
EP 0 493 261 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention The present invention generally relates to zoom lenses and, more
particularly, is directed to a zoom lens for use with electronic still
cameras, video cameras or the like, for example. 10 Description of the
Related Art At present, consumer video cameras employ a lens having a
zooming ratio of 6 times or more and whose F number is smaller than 2.0 as
a zoom lens. Recently, it has been requested that the video camera be still
further miniaturized and reduced in weight while maintaining the features
such that the zoom lens has a large 15 variable magnification and has also
a large brightness. To meet the requirements such that the video camera is
miniaturized and reduced in weight, the imager size of a charge-coupled
device (CCD) image pickup device utilized as the image pickup element
should be more miniaturized because it is to be noted from a scaling law
standpoint that a camera lens itself can be min- iaturized in accordance
with the reduction of the imager size. 20      The conventional zoom lens,
however, comprises 10 spherical lenses or more. There is then the disad-
vantage that a conventional lens cannot be miniaturized and reduced in
weight sufficiently. Further, when the camera lens is miniaturized from a
scaling law standpoint, then precision prescribed of each of the lenses
con- structing the zoom lens also is increased so that, if the number of
the lenses constructing the zoom lens re- mains the same, then the zoom
lens cannot be processed without difficulty. Particularly, when a lens
element 25 is finished as a spherical surface by the polishing-treatment,
if the radius of curvature of the spherical surface is reduced, there is
then the risk that a manufacturing cost for achieving the precision
prescribed is increased considerably. In order to remove the
above-mentioned disadvantage and risk, a method of manufacturing a lens by
mold- ing some suitable materials such as plastics, glass or the like has
been established recently. According to this 30 method of manufacturing the
lens by the molding-process, there is then the possibility that upon mass-
production the manufacturing cost of the lens can be reduced as compared
with the above-mentioned method of manufacturing the lens by the
polishing-process. Further, in accordance with the molding-process, the
lens surface can be formed as an aspherical surface with ease and the
number of lens elements constructing the camera lens can be reduced, which
can make a great contribution to the camera lens when the camera lens 35 is
miniaturized and reduced in weight. For an example of a prior art zoom lens
composed of four lens groups, reference may be made to US-A- 4 859 042. All
the lens groups exceptthe second have a positive refractive power.
Thefirstand third lens groups are stationary with respect to the optical
axis, while the second and fourth lens groups are axially displaceable to
effect zooming. The fourth lens group is also axially displaceable on its
own to effect focusing. 40      WO-A-8706717 discloses an infrared afocal
zoom telescope. OBJECTS AND SUMMARY OF THE INVENTION Therefore, it is an
object of the present invention to provide an improved zoom lens in which
the aforesaid 45 shortcomings and disadvantages encountered with the prior
art can be eliminated. More specifically, it is an object of the present
invention to provide a zoom lens which can be miniaturized while
maintaining the characteristics such that the variable magnification
thereof is large and that the F number thereof is small. Another object of
the present invention is to provide a zoom lens which can be reduced in
weight while 50 maintaining the characteristics such that the variable
magnification thereof is large and that the F number thereof is small. A
further object of the present invention is to provide a zoom lens whose
full length can be reduced. Still another object of the present invention
is to provide a zoom lens in which bad influence such as ghost or the like
can be reduced. 55     In the zoom lens of the present invention, there are
sequentially provided from an object side a fixed first lens group having a
positive refracting power, a second lens group having a negative refracting
power and which realizes a variable magnification, a fixed third lens group
having a positive refracting power and a fourth lens group having a
positive refracting power which compensates fluctuation of an image surface
caused by 2  



EP 0 493 261 B1 the variable magnification and which focuses an image. In
this zoom lens, the third lens group comprises a positive lens of which at
least one surface is formed as an aspherical surface and a negative lens
having a surface, opposing the image surface side, formed to be concave to
the image surface side. Thus, the zoom lens of this invention can be
miniaturized and reduced in weight without deteriorating the
characteristics such 5   that the variable magnification is large and the F
number is small. BRIEF DESCRIPTION OF THE DRAWINGS The following detailed
