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Z.00M LENS SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This is a reissue application of U.S. Pat. No. 6,185,048,
which issued on Feb. 6, 2001, which rvelies for priority upon
Japanese Patent Application No. 9-280738, filed Oct. 14,
1997, Japanese Patent Application No. 10-003215, filed Jan.
9, 1998, and Japanese Patent Application No. 10-244643,
filed Aug. 31, 1998, the contents of all of which are incorpo-

rated herein by veference in their entireties.

BACKGROUND OF THE

1. Field of the Invention

The present mvention relates generally to a zoom lens
system, and more particularly to a compact yet low-cost
zoom lens system used with cameras using an electronic
image pickup means such as camcorders, digital cameras,
etc

2. Discussion of Related Art

To achieve size and weight reductions of a consumer-
oriented zoom lens system 1n this field, a specific zoom lens
system has been proposed, which comprises four lens
groups, 1.€., a positive lens group, a negative lens group, a
positive lens group and a positive lens group 1n order from an
object side thereot, as typically disclosed i JP-A’s 4-43311
and 4-78806. For zooming, the second negative lens group
moves on an optical axis while the first and third lens group
remain fixed. The fourth lens group moves to make correc-
tion for a fluctuation in the position of an 1image plane in
association with zooming. A further size reduction 1s achiev-
able by a specific zoom lens system wherein, as typically
disclosed 1n JP-A’s 6-94997 and 6-194572, a third lens
group moves from an 1image plane side to an object side of
the system during zooming from a wide-angle end to a tele-
photo end of the system. Such zoom lens systems have a
relatively high zoom ratio of the order of 8 to 12. However,
these zooms lens systems are still insuilicient for zoom lens
systems having a lower zoom ratio while weight 1s placed on
ever smaller size and ever lower cost, because of a large
number of lenses.

In the zoom lens system disclosed 1 JP-A 6-94997, the
first lens group consists of a negative lens, a positive lens and
a positive lens, three 1n all; the second lens group consists of
a negative lens, a negative lens and a positive lens, three 1n
all; the third lens group consists of a positive lens, a positive
lens and a negative lens, three 1n all or a positive lens and a
negative lens, two 1n all; and the fourth lens consists of one
positive lens. In the zoom lens system disclosed in JP-A
6-194572, the first lens group consists of a negative lens and
a positive lens, two 1n all; the second lens group consists of a
negative lens and a positive lens, two 1n all; the third lens
group consists of one positive lens; and the fourth lens group
consists of a negative lens and a positive lens, two 1n all. In
either case, each of the second to fourth lens groups has one
aspherical surface to reduce the number of lenses.

INVENTION

With reference here to the zoom lens system set forth in
JP-A 6-9499°7, however, 1t 1s impossible to make the {first
lens group thin because the first lens group having the largest
lens diameter 1s made up of three lenses. This 1n turn makes
1t difficult to achieve a further reduction 1n the lens diameter,
because the height of a ray having the largest field angle and
passing through the first lens group cannot be lowered. With
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reference then to the zoom lens system disclosed i JP-A
6-1945772, the assistance of the third lens group in zooming,
1s 1suificient because the third lens group 1s made up of one
positive lens alone. This 1n turn causes the burden of the
zooming action on the first and second lens groups to
become large, making suilicient size reductions difficult.
Further, spherical aberrations, coma, astigmatism, etc. pro-
duced at the third lens group are likely to become large and,
accordingly, fluctuations 1n various aberrations due to the
zooming movement of the third lens group are likely to
become large. Furthermore, the force of the third lens group
to converge an axial bundle becomes weak and so an axial
bundle incident on the fourth lens group becomes relatively
close to a parallel bundle. This mn turn causes coma and
astigmatism produced at the fourth lens group to become
large.

In the zoom lens systems set forth in JP-A’s 6-94997 and
6-194572, a great part of the zooming action 1s shared by the
second lens group. To keep an image point substantially con-
stant 1n this cause, the lateral magnification of the second
lens group must be 1n the range of about —1 from the wide-
angle end to the telephoto end. At a zoom ratio lower than
that, however, the amount of movement of the second lens
group can become so small that size reductions can be
achieved. It 1s thus efficient to reduce the space allowed
between the first and second lens groups as much as possible
for the purpose of size reductions.

To permit the second lens group to have a lateral magnifi-
cation of about -1 while the space between the first and
second lens groups 1s kept as narrow as possible, however, it
1s required to increase the power of the first lens group with
respect to the second lens group. This then causes an
entrance pupil to be located at a farther position where the
height of an off-axis ray passing through the first lens group
increases, resulting in an increase in the size of the lens
system 1n the first lens group and, hence, an increase in the
thickness of the lenses 1n the first lens group. Further, the
curvature of each lens in the first lens group must be
increased to make sure of the edge thickness of each lens,
resulting 1n a further increase 1n the thickness of each lens in
the first lens group.

SUMMARY OF THE INVENTION

In view of the aforesaid problems associated with the
prior art, an object of the present invention 1s to achieve
turther size and cost reductions of such zoom lens systems.

One particular object of the present invention 1s to provide
a zoom lens system comprising four lens groups, wherein
s1ze reductions are achieved without increasing the power of
the first lens group with respect to the second lens group
while satisfactory zoom ratios are maintained.

Another particular object of the present invention 1s to use
a reduced number of lenses thereby achieving a compact
zoom lens best suited for use with digital cameras, etc. This
zoom lens system 1s designed to achieve a substantially tele-
centric emergent bundle while taking an 1mage pickup ele-
ment such as a CCD 1nto consideration, and obtain such a
back focus as to allow optical elements such as low-pass
filters and bundle-splitting elements to be located in the
system, 1f required. In addition, the capability of the zoom
lens system to form 1mages 1s considerably improved.

According to the first aspect of the present invention, the
aforesaid objects are achieved by the provision of a zoom
lens system comprising, in order from an object side thereot,
a first lens group that has positive refracting power, a second
lens group that has a negative refracting power and moves
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from the object side to an 1mage plane side of the system
during zooming from a wide-angle end to a telephoto end of
the system, a third lens group that has positive refracting
power and a fourth lens group that has positive refracting
power and 1s movable during zooming, wherein:

said first group comprises two lenses, a negative lens and
a positive lens or one positive lens alone,

said third lens group comprises three lenses, a positive
lens, a positive lens and a negative lens or two lenses, a
positive lens and a negative lens, and

said third lens group has at least one aspherical surface

therein.

Preferably in this case, the positive and negative lenses in
the third lens group are cemented together.

Preferably, the third lens group moves from the image
plane side to the object side during zooming from the wide-
angle end to the telephoto end.

Preferably, the first lens group remains fixed during zoom-
ing.

Preferably, the second lens group comprises two lenses, a
negative lens and a positive lens in order from the object
side.

Preferably, the fourth lens group comprises one positive
lens alone.

Preferably, the zoom lens system satisfies the following

condition (a):

0.3<|L;|/|Ls|<1.0 (a)

where [, 1s an amount of movement of the second lens
group from the wide-angle end to the telephoto end, and L,
1s an amount of movement of the third lens group from the
wide-angle end to the telephoto end.

Preferably, the second lens group has at least one aspherti-
cal surface therein.

Preferably, the fourth lens group has at least one aspherti-
cal surface therein.

According to the second aspect of the present invention,
there 1s provided a zoom lens system comprising, in order
from an object side thereol, a first lens group that has posi-
tive refracting power and remains fixed during zooming, a
second lens group that has negative refracting power and
moves from the object side to an 1mage plane side of the
system during zooming from a wide-angle end to a telephoto
end of the system, a third lens group that has positive refract-
ing power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end, and a fourth lens group that has positive refract-
ing power and 1s movable during zooming, wherein:

said zoom lens system satisiies the following condition

(1):

0.5<|F,/F|<1.2 (1)
where F, 1s a focal length of an 1-th lens group.
According to the third aspect of the present invention,
there 1s provided a zoom lens system comprising, in order
from an object side thereol, a first lens group that has posi-
tive refracting power and remains fixed during zooming, a
second lens group that has negative refracting power and
moves from the object side to an 1mage plane side of the
system during zooming from a wide-angle end to a telephoto
end of the system, a third lens group that has positive refract-
ing power and moves from the 1image plane side to the object
side during zooming from the wide-angle end to the tele-
photo end, and a fourth lens group that has positive refract-
ing power and 1s movable during zooming, wherein:
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4
said zoom lens system satisfies the following condition

(2):

0.49<|L4/L,|<1 (2)
where L, 1s an amount of movement of an i-th lens
group {rom the wide-angle end to the telephoto end.

According to the fourth aspect of the present ivention,

there 1s provided a zoom lens system comprising, in order
from an object side thereol, a first lens group that has posi-
tive refracting power and remains fixed during zooming, a
second lens group that has negative refracting power and
moves from the object side to an 1mage plane side of the
system during zooming from a wide-angle end to a telephoto
end of the system, a third lens group that has positive refract-
ing power and moves from the 1image plane side to the object
side during zooming from the wide-angle end to the tele-
photo end, and a fourth lens group that has positive refract-
ing power and 1s movable during zooming, wherein:

said zoom lens system satisiies the following condition

(3):

2<(Fs 4V TH<3.3 (3)
where (F; ,,;) 1s a composite focal length of the third
and fourth lens group, and IH 1s a radius of an image
circle.

According to the fifth aspect of the present mvention,
there 1s provided a zoom lens system comprising, in order
from an object side thereol, a first lens group that has posi-
tive refracting power, a second lens group that has negative
refracting power and moves from the object side to an 1image
plane side of the system during zooming from a wide-angle
end to a telephoto end of the system, a third lens group that
has positive refracting power and a fourth lens group that has
positive refracting power and 1s movable during zooming,
wherein:

said third lens group comprises, 1n order from an object
side thereol, a positive lens convex on an object side
thereol, and a doublet consisting of a positive lens con-
vex on an object side thereol and a negative lens con-
cave on an 1image plane side thereof,

peripheries of object side-directed convex surtaces of both
said object-side positive lens and said doublet 1n said
third lens group are held by a lens holder barrel while
said convex surfaces are abutting at said peripheries or
some points on said lens holder barrel.

A detailed explanation will now be made of why the
aloresaid arrangements are used, and how they work.

First of all, the zoom lens system according to the first
aspect of the invention 1s described.

One possible approach to achieving a further side reduc-
tion of the zoom lens system disclosed in JP-A 6-94997 1s to
reduce the number of lenses used, thereby saving the space
occupied by the lenses. In the system set forth in JP-A
6-94997, the fourth lens group consists of one positive lens,
and the third lens group should comprise at least two lenses,
a positive lens and a negative lens, because the negative lens
1s essentially required for correction of chromatic aberra-
tions. In erther case, there 1s no room for reducing the num-
ber of lenses. To reduce the number of lenses, the number of
lenses 1n the first and second lens groups may be reduced.
However, since each of the first and second lens groups
should have one negative lens and one positive lens for cor-
rection of chromatic aberrations, 1t 1s the positive lens 1n the
first lens group or the negative lens 1n the second lens group
that can be eliminated. The greatest efl

ect on size and cost
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reductions 1s obtained when the positive lens 1s removed
from the first lens group, because that positive lens has a
large diameter and a large thickness.

In the present mvention, therefore, the first lens group 1s

made up of two lenses, a negative lens and a positive lens.
Further size and weight reductions may be achieved by con-
structing the second lens group of two lenses, a negative lens
and a positive lens. Various aberrations can be reduced by
constructing the third lens group of three lenses, a positive
lens, a positive lens and a negative lens or two lenses, a
positive lens and a negative lens, so that a great part of the
zooming action can be shared by the third lens group.
Consequently, the burden of the zooming action and correc-
tion of aberrations on the first and second lens groups can be
relieved.

In addition, the power of the third lens group can be so
increased that an axial bundle incident on the fourth lens
group can be relatively largely converged. It 1s thus possible
to reduce coma and astigmatism produced at the fourth lens
group and, at the same time, achieve size reductions by a
limited back focus. If the third lens group has a positive-
negative power profile in order from the object side, a prin-
cipal point throughout the third and fourth lens group, which
define a so-called relay system, can then be shifted more
closely to the object side. It 1s thus possible to shorten a
composite focal length of the third and fourth lens groups
with no variation 1n the image-forming magnification of the
third and fourth lens groups and, hence, the overall length of
the zoom lens system.

In the present invention, the fourth lens group can be
made up of one positive lens alone, partly because chromatic
aberrations produced throughout the third and fourth lens
groups can be fully corrected by one negative lens in the
third lens group, and partly because the power of the third
lens group can be increased as mentioned above to relieve
the burden of correction of aberrations that 1s imposed on the
tourth lens group. This 1s also desired 1 view of size and
welght reductions. Generally, a zoom lens system such as
one contemplated in the present mvention 1s designed to
move forward the fourth lens group for focusing. According,
to the present invention, the load on focusing operation, too,
can be reduced.

