial dispersion ratio of a material for the negative lens of 
the first lens unit, vid is an Abbe number of the same, fW is a 
focal length of the entire system at the wide angle end, and fl 
is a focal length of the first lens unit, conditions of 
35.0<vdk50.0, 0.52<0gF, 0gF<-0.00203xvd+0.656, 
18.1<f1/f W<27.8 are satisfied. 
0019. Further features of the present invention will 
become apparent from the following description of exem 
plary examples with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a cross-sectional view of a lens at a wide 
angle end of a Zoom lens of Example 1. 
0021 FIG. 2A is an aberration chart at a wide angle end of 
Example 1. 
0022 FIG. 2B is an aberration chart at an intermediate 
Zoom position of Example 1. 
0023 FIG. 2C is an aberration chart at a telephoto end of 
Example 1. 
0024 FIG. 3 is a cross-sectional view of a lens at a wide 
angle end of a Zoom lens of Example 2. 
0025 FIG. 4A is an aberration chart at a wide angle end of 
Example 2. 
0026 FIG. 4B is an aberration chart at an intermediate 
Zoom position of Example 2. 
0027 FIG. 4C is an aberration chart at a telephoto end of 
Example 2. 
0028 FIG. 5 is a cross-sectional view of a lens at a wide 
angle end of a Zoom lens of Example 3. 
0029 FIG. 6A is an aberration chart at a wide angle end of 
Example 3. 
0030 FIG. 6B is an aberration chart at an intermediate 
Zoom position of Example 3. 
0031 FIG. 6C is an aberration chart at a telephoto end of 
Example 3. 
0032 FIG. 7 is a cross-sectional view of a lens at a wide 
angle end of a Zoom lens of Example 4. 
0033 FIG. 8A is an aberration chart at a wide angle end of 
Example 4. 
0034 FIG. 8B is an aberration chart at an intermediate 
Zoom position of Example 4. 
0035 FIG. 8C is an aberration chart at a telephoto end of 
Example 4. 
0.036 FIG. 9 is a cross-sectional view of a lens at a wide 
angle end of a Zoom lens of Example 5. 
0037 FIG. 10A is an aberration chart at a wide angle end 
of Example 5. 
0038 FIG. 10B is an aberration chart at an intermediate 
Zoom position of Example 5. 
0039 FIG. 10C is an aberration chart at a telephoto end of 
Example 5. 
0040 FIG. 11 is a schematic drawing illustrating a princi 
pal portion of an image pickup apparatus of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

0041 Referring now to the attached drawings, preferred 
examples of the invention will be described in detail. A Zoom 
lens of an embodiment of the invention includes a first lens 
unit having a positive refractive power (optical 
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power inverse of focal length), a second lens unit having a 
negative refractive power, a third lens unit having a positive 
refractive power, and a rear lens group including one or more 
lens units in this order from the object side to the image side. 
The lens units are configured to move so as to change the 
distances between the respective lens units during a Zooming 
operation. 
0042 FIG. 1 is a cross-sectional view of a lens at a wide 
angle end (short focal length end) of a Zoom lens of Example 
1 of the invention. FIGS. 2A, 2B, and 2C are aberration charts 
of the Zoom lens of Example 1 at the wide angle end, an 
intermediate Zoom position, and a telephoto end (long focal 
length end), respectively. Example 1 is Zoom lens having a 
Zoom ratio of 48.4 and an aperture ratio on the order of 2.87 
to 7.07. 
0043 FIG. 3 is a cross-sectional view of a lens at a wide 
angle end ofa Zoom lens of Example 2 of the invention. FIGS. 
4A, 4B, and 4C are aberration charts of the Zoom lens of 
Example 2 at the wide angle end, an intermediate Zoom 
position, and a telephoto end, respectively. Example 2 is a 
Zoom lens having a Zoom ratio of 48.4 and an aperture ratio on 
the order of 2.87 to 7.07. 

0044 FIG. 5 is a cross-sectional view of a lens at a wide 
angle end ofa Zoom lens of Example 3 of the invention. FIGS. 
6A, 6B, and 6C are aberration charts of the Zoom lens of 
Example 3 at the wide angle end, an intermediate Zoom 
position, and a telephoto end, respectively. Example 3 is a 
Zoom lens having a Zoom ratio of 48.3 and an aperture ratio on 
the order of 2.87 to 7.07. 

004.5 FIG. 7 is a cross-sectional view of a lens at a wide 
angle end ofa Zoom lens of Example 4 of the invention. FIGS. 
8A, 8B, and 8C are aberration charts of the Zoom lens of 
Example 4 at the wide angle end, an intermediate Zoom 
position, and a telephoto end, respectively. Example 4 is a 
Zoom lens having a Zoom ratio of 66.1 and an aperture ratio on 
the order of 2.87 to 8.5. 

0046 FIG. 9 is a cross-sectional view of a lens at a wide 
angle end ofa Zoom lens of Example 5 of the invention. FIGS. 
10A, 10B, and 10C are aberration charts of the Zoom lens of 
Example 5 at the wide angle end, an intermediate Zoom 
position, and a telephoto end, respectively. Example 5 is a 
Zoom lens having a Zoom ratio of 66.0 and an aperture ratio on 
the order of 2.87 to 8.45. 
0047 Zoom lenses of the respective examples are image 
pickup lens systems used in image pickup apparatuses such as 
Video cameras, digital still cameras, silver-halide film cam 
eras, and TV cameras. The Zoom lenses of the respective 
examples may be used as a projection optical system for 
projecting apparatuses (projectors). In cross-sectional views 
of the lenses, the left side is an object side (front side) and the 
right side is an image side (rear side). In the cross-sectional 
views of the lenses, assuming that reference signi designates 
the order of the lens unit from the object side, reference sign 
Li designates an ith lens unit. Reference sign LR designates a 
rear lens group having one or more lens units. 
0048 Reference sign SP1 designates an aperture stop. 
Reference sign SP2 designates a flare-cut stop (mechanical 
stop). Reference symbol G designates an optical block cor 
responding to an optical filter, a face plate, a low-pass filter, an 
infrared ray cutting filter, and the like. Reference numeral IP 
designates an image plane. The image plane IP corresponds to 
an image plane of a solid-state image pickup device (photo 
electric conversion device) such as a CCD sensor or a CMOS 
sensor when using the Zoom lens as a photographic optical 
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system Such as a video camera, or a digital camera. When 
using the Zoom lens as the photographic optical system of a 
silver-halide film camera, the image plane IP corresponds to 
a film Surface. 