description, given by way of example and not intended to limit the present
invention 10 solely thereto, will best be understood in conjunction with
the accompanying drawings in which: FIG. 1 is a schematic representation of
an embodiment of a zoom lens according to the present invention; FIG. 2 is
a schematic diagram showing an allocation of shape parameters in the
arrangement of FIG. 1; FIGS. 3A through 3C are respectively schematic
diagrams showing spherical aberration, astigmatism and distortion presented
when the zoom lens of this embodiment is placed in the wide angle lens
position; 15      FIGS. 4A through 4C are respectively schematic diagrams
showing spherical aberration, astigmatism and distortion presented when the
zoom lens of this embodiment is placed in the intermediate position; and
FIGS. 5A through 5C are schematic diagrams showing spherical aberration,
astigmatism and distortion presented when the zoom lens of this embodiment
is placed in the telephoto lens position, respectively. 20 DETAILED
DESCRIPTION OF A PREFERRED EMBODIMENT Prior to the description of the
preferred embodiment, a fundamental principle of the present invention will
be described below. As shown in FIG. 1, the present invention is directed
to a zoom lens in which a fixed first lens group 1 25  having a positive
ref racting power, a second lens group 2 having a negative refracting
powerand which realizes a variable magnification, a fixed third lens group
3 having a positive refracting power and a fourth lens group 4 having a
positive refracting powerwhich compensates fluctuation of an image surface
caused bythe variable magnification and which focuses an image are
sequentially provided from an object side. In this zoom lens, the third
lens group 3 is composed of two separate lenses comprising a positive lens
31 and a negative lens 30 32. Further, according to the present
invention,the shape of the surface 31 a of the positive lens 31 opposing
the object side is expressed by the following equation (4): [ERR] where Y
represents the height from the optical axis, Z represents the distance of
lens apex from the tangential surface in a point on the aspherical surface
in the height Y from the optical axis where the object side is as- sumed to
be negative, R31 represents the paraxial radius of curvature, K31, AD31,
AE31, AF31 and AG31 respectively represent coefficients . The shape of the
surface 31 b of the positive lens 31 opposing the image 40 surface side is
expressed by the following equation (5): [ERR] 45  where Y represents the
heightfrom the optical axis, Z represents the distance of lens apex from
the tangential surface in a point on the aspherical surface in the height Y
from the optical axis where the object side is as- sumed to be negative,
R32 represents the paraxial radius of curvature, K32, AD32, AE32, AF32 and
AG32 respectively represent coefficients.The shape of the positive lens 31
satisfies the following relation expressed by the equation (6) below: [ERR]
Further, according to the present invention, when R34 (corresponding to
R13) represents the radius of cur- vature of the surface of the negative
lens 32, the positive lens 31 being convexed to the object side, fw rep-
resents the focal length of the wide angle lens end of the zoom lens on the
whole and ft represents the vocal length of the telephoto lens end of the
zoom lens on the whole, the following relation is established: [ERR] As
described above, the present invention employs as a fundamental arrangement
a zoom lens of a rear- focus system formed of four lens groups, that is of
positive, negative, positive and positive lens groups com- posed of a fixed
first lens group 1 having a positive refracting power, a second lens group
2 having a negative 3  



EP 0 493 261 B1 refracting power as a variator, a fixed third lens group 3
having a positive refracting power and a fourth lens group 4 having a
positive ref racting power which includes both a compensator function for
correcting a move- ment of an image surface by the variable magnification
of the second lens group so as to keep the image sur- face position
constant and a focusing function. 5      Further, according to the present
invention, since the zoom lens of the present invention is of the telephoto
lens type in which the third lens group 3 is formed of separate positive
lens 31 and negative lens 32 provided from the object side, a principal
point position of the third lens group 3 is provided near the object side.
Thus, the movable range of the second lens group 2 can be extended
effectively and the full length of the zoom lens can be reduced. Also,
since the zoom lens of the present invention is of the telephoto lens type,
a bundle of 10 light incident on the fourth lens group 4 can be made
smaller than that on the third lens group 3 and therefore the fourth lens
group 4 can be reduced in weight. As a result,the burden on the fourth lens
group driving system can be reduced, the responsiveness to the
magnification and focusing can be improved and a lens barrel struc- ture
including the lenses and the driving system can be reduced in diameter.