In the present invention, the amount of aberrations pro-
duced at the first and second lens groups 1s likely to become
larger than that 1n the zoom lens system set forth 1 JP-A
6-949977 because each of the first and second lens groups
comprise a reduced number of lenses. It 1s thus desired that
the burden of the zooming action be shared by the third lens
group as much as possible and, accordingly, the burden on
the first and second lens groups be relieved. In other words,
it 1s desired that the zoom lens system of the mvention sat-
1s1y the following condition (a) with respect to zooming:

0.3<|L;|/|Ls|<1.0 (a)

where L, 1s the amount of movement of the second lens
group during zooming, and L, 1s the amount of movement of
the third lens group during zooming. Thus, condition (a)
defines the proportion of the amount of movement of the
third lens group to the amount of movement of the second
lens group. When the lower limit of 0.3 1n condition (a) 1s
not reached, the zooming action shared by the third lens
group becomes too slender or the burden on the second lens
group becomes too large, resulting 1n a deterioration 1n aber-
rations or failing to achieve compactness. When the upper
limit of 1.0 15 exceeded, on the other hand, the burden on the
third lens group becomes too large, again resulting in a dete-
rioration in aberrations.
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In the zoom lens system of the invention, 1t 1s required that
at least one surface 1n the third lens group be made up of an
aspherical surface with positive power becoming weak far-
ther off the optical axis so as to make correction for spherical
aberrations, and especially coma and astigmatism at the
wide-angle end. By constructing at least one surface 1n the
second lens group of an aspherical surface with negative
power becoming weak farther off the optical axis, 1t 1s also
possible to make better correction for coma and astigmatism,
and spherical aberrations at the telephoto end.

By applying to at least one surface in the fourth lens group
an aspherical surface with positive power becoming weak
farther off the optical axis, it 1s possible to make ever better
correction for astigmatism 1n particular, etc.

Then, the second to fifth embodiments of the zoom lens
system according to the invention are explained.

In the field of cameras with built-in electronic 1image
pickup means such as camcorders, and digital cameras, too,
demand for consumer-oriented, compact yet low-cost zoom
lens systems has gone up recently. To meet such demand,
JP-A’s 6-94997 and 6-194572 have come up with such zoom
lens systems as already noted. As previously mentioned,
these have a zoom ratio of the order of 8 to 12, and a great
part ol the zooming action i1s shared by the second lens
group. To keep an 1mage point substantially constant in this
case, the lateral magnification of the second lens group must
be within the range of about -1 from the wide-angle end to
the telephoto end.

At a zoom ratio lower than that, however, the amount of
movement ol the second lens group can become so small
that size reductions can be achieved. It 1s thus efficient to
reduce the space allowed between the first and second lens
groups as much as possible for the purpose of size reduc-
tions.

To permit the second lens group to have a lateral magnifi-
cation of about -1 while the space between the first and
second lens groups 1s kept as narrow as possible, however, it
1s required to increase the power of the first lens group with
respect to the second lens group. This then causes an
entrance pupil to be located at a farther position where the
height of an off-axis ray passing through the first lens group
increases, resulting in an increase in the size of the lens
system 1n the first lens group and, hence, an increase in the
thickness of the lenses 1n the first lens group. Further, the
curvature of each lens in the first lens group must be
increased to make sure of the edge thickness of each lens,
resulting 1n a further increase 1n the thickness of each lens in
the first lens group.

In accordance with the second embodiment of the zoom
lens system of the present invention, this problem can be
averted by allocating a great part of the burden of the zoom-
ing action to the third lens group, whereby a satisfactory
zoom ratio and compactness are achieved with no consider-
able change 1n the power ratio between the first and second
lens group. To allow the third lens group to have a great
zooming action, it 1s then required that the third lens group
have relatively large power, as defined by condition (1).
When the lower limit of 0.5 1n condition (1) 1s not reached or
when the power of the third lens group becomes weak with
respect to the power of the second lens group, the amount of
movement of the third lens group during zooming becomes
too large. With this, the amount of movement of the second
lens group to keep the image plane at a constant position
becomes large, failing to achieve compactness. When the
upper limit of 1.2 1s exceeded or when the power of the third
lens group with respect to the second lens group becomes
too strong, the amount of astigmatism produced at the third
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lens group becomes too large, and the distance between the
third lens group and an object point therefor becomes too
short. This 1n turn makes 1t impossible to provide a suilicient
space between the second and third lens groups. More
preferably, this embodiment of the zoom lens system should
satisty the following condition (4):

0.6<|F,/F4|<1 (4)

For the third embodiment of the zoom lens system accord-
ing to the present invention, it 1s required that the amount of
movement ol the third lens group during zooming be
increased so as to allocate a relatively large zooming action
to the third lens group, as defined by condition (2). Thus,
condition (2) gives a definition of the ratio of the amount of
movement between the second and third lens groups from
the wide-angle end to the telephoto end. Falling below the
lower limit of 0.49 1n condition (2) 1s not preferable because
the amount of movement of the third lens group with respect
to the second lens group becomes too small to allocate a
suificient zooming action to the third lens group. Exceeding
the upper limit of 1 1s again not preferable because the
amount of movement of the third lens group with respect to
the second lens group increases with the results that there 1s
an excessive fluctuation in astigmatism, coma and other
aberrations produced at the third lens group during zooming
while the distance between the third lens group and an object
point therefor at the telephoto end becomes too short.
Consequently, no suificient space can be provided between
the second and third lens groups.

For a four-lens-group or a positive-negative-positive-
positive power profile zoom lens system like the fourth
embodiment of the zoom lens system according to the
present invention, it 1s required to increase the composite
power of the third and fourth lens groups, as defined by
condition (3). This 1s because 1t 1s elfective for reducing the
overall length of the zoom lens system that the powers of the
third and fourth lens groups for relaying a virtual image
formed by the first and second lens groups to an 1mage
pickup plane be increased to reduce the distance between the
position of the virtual image by the first and second lens
groups and the 1image pickup plane. When the upper limit of
3.3 1n condition (3) 1s exceeded or when the composite focal
length of the third and fourth lens groups at the wide-angle
end becomes large relative to the radius of the 1image circle
(image height) IH (when the power becomes weak), no sui-
ficient compactness 1s achieved for the aforesaid reason.
Falling below the lower limit of 2 i condition (3) 1s not
preferred. This 1s because the composite focal length of the
third and fourth lens groups at the wide-angle end becomes
small relative to the radius of the image circle with the
results that astigmatism produced at the third and fourth lens
groups becomes too large, while the distance between the
third lens group and an object point therefor becomes too
short. Consequently, no suificient space can be provided
between the second and third lens groups.

For a zoom lens system such as one contemplated 1n the
present ivention, it 1s preferable to perform focusing with
the fourth lens group when the angle of incidence of an axial
bundle 1s relatively small, because aberrational fluctuations
during focusing are limited. Since the fourth lens group has a
relatively small lens diameter and 1s light in weight, there 1s
an additional advantage that the driving torque for focusing
can be reduced.

It 1s also favorable for reducing the overall length of the
zoom lens system that as much of the composite power of
the third and fourth lens groups as possible 1s allocated to the
third lens group. In this embodiment, therefore, relatively
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large power 1s allocated to the third lens group rather than to
the fourth lens group, as defined by the following condition
(3) giving a definition of the ratio of the focal length of the
third lens group with respect to the focal length of the fourth
lens group.

0.3<F4/F,<0.8 (5)

where F. 1s a focal length of an 1-th lens group. By meeting
condition (35) or making the ratio of the focal length of the
third lens group with respect to the focal length of the fourth
lens group smaller than the upper limit of 0.8 therein, it 1s
possible to achieve more compactness than would be pos-
sible with the prior art. Falling below the lower limit 01 0.3 1n
condition (3) 1s not preferable because the ratio of the focal
length of the third lens group with respect to the focal length
of the fourth lens becomes small, with the results that the
power of the fourth lens group becomes too weak, and the
amount of movement of the fourth lens group for focusing
becomes too large. There 1s thus a large aberrational fluctua-
tion 1n association with focusing.

In the present invention, the power of the fourth lens
group 1s relatively weaker than that of the third group; that 1s,
it 1s desired for achieving compactness to construct the
fourth lens group of one positive lens.

To reduce an astigmatism fluctuation due to zooming, it 1s
desired that at least one surface 1n the fourth lens group be
provided by an aspherical surface.

Preferably 1n the present invention, the following condi-
tion (6) 1s satisiied:

0.4<|p, <1 (6)

Here 3, 1s a lateral magnification of the second lens group
at the telephoto end.

Condition (6) gives a definition of the absolute value of
the lateral magnification of the second lens group at the tele-
photo end. When the lower limit of 0.4 1s not reached or
when the absolute value of the lateral magnification of the
second lens group at the telephoto end becomes small, no
lens compactness can be achieved because the zooming
action of the second lens group becomes msuificient, and the
power of the first lens group becomes too weak. When the
upper limit of 1 1s exceeded or when the absolute value of
the lateral magnification of the second lens group at the tele-
photo end becomes large, no compactness can again be
achieved because the zooming action of the third lens group
becomes suilicient, and the power of the first lens group
becomes too strong, resulting an increase in the size of the
lens system 1n the first lens group.

Preferably, the third lens group contributes to a size reduc-
tion of the zoom lens system by increasing 1ts power without
varying 1ts image-forming magnification. It 1s then prefer-
able that the principal point of the third lens group 1s located
as close to the object side as possible, thereby avoiding inter-
terence between the second and third lens groups at the tele-
photo end of the system, which may be caused when the
distance between the third lens group and an object point for
the third lens group 1s short. For this reason, 1t 1s preferable
that the third lens group 1s made up of three lenses or, in
order from an object side thereot, a positive lens, a positive
lens and a negative lens. To make correction for spherical
aberrations, 1t 1s further preferable that an aspherical surface
1s used for at least one surface 1n the third lens group.

By using an aspherical surface for at least one surface 1n
the second lens group, 1t 1s possible to make better correction
for fluctuations 1n astigmatism and coma in association with
zooming.
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In the present invention, the burden of correction of aber-
rations on the first and second lens groups can be relieved
because the third lens group shares a relatively great part of
the zooming action as previously mentioned, and so the first
lens group may be made up of one positive lens. It 1s then
preferable that the lens 1n the second lens group that 1s
located nearest to an object side thereol 1s made up of a
negative lens having relatively large dispersion so as to make
correction for chromatic aberration of magnification pro-
duced at the first lens group. This 1s defined by the following
condition (7) that gives a definition of the Abbe’s number of
the negative lens 1n the second lens group that 1s located
nearest to the object side thereof.

(7)

V5 <40

where v, 1s an Abbe’s number of negative lens in the second
lens group that 1s located nearest to the object side thereof.

To make correction for chromatic aberration of magnifica-
tion produced at the positive lens 1n the first lens group as
mentioned above, 1t 1s preferable that the Abbe’s number of
the negative lens located nearest to the object side of the
second lens group does not exceed the upper limit of 40 1n
condition (7). If the following condition (8) 1s satisfied, it 1s
then possible to make better correction for the chromatic
aberration of magnification.

V51<35

(8)

When, as contemplated 1n the invention, the third lens
group 1s made up of three lenses, 1.¢., a positive lens, a posi-
tive lens and a negative lens in order from an object side
thereol, a principal point throughout the third lens group
should be located as close to the object side as possible for
the achievement of compactness. It 1s then preferable that
both the positive lenses are convex on object sides thereof
and the negative lens 1s strongly concave on an 1image plane
side thereof. The performance of the convex surfaces
(opposing to the object side) of the two positive lenses hav-
ing strong refracting power and the performance of the con-
cave surface (opposing to the image side) of the negative
lens are often adversely affected by an error of decentration
of such lenses with respect to optical axes at the time of lens
fabrication. For this reason, 1t 1s preferable that the positive
lens on the 1image plane side and negative lens are cemented
together, and that when the third lens group 1s held 1n a lens
holder barrel, the positive lens on the object side and the
doublet are held by the lens holder barrel while their convex
surfaces opposing to the object side are abutting at their
peripheries or some points on the lens holder barrel.

According to one specific aspect of the present invention,
there 1s provided a zoom lens system comprising, in order
from an object side of the system, a first lens group that has
positive refracting power and remains fixed during zooming,
a second lens group that has negative refracting power and
moves from the object side to an 1mage plane side of the
system during zooming from a wide-angle end to a telephoto
end of the system, a third lens group that has positive refract-
ing power and moves constantly from the image plane side
to the object side during zooming from the wide-angle end to
the telephoto end and a fourth lens group that has positive
refracting power and 1s movable during zooming, wherein
said third lens group comprises a doublet consisting of a
positive lens and a negative lens, and said fourth lens group
comprises one positive lens.

In this embodiment, during zooming from the wide-angle
end to the telephoto end, the second lens group having nega-
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tive refracting power can move from the object side to the
image plane side while the third lens group having positive
refracting power can move irom the 1mage plane side to the
object side, so that the burden of zooming so far shared by
the second lens group can be allocated to the second and
third lens groups. It 1s thus possible to achieve compactness
while a satisfactory zoom ratio 1s maintained, without
increasing the power ratio of the first lens group to the sec-
ond lens group. In other words, by allocating a great part of
the zooming action to the third lens group, it 1s possible to
achieve compactness while a satisfactory zoom ratio 1s
maintained, without increasing the power ratio of the first
lens group to the second lens group.