0049 Arrows indicate loci of movements of the respective 
lens units during the Zooming operation (magnification vary 
ing) from the wide angle end to the telephoto end, and direc 
tions of movements of the lens units during a focusing opera 
tion. In spherical aberration diagrams, reference sign d 
designates a d-line (wavelength: 587.6 nm) and reference 
sign g designates ag-line (wavelength: 435.8 nm). In astig 
matism diagrams, reference signs Sand M designate a sagittal 
image plane and a meridional image plane on the d-line. 
Distortion aberration shown is that of the d-line. In the mag 
nification chromatic aberration diagrams, the reference signg 
designates ag-line. The wide angle end and the telephoto end 
in the respective examples described below mean Zoom posi 
tions at which a lens unit for varying magnification is located 
at both ends of a movable range on the optical axis of the 
mechanism. 

0050 All of the above-described examples are Zoom 
lenses having a first lens unit L1 having a positive refractive 
power, a second lens unit L2 having a negative refractive 
power, a third lens unit L3 having a positive refractive power, 
and the rear lens group LR including one or more lens units 
and having a positive refractive power as a whole in this order 
from the object side to the image side. The distances between 
the respective lens units vary during the Zooming operation. 
The rear lens group LR includes a fourth lens unit L4 having 
a negative refractive power and a fifth lens unit having a 
positive refractive power in Examples 1, 4, and 5. In Example 
2, the Zoom lens includes a fourth lens unit L4 having a 
positive refractive power. In Example 3, the Zoom lens 
includes a fourth lens unit L4 having a positive refractive 
power and a fifth lens unit L5 having a positive refractive 
power. 
0051. Subsequently, lens configurations of the receptive 
examples will be described. The Zoom lens in Examples 1, 4, 
and 5 includes the lens units in the order shown below from 
the object side to the image side. That is, the Zoom lenses of 
Examples 1, 4, and 5 each include a first lens unit L1 having 
a positive refractive power, a second lens unit L2 having a 
negative refractive power, an aperture stop SP1, a third lens 
unit L3 having a positive refractive power, a mechanical stop 
SP2, a fourth lens unit L4 having a negative refractive power, 
and a fifth lens unit L5 having a positive refractive power. 
During the Zooming operation from the wide angle end to the 
telephoto end, the first lens unit L1 moves to follow a locus 
projecting to the image side, the second lens unit L2 moves to 
the image side, the third lens unit L3 and the fourth lens unit 
L4 moves to the object side, and the fifth lens unit L5 moves 
to the object side along a convex-shaped locus. 
0052. The Zoom lenses of Examples 1, 4, and 5 are con 
figured to principally vary magnification by the movements 
of the first lens unit L1, the second lens unit L2, and the third 
lens unit L3. The first lens unit L1 is configured to be capable 
of obtaining a large Zoom ratio while reducing the entire lens 
length at the wide angle end by being moved to the object side 
during the Zooming operation from the wide angle end to the 
telephoto end. The first lens unit L1 is configured to shorten 
the entire lens length in the intermediate Zoom area by making 
a reciprocal locus moving to the image side once and then 
moving back to the object side during the Zooming operation 
from the wide angle end to the telephoto end. 
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0053. In this configuration, the effective area of the front 
lens effective diameter fixed in the intermediate Zoom area is 
reduced to achieve an easy reduction in size of the front lens 
effective diameter. The second lens unit L2 is provided with a 
significant variable magnification effect by being configured 
to move so as to be positioned on the object side at the 
telephoto end in comparison with the wide angle end during 
the Zooming operation. The third lens unit L3 is provided with 
a significant variable magnification effect by being config 
ured to move so as to be positioned on the object side at the 
telephoto end in comparison with the wide angle end during 
the Zooming operation. 
0054. A focus space (the amount of movement for focus 
ing) of the fifth lens unit L5 for focusing is secured by con 
figuring the fourth lens unit L4 to move to the object side at 
the telephoto end in comparison with the wide angle end 
during the Zooming operation. 
0055 A rear-focusing system in which the fifth lens unit 
L5 is moved on an optical axis for performing the focusing 
operation is employed. Also, a reduction in size of the front 
lens effective diameter is achieved by moving the aperture 
stop SP1 independently (so as to follow a locus of movement 
different from other lens units) during the Zooming operation 
from the wide angle end to the telephoto end. Also, the reduc 
tion in size of the front lens effective diameter when an 
attempt is made to widen the field angle by arranging the 
aperture stop SP1 on the object side at the wide angle end, and 
moving the aperture stop SP1 so as to follow a locus project 
ing to the image side during the Zooming operation from the 
wide angle end to the telephoto end. 
0056. The mechanical stop SP2 has a constant aperture 
diameter, and moves integrally with the third lens unit L3 
during the Zooming operation, and effectively cuts a flare of 
an upper line of an off-axis ray during the Zooming operation. 
Then, the fifth lens unit L5 is moved to correctan image plane 
variation in association with varying magnification and per 
form the focusing operation. By setting the locus of move 
ment of the fifth lens unit L5 to follow a locus projecting to the 
object side during the Zooming operation, the space between 
the fourth lens unit L4 and the fifth lens unit L5 is effectively 
utilized, and the entire lens length is effectively reduced. 
0057. In a cross-sectional view of the lens, a solid curved 
line 5a and a dotted curved line 5b relating to the fifth lens unit 
L5 are loci of movement for correcting the image plane varia 
tions in association with varying magnification when focus 
ing on an object at infinity and a near object, respectively. 
When performing the focusing operation from the object at 
infinity to the near object at the telephoto end, the fifth lens 
unit L5 is moved forward (to the object side) as indicated by 
an arrow 5c. 

0058. The Zoom lens of Example 2 includes a first lens unit 
L1 having positive refractive power, a second lens unit L2 
having a negative refractive power, an aperture stop SP1, a 
third lens unit L3 having a positive refractive power, a 
mechanical stop SP2, and a fourth lens unit having a positive 
refractive power. During the Zooming operation from the 
wide angle end to the telephoto end, the first lens unit L1 
moves to follow a locus projecting to the image side, the 
second lens unit L2 moves to the image side, the third lens 
unit L3 moves to the object side, and the fourth lens unit L4 
moves to the object side along a convex-shaped locus. 
0059. The Zoom lens of Example 2, optical actions of the 