Further, since the third lens group 3 is comprised of two lenses, the
number of the lenses in the zoom lens can be reduced on the whole and the
15 entirety of the zoom lens can be made more compact. Further, the shapes
of one surface 31a and the othersurface 31b of the positive lens 31 are
respectively expressed by the above equations (4) and (5) and the
relationship expressed by the equation (6) is also es- tablished, which
means that at least one surface of the positive lens 31 is formed as the
aspherical surface.In this case, such an aspherical surface acts as
spherical aberration so that, by the combination of the positive 20 lens 31
and the negative lens 32 within the third lens group 3, the correction of
chromatic aberration on the axis which is the same aberration on the axis
can be carried out independently of the correction of the spherical
aberration. Accordingly, there is more freedom in the aberration correction
of the third lens group 3. As a result, the burden on other lens groups,
particularly on the fourth lens group 4which focuses an image from an
aberration correction standpoint can be reduced and therefore the focal
length of the fourth lens group 25 4 can be reduced, the full length of the
zoom lens being thus reduced. Furthermore, in the zoom lens of a so-called
rearfocus system formed of four lens groups of positive, neg- ative,
positive and positive lens groups, the front three lens groups of the first
to third lens groups 1 to 3 con- stitute an afocal system. That is, a
bundle of light from the third lens group 3 becomes a parallel bundle of
light. In this case, if the surface of the negative lens 32 in the third
lens group 3 opposing the image side is 30 shaped as substantially plane,
then a re-focusing point of a reflected light from a target screen is
formed near the target screen, causing a deterioration of image quality
such as ghost or the like. If the surface of the neg- ative lens 32
opposing the image side is convexed to the image side, then the re-focusing
point is formed at the rear side of the target screen as viewed from the
object side. However, if the fourth lens group 4 is moved toward the object
side in the wide angle lens mode, the above re-focusing point is moved near
the focal point 35 or a bundle of light converged is passed through the
target screen so that problems such as ghost or the like occur. On the
other hand, if the radius of curvature of the surface of the negative lens
32 opposing the image side is selected so as to satisfy the condition
expressed by the above equation (7) and this surface is concaved to the
image side, then a re-focusing point of a reflected light from the target
screen is formed on the object 40 side rather than the focal point.
Accordingly, since only a weak diverging light from the re-focusing point
is ir- radiated on the target screen, an offending ghost or the like can be
prevented from being produced. An embodiment of the present invention will
now be described with reference to the drawings. FIG. 1 shows a zoom lens
according to the embodiment of the present invention. As shown in FIG. 1, a
fixed first lens group 1 having a positive ref racting power, a second lens
group 2 having a negative refracting 45  power as a variator, a fixed third
lens group 3 having a positive refracting power and a fourth lens group 4
having a positive refracting power acting as a compensator are provided in
that order from the object side to an image surface 5. Assuming that
components of arrows A1 and A2 perpendicular to the optical axis of the
zoom lens correspond to magnifications and that components of arrows A1 and
A2 parallel to the optical axis of the zoom lens correspond to the
movements of the lens groups, then upon variable magnification the second
50 lens group 2 is moved in response to the arrow A1 and the fourth lens
group 4 is moved in response to the arrow A2 so as to compensate a
fluctuation of the image surface 5 upon variable magnification. The fourth 



lens group 4 is moved solely in response to an arrow A3 so that it may have
a focusing function. That is, the zoom lens of this embodiment is composed
of four lens groups of positive, negative, positive and positive groups and
is formed as a rear-focus system which belongs, for example, to a so-called
inner-focus system. 55      Also, as shown in FIG. 1, an iris 6 is provided
between the second lens group 2 and the third lens group 3, and a glass
block 7 is provided between the fourth lens group 4 and the image surface 5
as an optical low- pass filter. Further, the first lens group 1 is
comprised of a negative meniscus lens 11 whose convex surface is op- 4
EP 0 493 261 B1 posed to the object side and a positive lens 12 bonded to
the negative meniscus lens 11. The second lens group 2 is comprised of a
negative meniscus lens 21 whose convex surface is opposed to the object
side and a positive lens 23 bonded to the negative meniscus lens 21. The
third lens group 3 is comprised of two sepa- rated lenses of a positive
lens 31 and a negative lens 32 from the object side. The fourth lens group
4 Is com- 5   prised of a negative meniscus lens 41 whose convex surface is