Reference 1s then made to what action and effect are
obtained when the third lens group comprises a doublet con-
s1sting of a positive lens and a negative lens. When the third
lens group 1s designed as a group movable during zooming,
the burden on the third lens group of correction of aberra-
tional tluctuations in association with zooming does not only
become heavy, but 1t 1s also required to make good correc-
tion for chromatic aberrations. For this reason, it 1s necessary
for the third lens group to comprise at least a positive lens
component and a negative lens component. Relative decen-
tration between the positive and negative lenses gives rise to
a considerable deterioration 1in the image-forming capability.
This decentration between the positive and negative lenses
can be easily reduced by using the doublet consisting of a
positive lens and a negative lens 1n the third lens group. It 1s
thus possible to allocate a great part of the zooming action to
the third lens group, make good correction for chromatic
aberrations, and make an image quality drop due to decen-
tration unlikely to occur. In this embodiment, the burden of
zooming so far shared by the second lens group 1s allocated
to the second and third lens groups so that the burden of
correction of aberrations on the fourth lens group can be
successiully reduced. By constructing the fourth lens group
ol one positive lens, it 1s possible to achieve compactness
while the image-forming capability 1s kept.

In the instant embodiment, it 1s preferable that an aspheri-
cal surface 1s used for at least one surface of the positive lens
in the fourth lens group.

When the fourth lens group is constructed of one positive
lens, 1t 1s preferable that the fourth lens group has one
aspherical surface therein because the burden of zooming
can be allocated to the second and third lens groups and
correction of aberrations shared by the fourth lens group can
be well performed, resulting 1n the achievement of cost and
s1ze reductions. It 1s here to be noted that the aspherical
surface may be formed by a so-called glass pressing process,
a so-called hybrid process wherein a thin resin layer 1s
stacked on a glass or other substrate, or a plastic molding
Process.

According to another specific aspect of the present
invention, there 1s provided a zoom lens system comprising,
in order from an object side of the system, a first lens group
that has positive refracting power and remains fixed during
zooming, a second lens group that has negative refracting
power and moves from the object side to an 1image plane side
of the system during zooming from a wide-angle end to a
telephoto end of the system, a third lens group that has posi-
tive refracting power and moves constantly from the image
plane side to the object side during zooming from the wide-
angle end of the telephoto end and a fourth lens group that
has positive refracting power and 1s movable during
zooming, wherein each of said recovery lens group and said
third lens group comprises a doublet consisting of a positive
lens and a negative lens.
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In this embodiment, during zooming from the wide-angle
end to the telephoto end, the second lens group having nega-
tive refracting power can move from the object side to the
image plane side while the third lens group having positive
refracting power can move from the image plane side to the
object side, so that the burden of zooming so far shared by
the second lens group can be allocated to the second and
third lens groups. It 1s thus possible to achieve compactness
while a satisfactory zoom ratio 1s maintained, without
increasing the power ratio of the first lens group to the sec-
ond lens group. In other words, by allocating a great part of
the zooming action to the third lens group, it 1s possible to
achieve compactness while a satisfactory zoom ratio 1is
maintained, without increasing the power ratio of the first
lens group to the second lens group.

Reference 1s then made to what action and effect are
obtained when the third lens group comprises a doublet con-
s1sting of a positive lens and a negative lens. When the third
lens group 1s designed as a group movable during zooming,
the burden on the third lens group of correction of aberration
fluctuations in associated with zooming does not only
become heavy, but 1t 1s also required to make good correc-
tion for chromatic aberrations. For this reason, 1t 1s necessary
for the third lens group to comprise at least a positive lens
component and a negative lens component. Relative decen-
tration between the positive and negative lenses then gives
rise to a considerable deterioration in the image-forming
capability. This decentration between the positive and nega-
tive lenses can be easily reduced by using the doublet con-
s1sting of a positive lens and a negative lens in the third lens
group. It 1s thus possible to allocate a great part of the zoom-
ing action to the third lens group, make good correction for
chromatic aberrations, and make an 1mage quality drop due
to decentration unlikely to occur. Although the burden of
zooming on the second lens group 1s reduced, yet the burden
on the second lens group of correction of aberrational fluc-
tuations 1n association with zooming 1s still heavy because
the second lens group 1s a group movable during zooming. It
1s thus required to make good correction for chromatic aber-
rations. For this reason, 1t 1s necessary for the second lens
group to comprise at least a positive lens component and a
negative lens component. Relative decentration between the
positive and negative lenses then gives rise to a considerable
deterioration 1n the image-forming capability. This decentra-
tion between the positive and negative lenses can be easily
reduced by using the doublet consisting of a positive lens
and a negative lens 1n the second lens group. It 1s thus pos-
sible to make an i1mage quality drop due to decentration
unlikely to occur.

According to yet another specific embodiment of the
present invention, there 1s provided a zoom lens system
comprising, in order from an object side of the system, a first
lens group that has positive refracting power and remains
fixed during zooming, a second lens group that has negative
refracting power and moves from the object side to an 1image
plane side of the system during zooming from a wide-angle
end to a telephoto end of the system, a third lens group that
has positive refracting power and moves constantly from the
image plane side to the object side during zooming from the
wide-angle end to the telephoto end and a fourth lens group
that has positive refracting power and 1s movable during
zooming, wherein said third lens group comprises, 1n order
from an object side thereol, a positive lens and a doublet
consisting of a positive lens and a negative lens.

In this embodiment, during zooming ifrom the wide-angle
end to the telephoto end, the second lens group having nega-
tive refracting power can move from the object side to the
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image plane side while the third lens group having positive
refracting power can move from the image plane side to the
object side, so that the burden of zooming so far shared by
the second lens group can be allocated to the second and
third lens groups. It 1s thus possible to achieve compactness
while a satisfactory zoom ratio 1s maintained, without
increasing the power ratio of the first lens group to the sec-
ond lens group. In other words, by allocating a great part of
the zooming action to the third lens group, it 1s possible to
achieve compactness while a satisfactory zoom ratio 1s
maintained, without increasing the power ratio of the first
lens group to the second lens group. Further, since the third
lens group 1s made up of, 1n order from the object side, a
positive lens, a positive lens and a negative lens, a principal
point throughout the third lens group can be located on the
object side for the achievement of a further size reduction.
Stated otherwise, the negative lens 1s required for correction
of chromatic aberration, and two positive lenses are located
to obtain strong positive power and achieve a size reduction
(simple structure) of the third lens group 1tself. Furthermore,
this power profile (positive-positive-negative in order from
the object side) of third lens group allows various aberra-
tions to be well corrected with a reduced number of lenses.
In addition, the principal point throughout the third lens
group 1s located on the object side so that the principal point
positions of the second and third lens groups can effectively
be brought close to each other at the telephoto end of the
system, thereby achieving a further size reduction of the
system.

According to a further specific aspect of the present
invention, there 1s provided a zoom lens system comprising,
in order from an object side of said system, a {irst lens group
having positive refracting power, a second lens group having
negative relracting power, a third lens group having positive
refracting power and a fourth lens group having positive
refracting power, wherein during zooming, a space between
said first and second lens groups, a space between said sec-
ond and third lens groups and a space between said third and
fourth lens groups vary independently, said third lens group
comprises, 1 order from an object side thereof, a double-
convex positive lens, and a doublet consisting of a positive
meniscus lens convex on an object side thereol and a nega-
tive meniscus lens, and said fourth lens group comprises a
double-convex lens having a large curvature on an object
side surface thereof.

In this embodiment, the third lens group 1s constructed of,
in order from the object side, a positive lens convex on an
object side thereof and a doublet consisting of a positive
meniscus lens convex on an object side thereol and a nega-
tive meniscus lens, so that a principal object throughout the
third lens group can be located closer to the object side,
thereby achieving a size reduction of the lens system. Use of
the doublet consisting of a positive meniscus lens and a
negative meniscus lens can reduce a performance drop due
to decentration. Since the third lens group has such an
arrangement, the fourth lens group can be constructed of one
single lens. By using a double-convex lens having a large
curvature on an object side thereof as the single lens, 1t 1s
possible to make a light ray incident on the image plane
substantially telecentric and obtain a satisfactory back focus
while the number of lenses in the third and fourth lens
groups 1s reduced to the minimum, thereby achieving the
aforesaid another object of the present invention.

According to a still further specific aspect of the present
invention, there 1s provided a zoom lens system comprising,
in order from an object side of said system, a first lens group
having positive refracting power, a second lens group having
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negative refracting power, a third lens group having positive
refracting power and a fourth lens group having positive
refracting power, wherein during zooming, a space between
said first and second lens groups, a space between said sec-
ond and third lens groups and a space between said third and
fourth lens groups vary independently, said first lens group
comprises one positive lens, said second lens group com-
prise three lenses or, 1n order from an object side thereol, a
single lens and a doublet consisting of a negative lens and a
positive lens, said third lens group comprises three lenses or,
in order from an object side thereol, a single lens and a
doublet consisting of a positive lens and a negative lens, and
said fourth lens group comprises one positive lens.

With this arrangement, 1t 1s possible to achieve a positive-
negative-positive-positive power profile zoom lens system
that can have good 1mage-forming capability with a reduced
number of lenses and so can be well suited for use with
digital cameras. By allowing the burden of correction of
aberrations to be concentrated on the second and third lens
groups, ¢ach of the first and fourth lens groups taking no
great part 1in correction of aberrations can be constructed of
one positive lens. By allowing the second lens group sharing
a great part of correction of aberrations to be constructed of,
in order from the object side, a single lens and a doublet
consisting of a negative lens and a positive lens, it 1s possible
to reduce, with a minimum number of lenses, various aberra-
tions inclusive of chromatic aberrations produced at the sec-
ond lens group alone, thereby achieving a further size reduc-
tion. Use of the doublet consisting of a negative lens and a
positive lens 1n the second lens group can reduce a perfor-
mance drop due to decentration. By allowing the third lens
group sharing a great part of the burden of correction of
aberrations to be constructed of, 1n order from the object
side, a single lens and a doublet consisting of a positive lens
and a negative lens, 1t 1s possible to reduce, with a minimum
number of lenses, various aberrations inclusive of chromatic
aberrations produced at the third lens group alone, thereby
achieving a further size reduction. Use of the doublet con-
s1sting of a positive lens and a negative lens in the third lens
group can reduce a performance drop due to decentration.

In this embodiment, 1t 1s preferable to make the power of
the first lens group weak because the amount of aberrations
produced at the first lens group can be so reduced that the
burden of correction of aberrations produced at the first lens
group on the second and third lens groups can be relieved.
Further, 1t 1s preferable that this embodiment satisfies the
tollowing condition (9):

R<F /TH<20 (9)

where F, 1s a focal length of the first lens group, and IH 1s an
image height (a length from the center to the periphery of an
image or the radius of an 1image circle). Falling below the
lower limit of 8 1n condition (9) 1s not preferable because the
amount of aberrations produced at the first lens group
increases. When the upper limit of 20 1s exceeded, on the
other hand, the power of the first lens group becomes weak,
failing to obtain a satisfactory zoom ratio or achieve size
reductions.

According to a still further specific aspect of the present
invention, there 1s provided a zoom lens system comprising,
in order from an object side of said system, a {irst lens group
having positive refracting power, a second lens group having,
negative refracting power, a third lens group having positive
refracting power and a fourth lens group having positive
refracting power, wherein during zooming, a space between
said first and second lens groups, a space between said sec-
ond and third lens groups and a space between said third and
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fourth lens groups vary independently, said first lens group
comprises two lenses or a positive lens and a negative lens,
and said second or third lens group comprises a doublet
consisting of at least one set of a positive lens and a negative
lens.

In this embodiment, the first lens group 1s constructed of
two lenses, 1.e., a positive lens and a negative lens, whereby
chromatic aberrations produced at the first lens group can be
reduced 1rrespective of the power of the first lens group. This
in turn allows the subsequent burden of correction of aberra-
tions to be relieved, resulting in a size reduction of the opti-
cal system. By using the doublet consisting of a positive lens
and a negative lens 1n the second or third lens group, 1t 1s
then possible to reduce chromatic aberrations produced at
other lens groups and prevent a deterioration in the 1mage-
forming capability due to decentration, etc. Consequently, 1t
1s possible to achieve an optical system favorable in view of
the number of lenses, fabrication cost, and size reductions.

Still other objects and advantages of the invention will be
part be obvious and will 1n part be apparent from the specifi-
cation.

The invention accordingly comprises the features of
construction, combinations of elements, and arrangement of
parts which will be exemplified 1n the construction hereinat-
ter set forth, and the scope of the invention will be indicated
in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional schematic of Example 1 of the zoom
lens according to the invention.

FIG. 2 1s a sectional schematic of Example 2 of the zoom
lens according to the invention.

FIG. 3 1s a sectional schematic of Example 3 of the zoom
lens according to the invention.

FIG. 4 1s a sectional schematic of Example 4 of the zoom
lens according to the invention.

FIG. 5 1s a sectional schematic of Example 5 of the zoom
lens according to the invention.

FIG. 6 1s a sectional schematic of Example 6 of the zoom
lens according to the invention.

FIG. 7 1s a sectional schematic of Example 1 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 8 1s a sectional schematic of Example 2 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 9 1s a sectional schematic of Example 3 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 10 1s a sectional schematic of Example 4 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 11 1s a sectional schematic of Example 5 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 12 1s a sectional schematic of Example 6 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 13 1s a sectional schematic of Example 7 of the zoom
lens system according to the invention at a wide-angle end
thereof.

FIG. 14 1s a sectional schematic of Example 8 of the zoom
lens system according to the invention at a wide-angle end
thereof.
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FIG. 15 1s a sectional schematic of Example 9 of the zoom
lens system according to the invention at a wide-angle end
thereol.

FIG. 16 1s a sectional schematic of Example 10 of the
zoom lens system according to the invention at a wide-angle
end thereol.

FIG. 17 1s a view of a holder barrel structure for the third
lens group 1n Example 1.