first lens unit L1, the second lens unit L2, and the third lens 
unit L3 are the same as those in Examples 1, 4, and 5. A 
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rear-focusing system in which the fourth lens unit L4 is 
moved on an optical axis for performing the focusing opera 
tion is employed. Also, a reduction in size of the front lens 
effective diameter is achieved by moving the aperture stop 
SP1 independently during the Zooming operation from the 
wide angle end to the telephoto end. Also, the reduction in 
size of the front lens effective diameter when an attempt is 
made to widen the field angle is achieved by arranging the 
aperture stop SP1 on the object side at the wide angle end, and 
moving the aperture stop SP1 so as to follow a locus project 
ing to the image side during the Zooming operation. 
0060. The mechanical stop SP2 moves integrally with the 
third lens unit L3, and effectively cuts a flare of an upper line 
of the off-axis ray during the Zooming operation. Then, the 
fourth lens unit L4 is moved to correct an image plane varia 
tion in association with varying magnification and perform 
the focusing operation. In the cross-sectional view of the lens, 
a solid curved line 4a and a dotted curved line 4b relating to 
the fourth lens unit L4 are loci of movement for correcting the 
image plane Variations in association with varying magnifi 
cation when focusing on an object at infinity and a near 
object, respectively. When performing the focusing operation 
from the object at infinity to the near object at the telephoto 
end, the fourth lens unit L4 is moved forward as indicated by 
an arrow 4c. 

0061 The Zoom lens in Example 3 includes the lens units 
in the order shown below from the object side to the image 
side. That is, the Zoom lens in Example 3 includes a first lens 
unit L1 having a positive refractive power, a second lens unit 
L2 having a negative refractive power, an aperture stop SP1. 
a third lens unit L3 having a positive refractive power, a 
mechanical stop SP2, a fourth lens unit L4 having a positive 
refractive power, and a fifth lens unit L5 having a positive 
refractive power. 
0062. During the Zooming operation from the wide angle 
end to the telephoto end, the first lens unit L1 moves to follow 
a locus projecting to the image side, the second lens unit L2 
moves to the image side, the third lens unit L3 and the fourth 
lens unit L4 moves to the object side, and the fifth lens unit L5 
moves to the object side along a convex-shaped locus. 
Example 3 is different from Examples 1, 4, and 5 in sign of the 
refractive power of the fourth lens unit L4. In the Zoom lens of 
Example 3, optical actions of the first lens unit L1 to the fifth 
lens unit L5 are the same as those in Examples 1, 4, and 5 
described above. Optical actions of the aperture stop SP1 and 
the mechanical stop SP2 are also the same as those in 
Examples 1, 4, and 5. 
0063. In general, the optical characteristics of optical glass 
(optical material) is mapped on a graph having a vertical axis 
indicating a partial dispersion ratio 0gF increasing upward, 
and a lateral axis indicating Abbe number increasing toward 
the left (hereinafter, referred to as “0gF-vd graph). In such 
mapping, it is known that the optical material is distributed 
along a straight line referred to as a normal line (here, the 
partial dispersion ratio 0gF is an amount expressed by 0gF= 
(ng-ff)/(nF-nc) where ng is the refraction index of the 
g-line, nF is the refraction index of the F-line, and nG is the 
refraction index of a C-line). 
0064. In general, in the positive-lead type Zoom lens hav 
ing a long focal length, an axial ray passes a highest position 
in the first lens unit, the secondary spectrum of the axial 
chromatic aberration may be generated significantly. In the 
first lens unit, in order to correct the secondary spectrum of 
the axial chromatic aberration, it is effective to make the 
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inclination, of a straight line connecting a positive lens and a 
negative lens which constitute the first lens unit, gentle in the 
0gF-vd graph. 
0065 For example, a material having a large Abbe number 
and being plotted in an area of the OgF-vd graph apart from 
the normal line in the direction in which the partial dispersion 
ratio OgF is increased such as fluorite is used as the positive 
lens in the first lens unit. Also, a material plotted in an area of 
the 0gF-vd graph in the direction of in which the partial 
dispersion ratio OgF is reduced from the normal line Such as 
lanthanum system material is used as the negative lens of the 
first lens unit. With the combination described above, the 
inclination of the straight line connecting the materials of the 
positive lens and the negative lens in the first lens unit 
becomes significantly gentler than the normal line, whereby 
desirable correction of the secondary spectrum of the axial 
chromatic aberration is easily achieved. 
0066. However, it is difficult to obtain a high optical per 
formance over the entire Zoom range only by using Such a 
material for the Zoom lens. In order to achieve a high Zoom 
ratio and the reduction in size of the entire lens system by 
using the lens formed of materials plotted in the area apart 
from the normal line, it is necessary to set a Zoom type, 
refractive powers of the respective lens units, reflecting pow 
ers of the lenses of the respective lens units, and a lens con 
figuration adequately. In particular, in order to achieve the 
high Zoom ratio while making an attempt to reduce the size of 
the entire system with the positive-lead type Zoom lens, set 
ting of the refraction index, the Abbe number and the like of 
the material of the lenses of the first lens unit adequately is 
important. 
0067. In the respective examples, the secondary spectrum 
of the axial chromatic aberration caused by an attempt to 
achieve the high Zoom ratio is desirably corrected and the 
high optical performance is obtained over the entire Zoom 
range by using the material plotted in the area in the 0gF-vd 
graph significantly apart from the normal line adequately for 
the first lens unit. 
0068 Subsequently, in the Zoom lenses of the respective 
examples, preferable conditions for obtaining a compact 
Zoom lens having a wide field angle, a high Zoom ratio, and a 
high optical performance will be described. In the respective 
examples, the first lens unit L1 is composed of three lenses 
including one negative lens. In the following relational 
expressions, 0gF is the partial dispersion ratio of the material 
for the negative lens of the first lens unit L1, va is an Abbe 
number of the same, fW is a focal length of the entire system 
at the wide angle end, and fl is a focal length of the first lens 
unit L1. 
0069. At this time, conditions as 

3S.O<vaSO.O (1) 

0.52<0gF (2) 

0gF<-0.00203xvd+0.656 (3) 

18.1<fl/fW<27.8 (4) 

are satisfied. 
0070. Subsequently, the technical meanings of the condi 
tional expressions (1) to (4) will be described. When the Abbe 
number of the material of the negative lens is increased 
beyond an upper limit value of the conditional expression (1), 
the curvature of a cemented lens Surface of a cemented lens in 
the first lens unit L1 is increased in order to correct the 
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chromatic aberration. When the curvature of the cemented 
lens Surface is increased, the cut-end of the lens is decreased. 
Therefore, when considering the processing conditions of the 
lens, it is necessary to increase the lens thickness. When the 
lens thickness is increased, the front lens effective diameter is 
increased when an attempt is made to widen the field angle, so 
that a reduction in size of the entire system becomes difficult. 
(0071. When the Abbe number of the material of the nega 
tive lens is decreased beyond the lower limit value of the 
conditional expression (1), the curvature of the cemented lens 
Surface is reduced, which is advantageous for reduction in 
size of the entire system. However, materials existing on the 
lower side of the normal line in the 0gF-vd graph are not 
many. 