opposed to the object side and a positive lens 42 bonded to the meniscus
lens 41. Both surfaces of the positive lens 31 of the third lens group 3
are formed as aspherical surfaces, and the iris 6 is located just in front
of the positive lens 31 in an opposing relation to the object side. There
is then the advantage that spherical aberration can be satisfactorily
corrected while aberration outside the optical axis Is 10 not deteriorated
by the aspherical surface. FIG. 2 shows the allocation of shape parameters
of respective elements in the zoom lens according to this embodiment.As
shown in FIG. 2, Ri represents the radius of curvature of an i'th surface
(i = 1, 2, ..., 18) and di represents the space between the i'th surface
and (i + 1)'th surface, respectively. Further, ni and vi represent the
refractive index of d line of medium between the i'th surface and (i +
1)'th surface and Abbe 15 number, respectively. In this case, third, tenth,
eleventh and sixteenth surfaces are formed of aspherical surfaces,
respectively and the shape of the aspherical surface can be expressed by
the following equation (8): [ERR] In the above equation (8), Y represents
the height from the optical axis, Z represents the distance of lens apex
from the tangential surface in a point on the aspherical surface in the
height Y from the optical axis, Ri (i = 3, 10, 11, 16) represents the
paraxial radius of curvature, Ki represents the constant of the cone of the
i'th surface and ADi, AEi, AFi and AGi represent aspherical surface
constants of the i'th surface, respectively. 25 These aspherical surface
coefficients are set as follows: i  Ki         ADi             AEi
AFi                  AGi 30      3    0  0.376 x [err]   -0.102 x [err]
-0.107 x [err]    0.226 x [err] 10   0  -0.229 x [err] -0.259 x 10-6
0.829   x [err]    0.112 x [err] 11   0  0.544 x [err]   -0.197 x 10-6
-0.215 x [err]    0.164 x [err] 35    16   0  0.699 x [err]   -0.419 x
[err]   -0 .116 x [err]    0.133 x [err] In that case, the 10'th surface
and the 11'th surface are respectively the surfaces of the positive lens 31
of the third lens group 3 in an opposing relation to the object side and
the image surface side and a condition 40 expressed by the following
equation (9) is imposed between the above two surfaces: [ERR] Then, the
values of the respective elements shown in FIG. 2 are set as follows: 45 50
55    EP 0 493 261 B1 i         Ri             di               ni
vi 1       27.99         1.71            1.805                25.5 



2       19.62         6.86            1.589                61.3 *3
-173.25         (variable) 4       32.12         1.14            1.834
37.2 10 5       10.67         3.92 6     -13.3           1.14
1.697                48.5 7       14.34         3.29            1.847
23.8 15 8     -112.88         (variable) 9      [err](iris)    0.57 *10
16.53          4.29            1.589                61.3 20 *11      -26.78
4.75 12      -28.28          1,14            1.847                23.8 25
13       100.00          (variable) 14       18.66          1.14
1.785                 25.7 15       11.76         5.71            1.694
53.3 30             *16       -30.87          (variable) 17       [err]
8.29           1.517                 64.2 18       [err]              0 35
In the above table, values of Ri corresponding to i (i = 3, 10, 11, 16) as
shown by symbols * respectively represent radiuses of reference spherical
surfaces of aspherical surfaces, respectively and the fact that R9 is [err]
corresponds to the fact that the iris is planar. Also, blanks in ni and vi
correspond to areas in which a medium is air. 40      The whole focal
length f of the zoom lens according to this embodiment lies in a range of
from 10 to 60 mm, F number lies in a range of from 2.0 to 2.8 and a semi
field angle w lies in a range of from 23.20 to 4.090. Further, values of
the above-mentioned variable spacings di (i = 3, 8, 13, 16) in the wide
angle lens position, the intermediate position and in the telephoto lens
position are set as follows: 45            f (mm)          d3
d8              d13               d16 10.0          2.16              23.03
10.39              8.99 30.3         17.69               7.50
7.22            12.16 50 60.0         24.76               0.43
10.55              8.83 If the above-mentioned values are utilized, then
the focal length ft on the telephoto lens side becomes 80 mm, and the focal
length fw on the wide angle lens side becomes 10 mm. Further, since a
spacing ZL from 55 the first surface of the lens to the focusing position
is 88.5 mm,the zooming magnification ft/fw is 6 and the following equation
is established: ZL/ft = 1.48 As described above, according to this
embodiment, while maintaining the characteristics such thatthe zooming 6
EP 0 493 261 B1 magnification is large and that the F number is small, the
full length of the zoom lens can be reduced consid- erably and the zoom
lens can be miniaturized. The radius of curvature R13 of the surface of the
negative lens 32 of the third lens group 3 opposing the image surface 5
side according to this embodiment will be described with reference to FIG.