FIG. 18 1s an aberration diagram of Example 1 at a wide-
angle end thereof.

FI1G. 19 1s an aberration diagram of Example 1 at an inter-
mediate focal length.

FIG. 20 1s an aberration diagram of Example 1 at an tele-
photo end thereof.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Examples 1 to 16 of the zoom lens system according to
the present invention are given. Lens data regarding the
zoom lens system of each example will be given later.

FIG. 1 1s a schematic 1llustrative of one sectional arrange-
ment of Example 1. Example 1 1s made up of, 1n order from
an object side thereot, a first positive lens group G1, a sec-
ond negative lens group G2, a stop S, a third positive lens
group G3, and a fourth positive lens group G4. The first lens
group G1 remains fixed during zooming, the second lens
group G2 moves from the object side to an 1mage plane side
of the system during zooming from a wide-angle end thereof
to a telephoto end thereot, the third lens group G3 moves
from the 1mage plane side to the object side during zooming
from the wide-angle end to the telephoto end, and the fourth
lens group G4 moves to keep an 1mage plane at a constant
position during zooming.

The first lens group G1 1s made up of, in order from an
object side thereof, a negative meniscus lens convex on an
object side thereot and a double-convex lens. The two lenses
are separated from each other. The second lens group G2 1s
made up of, in order from an object side thereotf, a double-
concave lens and a positive meniscus lens convex on an
object side thereot, with an aspherical surface being used for
an 1mage-side surface of the positive meniscus lens. The
third lens group G3 1s made up of, 1n order from an object
side thereof, a double-convex lens and a negative meniscus
lens convex on an object side thereof, with an aspherical
surface being used for an object-side surface of the double-
convex lens. The fourth lens group G4 1s made up of one
double-convex lens. Also, the zoom lens system of Example
1 satisfies the atoresaid condition (a).

FIG. 2 1s a schematic 1llustrative of one lens arrangement
of Example 2. The overall power profile and zooming move-
ments 1n Example 2 are the same as in Example 1.

A first lens group G1 1s made up of, 1n order from an
object side thereof, a negative meniscus lens convex on
object side thereol, and a double-convex lens. The two
lenses are separated from each other. A second lens group
(G2 1s made up of, 1n order from an object side thereot, a
double-concave lens, a negative meniscus lens convex on an
object side thereof, and a positive meniscus lens convex on
an object side thereof. The negative and positive meniscus
lenses are cemented together, with an aspherical surface
being used for an 1mage-side surface of the positive menis-
cus lens. A third lens group G3 1s made up of, 1n order from
an object side thereof, a double-convex lens, a positive
meniscus lens convex on an object side thereof, and a nega-
tive meniscus lens convex on an object side thereof. The
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positive and negative meniscus lenses are cemented together,
with an aspherical surface being used for an object-side sur-
face of the double-convex lens. A fourth lens group G4 1s
made up of one double-convex lens. Also, the zoom lens
system ol Example 2 satisfies the aforesaid condition (a).

FIG. 3 15 a schematic illustrative of one lens arrangement
of Example 3. The overall power profile and zooming move-

ments 1n Example 3 are the same as 1n Example 1.

A first lens group G1 1s made up of, in order from an
object side thereof, a negative meniscus lens convex on an
object side thereof, and a double-convex lens. The two
lenses are cemented together. A second lens group G2 1is
made up of, 1n order from an object side thereof, a double-
concave lens, and a positive lens, with an aspherical surface
being used for an 1image-side surface of the positive lens. A
third lens group G3 1s made up of, 1n order from an object
side thereot, a double-convex lens, a positive meniscus lens
convex on an object side thereof, and a negative meniscus
lens convex on an object side thereof, with an aspherical
surface being used for an object-side surface of the double-
convex lens. A fourth lens group G4 1s made up of one
double-convex lens, with an aspherical surface being used
for an object-side surface thereol. Also, the zoom lens sys-
tem of Example 3 satisfies the atoresaid condition (a).

FIG. 4 1s a schematic illustrative of one lens arrangement
of Example 4. The overall power profile and zooming move-
ments 1n Example 4 are the same as in Example 1.

A first lens group G1 1s made up of, 1n order from an
object side thereof, a negative meniscus lens convex on an
object side thereol, and a double-convex lens. The two
lenses are separated from each other. A second lens group
(G2 1s made up of, 1n order from an object side thereot, a
double-concave lens, and a positive meniscus lens convex on
an object side thereot, with an aspherical surface being used
for an 1image-side surface of the positive meniscus lens. A
third lens group G3 1s made up of, 1n order from an object
side thereol, a double-convex lens, a positive meniscus lens
convex on an object side thereof, and a negative meniscus
lens convex on an object side thereof, with an aspherical
surface being used for an object-side surface of the double-
convex lens. A fourth lens group G4 1s made up of one
double-convex lens. Also, the zoom lens system of Example
4 satisfies the aforesaid condition (a).

FIG. 5 1s a schematic 1llustrative of one lens arrangement
of Example 5. The overall power profile and zooming move-
ments 1n Example 5 are the same as in Example 1.

A first lens group G1 1s made up of, 1n order from an
object side thereof, a negative meniscus lens convex on an
object side thereof, and a double-convex lens. The two
lenses are cemented together. A second lens group G2 1s
made up of, 1n order from an object side thereof, a double-
concave lens, a positive lens, and a double-concave lens,
with an aspherical surface being used for an 1mage-side sur-
face of the positive lens. A third lens group G3 1s made up of,
in order from an object side thereol, a double-convex lens, a
positive meniscus lens convex on an object side thereof, and
a negative meniscus lens convex on an object side thereof,
with an aspherical surface being used for an object-side sur-
face of the double-convex lens. A fourth lens group G4 1s
made up of one positive meniscus lens convex on an object
side thereof, with an aspherical surface being used for an
object-side surface thereof. Also, the zoom lens system of
Example 5 satisfies the aforesaid condition (a).

FIG. 6 1s a schematic illustrative of one lens arrangement
of Example 6. The overall power profile and zooming move-
ments 1n Example 6 are the same as 1n Example 1.
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A first lens group G1 1s made up of, 1n order from an
object side thereof, a negative meniscus lens convex on an
object side thereol, and a positive meniscus lens convex on
an object side thereof. The two lens are cemented together. A
second lens group G2 1s made up of, 1n order from an object
side thereol, a negative meniscus lens convex on an object
side thereot, a double-concave lens, and a positive meniscus
lens concave on an object side thereot. A third lens group G3
1s made up of, 1n order from an object side thereof, two
double-convex lenses, and a negative meniscus lens convex
on an object side thereof, with an aspherical surface being
used for an object-side surface of the double-convex lens
located nearest to the object side. A fourth lens group G4 1s
made up of one double-convex lens. Also, the zoom lens
system of Example 6 satisfies the aforesaid condition (a).

FIGS. 7 to 16 are schematics illustrative of specific lens
arrangements ol the zoom lens systems of Examples 7 to 16
at the wide-angle ends thereof.

Example 7 1s directed to a zoom lens system having a
focal length of 5.50 to 15.75 and a field angle of 66.42° to
24°. As 1llustrated 1n FIG. 7, a first lens group G1 1s made up
of a doublet consisting of a negative meniscus lens convex
on an object side thereol and a double-convex lens, and a
positive meniscus lens convex on an object side thereof. A
second lens group G2 1s made up of a negative meniscus lens
convex on an object side thereof and a doublet consisting of
a double-concave lens and a double-convex lens. At the rear
of the second lens group G2 there 1s located a stop S. A third
lens group G3 1s made up of two double-convex lenses, and a
negative meniscus lens convex on an object side thereot, and
a fourth lens group G4 1s made up of one positive meniscus
lens convex on an object side thereof. An aspherical surface
1s used for a surface in the third lens group G3 that 1s located
nearest to the object side. For zooming from the wide-angle
end to the telephoto end, while the first lens group G1 and
the stop S remain fixed, the second lens group G2 moves
from the object side to the image plane side, and the third
and fourth lens groups G3 and G4 move together from the
image plane side to the object side with the space between
them becoming wide, as shown by arrows.

Example 8 1s directed to a zoom lens system having a
tocal length of 5.52 to 15.91 and a field angle of 67.04° to
23.72°. As shown 1n FIG. 8, a first lens group G1 1s made up
ol a doublet consisting of a negative meniscus lens convex
on an object side thereof and a positive meniscus lens. A
second lens group G2 1s made up of a negative meniscus lens
convex on an object side thereot, a double-concave lens, and
a positive meniscus lens convex on an object side thereof. At
the rear of the second lens group G2 there 1s located a stop S.
A third lens group G3 1s made up of two double-convex
lenses, and a negative meniscus lens convex on an object
side thereot, and a fourth lens group G4 1s made up of one
double-convex lens. An aspherical surface 1s used for the
surface 1n the third lens group G3 that i1s located nearest to
the object side. For zooming from the wide-angle end to the
telephoto end, while the first lens group G1 and the stop S
remain fixed, the second lens group G2 moves from the
object side to the image plane side of the system, and the
third and fourth lens groups G3 and G4 move together from
the 1image plane side to the object side with the space
between them becoming wide.

Example 9 1s directed to a zoom lens system having a
focal length of 5.50 to 15.81 and a field angle of 66.82° to

23.88°. As can be seen from FIG. 9, a first lens group G1 1s
made up of a doublet consisting of a negative meniscus lens
convex on an object side thereof and a double-convex lens. A
second lens group G2 1s made up of a double-concave lens
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and a positive lens, and at the rear thereof there 1s located a
stop S. A third lens group G3 1s made up of a double-convex
lens, a positive meniscus lens convex on an object side
thereof, and a negative meniscus lens convex on an object
side thereof, and a fourth lens group G4 1s made up of one
positive meniscus lens convex on an object side thereof.
Three aspherical surfaces are used, one for the surface in the
second lens group G2 that 1s located nearest to the image
plane side, one for the surface in the third lens group G3 that
1s located nearest to the object side, and one for the surface
in the fourth lens group (G4 that 1s located nearest to the
object side. For zooming from the wide-angle end to the
telephoto end of the system, while the first lens group G1
and the stop S remain fixed, the second lens group G2 moves
from the object side to the image plane side, and the third
and fourth lens groups G3 and G4 move together from the
image plane side to the object side with the space between
them becoming wide, as indicated by arrows.

Example 10 1s directed to a zoom lens system having a
focal length of 5.50 to 15.87 and a field angle of 64.93° to
24.87°. As depicted 1n FIG. 10, a first lens group G1 1s made
up of one positive meniscus lens convex on an object side
thereof. A second lens group G2 1s made up of a negative
meniscus lens convex on an object side thereot, and a dou-
blet consisting of a double-concave lens and a positive
meniscus lens convex on an object side thereot, and at the
rear thereol there 1s located a stop S. A third lens group G3 1s
made up of a double-convex lens, and a doublet consisting of
a positive meniscus lens convex on an object side thereot and
a negative meniscus lens, and a fourth lens group G4 1s made
up of one double-convex lens. Two aspherical surfaces are
used, one for the surface in the third lens group that 1s
located nearest to the object side, and one for the surface 1n
the fourth lens group G4 that 1s located nearest to the object
side. For zooming from the wide-angle end to the telephoto
end of the system, while the first lens group G1 and the stop
S remain fixed, the second lens group G2 moves from the
object side to the image plane side, and the third and fourth
lens groups G3 and G4 move together from the 1mage plane
side to the object side with the space between them becom-
ing wide, as indicated by arrows.

Example 11 1s directed to a zoom lens system having a

focal length of 5.50 to 15.86 and a field angle of 68.30° to
24.54°. As 1llustrated 1n FIG. 11, a first lens group G1 1s
made up of a negative menmiscus lens convex on an object
side thereol and a positive meniscus lens convex on an obj

ect
side thereof. A second lens group G2 1s made up of a nega-
tive meniscus lens convex on an object side thereof, and a
doublet consisting of a double-concave lens and a positive
meniscus lens convex on an object side thereot, and at the
rear thereol there 1s located a stop S. A third lens group G3 1s
made up of a double-convex lens, and a doublet consisting of
a positive meniscus lens convex on an object side thereot and
a negative meniscus lens convex on an object side thereof,
and a fourth lens group G4 1s made up of one double-convex
lens. Three aspherical surfaces are used, one for the surface
in the second lens group G2 that 1s located nearest to the
image plane side, one for the surface in the third lens group
(3 that 1s located nearest to the object side, and one for the
surface 1n the fourth lens group G4 that i1s located nearest to
the object side. For zooming from the wide-angle end to the
telephoto end of the system, while the first lens group G1
and the stop S remain fixed, the second lens group G2 moves
from the object side to the image plane side, and the third
and fourth lens groups G3 and G4 move together from the
image plane side to the object side with the space between
them becoming wide, as indicated by arrows.
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As can be seen from FIG. 17, 1t 1s to be noted that, in
Example 11, the peripheries of object side-directed convex
surfaces of both an object-side positive lens L,; and a dou-
blet L, 1n the third lens group G3 are held by a holder frame
1 while they are abutting at their peripheries or some points
on the holder frame 1.