0072. In the respective examples, the first lens unit L1 has 
a very important role for the correction of aberration in the 
positive lead Zoom lens. The aberration generated in the first 
lens unit L1 is enlarged by degrees corresponding to the 
lateral magnifications of the respective lens units from the 
first lens unit L1 onward until the image plane. Therefore, the 
aberration generated in the first lens unit L1 needs to be 
minimized. When reducing the axial chromatic aberration 
generated by increase in Zoom ratio, the gentler the inclina 
tion of the Straight line connecting glass materials of the 
negative lens and the positive lens in the first lens unit L1 in 
the OgF-vd graph, the more the secondary spectrum of the 
axial chromatic aberration is corrected. 

0073. The conditional expressions (2) and (3) determine 
the partial dispersion ratio (gF of the material of the negative 
lens in the first lens unit L1. In the 0gF-vd graph, the materials 
existing in the area where the partial dispersion ratio OgF 
becomes smaller beyond the lower limit value of the condi 
tional expression (2) are not many, and hence better correc 
tion of the chromatic aberration becomes difficult. When the 
partial dispersion ratio OgF is increased beyond the upper 
limit value of the conditional expression (3), the inclination of 
the straight line connecting the glass materials of the negative 
lens and the positive lens cannot be made gentle and hence the 
secondary spectrum of the axial chromatic aberration remains 
significantly, so that obtainment of the high optical perfor 
mance while achieving the high Zoom ratio becomes difficult. 
0074 The conditional expression (4) determines the focal 
length of the first lens unit L1. When the focal length is 
decreased beyond the lower limit value of the conditional 
expression (4), the power (the inverse of the focal length) of 
the first lens unit L1 becomes too strong, and hence the 
correction of the spherical aberration at the telephoto end 
becomes difficult. Correction of the spherical aberration is 
achieved by increasing the number of the lenses. However, if 
the number of the lenses increase, the effective diameter of 
the first lens unit L1 is increased, which is not preferable for 
increasing the field angle. 
0075. When the focal length L1 is increased beyond the 
upper limit value of the conditional expression (4), the power 
of the first lens unit L1 becomes weak, and hence the correc 
tion of the spherical aberration is advantageously performed. 
However, if the power becomes too weak, it is not favorable 
because the amount of movement during the Zooming opera 
tion from the wide angle end to the telephoto end of the first 
lens unit L1 is increased and hence the entire system is 
increased in size. 

0076. As described above, according to the respective 
examples, a Zoom lens which is compact in entire optical 
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system, has a wide field angle and a high Zoom ratio, and 
achieves a high optical performance over the entire Zoom 
range is obtained. 
0077. In the respective examples, it is further preferable 
that one or more of the conditions described below is satisfied. 
In the relational expressions given below, B2W is a lateral 
magnification of the second lens unit L2 at the wide angle end 
and B2T is a lateral magnification of the second lens unit L2 
at the telephoto end. Also, B3W is a lateral magnification of 
the third lens unit L3 at the wide angle end and B3T is a lateral 
magnification of the third lens unit L3 at the telephoto end, f3 
is a focal length of the third lens unit L3, and nd is a refraction 
index of the material of the negative lens of the first lens unit 
L1. 
(0078. The aperture stop SP1 is provided between the sec 
ond lens unit L2 and the third lens unit L3. The distance 
between the lens surface of the second lens unit L2 on the 
image side and the aperture stop SP1 at the wide angle end is 
defined as D2, and the distance between the aperture stop SP1 
and the lens surface of the third lens unit L3 on the object side 
at the wide angle end is defined as D3. 
(0079. At this time, it is preferable that one or more of the 
following conditional expressions are satisfied. 

2.8<(B2TB3W)/(B2WB3T).<6.5 (5) 

1.75<nd 32.10 (6) 

3.5<f3/fW<6.5 (7) 

1.O<D2AD3<S.O (8) 

0080 Subsequently, the technical meanings of the condi 
tional expressions (5) to (8) described above will be 
described. 
I0081. The conditional expression (5) defines a share of 
Zoom ratio between the second lens unit L2 and the third lens 
unit L3. The axial ray follows an optical path Such as being 
condensed by a positive refractive power of the first lens unit 
L1, dispersing by a negative refractive power of the second 
lens unit L2, and being condensed again by a positive refrac 
tive force of the third lens unit L3. Therefore, the incident 
height of the axial ray is the highest at the first lens unit L1 
followed by the third lens unit L3. When the share of Zoom 
ratio is decreased beyond the lower limit value of the condi 
tional expression (5), the share of Zoom ratio of the third lens 
unit L3 becomes too large, and hence the amount of move 
ment of the third lens unit L3 caused by the Zooming opera 
tion is increased. It is unfavorable because the variations in 
axial chromatic aberration are increased. 
I0082. When the share of Zoom ratio is increased beyond 
the upper limit value of the conditional expression (5), the 
share of Zoom ratio of the third lens unit L3 is reduced. 
Accordingly, the amount of movement of the third lens unit 
L3 due to the share of Zoom ratio is reduced, and the varia 
tions in axial chromatic aberration are reduced. However, the 
share of Zoom ratio becomes too small and hence the achieve 
ment of the high Zoom ratio becomes difficult. 
I0083. The conditional expression (6) defines the refraction 
index of the material of the negative lens of the first lens unit 
L1. When the refraction index is increased beyond the upper 
limit value of the conditional expression (6), the curvature of 
the cemented lens surface of the cemented lens in the first lens 
unit L1 becomes gentle and hence a reduction in size is easily 
performed. However, the amount of existing glass is too small 
and hence the correction of the chromatic aberration becomes 
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difficult. When the refraction index is decreased beyond the 
lower limit value in the conditional expression (6), the cur 
Vature of the cemented lens surface of the cemented lens in the 
first lens unit L1 is increased, and hence the thickness of the 
lens is increased, so that the size of the entire system is 
increased. 

0084. The conditional expression (7) defines the refractive 
power of the third lens unit L3. When the focal length of the 
third lens unit L3 is increased beyond the upper limit value of 
the conditional expression (7), the refractive power of the 
third lens unit L3 becomes too small and hence the amount of 
movement of the third lens unit L3 caused by the Zooming 
operation is increased. As a consequence, the entire lens 
length is increased, and the reduction in size of the entire 
system becomes difficult. Also, when the focal length of the 
third lens unit L3 is decreased beyond the lower limit value of 
the conditional expression (7), the refractive power of the 
third lens unit L3 becomes too large and hence the amount of 
movement of the third lens unit L3 caused by the Zooming 
operation is decreased, which is advantageous for reducing 
the size of the entire system. However, correction of the 
spherical aberration or the coma aberration in the third lens 
unit L3 becomes difficult. 