1. In the zoom 5   lens according to this embodiment, the first to third
lens groups constitute an afocal system so that, when a light bundle [err]1
incident on the first lens group 1 is a parallel light bundle (particularly
a light bundle emitted from one point of the object located in the distant
position can be regarded as a parallel light bundle in front of the lens),
a light bundle [err]2 emitted from the third lens group 3 to the fourth
lens group 4 becomes close to a parallel light bundle. This parallel light
bundle [err]2 is converged at one point on the image surface 5 through 



10    the fourth lens group 4. In that case, a reflected light from the
image surface 5 is returned through an opposite optical path to the
negative lens 32 as a parallel light bundle [err]3 so that, if the surface
of the negative lens opposing the image surface 5 side is formed with a
shape substantially equal to the plane, then a ghost or the like is
produced on the image surface 5 by the reflected light of the negative lens
32. In order to avoid the occurrence of ghost or the like, the radius of
curvature R13 of the surface of the neg- 15 ative lens 32 opposing the
image surface 5 side must satisfy the condition expressed by the following
equation (10): [ERR] where the sign of the radius of curvature is
determined so as to become a positive value when the lens surface becomes
convexed to the object side. 20      The above equation (10) means that LF
< LI is established when the surface of the negative lens 32 op- posing the
image surface side becomes convexed relative to the image surface 5 side,
LF represents the dis- tance to a point atwhich a light bundle 04 is
converged from the negative lens 32 and the distance LI represents the
distance between the negative lens 32 and the image surface 5. Accordingly,
a weak reflected light which is gradually diffused, is irradiated on the
image surface 5 and the influence of ghost orthe like can be reduced. FIGS.
3A to 3C, FIGS. 4A to 4C and FIGS. 5A to 5C respectively show various
aberrations of the zoom lens according to this embodiment. FIGS. 3A, 3B and
3C show spherical aberration, astigmatism and distortion in the wide angle
lens position (f = 10.0 mm), respectively. FIGS. 4A, 4B and 4C show those
in the intermediate position (f = 30.3 mm), and FIGS. 5A, 5B and 5C show
those in the telephoto lens position (f = 60.0 mm), re- spectively.