Example 12 1s directed to a zoom lens system having a
tocal length of 6.608 to 19.098 and a field angle of 67.32° to
25.95°. As shown 1n FIG. 12, a first lens group G1 1s made
up of one plano-convex lens. A second lens group G2 1s
made up of a negative meniscus lens convex on an object
side thereol, and a doublet consisting of a double-concave
lens and a positive meniscus lens convex on an object side
thereol, and at the rear thereof there i1s located a stop S. A
third lens group G3 1s made up of a double-convex lens, and
a doublet consisting of a positive meniscus lens convex on an
object side thereol and a negative meniscus lens convex on
an object side thereot, and a fourth lens group G4 1s made up
of one double-convex lens. Two aspherical surfaces are used,
one for the surface 1n the third lens group G3 that 1s located
nearest to an object side thereof and one for the surface in the
tourth lens group G4 that 1s located to an object side thereof.
For zooming from the wide-angle end to the telephoto end of
the system, while the first lens group G1 and the stop S
remain fixed, the second lens group G2 moves from the
object side to the image plane side of the system, and the
third and fourth lens groups G3 and G4 move together from
the 1image plane side to the object side with the space
between them becoming wide, as indicated by arrows.

Example 13 1s directed to a zoom lens system having a
focal length of 6.613 to 18.999 and a field angle of 67.68° to
26.08°. As depicted 1n FIG. 13, a first lens group G1 1s made
up of one plane-convex lens. A second lens group G2 1s
made up of a negative meniscus lens convex on an object
side thereol, and a doublet consisting of a double-concave
lens and a positive meniscus lens convex on an object side
thereol, and at the rear thereof there i1s located a stop S. A
third lens group G3 1s made up of a double-convex lens, and
a doublet consisting of a positive meniscus lens convex on an
object side thereol and a negative meniscus lens convex on
an object side thereot, and a fourth lens group G4 1s made up
of a double-convex lens, and a negative meniscus lens con-
vex on an 1image side thereof. An aspherical surface 1s used
for the surface in the third lens group G3 that 1s located
nearest to an object side thereof. For zooming from the wide-
angle end to the telephoto end of the system, while the first
lens group G1 and the stop S remain fixed, the second lens
group G2 moves from the object side to the image plane side
the system, and the third and fourth lens groups G3 and G4
moves together from the 1image plane side to the object side
with the space between them becoming wide, as indicated by
arrows.

Example 14 1s directed to a zoom lens system having a
focal length of 6.548 to 19 and a field angle of 67.80° to

26.08°. As 1llustrated 1n FIG. 14, a first lens group G1 1s
made up ol a negative meniscus lens convex on an obj

ect
side thereof, and a positive meniscus lens convex on an
object side thereot. A second lens group G2 1s made up of a
negative meniscus lens convex on an object side thereot, and
a doublet consisting of a double-concave lens and a positive
meniscus lens convex on an object side thereot, and at the
rear thereof there 1s located a stop S. A third lens group G3 1s
made up of a double-convex lens, and a doublet consisting of
a double-convex lens and double-concave lens, and a fourth
lens group G4 1s made up of one double-convex lens. Two
aspherical surfaces are used, one for the surface in the third
lens group G3 that 1s located nearest to an object side
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thereof, and one for the surface i the fourth lens group G4
that 1s located nearest to an object side thereoi. For zooming
from the wide-angle end to the telephoto end of the system,
while the first lens group G1 and the stop S remain fixed, the
second lens group G2 moves from the object side to the
image plane side of the system, and the third and fourth lens
groups G3 and G4 move together from the 1mage plane side
to the object side with the space between them becoming
wide, an 1indicated by arrows.

Example 15 1s directed to a zoom lens system having a
focal length of 6.562 to 19 and a field angle of 67.69° to
26.08°. As shown 1n FIG. 135, a first lens group G1 1s made
up of a doublet consisting of a negative meniscus lens con-
vex on an object side thereof and a positive meniscus lens
convex on an object side thereof. A second lens group G2 1s
made up of a negative meniscus lens convex on an object
side thereof, and a doublet consisting of a double-concave
lens and a positive meniscus lens convex on an object side
thereol, and at the rear thereof there 1s located a stop S. A
third lens group G3 1s made up of a double-convex lens, and
a double consisting of a double-convex lens and a double-
concave lens, and a fourth lens group G4 1s made up of one
double-convex lens. Two spherical surfaces are used, one for
the surface in the third lens group G3 that 1s located nearest
to an object side thereof, and one for the surface in the fourth
lens group G4 that 1s located nearest to an object side
thereof. For zooming from the wide-angle end to the tele-
photo end of the system, while the first lens group G1 and
the stop S remain fixed, the second lens group G2 moves
from an object side to an 1image plane side of the system, and
the third and fourth lens groups G3 and G4 move together
from the 1mage plane side to the object side with a space
between them becoming wide, as indicated by arrows.

Example 16 1s directed to a zoom lens system having a
focal length of 6.46 to 19 and a field angle of 68.52° to
26.08°. As shown 1n FIG. 16, a first lens group G1 1s made
up ol a doublet consisting of a negative meniscus lens con-
vex on an object side thereof and a positive meniscus lens
convex on an object side thereof, and a positive meniscus
lens convex on an object side thereof. A second lens group
(G2 1s made up ol a negative meniscus lens convex on an
object side thereol, and a doublet consisting of a double-
concave lens and a positive meniscus lens convex on an
object side thereol, and at the rear thereot there 1s located a
stop S. A third lens group G3 1s made up of a double-convex
lens, and a doublet consisting of a double-convex lens and a
double-concave lens, and a fourth lens group G4 1s made up
of one double-convex lens. Two aspherical surfaces are used,
one for the surface in the third lens group G3 that 1s located
nearest to an object side thereof, and one for the surface in
the fourth lens group G4 that 1s located nearest to an object
side thereof. For zooming from the wide-angle end to the
telephoto end of the system, while the first lens group G1
and the stop S remain fixed, the second lens group G2 moves
from the object side to the image plane side of the system,
and the third and fourth lens groups G3 and G4 move
together from the 1mage plane side to the object side, with
the space between them becoming wide, as indicated by
arrows.

Enumerated below are numerical data in each example.
Symbols used hereinafter but not hereinbefore have the fol-
lowing meanings.

... Focal length of the system.

Fyo - - . F-number.

. Half field angle.

r,, r,, ...Radius of curvature of each lens surface.
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d,,d,, ... space between adjacent lens surfaces.
n,,n,,...Refractive index of each lens at d-line.
Vi,V s, .. . Abbe’s number of each lens at d-line. Here let

x stand for an optical axis assuming the direction of
propagation of light 1s positive and y indicate a direc-
tion perpendicular to the optical axis. Then, aspherical
shape 1s given by

x=(y*/r)/[1 + I=(K+1)(y/ 1')2} ALY A HAGY A gy O+A Ly

where r 1s a paraxial radius of curvature, K 1s a conical
coefficient, and A, A, Ag, A,,, and A, are fourth, sixth,
cighth, tenth, and twelith aspherical coellicients, respec-
tively.

EXAMPL.

T
[

f=5.50~9.52~15.94
Fae = 2.79~3.39~4.22

20 = 63.5~39.3~24.1

r,=17.3312 d, =1.200 ng; = 1.84666 vy, =23.78
r,=14.2714 d, = 0.550
ry = 19.0981 d, = 2.566 ng, =1.69680 v =55.33
ry,=-211.9146 d, = (Variable)
rs = —99.9978 ds = 0.840 ng; =1.77250 v 3 =49.60
rg=4.9137 dg=1.765
r,=16.3236 d,=1.760 ng, = 1.80518 v, =25.42
re = 99.9991 (Aspheric) dg = (Variable)
Ig = % (Stop) dy = (Variable)
ro=4.9282 (Aspheric) d;5=2.900 Ngs = 1.38913 v 5 =061.18
ry; =—-21.5942 d, =0.316
r>=28.1812 d,> =0.700 Ny = 1.84666 vy, =23.78
Iz =3.9286 dy3 =
(Variable)
ri4 = 12.8501 d,, =2.100 ng; =1.69680 v 4, =55.53
rs =-35.2750
Zooming Spaces
f 5.50 9.52 15.94
dy 0.989 4.786 8.395
dg 8.706 4.910 1.300
dg 5.95% 2.921 0.936
ds 2.295 4.273 4.368
Aspherical Coeflicients
8th surface
K=0
A, =-6.0228x 107
Ay =-82596x 107°
Ag=-2.9515%x 1075
A,=-3.1439x107°
10th surface
K=-0.2184
A, =-92750x 107
Ag=-44012x% 107°
Ag=-3.1389 x 10~/
Ajo=-2.1537x 1075
L,)//L,| = 0.678
EXAMPLE 2
f=35.33~9.23~15.45
Fno = 2.79~3.11~3.56
20 = 65.1~40.5~24.8
r; = 17.53585 d; =1.200 ng = 1.84666 v ; =23.78
r, = 12.7200 d, =1.068
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-continued
ry=16.3917 dy=3.679 ngo=1.69680 v, =55.53
ry=-84.4913 d, = (Variable)
rs = —4%8.2980 ds = 0.840 Ngy=1.77250 v 3 =49.60
rg=5.3611 dg = 1.827
r7=19.9998% d, = 0.600 ng, = 148749 v, =70.21
rg = 8.1444 dg = 1.800 Ngs = 1.84666 v 5=23.78
ro = 18.3790 (Aspheric)  dg = (Variable)
I'o = (Stop) dyo =
(Variable)
r; =35.9522 (Aspheric) d;; =2.300 Ny = 1.58913 v, ,,=01.18
r,=-23.5594 d,» = 0.1500
ri3=28.1391 d;3 =1.500 ng;=1.60311 v 7 =60.64
r,=19.5373 d,4 =0.100
rs=12.8481 d,s=0.700 Ngg = 1.84666 v g =23.78
I =4.059% dig =
(Variable)
ri7=9.9038% d,7=2.100 Ngo = 1.69680 v 5 =55.53
rg =—33.9009
Zooming Spaces
f 5.33 9.23 15.45
d, 0.903 5.403 8.750
dg 9.247 4,746 1.400
dio 3.751 2.293 0.936
dg 3.894 3.917 3.510
Aspherical Coetlicients
9th surface
K=0
A, =-3.8188x 107
A, =-54534%x107°
Ag=-5.0916x 107°
Ajo=-1.5222x 1075
11th surface
K=-0.2184
A, =-7.0868 x 107
Ag=2.5182x 107
Ag=-3.9567x 107°
Ag=-1.7645 x 107’
L;)/|Lo| = 0.359
EXAMPLE 3
f=5.50~9.53~15.81
Fno = 2.79~3.35~4.33
20 = 63.4~39.3~24.3
r; = 19.0896 d, =1.200 ng, = 1.84666 v, =23.78
r, = 14.7521 d, = 3.097 ng=1.60311 v, =60.64
ry=-7692.3867 d; = (Variable)
1, =-76.4386 d, = 0.840 Ny = 1.77250 v 3 =49.60
rs = 4.8598 ds = 1.811
rg = 18.2814 dg = 1.760 ng = 1.80518 v, =2542
r- = (Aspheric) d, = (Variable)
re = @ (Stop) dg = (Variable)
Ty = 7.3400 (Aspheric) dy = 2.642 ngs=1.58913 v, 5 =061.18
I'io=-22.1205 d;o=0.150
ri; =8.0241 dy; =1.973 Ny = 1.72916 v 5 =54.68
r> =252.4926 d,» =0.150
ri3=14.0423 d;3 =0.700 ng; = 1.84666 v ;=23.78
rg =4.0797 Ay =
(Variable)
ri5 = 10.1820 (Aspheric) d,s=1.745 Nge=1.58913 v, =061.14
rg=1133.0330
Zooming Spaces
f 5.50 9.53 15.81
dj 1.157 5471 8.096
d- 8.238 3.924 1.300



dg

dyg
r;=19.3574
r, = 14.9375
ry=17.7409
r,=-175.9537
rs = —99.9969
e = 4.6050
r;=14.5468
re = 60.0003 (Aspheric)
Iy = % (Stop)
o = 6.3631 (Aspheric)
ry =-29.3771
ri>=12.3021
ri3=69.7876
ry,=11.6182
15 =4.4105
I = 15.0443
r;=-22.9162

f

d,

dg

dg

C

‘15

5.047
2.073

-continued

3.626
3.422

Aspherical Coellicients

US RE40,582 E

0.936
4.464

7th surface

K=0

A, =-58146x 107
Ag=-3.5256x 107/
Ag=-1.1100x 107°
A=9.7216x 107"
Oth surface

K =-0.2184

A, =-5.1506x 1074
Ag=-2.2707 x 107°
Ag =2.5686x 107/

Ag=-1.0482 x 107°

15th surface

K=0

A, =-2.2630x%x 107
Ag=1.7763 x 107
Ag=-1.5096 x 107°

A ,=-93766x107°

La)/|Lo| = 0.679

EXAMPL.