0085. In order to correct the various aberration at this time, 
it is necessary to increase the number of lenses, then, the size 
of the entire system is increased, which is not preferable. 
I0086. The conditional expression (8) defines the distance 
between the second lens unit L2 and the aperture stop SP1 and 
the distance between the third lens unit L3 and the aperture 
stop SP1 at the wide angle end. When the distance between 
the third lens unit L3 and the aperture stop SP1 is increased 
beyond the lower limit value of the conditional expression 
(8), variations in incident height of the off-axis ray passing 
through the second lens unit L2 is reduced. Then, the size of 
the outer diameter of the lenses of the first lens unit L1 may be 
decreased, so that the reduction in size of the entire system is 
easily achieved. However, since the incident height of the 
off-axis ray passing through the third lens unit L3 is 
increased, the coma aberration is generated significantly from 
the third lens unit L3 onward. 

0087. When the distance between the third lens unit L3 
and the aperture stop SP1 is decreased beyond the upper limit 
value of the conditional expression (8), the incident height of 
the off-axis ray passing through the first lens unit L1 is 
increased, and hence the size of the first lens unit L1 is 
increased. 

0088. In the respective examples, it is preferable to set the 
ranges of the numeric values of the conditional expressions 
(1a) to (8a) as shown below. 
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I0089. Further preferably, when the range of the numerical 
values of the conditional expressions (1b) to (8b) as shown 
below, the effects meant by the respective conditional expres 
sions described above are obtained to a maximum extent. 

35.2<w-49.7 (1b) 

0.54<0gF (2b) 

0gF<-0.00203xvd+0.65419 (3.b) 

18.5<fl/fW<27.5 (4b) 

3.0<(B2TB3W)/(B2WB3T).<6.0 (5b) 

1.83<nd 31.95 (6b) 

4.3<f3/fW<5.5 (7b) 

1.53D2AD3-3.5 (8b) 

0090 Subsequently, preferred configuration in the respec 
tive examples other than those described above will be 
described. 
(0091. The first lens unit L1 preferably consists of three 
lenses including a negative lens. In a case where the lens 
system is of a wide field angle type, since the outer diameter 
of the first lens unit L1 is determined by the off-axis ray, the 
more advantage is obtained for the reduction in size of the 
entire system with the lesser number of the lenses which 
constitute the first lens unit L1. In order to achieve the high 
Zoom ratio, if the number of lenses which constitute the first 
lens unit L1 is too small, corrections of the spherical aberra 
tion and the axial chromatic aberration may become difficult. 
Therefore, in order to achieve the high wide field angle and 
the high Zoom ratio, the first lens unit L1 preferably consists 
of three lenses including a negative lens. 
0092. More specifically, it is preferable to constitute the 

first lens unit L1 with the negative lens, the positive lens, and 
the positive lens in this order from the object side to the image 
side. The second lens unit L2 preferably has the negative lens, 
the negative lens, and the positive lens from the object side to 
the image side. By configuring the second lens unit L2 which 
moves in association with the Zooming operation in this man 
ner, variations of the magnification chromatic aberration in 
association with the Zooming operation may easily be inhib 
ited. The third lens unit L3 following the second lens unit L2 
has a positive refraction index. 
0093. At the wide angle end, an axial light flux is trans 
formed into a diffusing light flux after the passage of the 
second lens unit L2 having a negative refractive power. How 
ever, with the third lens unit following the second lens unit L2 
having a positive refractive power, the light flux may be 
provided with a convergent effect and reduction of the effec 
tive diameter of the lenses of the rear lens group may easily be 
achieved. The third lens unit L3 preferably has a cemented 
lens including the positive lens, the negative lens, the negative 
lens, and the positive lens from the object side. 
0094. This configuration is referred to as so-called Tesser 
type which is a triplet type lens system added with one more 
lens, which allows easy fine-adjustment of Petzval sum by 
adding one lens to the triplet configuration. Accordingly, the 
flatness of the image plane is made preferable easily for the 
entire Zoom area. The front lens effective diameter of the 
Zoom lens of the positive lead is increased with widening of 
the field angle, and hence the reduction in size becomes 
difficult. However, by limiting the number of lenses which 
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constitute the first lens unit and premising of an electronic 
aberration correction allowing a distortion aberration to some 
extent, the reduction in size against the widening of the field 
angle. 
0095 Accordingly, when applying the Zoom lens of an 
embodiment of the invention to the image pickup apparatus 
having a solid-state image pickup device, the distortion aber 
ration may be electrically corrected. In this configuration, the 
various aberrations other than the distortion aberration are 
desirably corrected and the secondary spectrum of the axial 
chromatic aberration caused by the increase in Zoom ratio is 
corrected, so that a compact Zoom lens having a high Zoom 
ratio, a wide field angle, and a high performance is obtained. 
0096. Subsequently, referring now to FIG. 11, an embodi 
ment of a digital camera (image pickup apparatus) having the 
Zoom lens according to an embodiment of the invention used 
as a photographic optical system will be described. In FIG. 
11, reference numeral 20 designates a digital camera body, 
reference numeral 21 designates a photographic optical sys 
tem composed of the Zoom lens of the respective examples 
described above, and reference numeral 22 designates an 
image pickup device Such as a CCD configured to receive an 
object image by the photographic optical system 21. Refer 
ence numeral 23 designates a recording unit configured to 
record an object image received by the image pickup device 
22, and reference numeral 24 designates a finder configured 
to observe an object image displayed on the display device, 
mot illustrated. 
0097. The above-described display device is composed of 
a liquid crystal panel or the like, and the image of the object 
formed on the image pickup device 22 is displayed. By apply 
ing the Zoom lens of an embodiment of the invention to the 
digital camera, compact optical equipment having a high 
optical performance is realized. The Zoom lenses of the 
respective examples may be applied to photographic optical 
systems such as video cameras or mirror-less single-lens 
reflex cameras having no quick return mirror in the same 
a. 