According to the zoom lens of the present invention, in the zoom lens
formed of four lens groups of positive, negative, positive and positive
lenses, since the third lens component is composed of two lenses of
positive and negative lenses having aspherical surfaces, there is then the
advantage that the zoom lens can be min- iaturized and reduced in weight
while maintaining the characteristics such that the variable magnification
ratio is large and that the F number is small. Further, when the surface of
the negative lens opposing the image surface side is convexed to the image
surface side, then bad influence such as ghost or the like due to the
reflected light from the negative lens can be reduced. Having described the
preferred embodiment of the invention with reference to the accompanying
drawings, it is to be understood that the invention is not limited to that
precise embodiment and that various changes and modifications thereof could
be effected by one skilled in the art without departing from the scope of
the 40  invention as defined in the appended claims. Claims 45  1. A zoom
lens in which are sequentially provided, from an object side, a fixed first
lens group (1) having a positive refracting power, a second lens group (2)
having a negative refracting power and which realizes a variable
magnification, a fixed third lens group (3) having a positive refracting
power and a fourth lens group (4) having a positive refracting power which
compensates fluctuation of an image surface caused by the variable
magnification and which focuses an image, characterized in that said third
lens group (3) is composed of two separate lenses comprising a positive
lens (31) and a negative lens (32), said positive lens (31) having at least
one surface (31 a, 31b) formed as an aspherical surface, and said negative
lens (32) having a surface opposing the image side formed to be concave to
the image side. 55 2. Azoom lens according to claim 1, wherein the shape of
the surface (31a) of said positive lens (31) of said third lens group (3)
opposing the object side is expressed by the following equation (1): 7
magnification is large and that the F number is small, the full length of
the zoom lens can be reduced consid- erably and the zoom lens can be
miniaturized. The radius of curvature R13 of the surface of the negative
lens 32 of the third lens group 3 opposing the image surface 5 side
according to this embodiment will be described with reference to FIG. 1. In
the zoom 5   lens according to this embodiment, the first to third lens
groups constitute an afocal system so that, when a light bundle [err]1
incident on the first lens group 1 is a parallel light bundle (particularly
a light bundle emitted from one point of the object located in the distant
position can be regarded as a parallel light bundle in front 



of the lens), a light bundle [err]2 emitted from the third lens group 3 to
the fourth lens group 4 becomes close to a parallel light bundle. This
parallel light bundle [err]2 is converged at one point on the image surface
5 through 10  the fourth lens group 4. In that case, a reflected lightfrom
the image surface 5 is returned through an opposite optical path to the
negative lens 32 as a parallel light bundle [err]3 so that, if the surface
of the negative lens opposing the image surface 5 side is formed with a
shape substantially equal to the plane, then a ghost or the like is
produced on the image surface 5 by the reflected light of the negative lens
32. In order to avoid the occurrence of ghost or the like, the radius of
curvature R13 of the surface of the neg- 15  ative lens 32 opposing the
image surface 5 side must satisfy the condition expressed by the following
equation (10): [ERR] where the sign of the radius of curvature is
determined so as to become a positive value when the lens surfa e becomes
convexed to the object side. 20      The above equation (10) means that LF
< LI is established when the surface of the negative lens 32 op- posing the
image surface side becomes convexed relative to the image surface 5 side,
LF represents the dis- tance to a point atwhich a light bundle 04 is
converged from the negative lens 32 and the distance LI represents the
distance between the negative lens 32 and the image surface 5. Accordingly,
a weak reflected light, which is gradually diffused, is irradiated on the
image surface 5 and the influence of ghost or the like can be reduced. 25
FIGS. 3A to 3C, FIGS. 4A to 4C and FIGS. 5A to 5C respectively show various
aberrations of the zoom lens according to this embodiment. FIGS. 3A, 3B and
3C show spherical aberration, astigmatism and distortion in the wide angle
lens position (f = 10.0 mm), respectively. FIGS. 4A, 4B and 4C show those
in the intermediate position (f = 30.3 mm), and FIGS. 5A, 5B and 5C show
those in the telephoto lens position (f = 60.0 mm), re- spectively.
According to the zoom lens of the present invention, in the zoom lens
formed offourlens groups of positive, negative, positive and positive
lenses, since the third lens component is composed of two lenses of
positive and negative lenses having aspherical surfaces, there is then the
advantage that the zoom lens can be min- iaturized and reduced in weight
while maintaining the characteristics such that the variable magnification
ratio is large and that the F number is small. Further, when the surface of