(L]
I

f=5.50~9.53~15.95
Fag = 2.79~3.14~3.97
20 = 63.4~39.3~24.1

d, =1.200

d, = 0.349
dy=2.752

d, = (Variable)
ds = 0.840
de=1.733
d;=1.760

dg = (Variable)
dy = (Variable)
d,o=2.300
d;; =0.150
dy,=1.270
d;3 =0.650
d,, =0.700
A5 =
(Variable)
dig=2.100

Zooming Spaces

ng, = 1.84666

N, = 1.69680
N, = 1.77250

n,, = 1.80518

n,s =1.58913
n, = 1.60311

n,, = 1.84666

e = 1.69680

le = 2378
V. =55.53
'Vd_g = 4960

'Vdﬁl = 2542

Vdﬁ = 6064

Mdﬁ — 5553

5.50 9.53

1.089 5.514
8.404 3.979
5.452 3.557
2.363 2.908

15.95
8.193
1.300
0.936
3.253

Aspherical Coeflicients

Kth surface

K=0

A, =-6.0060x 10~
Ag=-2.5355%x 10"
Ag =1.4947 x 107°

Ajo=-1.2788 x 107/

10th surface

K =-0.2184
A, =-62370x 107
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-continued

Ag=-6.8746x 107/
Ag=1.5135x 10"/
A ,=12164%x107°

Ls)/|L,| = 0.636

EXAMPLE 5

f=5.34~9.26~15.34
Fro = 2.79~3.36~4.48
20 = 64.9~40.3~25.0

r =19.0276 d, =1.200 ng, = 1.84666 v, =23.78
r,=13.5393 d, = 3.589 ng=1.60311 v = 60.64
ry=-422.2925 d; = (Variable)
r, = —644.1560 d, = 0.840 ng; = 1.77250 v 3 =49.60
rs=4.6769 ds =1.796
re=12.4221 dg = 1.760 ng,, = 1.80518 v, =25.42
r- = o (Aspheric) d, = 0.300
re = —19.3978 dg = 0.800 ngs=1.51633 v s =64.14
rg=112.3274 dy = (Variable)
I = (Stop) djo =
(Variable)
r; =7.4109 (Aspheric) d;; =2.727 Ngs= 1.38913 v 4=061.18
r,=-19.0346 d;5> =0.150
r,=8.1629 d,; =2.046 ng,=1.72916 v, =54.68
4 =103.6201 d;4 =0.150
ris = 14.0489 d;s =0.700 Nyg = 1.84666 v o =23.78
I'ig = 3.9993 dig =
(Variable)
r;=10.7947 (Aspheric) d,;=1.676 Ny = 1.58913 v, =61.14
rg =244.0022
Zooming Spaces
f 5.50 9.53 15.34
d, 0.983 4.951 6.943
dg 7.260 3.292 1.300
dg 5.781 3.776 0.936
die 2.140 3.006 3.335
Aspherical Coeflicients
7th surface
K=0
A, =-58146x 107
Ag=-3.5256x 1077
Ag=-1.1100x 107°
A=9.7216x 107
1 1th surface
K =-0.2184
A, =-6.0173x 107
Ag=-3.9633x 107°
Ag=5.1710x 1077
Ag=-19276%x107°
17th surface
K=0
Ay =-9.0648 x 107
Ag=1.6145%x 107
Ag=-1.1806x 107°
A ,=1.0627 x 107/
Ly)/|L,| = 0.813
EXAMPLE 6
f=5.52~9.54~15.91
Fano = 2.78~3.39~4.22
20 = 63.2~39.2~24.1
r, = 18.1384 d, =1.200 ny, = 1.84666 vy, =23.78
r,=12.8515 d,=5.173 ng, = 1.60311 vy, = 60.64
ry=229.0114 d; = (Variable)
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26

-continued

Aspherical Coetlicients

-continued
ry,=41.3044 dy=0.783 Ngz = 1.65160 v 3 =5855
rs=25.1749 ds = 3.535
Ig=—33.2903 dg = 0.700 ng, =1.56384 v, =00.67
r7=20.7633 d- = 0.000
rg = 8.219% dg = 1.760 Ngs = L.ROSIR v 5 =25.42
Io = 13.1948 dy = (Variable)
I = (Stop) djo =
(Variable)
ry; =12.3402 (Aspheric) d;; =3.698 Ngg = 1.67790 v =>55.34
1‘12 =—18524 C.12 =0858
1‘14=—:h8.6404 C,14=0.130
1‘15 = 484996 C'IS = 0700 Hdﬂ - 184666 'Vdg - 2378
1‘15 = 55496 C'lﬁ =
(Variable)
1‘1? = 142502 dl? = 1722 I].dg = 158913 'Vdg = 6114
rig =—86.9086
Zooming Spaces
f 5.52 9.54 15.91
dy 0.684 4.781 7.816
dg 8.425 4.327 1.300
dig 5.375 3.214 0.936
dig 1.927 3.500 3.547
Aspherical Coetlicients
11th surface
K=-0.2184
A,=-7.1086x 107
Ag=2.9893 x 107
Ag=-33152x10"°
Ag=-13762x%x 107"’
L;)/|Lo| = 0.622
EXAMPLE 7
f=35.505~9.536~15.745
Fano =2.792~3.216~4.113
r, = 186.5411 d, = 1.2000 ng = 1.84606 vy =23.78
r,=39.3312 d, = 3.9807 ng = 1.48749 v, =70.23
r3=—-50.8902 d; = 0.1800
ry=14.7260 dy = 3.2694 N4z = 1.69680 v 3=55.53
rs=02.1210 ds = (Variable)
rg = 74.5065 dg = 0.8400 Ngq =1.77250 v =49.60
r7=5.5423 d, = 2.9761
rg = —=9.7293 dg = 0.8400 Ngs = 1.48749 wv,5=70.21
rg = 11.8229 dg = 1.8000 Ny = 1.84006 v 4 =23.78
1‘10=—139.7255 C'lﬂ=
(Variable)
Iy = (Stop) dy, =
(Variable)
r5=11.6742 (Aspheric) d;,> =1.9422 Ng7; = 1.58913 v ;7 =061.18
ry3 =—23.0900 d,3 =0.1500
1‘14= 86783 C,14=2.6167 I]‘dS = 172916 Vds =5468
rs=-12.4135 d;s = 0.3000
I =26.9742 dg = 0.7000 Ngo = 1.84666 v g =23.78
1‘1?=4.2272 C.1?=
(Variable)
1‘13 — 96808 dlS — 16130 I]‘dlﬂ — 172916 leﬂ — 5468
rig =32.9326
Zooming Spaces
f 5.505 9.536 15.745
ds 0.9695 4.4520 0.3793
do 6. 7009 3.2199 1.3000
dyq 4.8930 3.4069 0.9360
d 2.4323 3.4685 5.3700

17

5 12th surface
K=-02184
Ay =-9.0556x 107
A, =-25457T x 107
Ag=1.4387x 107°
10 Ap=-9.7103 x 107°
F,/F3| = 0.714
F./F, = 0.539
PBor | =0.897
(F3?4w)/IH - 244
15 F,/IH = 6.97
EXAMPLE 8
20
f=5.524~9.537~15.914
Fro = 2.784~3.389~4.215
r, =18.1384 d, = 1.2000 ng; = 1.84666 vy =23.78
r,=12.8515 d, = 5.1730 ng = 1.60311 v, = 60.64
ry=229.0224 d; = (Variable)
25 ¢, =41.3044 ds=0.7827  mu=1.65160 v, =58.55
rs=5.1749 ds = 3.5350
re = —33.2963 de = 0.7000 ng, = 1.56384 v, =60.67
= 20.7633 d,=-0.0132
rg = 8.2198 dg = 1.7596 ngs = 1.80518 v s =25.42
Iy = 13.1948 dy = (Variable)
30" 1y =« (Stop) dyo =
(Variable)
ri, = 12.3402 (Aspheric) d,; =3.6983  n4 = 1.67790 v = 55.34
1‘13 - 14834 C.13 =23550 Ild?= 160311 Vd?= 6064
1‘14 - —86404 C,14 - 01297
35 s =48.4996 d;5s=0.7000 n4e=1.84666 v o=23.78
(Variable)
;= 142502 d;;=1.7219  n4=1.58913 v =61.14
rg = —86.9086
A0 Zooming Spaces
f 5.524 9.537 15.914
d, 0.6836 4.7810 7.8162
dg R.4251 4.3267 1.3000
dyo 5.3747 3.2145 0.9360
d,e 1.9272 3.5002 3.5470
45
Aspherical Coeflicients
11th surface
K=-02184
50 A, =-7.1086 x 107
A, =2.9893 x 107
Ag=-33152x10"°
Ag==13762%x 1077
F,/Fa| = 0.837
F./F, = 0.475
55 Bor | =0.501
(F3?4w)/IH - 258
F,/TH = 10.99
EXAMPLE 9
60
f=5.505~9.528~15.810
Fro = 2.786~3.348~4.330
r, = 19.0896 d, = 1.2000 ng; = 1.84666 vy =23.78
63 r,=14.7521 d, = 3.0968 ng = 1.60311 v, = 60.64
ry=-7692.3867 d; = (Variable)




1, =-76.4386

rs = 4.8598

re = 18.2814

r- = % (Aspheric)
rg = % (Stop)

1o = 7.3400 (Aspheric)
ryg=-22.1205
r;; = 8.0241

r> =152.4926

13 =14.0423
r4=4.0797

rs =10.1820 (Aspheric)
rig=1133.0330

oN oW oo WL
Lad
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r;=16.5657
15, = 570.4842
ry = 33.8910
1, = 5.4863

r; =—13.8594
re = 7.7346
r;=423.2622
rg = % (Stop)
ro = 8.6181 (Aspheric)
ro=-16.8991
ry =7.7569
r> =258.5476
ri3 =4.5291

r4=9.7155 (Aspheric)
ris =—-47.1886

27
-continued

d, = 0.8400 ngy = 1.77250
ds=1.8112
de = 1.7596 n,, =1.80518
d; = (Variable)
dg = (Variable)
dy = 2.6421 ngs = 1.58913
d,;,=0.150
d,; =1.9734 Nye = 1.72916
d;> =0.1500
d;3 =0.7000 ng7 = 1.84666
G1a =
(Variable)
d,s=1.7446 ngg = 1.58913

Zooming Spaces

5.505

1.1566
8.2383
3.6465
2.0735

9.528

54711
3.9238
3.6256
3.4220

Aspherical Coetlicients

7th surface

K=0

A, =-58146x 107
A, =-3.5256x 1077
Ag=-1.1100 % 107°
Ag=9.7216%x 1077

Oth surface

K=-0.2184

A, =-5.1506x 107
Ag=-2.2707 x 107°
Ag =2.5686x 107/
Ag=-1.0482x%x 107°

15th surface

K=0

A, =-2.2630x%x 107
Ag=-1.7763 x 107
Ay =-1.5096 x 1075
Ag=-93766x%x 107°

F,/Fs| = 0.866

F4/F, = 0.591

Bor| = 0.575

L/L,| = 0.68
(F3 4w )/TH = 2.52
F,/IH = 10.06

EXAMPL.

(L]

10

f=5.502~9.509~15.873
Fno =2.777~3.341~4.352

| = 3.6105
, = (Variable)
, = 0.8356
4= 2.6452
5 = 0.8000

- = (Variable)
o = (Variable)

o= 3.3470
o =0.1208
1 =2.8653
|5 =0.7000
13 =
(Variable)
d4 =2.4486

(]
(]
(]
(]
g
dg = 2.6020
(]
(]
(]
(]
(]
(]

n,, = 1.48749
n,, = 1.84666

n,; = 1.48749
n,, = 1.84666

n,s = 1.56384
N, = 1.77250

n,, = 1.84666

N, = 1.56384

US RE40,582 E

Vd_‘} = 49 60

Mdﬂ — 6118
Vdﬁ — 5468

Vd? — 2378

'Vdg = 6114

15.810

8.0959
1.3000
0.9360
4.4638

'le = 7023
v, =23.78

Md.} — 7023

Vdﬂ — 6067
Vdﬁ = 4960

'Vd? = 2378

'Vdg = 60 67
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f

d,

d-

(g

C.13
r; = 18.2001
r, = 13.0296
ry=13.9728
ry=3102.7527
rs = 424.6070
re=—5.6103
r,=-105.0017
re =—10.6618

ro = =71.1193 (Aspheric)

I'o = (Stop)

r; =9.2181 (Aspheric)

I =-9.4973 (Aspheric)

r, =—-30.4447
I3 =—7.5345
r, =—-80.3022
ri5 =—-4.9693
Iy =-384689
f
d,
dg
1o
d

15

28

-continued

Zooming Spaces

5.502 9.509

0.9830 5.3731
8.3593 3.9739
0.5283 4.2008
2.2562 3.7723

Aspherical Coetlicients

15.873

Oth surface

K =-0.2184

A, =-3.1865x 107
Ag=23167%x 107/
Ag=13223x 107°

Ajo=1.9200 x 10710

14th surface

K=0

A, =-1.1041x 107
A, =-27188x 107°
Ag=3.7776x 107/
Ag=0

F5/F;| = 0.779

F,/F, = 0.794

Bor| = 0.586

Ly/L,| = 0.792
(F3aw)/IH =2.71
F,/TH = 9.98

EXAMPLE 11

f=5.504~9.432~15.856
Fyno = 1.990~2.273~2.711

|, =1.1730
, = 0.3357
3 = 4.8470
4 = (Variable)
5 = 0.8000
= 2.9586
-, = 0.8000
o = 2.3225
, = (Variable)

ng = 1.80518
N, = 1.69680
Ny, = 1.77250

n,, = 1.48749
ns = 1.77250

8.0323
1.3000
0.9360
5.1579

'le = 2542
Vo = 5553
Md.?r — 4960

'\«’d5 - 2920

I o TR o T o TP o TR o TR o TR o TR ol IO ol

10 =
(Variable)

4
4
4
4

C.15 —
(Variable)

dlﬁ — 28365

11 = 29948
12 = 01424
13 = 25546

Ny = 1.66910

n,, = 1.67790
n,. = 1.84666

N = 1.66910

Zooming Spaces

5.504 9.432

0.7566 5.0506
8. 7125 4.4098
49718 3.2094
2.2537 3.0666

Aspherical Coeflicients

Oth surface

K=0

A, =-2.6558x 10"
Ag=4.2392x%x 107°
Ag=-5.4464 % 107/
Ajo=1.2756x 1075
11th surface

K =0.2184
A,=-1.8121x 107

wdﬁ = 5540

'Vd? - 5534

Vdg — 5540

15.856

8.1970
1.3000
0.9360
3.9604




r; = 36.688
Iy = &
ry=21.750
r, = 8.054
rg=-27.511
re=10.412
r7=40.550
rg = % (Stop)
1o = 17.583 (Aspheric)
I'io=-35.670
r{; =9.390
r> =87.943
r{3 = 6.609

r4 = 13.553 (Aspheric)

o N oW o NN o TIL
fad
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29

-continued

Ag=-13295%x107°
Ag =1.4549 x 10~/
A g=-4.6461 x107°
1 6th surface

K=0

A, =-25114%x 10
As=3.1103 x 107°
Ag=-1.1345%x 1078
Ap=0

F,/Fy = 0.628
Fy/F, = 1.088

Bor| =0.760

1.5/1,| 0.54
(F3aw)/IH = 2.67
F/IH = 8.73

EXAMPL.