0098. Detailed numerical value data of numerical value 
examples 1 to 4 corresponding to Examples 1 to 4 will be 
shown below. In the respective numerical examples, refer 
ence sign i designates the number of the plane counted from 
the object side. Reference sign ri designates a radius of cur 
vature of an ith optical surface (ith surface). Reference sign di 
designates an axial distance between the ith Surface and the 
(i+1)th surface. Reference signs indi and vali are the refraction 
index and the Abbe number of the material of the ith optical 
member with respect to the d line, respectively. Two surfaces 
closest to the image correspond to a glass block G. The 
aspherical shape is expressed by 

2 
X = 

1 + 1-(1 + k) 

where an X-axis extends in the direction of optical axis, an 
H-axis extends in the vertical direction with respect to the 
optical axis, and the direction of travel of light is positive, R 
is a paraxial radius of curvature, K is a conical constant, and 
A4 to A12 are aspherical constants, respectively. 
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0099 Asterisk * means a surface having an aspherical 
shape. The term “e-X' designates 10. Reference sign BF 
designates a back focus and indicates the distance from the 
glass block G. Relationships between the respective condi 
tional expressions and the numerical examples described 
above are shown in Table. 

Numerical Example 1 

01.00 

Unit mm 

Plane Data 

Plane Number r d ind wd 

1 119.576 1.OO 834OO 37.2 
2 51419 5.60 43875 94.9 
3 -147.3OO O.18 
4 44.379 3.SO S9282 68.6 
5 180498 (Variable) 
6* 288.112 O.70 883OO 40.8 
7: 8.444 4.74 
8 -36.488 OSO 804OO 46.6 
9 29.6O2 O.2O 
10 16.959 2.10 94595 18.0 
11 84370 (Variable) 
12 (Aperture) ce (Variable) 
13 * 10.061 3.00 55332 71.7 
148 -71.895 2.41 
15 64.971 OSO 64769 33.8 
16 11.608 O.30 
17 16.053 OSO 804OO 46.6 
18 8.534 2.65 48749 70.2 
19 -27.107 O.30 
20 (Mechanical Stop) ce (Variable) 
21 62.247 OSO 48749 70.2 
22 26.036 (Variable) 
23 22.969 240 749SO 35.3 
24 -28.878 OSO 94595 18.0 
25 -191.214 (Variable) 
26 ce O.8O S1633 64.1 
27 ce 

Image Plane ce 

Aspherical Surface Data 

6th surface 

K= 3.26999e-OO2 
A8 = -1.43685e-OO8 

K= 1.13438e--OO2 

Focal Length 
F number 
Angle of View 
Image Height 
Total Length of Lenses 
BF 
S 

A4 = 2.34814e-OOS 
A10 = 2.35248e-011 

7th surface 

A4 = -4.15397e-OOS 
A10 = -1.78519e-O1O 

13th surface 

A4 = -3.45832e-OOS 
A10 = 2.62605e-O10 

14th surface 

A4 = 1.01182e-004 

Various Data 
Zoom Ratio 48.37 

A6 = 9.69906e-008 
A12 = 3.48194e-O14 

Wide Angle Intermediate Zoom 

4.30 13.31 208.OO 
2.87 S.OO 7.07 

37.77 16.23 1.07 
3.33 3.88 3.88 

94.61 94.08 138.53 
1.OO 1.00 1.OO 
O.78 17.42 63.13 
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-continued -continued 

Unit mm Unit mm 

d11 34.14 13.08 1.03 13th surface 

d12 10.29 3.45 -OSO K= -1.27865e-OO1 A4 = -1.272O8e-005 A6 = -1.13483e-OO6 
d20 2.19 2.25 7.47 A8 = 4.588.71e-O09 A10 = 2.62605e-O10 
d22 4.80 6.51 25.90 14th surface 
d2S 9. OS 17.99 8.12 

K= 7.20097e--OO1 A4 = 1.32O2Oe-004 A6 = -6.91235e-OO7 

Data on Zoom Lens Group 
Various Data 

Group Start Plane Focal Length Zoom Ratio 48.38 

Wide Angle Intermediate Zoom 
1 1 80.24 

2 6 -9.34 Focal Length 4.30 13.09 208.OS 
3 12 ce F number 2.87 S.OO 7.07 
4 13 1993 Angle of View 37.77 16.49 1.07 

Image Height 3.33 3.88 3.88 
5 21 -92.22 Total Length of Lenses 95.04 94.82 139.16 
6 23 32.44 BF 1.OO 1.00 1.OO 
7 26 ce S O.78 17.45 63.11 

d11 34:11 12.46 O.89 
d12 10.06 4.14 -OSO 
d22 7.60 9.SO 33.82 
25 892 17.70 8.28 

Numerical Example 2 
Data on Zoom Lens Group 

0101 Group Start Plane Focal Length 

1 1 79.91 
Unit mm 2 6 -9.23 

3 12 ce 
Plane Data 4 13 22.13 

5 23 34.06 
Plane Number r d ind wd 6 26 ce 

1 118.968 1.OO 834OO 37.2 
2 51.380 5.65 43875 94.9 
3 -145.612 O.18 
4 44.412 3.60 S9282 68.6 Numerical Example 3 

5 180.136 (Variable) 
6* 312.978 O.70 883OO 40.8 01.02 
7: 8.452 4.72 
8 -36.104 O.SO 804OO 46.6 
9 28.730 O.20 Unit mm 
10 16.966 2.OO 94595 18.0 
11 86.851 (Variable) Plane Data 
12 (Aperture) ce (Variable) 
13: 10.061 3.05 55332 71.7 Plane Number r d ind wd 
148 -71.895 2.09 
15 62.759 O.SO 64769 33.8 1 118.790 1.OO 834OO 37.2 
16 11.893 O.28 2 51.310 S.62 43875 94.9 
17 16.708 O.SO 804OO 46.6 3 -145.430 O.18 
18 8.677 2.50 48749 70.2 4 44.310 3.55 S9282 68.6 
19 -24.962 O.30 5 180.001 (Variable) 
2O 190-183 O.SO 43875 94.9 6* 332.325 O.70 883OO 40.8 
21 35.988 O.SO 7: 8.486 4.62 
22 (Mechanical Stop) ce (Variable) 8 -35.399 OSO 804OO 46.6 
23 24.738 2.50 749SO 35.3 9 27.806 O.2O 
24 -26.797 O.SO 94595 18.0 10 16.853 2.OO 94595 18.0 
25 -148.04.1 (Variable) 11 89.438 (Variable) 
26 ce O.80 S1633 64.1 12 (Aperture) ce (Variable) 
27 ce 13 * 10.061 3.22 55332 71.7 
Image Plane ce 148 -71.895 1.97 

15 58.564 OSO 64769 33.8 
Aspherical Surface Data 16 11.811 O.28 

17 16.608 OSO 804OO 46.6 
6th surface 18 8.596 2.46 48749 70.2 

19 -27.078 O.30 
K=-198055e--004 A4 = 2.87252e-OOS A6 = 1.631 O1e-OO7 2O -540.752 OSO 43875 94.9 
A8 = -8.773O4e-009 A10 = 4.35048e-011 A12 = 8.01470e-014 21 36.319 OSO 