the negative lens opposing the image surface side is convexed to the image
surface side, then bad influence such as ghost or the like due to the
reflected light from the negative lens can be reduced. Having described the
preferred embodiment of the invention with reference to the accompanying
drawings, it is to be understood that the invention is not limited to that
precise embodiment and that various changes and modifications thereof could
be effected by one skilled in the art without departing from the scope of
the invention as defined in the appended claims. Claims 45  1.  A zoom lens
in which are sequentially provided, from an object side, a fixed first lens
group (1) having a positive refracting power, a second lens group (2)
having a negative refracting power and which realizes a variable
magnification, a fixed third lens group (3) having a positive refracting
power and a fourth lens group (4) having a positive refracting power which
compensates fluctuation of an image surface caused by the variable
magnification and which focuses an image, characterized in that said third
lens group (3) is composed of two separate lenses comprising a positive
lens (31) and a negative lens (32), said positive lens (31) having at least
one surface (31a, 31b) formed as an aspherical surface, and said negative
lens (32) having a surface opposing the image side formed to be concave to
the image side. 55 2. Azoom lens according to claim 1, wherein the shape of
the surface (31a) of said positive lens (31) of said third lens group (3)
opposing the object side is expressed by the following equation (1): 7
EP 0 493 261 B1 [ERR] where Y represents the height from the optical axis,
Z represents the cistance of lens apex from the tan- 5       gential
surface in a point on the aspherical surface in the height Y from the
optical axis where the object side is assumed to be negative, R31
represents the paraxial radius of curvature, K31, AD31, AE31, AF31 



and AG31 respectively represent coefficients, wherein the shape of the
surface (31 b) of said positive lens (31) opposing the image surface side
is expressed by the following equation (2): [ERR] where Y represents the
height from the optical axis, Z represents the distance of lens apex from
the tan- gential surface in a point on the aspherical surface in the height
Y from the optical axis where the object 15      side is assumed to be
negative, R32 represents the paraxial radius of curvature, K32, AD32, AE32,
AF32 and AG32 respectively represent coefficients, and wherein the shape of
said positive lens (31) satisfies the following relation: [ERR] 3.  A zoom
lens according to claim 1, wherein R13 represents the radius of curvature
of the surface of said negative lens (32) opposing the image side, wherein
the positive lens (31) is convex to the object side, wherein fw represents
the focal length of the zoom lens on the whole in the wide angle position
and ft represents the focal length of the zoom lens on the whole in the
telephoto position, the following relation is satisfied: [ERR]
Patentanspruche so  1.  Zoom-Objektiv, das von der Objektseite aus
aufeinanderfolgend aufweist eine feststehende erste Linsengruppe (1) mit
positiver Brechkraft, eine zweite Linsengruppe (2) mit negativer
Brechkraft, die eine variable Vergrbgerung bewirkt, eine feststehende
dritte Linsengruppe (3) mit positiver Brechkraft sowie eine vierte
Linsengruppe (4) mit positiver Brechkraft, die die durch die variable
Vergrbl~erung 3a       verursachte Fluktuation der Bildfliche kompensiert
und ein Bild fokussiert, dadurch gekennzeichnet, daS die dritte
Linsengruppe (3) aus zwei getrennten Linsen besteht und eine Positiviinse
(31) und eine Negativiinse (32) umfaflt, wobei wenigstens eine Fliche der
Positiviinse (31) als aspharische Flache (31a, 31b) ausgebildet ist und die
Negativinse (32) eine der Bildseite gegenuberliegende Flache besitzt, 40
die zur Bildseite konkav ausgebildet ist. 2.  Zoom-Objektiv nach Anspruch
1, bei dem die Form der der Objektseite gegenuberliegenden FlAche (31 a)
dergenannten Positiviinse (31) der dritten Linsengruppe (3) durch folgende
Gleichung (1) ausgedrulckt wird: 45        (1)      Z =          Y2/R31
+ (AD31)Y4 + (AE31)Y8 + (AF31)Y8 + (AG31)Y10, 1 +  I - (K31+1)Y2/R312 worin
Y.die H6he von der optischen Achse, Z den Abstand des Linsenscheitelpunkt
von der Tangential- flache in einem Punkt auf der asphirischen Flache in
der H6he Y von der optischen Achse, wobei die Objektseite als negativ
angenommen ist, R31 den paraxialen Krummungsradius und K31, AD31, AE31, 5s
AF31 bzw. AG31 Koeffizienten bedeuten, bei dem die Form der der Bildseite
gegenulberliegenden Flache (31 b) der genannten Positiviinse (31) der
dritten Linsengruppe (3) durch folgende Gleichung (2) ausgedrUcktwird: (2)
Z =           Y2/R32          + (AD32)Y4 + (AE32)Y6 + (AF32)Y8 + (AG32)Y10,
I + I1 - (K32 + 1)Y2/R322 65       worin Y die Hbhe von der optischen
Achse, Z den Abstand des Linsenscheitelpunkt von der Tangential- flache in
einem Punkt auf der aspharischen Flache in der Hohe Y von der optischen
Achse, wobei die Objektseite als negativ angenommen ist, R32 den paraxialen
Krummungsradius und K32, AD32, AE32, 8    * C   L   M   S * AF32 bzw. AG32
Koeffizienten bedeuten, und bei dem die Form der Positiviinse (31) folgende
Bedingung srfullt - K311(8R313) - AD31 + K32/(8R323) + AD32 >0. 5 3.