(L]

12

f=6.608~11.270~19.098

Fag = 2.03~2.36~2.91

=414

, = (Variable)
3 =1.25

4 =5.45

5= 1.00

= 4.50

- = (Variable)
o = (Variable)
o = 3.42

1o =0.20

| =4.35

5> =0.90

13 =
(Variable)
dyg4=3.28

I o T o T o TR 0 TR o TR i TR o TR o IO ol TR ol I ol

Zooming Spaces

0.608 11.2°70
1.00 9.66
16.20 7.55
8.66 5.46
3.46 5.00

Aspherical Coetlicients

Oth surface

K = 0.000

Ay =-4.66054 x 107
A, =-1.33346 x 107°
Ag = 6.88261 x 107°
Ajo=-1.18171 x 107
A,=121868x 10712
14th surface

K = 0.000

A, =-993375x 107"
Ag=-9.76311 x 107/
Ag=3.21037 x 107/
Ajo=-1.95172x 107°
A, =3.74139x 107%
F,/F5 = 0.77
Fi/F,=1.12

Bor| =0.35

1,/1,| 0.48
(F34w)/TH = 3.06
F/IH=17.10

n,, = 1.48749
n, = 1.84666

n,, = 1.48749
N, = 1.84666

n,s =1.58913
N, = 1.77250

n,, = 1.84666

N = 1.58913

US RE40,582 E

Vo = 23.78
'Vdﬁl - 2378
Vdﬁ = 4960

'Vd? = 2378

'Vdg = 6130

19.098

15.80
1.50
1.50
5.71
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r,=27.567
r, =
ry=34.610
r,=7.611
rs=-26.015
re = 9.781
ro=77.491
rg = % (Stop)
o = 9.059 (Aspheric)
I'io=—28.867
ry =13.765
r> =81.243
ry3=06.376

1‘14 = 16883
1‘15 == —22639
1‘1? — —20854

oW o NN oW oL
fa)

13

r, = 28.972

r, = 19.691

Iy = 20.405

r, = 196.549
re = 42.098

r = 7.090

r = —42.098
re = 7.798

ry = 51.433
I'o = (Stop)

r(; = 13.438 (Aspheric)
1‘13 = 16565

1‘14 == 9106

1‘15 = 7645

I =13.914 (Aspheric)
1‘1? — —26414

30

EXAMPLE 13

f=6.613~11.256~18.999
Fao = 2.64~3.01~3.85

(

0.
1.
13.
8.
2.

o TP o I o A o P o T i T o TR i TR o TR A TR o TR ol IO ol

| = 4.40
., = (Variable)
3 = 1.00
=417
5 =0.95
= 3.36
> = (Variable)
o = (Variable)
o = 3.46
o =0.20
;=312
5> =0.90

13 =
Variable)

C,14 = 254
C'lﬁ = 090

ng, = 1.48749
N, = 1.84666
N, = 1.48749
n,, = 1.84666
n,s=1.58913

N, = 1.77250
n,, = 1.84666

ne = 1.80400

n,, = 1.84666

Zooming Spaces

6013
00
73
03
38

11.256

8.49
0.24
5.46
3.71

Aspherical Coeflicients

Oth surface

K = 0.000
A, =-2.44569 x 107*
Ags=1.63587 x 107°
Ag =-2.54100 x 107/
A ,=1.25155%x10"°
A, =-2.30862x 1071
Fo/F5) = 0.76
Fy/F, =1.09
Bar| = 050
1L,/L,| 0.55
(F3aw)/IH = 2.79
F/IH =12.85

EXAMPLE 14

f=6.548~11.266~19.000
Fro = 2.02~2.33~2.80

= 1.50
L, =0.22
3 =4.96
4 = (Variable)
5 = 1.00
=471
> =0.95
e = 3.63
o, = (Variable)

o TP o T o T o T o T o TR o TR o TR o TR

10 =

(Variable)

I O T O T i

|, =2.85
5 =0.20
2 =5.00
4 =0.90

e

15 =

(Variable)
dlﬁ = 5 00

ng, = 1.84666
ng, = 1.77250
N, = 1.77250

n,, = 1.57250
n,s = 1.80100

N, = 1.58913

n,, = 1.77250
N = 1.68893

Ny = 1.58913

wdl = 7023
vy, =23.78
'Vd_-} = 7023
wdﬁl = 2378
wd'ﬁ — 4960
'Vd? = 2378
Vdg = 4657

18.999

13.22
1.50
1.30
5.53

’le — 2378
V. = 49.60
Vd_} = 44960

I.\"rdd_ = 5774
Mdﬁ — 3497

’Vdﬁ — 6130

Vd? = 4960
'Vds = 3107

'Vdg = 6130



10
‘15

T T ST =T
S

ry=27.565
ry, = 22.250
ry = 146.290
ry,=33.155
rs=7.643
rg=—32.864
r,=9.442
re=72.713
rg = % (Stop)
ro=13.995 (Aspheric)
ry; =—-26.315
r5>=11.896
I3 =-19.763
r4 =7.049

ri5 =12.657 (Aspheric)
1‘15 = —3 6523

oo N oW oL
lad

14
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-continued

Zooming Spaces

0.548
1.00
12.59
7.10
2.01

11.266
7.40
6.19
4.41
3.28

Aspherical Coetlicients

11th surface

K =0.000

A, =-1.15802 x 107
Ay =-2.30929 x 107°
Ag=9.29778 x 107°
Ajo=-1.70572 x 107
1 6th surface

K =0.000

A, =-1.50902 x 1074
A, =7.59738 x 107°
Ag =-4.34345 x 107/
Ag=9.20410x 107°
F,/F5| = 0.64
Fy/F,=1.07

Bor| =0.56
L,/L,| 0.52

(F3ﬁ4w)/IH = 281
F,/IH=10.96

EXAMPL.

(L]

15

f=6.562~11.266~19.000
Fag = 2.03~2.41~2.98

d; =1.80 ng, = 1.84666
d, =5.28 ng = 1.69680
d; = (Variable)

d,=1.20 ng; = 1.84666
ds =35.94

dg = 0.95 ng, = 1.58913
d, = 5.00 nys = 1.84666
dg = (Variable)

dy = (Variable)

dg =4.65 Nys = 1.58913
d,, =0.20

d» =5.00 ng; = 1.77250
d;3 =0.90 ngg = 1.80518
Uq =

(Variable)

d;5=5.00 Ngo = 1.58913

Zooming Spaces

0.562
1.00

12.07

7.83
1.29

11.266
7.09
5.98
4.8%8
3.19

Aspherical Coeflicients

10th surtace

K =0.000

A, =-842531%x 107"

A =-1.06
Ag =4.824
Alﬂ= —72

102 x 107°
4 x 1073

004 x 1071°

15th surface

K =0.00

A, =-1.53723 x 107
A, =8.03934%x 10°°
Ag = —4.64104 x 107/

US RE40,582 E

19.000
12.09

1.50
1.35
3.97

'le = 2378
V., = 55.53

'Vd_g = 2378
'Vd4 = 6114
“"’dﬁ = 6130
'Vd? = 4960

Vds = 2542

Vdg — 6130

19.000

11

56
1.50
1.35
4.54
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32

-continued

Ao=9.96594x 1077
Fo/Fy| = 0.72

F,/F, =0.96

Bor| = 0.55

1,/L,| 0.61

(F3 4w)/1H = 2.73
F/IH =11.41

EXAMPLE 16

f=6.460~11.267~19.000
Fro = 2.03~2.36~2.86

r, = 45.399 d, =1.50 n, =1.84666 v, =23.7%
ry = 30.450 d, = 3.42 ne=1.77250 v =49.60
r,=73.068 dy =0.20
ry = 30.537 d, = 4.00 N, =1.60311 v, =60.64
r; = 114.99% ds = (Variable)
r, = 37.983 de = 1.00 n, =1.80610 v, =40.92
r,=7.134 d, =4.94
re = —34.697 dg = 0.95 N =1.59551 v, =39.24
ry=7.910 dg = 3.74 N, =1.80518 v =2542
1‘10=61.919 C'lﬂ=
(Variable)
Iy =« (Stop) dy =
(Variable)
1‘12 = 20148 (ASphEI‘iG) C,12 = 382 I]‘d? = 158913 Vd? = 6130
1‘14 = 11775 C,14 = 500 I]‘dE = 177250 'Vdg = 4960
1‘15 — —16598 C.15 — 090 ﬂdg — 174077 Vdg — 2779
1‘15=7.678 C,15=
(Variable)
I'l? == 14447 (ASphEl‘iG) dl? = 500 I]‘dlU == 158913 wdlﬂ == 6130
1‘13 — —24089
Zooming Spaces
f 6.460 11.267 19.000
ds 1.00 7.29 11.76
dyq 12.25 5.96 1.50
dy, 7.87 4.72 1.35
d 2.96 4.38 4.80

Aspherical Coeflicients

12th surface

K = 0.000
A, =-484618 x 107
Ag=-1.50477 x 107°
Ag =6.27337 x 107°
Ag=9.73311x 107*°
17th surface

K = 0.000
A, =-1.24232 x 1074
Ag=4.55032 x 107°
Ag =-2.09257 x 107/
Ao=3.76691 x 107
F5/F5| = 0.59

Fi/F, = 1.08

Bor| = 0.55

L5/L,] 0.61
(F3 4w )/TH = 2.96
F/IH=11.19

Aberration curve diagrams ol Example 1 are shown 1n
FIGS. 18 to 20 wherein FIG. 18 shows aberrations at the
wide-angle end thereof, FIG. 19 aberrations at an intermedi-
ate focal length thereof, and FIG. 20 aberrations at the tele-
photo end thereof. The states of correction of aberrations in
other examples are not 1llustrated because of being equiva-
lent to that 1n Example 1.
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As can be understood from the foregoing explanation, the
present invention can provide a compact yet low-cost zoom
lens system with well-corrected aberrations.

What we claim 1s:

1. A zoom lens system comprising in order from an object
side of said system:

a first lens group having positive refracting power,
a second lens group that has negative refracting power and
moves from an object side to an 1mage plane side of

said system during zooming from a wide-angle endtoa g
telephoto end of said system,

a third lens group having positive refracting power, and

a Tourth lens group that has positive refracting power and
1s movable during zooming, wherein:
said first lens group consists of two lenses, a negative 15
lens and a positive lens, Jor one positive lens alone,]
said third lens group comprises three lenses, a positive
lens, a positive lens and a negative lens, [or two
lenses, a positive lens and a negative lens,] and
said third lens group has at least one aspherical surface 20
therein.
2. [The zoom lens system according to claim 1,] A zoom
lens system comprising in ovder from an object side of said
system.

a first lens group having positive refracting power, 25

a second lens group that has negative refracting power
and moves from an object side to an image plane side of
said system during zooming from a wide-angle end to a

telephoto end of said system,

a third lens group having positive refracting power, and "

a fourth lens group that has positive refracting power and
is movable during zooming, wherein:

said first lens group consists of two lenses, a negative lens

and a positive lens, or one positive lens alone, 25

said third lens group comprises three lenses, a positive
lens, a positive lens and a negative lens, or two lenses,
a positive lens and a negative lens, and

said thivd lens group has at least one asphevical surface
therein, and 40

wherein the positive lens and negative lens 1n said third

lens group are cemented together.

3. The zoom lens system according to claim 1 or 2,
wherein said third lens group moves from the image plane
side to the object side during zooming {rom the wide-angle 45
end to the telephoto end.

4. The zoom lens system according to claim 1 or 2,
wherein said first lens group remains fixed during zooming.

5. The zoom lens system according to claim 1, wherein
said second lens group consists of two lenses, a negative lens  5q
and a positive lens from the object side.

6. The zoom lens according to claim [1] 2, wherein said
fourth lens group consists of one positive lens alone.

7. The zoom lens system according to claim 1 or 2, which
satisfies the following condition (a): 55

0.3<|L,)/|L,|<1.0 (a)

where L, 1s an amount of said second lens group from the
wide-angle end to the telephoto end, and L, 1s an amount of
said third lens group from the wide-angle end to the tele- 60
photo end.

8. The zoom lens system according to claim 1 or 2,
wherein said second lens group has at least one aspherical
surface therein.