7th surface 22 (Mechanical Stop) ce (Variable) 
23 2OOOOO 1...SO 48749 70.2 

K= 1.02O3Oe-OO1 A4 = -7.75234e-OOS A6 = 2.87946e-OO6 24 -2OOOOO (Variable) 
A8 = -4.23726e-OO8 A10 = -529929e-O1O A12 = -1.95533e-O12 25 25.254 2.50 749SO 35.3 
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26 
27 
28 
29 
Image Plane 

K= 1.42167e--OO2 

-continued 

Unit mm 

-27.317 O.SO 1.94595 18.0 
-15S.218 (Variable) 

ce O.80 1.S1633 64.1 
ce 

ce 

Aspherical Surface Data 

6th surface 

A4 = 158190e-OOS 
A10 = 4.15788e-011 

7th surface 

A4 = -6.33194e-OOS 
A10 = -6.46788e-010 

13th surface 

A4 = -4.15458e-006 
A10 = 2.62605e-O10 

14th surface 

A4 = 1.17667e-004 

Various Data 
Zoom Ratio 48.33 

Wide Angle Intermediate Zoom 

Focal Length 4.30 1322 2O8.03 
F number 2.87 S.OO 7.07 
Angle of View 37.75 16.34 1.07 
Image Height 3.33 3.88 3.88 
Total Length of Lenses 96.08 95.89 14054 
BF 1.OO 1.00 1.OO 
S O.78 1744 62.98 

d11 34.44 12.62 O.89 
d12 9.94 3.83 -OSO 
d22 1.89 2.36 2.76 
d24 S.10 6.55 30.66 
27 9.02 1818 8.84 

Data on Zoom Lens Group 

Group Start Plane Focal Length 

1 1 79.72 
2 6 -9.18 
3 12 ce 
4 13 23.55 
5 23 205.38 
6 25 34.97 
7 28 ce 

Numerical Example 4 

(0103) 

Unit mm 

Plane Data 

Plane Number r d ind wd 

1 109.862 O.SO 1.883OO 40.8 
2 49.564 6.70 1.59282 68.6 
3 -1412.227 O.18 
4 45.784 4.OO 1.43875 94.9 
5 223.283 (Variable) 
6* 68S.261 O.SO 1.883OO 40.8 
7: 8.346 S.69 

8 
9 
10 
11 
12 (Aperture) 
13 * 
148 
15 
16 
17 
18 
19 
20 (Mechanical Stop) 
21 
22 
23 
24 
25 
26 
27 
Image Plane 

K= -1.48533e--002 

Focal Length 
F number 
Angle of View 
Image Height 
Total Length of Lenses 
BF 
S 

d11 
d12 
d20 
d22 
25 

Group 
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-continued 

Unit mm 

-43.814 OSO 1.77250 
28.099 O.2O 
17.969 240 2.00178 
77.754 (Variable) 

ce (Variable) 
9.226 3.00 1.55332 

-94.279 1.25 
40.039 OSO 1.64769 
10.107 O4O 
12.963 OSO 1804OO 
7.370 3.45 148749 

-25.998 O.30 

ce (Variable) 
48.687 OSO 148749 
16.141 (Variable) 
21.359 2.05 1.78S90 

-48.900 OSO 1.94595 
-407.414 (Variable) 

ce O.8O 1.S1633 
ce 

ce 

Aspherical Surface Dat 

6th surface 

A4 = 1.231.11e-OOS 

7th surface 

A4 = -1.34925e-OOS 

13th surface 

A4 = -7.85697 e-OOS 
A10 = 2.62605e-O10 

14th surface 

Various Data 
Zoom Ratio 66.08 

8. 

A6 = 3.78879e-008 

A6 = -7.51.143e-OO 

014 

49.6 

19.3 

71.7 

33.8 

46.6 
70.2 

70.2 

44.2 
18.0 

64.1 

7 

7 

7 

Wide Angle Intermediate Zoom 

3.63 1422 24OOO 
2.87 S.OO 8.50 

41.87 1524 O.93 
3.25 3.88 3.88 

94.06 94.91 160.39 
1.OO 1.00 1.OO 
OSO 1982 76.77 

27.68 9.14 O.98 
1741 2.50 O.O3 
1.63 2.09 1483 
2.76 7.08 28.23 
9.16 19.36 4.63 

Data on Zoom Lens Group 

Start Plane Focal Length 

1 98.00 
6 -9.32 

12 ce 

13 17.90 
21 -49.78 
23 27.88 
26 ce 
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Numerical Example 5 
0104 

Unit mm 

Plane Data 

Plane Number r d 

1 86.882 O.SO 
2 S1.691 6.OO 
3 963.636 O.18 
4 49.891 4.OO 
5 183.284 (Variable) 
6* 726.742 O.SO 
7: 8.360 5.72 
8 -44.450 O.SO 
9 28.115 O.20 
10 17.990 2.40 
11 74.295 (Variable) 
12 (Aperture) ce (Variable) 
13: 9.227 3.00 
148 -103.260 1.27 
15 39.464 O.SO 
16 10.110 O41 
17 12.947 O.SO 
18 7.367 3.45 
19 -25.43O O.30 
20 (Mechanical Stop) ce (Variable) 
21 55.380 O.SO 
22 16.631 (Variable) 
23 21.959 2.40 
24 -41.142 O.SO 
25 -193394 (Variable) 
26 ce O.80 
27 ce 

Image Plane ce 

Aspherical Surface Data 

6th surface 

K= 3.42120e--OO3 
A8 = -1.11774e-O10 

Conditional 
Expression 1 
Conditional 
Expression 2 
Conditional 
Expression 3 
Conditional 
Expression 4 

Conditional 
Expression 5 

Conditional 
Expression 6 
Conditional 
Expression 7 

Conditional 

upper 
lower limit limit 

value value 

OgF O.S2 

Expression 
Value 
f1/W 18.1 27.8 

Expression 2.8 6.5 
Value 

ind 1.75 2.10 

f3, W 3.5 6.5 

ind 

191082 
1.59282 

1.43875 

1.883OO 

1.77250 

2.00178 

155332 

1.64769 

1804OO 
148749 

148749 

1.78S90 
1.94595 

1.S1633 

further 
Expression preferable preferable 

lower 
limit 
value 

35.1 

18.4 

2.9 

1.76 

4.0 
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A6 = 4.896.16e-008 

-continued 

Unit mm 

7th surface 

K= -2.223.71e-OO2 A4 = -1.79532e-OOS A6 = -1.75865e-OO7 
A8 = -6.59089e-OO9 

13th surface 
wd 

K=-359693e-OO1 A4 = -7.27635e-OOS A6 = -5.90525e-OO7 
35.3 A8 = -158851e-OO8 A10 = 2.62605e-O10 
68.6 14th surface 