Zoom-Objektiv nach Anspruch 1, bei dem folgende Bedingung erfsillt ist: 0<
R13 <6 



worin R13 den KrOmmungsradius der der Bildseite gegenulberliegenden Flache
der genannten Negativ- linse (32) bedeutet, die Positiviinse (31) zur
Objsktseite hin konvex ist, fw die Brennweibt des Zoom- 10       Objektivs
insgesamt in Weitwinkelstellung und ft die Brennweite des Zoom-Objektivs
insgesamt in Tele- stellung bedeuten. Revendications 15 1.  Objectif a
focale variable dans lequel sont s6quentiellement dispos6s, depuis Is cOte
objet, un premier groupe de lentilles fixe (1) possedant une convergence
positive, un deuxieme groupe de lentilles (2) pos- sedant une convergence
negative et realisant lI grossissement variable, un troisieme groupa de
lentiles fixe (3) possedant une convergence positive, et un quatribme
groupe de lentilles (4) possedant une 20       convergence positive, qui
compense les fluctuations de la surface d'image dues au grossissement va-
riable et qui assure la miss au point de l'image, caracterise en ce que
ledit troisieme groups de lentilles (3) est compose de deux lentilles
distinctes comprenant une lentille convergente (31) et une lentille
divergente (32), ladite lentille convergente (31) ayant au moins une
surface (31a, 31b) realis6e sous forme d'uns surface aspherique, et ladite
lentille 25       divergente (32) ayant une surface, opposee au c~te image,
qui est formee de fagon A presenter sa conca- vite vers le c~tA image. 2.
Objectif A focale variable selon la revendication 1, ofb la forme de la
surface (31 a) de ladite lentille conver- gente (31) dudit troisieme groupe
de lentilles (3) qui est opposee au c~te objet est exprimea par l'equation
s0      (1) suivante: Z =          WI7Y2/R31      + (AD31)Y4 + (AE31)Y6 +
(AF3I)Y3 + (AG31)Y10  (1) 1 + -51 - (K31 + I)Y2R312 ao Y represente la
hauteur par rapport A l'axe optique, Z represente la distance du sommet de
la lentille par rapport A la surface tangentielle en un point de la surface
aspherique suivant la hauteur Y par rapport A l'axe optique ob le c~tA
objet est supposA Atre negatif, R31 represente le rayon de courbure
paraxial, K31, AD31, AE31, AF31 et AG31 representent respectivement des
coefficients, ob la forme de la surface (31b) de ladite lentille
convergente (31) opposee au cote surface d'image est expnimee par
l'equation (2) suivante: 1 +       Y2/R32          + (AD32)Y4 + (AE32)Y6 +
(AF32)Y8 + (AG32)Y10  (2) I + ~1- (K32 +1)Y21R322 o0 Y represente la
hauteur par rapport A l'axe optique, Z represente la distance du sommet de
la lentille par rapport A la surface tangentielle en un point de la surface
aspherique suivant la hauteurY par rapport a l'axe optique oO le cote objet
est suppose etre negatif, R32 represente le rayon de courbure paraxial, 45
K32, AD32, AE32, AF32 et AG32 representent respectivement des coefficients,
et oO la forms de ladite lentille convergente (31) satisfait la relation
suivante: - K31/(8R313) - AD31 + K321(8R323) + AD32 >0. 3.  Objectif a
focale variable selon la revendication 1, ob RI 3 represente le rayon de
courbure de la surface 50       de ladite lentille divergents (32) opposee
au c~te image, o0 la lentille convergente (31) presente sa convexite vers
le cote objet, ob fw represente la distance a focale de l'objectif A focal
variable dans son ensemble pour la position grand-angulaire, et ft
represente la distance focale de l'objectif A focale variable dans son
ensemble pour la position teleobjectif, la relation suivante etant
satisfaite: 0 < R13 < 6 .-ft 55 9    