9. The zoom lens system according to claim 1 or 2, 65
wherein said fourth lens group has at least one aspherical
surface therein.
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10. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end and that comprises a doublet, and a fourth lens
group that has positive refracting power and 1s movable dur-
ing zooming, and satistying the following condition (1):

0.5<|F,/F4|<1.2 (1)

where F, 1s a focal length of an 1-th lens group.

11. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end and that comprises a doublet, and a fourth lens
group that has positive refracting power and 1s movable dur-
ing zooming, and satistying the following condition (2):

0.49<|L,/L,|<1 (2)

where L, 1s an amount of movement of an 1-th lens group
from the wide-angle end to the telephoto end.

12. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end and a fourth lens group that has positive refracting
power and 1s movable during zooming, and satisfying the
tollowing condition (3):

2<(Fs 45V TH<3.3 (3)

where (F, ;) 15 a composite focal length of said third and
fourth lens group at the wide-angle end, and IH 1s a radius of
an 1mage circle.

13. A zoom lens system comprising, in order from an
object side of said system, a first lens group having positive
refracting power, a second lens group that has negative
refracting power and moves from an object side to an 1image
plane side of said system during zooming from a wide-angle
end to a telephoto end of said system, a third lens group
having positive refracting power and a fourth lens group that
has positive refracting power and 1s movable during
zooming, wherein:

said third lens group comprises, 1n order from an object
side thereol, a positive lens convex on an object side
thereol and a doublet consisting of a positive lens con-
vex on an object side thereol and a negative lens con-
cave on an 1mage side thereot, and peripheries of object
side-directed convex surfaces of both said object-side
positive lens and said doublet 1n said third lens group
are held by a lens holder barrel while said concave
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surfaces are abutting at said peripheries or some points
on said lens holder barrel.

14. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end and that comprises a doublet, and a fourth lens
group that has positive refracting power and 1s movable dur-
ing zooming, and satistying the following conditions (1) and

(2):

0.5<|F,/F3/<1.2 (1)

0.49<|L4/Lo|<1 (2)

where F, 1s a focal length of an 1-th lens group, and L, 1s an
amount of movement of an 1-th lens group from the wide-
angle end to the telephoto end.

15. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1image plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end and a fourth lens group that has positive refracting,
power and 1s movable during zooming, and satistying the
tollowing conditions (1) and (3):

0.5<|F,/F4/<1.2 (1)

2<(Fy 45)/TH<3.3 (2)

where F, 1s a focal length of an 1-th lens group, (F; 45, 1s a
composite focal length of said third and fourth lens groups at
the wide-angle end, and IH, is a radius of an image circle.

16. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming from the wide-angle end to the tele-
photo end and a fourth lens group that has positive refracting
power and 1s movable during zooming, and satisfying the
tollowing conditions (2) and (3):

0.49<|Ly/L,|<1 (1)

2<(Fy 4)/TH<3.3 (3)

where L, 1s an amount of movement of an 1-th lens group
from the wide-angle end to the telephoto end, (F; .;;) 15 a
composite focal length of said third and fourth lens groups at
the wide-angle end, and IH 1s a radius of an image circle.
17. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1image plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
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side during zooming from the wide-angle end to the tele-
photo end and a fourth lens group that has positive refracting

power and 1s movable during zooming, and satisfying the
following conditions (1), (2) and (3):

0.5<|F,/F4|<1.2 (1)
(2)

(3)

0.49<|Ly/L,|<1

2<(Fy 47)/TH<3.3

where F, 1s a focal length of an 1-th lens group, L, 1s an
amount of movement of an 1-th lens group from the wide-
angle end to the telephoto end, (F, , ) 1s a composite focal
length of said third and fourth lens groups at the wide-angle

end, and IH 1s a radius of an 1mage circle.

18. The zoom lens system according to any one of claims
10,11, 12, and 14 to 17, which satisfies the following condi-
tion (4):

0.6<|F,/F3|<1 (4)

where F, 1s a focal length of an 1-th lens group.

19. The zoom lens system according to claim 17, wherein
said fourth lens group moves along an optical axis direction
for focusing.

20. The zoom lens system according to claim 17, which
satisfies the following condition (5):

0.3<F4/F,<0.8 (5)

wherein F, 1s a focal length of an 1-th lens group.
21. The zoom lens system according to claim 17, which
satisfies the following condition (6):

0.4<|p>7<1 (6)

where [3,-1s a lateral magnification of the second lens group
ol the telephoto end of said system.

22. The zoom lens system according to claim 17, wherein
said fourth lens group consists of one positive lens.

23. The zoom lens system according to claim 17, wherein
said third lens group consists of three lenses, a positive lens,
a positive lens and a negative lens 1n order from an object
side thereof.

24. The zoom lens system according to claim 17, wherein
at least one surface 1n said third lens group 1s an aspherical
surface.

25. The zoom lens system according to claim 17, wherein
at least one surface in said fourth lens group 1s an aspherical
surface.

26. The zoom lens system according to claim 17, wherein
at least one surface 1n said second lens group 1s an aspherical
surtace.

27. A zoom lens system comprising, i order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves from the 1mage plane side to the object
side during zooming {from the wide-angle end to the tele-
photo end and a fourth lens group that has positive refracting
power and 1s movable during zooming, wherein said first
lens group consists of one positive lens, and a lens 1n said
second lens group that 1s located nearest to an object side

thereof 1s a negative lens that satisfies the following condi-
tion (7):

(7)

where v,, 1s an Abbe’s number of said negative lens located
nearest to the object side of said second lens group.

Vo1 <40
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28. The zoom lens system according to claim 27, which
satisfies the following condition (8):

(8).

V51<3D

29. The zoom lens system according to claim 17, which
satisiies the following condition (7):

Vo1 <40

(7)

where v,, 1s an Abbe’s number of the negative lens located
nearest to the object side of said second lens group.

30. The zoom lens system according to claim 17, which
satisfies the following condition (8):

(8)

Vo1<3

where v,, 1s an Abbe’s number of the negative lens located
nearest to the object side of said second lens group.

31. The zoom lens system according to claim 17 [Jor 27].
wherein said third lens group comprises, 1 order from an
object side thereot, a positive lens convex on an object side
thereol and a doublet consisting of a positive lens convex on
an object side thereof and a negative lens concave on an
image plane side thereof, and peripheries of object side-
directed convex surfaces of both said object-side positive
lens and said doublet in said third lens group are held by a
lens holder barrel while said convex surfaces are abutting at
said peripheries or some points on said lens holder barrel.

32. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1mage plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves constantly from the image plane side to the
object side during zooming from the wide-angle end to the
telephoto end and a fourth lens group that has positive
refracting power and 1s movable during zooming, wherein
said third lens group comprises a doublet consisting of a
positive lens and a negative lens, and said fourth lens group
consists of one positive lens.

33. The zoom lens system according to claim 32, wherein
at least one surface of the positive lens in said fourth lens
group 1s an aspherical surface.

34. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1image plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves constantly from the image plane side to the
object side during zooming from the wide-angle end to the
telephoto end and a fourth lens group that has positive
refracting power and 1s movable during zooming, wherein
cach of said second and third lens groups comprises a dou-
blet consisting of a positive lens and a negative lens.

35. A zoom lens system comprising, in order from an
object side of said system, a first lens group that has positive
refracting power and remains fixed during zooming, a sec-
ond lens group that has negative refracting power and moves
from an object side to an 1image plane side of said system
during zooming from a wide-angle end to a telephoto end of
said system, a third lens group that has positive refracting
power and moves constantly from the image plane side to the
object side during zooming from the wide-angle end to the
telephoto end and a fourth lens group that has positive
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refracting power and 1s movable during zooming, wherein
said third lens group consists of, 1n order from an object side
thereol, a positive lens, and a doublet consisting of a positive
lens and a negative lens.

36. A zoom lens system comprising, in order from an
object side of said system, a first lens group having positive
refracting power, a second lens group having negative
refracting power, a third lens group having positive refract-
ing power and a fourth lens group having positive refracting
power, wherein during zooming, a space between said first
and second lens groups, a space between said second and
third lens groups and a space between said third and fourth
lens groups vary independently, said third lens group con-
s1sts of, 1n order from an object side thereof, a double-
convex positive lens, and a doublet consisting of a positive
meniscus lens convex on an object side thereol and a nega-
tive meniscus lens, and said fourth lens group consists of a
double-convex lens having a large curvature on an object
side surface thereof.

37. A zoom lens system comprising, in order from an
object side of said system, a first lens group having positive
refracting power, a second lens group having negative
refracting power, a third lens group having positive refract-
ing power and a fourth lens group having positive refracting
power, wherein during zooming, a space between said first
and second lens groups, a space between said second and
third lens groups and a space between said third and fourth
lens groups vary independently, said first lens group consists
of one positive lens, said second lens group comprises three
lenses or, 1n order from an object side thereof, a single lens
and a doublet consisting of a negative lens and a positive
lens, said third lens group comprises three lenses or, 1n order
from an object side thereof, a single lens and a doublet con-
sisting of a positive lens and a negative lens, and said fourth
lens group consists of one positive lens.

38. A zoom lens system comprising, 1n order from an
object side of said system, a first lens group having positive
refracting power, a second lens group having negative
refracting power, a third lens group having positive refract-
ing power, and a fourth lens group having positive refracting
power, wherein during zooming, a space between said first
and second lens groups, a space between said second and
third lens groups and a space between said third and fourth
lens groups vary independently, said first lens group consists
of two lenses [or], a positive lens and a negative lens, said
third lens group comprises three lenses, a positive lens, a

positive lens and a negative lens, and said second or third

lens group comprises a doublet consisting of at least one set
of a positive lens and a negative lens.

39. A zoom lens system comprising in order from an object
side of said system:

a first lens group having positive refracting power,

a second lens group that has negative refracting power
and moves from an object side to an image plane side of
said system during zooming from a wide-angle end to a
telephoto end of said system,

a third lens group that has positive vefracting power and
that moves constantly from an image plane side to an
object side of said system during zooming from a wide-
angle end to a telephoto end of said system, and

a fourth lens group that has positive rvefracting power and
is movable during zooming, wherein:
said first lens group consists of two lenses, a negative
lens and a positive lens, or one positive lens alone,
said third lens group comprises three lenses, a positive
lens, a positive lens and a negative lens, or two
lenses, a positive lens and a negative lens, and
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said thivd lens group has at least one aspherical surface
therein.

40. A zoom lens system comprising, in ovder from an
object side of said system, a first lens group having positive
refracting power, a second lens group having negative
refracting power, a thivd lens group that has positive refract-
ing power and that moves constantly from an image plane
side to an object side of said system during zooming from a
wide-angle end to a telephoto end of said system, and a
fourth lens group having positive refracting power, wherein
during zooming, a space between said first and second lens
groups, a space between said second and thivd lens groups
and a space between said thivd and fourth lens groups vary
independently, said first lens group consists of two lenses, a
positive lens and a negative lens, and said second or third
lens group comprises a doublet consisting of at least one set
of a positive lens and a negative lens.

41. A zoom lens system comprising in order from an object
side of said system:

a first lens group having positive refracting power,
a second lens group that has negative refracting power

and is positioned on an image plane side of said system,
closer to a telephoto end of said system than a wide-

angle end of said system,
a third lens group that has positive refracting power, and

a fourth lens group that has positive vefracting power and
is movable during zooming, wherein:
said first lens group consists of two lenses, a negative
lens and a positive lens,
said thivd lens group comprises three lenses, a positive
lens, a positive lens and a negative lens, with a dou-
blet consisting of the positive lens that is closest to
the negative lens in the thivd lens group and the nega-
tive lens in the thivd lens group, and
said thivd lens group has at least one asphevical surface
therein.
42. A zoom lens system comprising in ovder from an object
side of said system.

a first lens group having positive refracting power,

a second lens group that has negative refracting power
and is positioned on an image plane side of said system,
closer to a telephoto end of said system than a wide-
angle end of said system,
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a thivd lens group having positive refracting power, and

a fourth lens group that has positive rvefracting power and
is movable during zooming, wherein:
said first lens group comsists of two lenses, a negative
lens and a positive lens, or one positive lens alone,
said third lens group comprises three lenses, a positive
lens, a positive lens and a negative lens, or two
lenses, a positive lens and a negative lens, with a
doublet consisting of the positive lens or the positive
lens that is closest to the negative lens in the third
lens group and the negative lens in the thivd lens
group,
said thivd lens group has at least one aspherical surface
therein, and wherein the positive lens and negative
lens in said thivd lens group arve cemented together.
43. The zoom lens system according to claim 42, wherein
the positive and negative lenses in the doublet in said thivd
lens group arve a double convex lens and a double concave
lens, respectively.
44. A zoom lens system comprising in order from an object
side of said system:

a first lens group having positive refracting power,

a second lens group that has negative refracting power
and moves from an object side to an image plane side of
said system during zooming from a wide-angle end to a
telephoto end of said system,

a thivd lens group having positive refracting power, and

a fourth lens group that has positive rvefracting power and

is movable during zooming, wherein:

said first lens group consists of two lenses, a negative
lens and a positive lens, or one positive lens alone,

said third lens group comprises three lenses, a positive
lens, a positive lens and a negative lens, or two
lenses, a positive lens and a negative lens, and

said thivd lens group has at least one aspherical surface
therein, and

wherein the positive lens that is closest to the negative
lens in said third lens group and the negative lens in
said third lens group constitute a doublet.
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