94.9 K= -1.82579e--002 A4 = -1.38626e-OOS A6 = -8.27 199e-OO7 

40.8 Various Data 
Zoom Ratio 66.01 

49.6 
Wide Angle Intermediate Zoom 

19.3 
Focal Length 3.64 1427 240.13 
F number 2.87 S.OO 8.45 

71.7 Angle of View 41.82 15.20 O.92 
Image Height 3.25 3.88 3.88 

33.8 Total Length of Lenses 94.11 94.86 160.30 
BF 1.OO 1.00 1.OO 

46.6 S OSO 20.23 76.83 
70.2 d11 27.83 9.59 O.96 

d12 17.51 1.93 O.34 
d20 1.37 1.96 14.87 

70.2 d22 3.36 7.36 28.38 
25 8.91 1916 4.29 

44.2 
18.0 Data on Zoom Lens Group 

64.1 Group Start Plane Focal Length 

1 1 99.00 
2 6 -9.27 
3 12 ce 

4 13 17.88 
5 21 -48.96 
6 23 27.25 
7 26 ce 

TABLE 

still further 

upper upper 
limit lower limit limit 
value value value Example 1 Example 2 Example 3 Example 4 Example 5 

49.8 35.2 49.7 37.2 37.2 37.2 40.8 35.3 

O.S4 0.5775 O.5775 0.5775 O.S667 O.S824 

O.S805 O.S805 O.S805 0.5732 O.S843 

27.6 18.5 27.5 18.657 18.582 18.520 27.191 27.433 
80.236 79.914 79.718 97.999 99.001 
4.3O1 4.301 4.304 3.604 3.609 

6.3 3.0 6.0 S.926 S.746 4819 3.049 3.024 

-0.140 -0139 -0.139 -O.108 -0.107 
-2.150 -2.286 -2.269 -1.254 -1235 
-0.487 -0.601 -0.681 -O.396 -0.393 
-1.263 -1.718 -2.313 -1.512 -1. SOS 

2.00 1.83 1.9S 1.834OO 1834OO 1834OO 1.883OO 191082 

6.O 4.3 5.5 4.634 S.145 S.472 4.966 4.953 
19.931 22126 23.555 17.897 17.875 
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TABLE-continued 

Conditional further still further 
Expression preferable preferable 

upper lower upper upper 
lower limit limit limit limit lower limit limit 

value value value value value value Example 1 Example 2 Example 3 Example 4 Example 5 

Conditional D2, D3 1.O S.O 1.2 4.5 1.5 3.5 3.319 3.419 3.466 1.590 1.590 
Expression 8 D2 34.139 34.4O6 34.437 27.678. 27.831 

D3 10.286 10.064 9.936 17.409 17. SOS 

0105. While the present invention has been described with 5. The Zoom lens according to claim 1, wherein wherend is 
reference to exemplary embodiments, it is to be understood a refractive index of the material of the negative lens of the 
that the invention is not limited to the disclosed exemplary first lens unit, a condition of 
embodiments. The scope of the following claims is to be 1.75<nd 32.10 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. is satisfied. 6. The Zoom lens according to claim 1, comprising an 
What is claimed is: aperture stop between the second lens unit and the third lens 

unit. 
1. A Zoom lens comprising: a first lens unit having a posi- 7. The Zoom lens according to claim 1, wherein the first 

tive refractive power, a second lens unit having a negative lens unit, the second lens unit, and the third lens unit move 
reflective power, a third lens unit having a positive refractive during the Zooming operation. 
power, and a rear lens group including one or more lens units 8. The Zoom lens according to claim 1, comprising: 
in this order from an object side to an image side, wherein an aperture stop configured to move along a locus different 
distances between the respective lens units vary during the from other lens units during the Zooming operation, 
Zooming operation, wherein the aperture stop is arranged between the second 

lens unit and the third lens unit. 
wherein the first lens unit comprises three lenses including 9. The Zoom lens according to claim 1, comprising: 

one negative lens, and an aperture stop arranged between the second lens unit and 
where 0gF is a partial dispersion ratio of a material for the the third lens unit, and where the distance between a lens 

Surface of the second lens unit on the image side and the 
aperture stop at the wide angle end is defined as D2, and 
the distance between the aperture stop and a lens Surface 

3S.O<vaSO.O of the third lens unit on the object side at the wide angle 
end is defined as D3, a condition of 

negative lens of the first lens unit, va is an Abbe number 
of the same, conditions of 

0gF<-0.00203xvd+0.656 is satisfied. 
10. The Zoom lens according to claim 1, wherein the first 

are satisfied. lens unit moves to the image side and then moves to the object 
2. The Zoom lens according to claim 1, wherein where 32W side during a Zooming operation from the wide angle end to 

is a lateral magnification of the second lens unit at a wide the telephoto end 
angle end, B2T is a lateral magnification of the second lens 11. The Zoom lens according to claim 1, wherein the lens 

unit closest to the image moves to the object side during a 
focusing operation from an object at infinity to a near object. 

12. The Zoom lens according to claim 1, wherein the rear 
lens group includes a fourth lens unit having a positive refrac 

unit at a telephoto end, B3W is a lateral magnification of the 
third lens unit at the wide angle end, and B3T of a lateral 
magnification of the third lens unit at the telephoto end, a 
condition of tive power. 

2.8<(B2TB3W)/(B2WB3T).<6.5 13. The Zoom lens according to claim 1, wherein the rear 
lens group includes a fourth lens unit having a negative refrac 

is satisfied. tive power and a fifth lens unit having a positive refractive 
3. The Zoom lens according to claim 1, wherein where f3 is power. 

a focal length of the third lens unit, fW is a focal length of the 14. The Zoom lens according to claim 1, wherein the rear 
lens group includes a fourth lens unit having a positive refrac entire SVStem at the wide angle end, a condition of 

y 9. s tive power and a fifth lens unit having a positive refractive 
3.5<f3/fW<6.5 power. 

15. An image pickup apparatus comprising: 
is satisfied. a Zoom lens according to claim 1; and 

a photoelectric conversion device configured to receive an 4. The Zoom lens according to claim 1, wherein the first image formed by the Zoom lens. lens unit includes a negative lens, a positive lens, and a posi 
tive lens in this order from the object side to the image side. k . . . . 


