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(64) Four group zoom lens system having high zoom ratio

{57) A zoom lens system of high zoom ratio includes a first positive lens group 10, a second negative lens
group 20, a third negative lens group 30, and a fourth positive lens group 40, arranged in this order from the
object side. The second and third lens groups are moved without moving the first and fourth lens groups upon
zooming. The lens system satisfies the condition (1) 1 < (Day, - D37}, < 6, wherein Dsw represents the
distance between the third lens group and the fourth lens group at the short focal length extremity,
represents the distance between the third lens group and the fourth lens group at the long focal length
extremity, and f,, represents the focal length of the entire lens system at the short focal length extremity. CG is
a glass cover for a CCD image pickup and S is a diaphragm.
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ZOOM LENS SYSTEM HAVING HIGH ZOOM RATIO

The present invention relates to a zoom lens system
having a high zoom ratio, which can be applied to a TV

camera such as a CCTV camera.

In accordance with a variety of CCTV cameras, there has
been a need for a zoom lens having a high zoom ratio.
However, the zoom ratio of a con&entional zoom lenses is, in
many cases, in the range of approximately 10 to 15. If the

zoom ratio is more than 15, the lens performance is reduced.

It is an object of the present invention to provide a
zoom lens system having a high zoom ratio which is
approximately equal to 20 with a high performance.

‘ According to the
present invention, there is provided a zoom lens system
having high zoom ratio comprising a first lens group having
positive refracting power, a second lens group having
negative refracting power, a third lens group having

negative refracting power, and a fourth lens group having
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positive refracting power, said four lens groups being
arranged in this order £from the object side, wherein the
second and third lens groups are moved without moving the
first and fourth lens groups upon zooming, and wherein the '
following condition (1) is satisfied;

(1) 1 < (D3y - D3r)/fw < 6
wherein D3y represents the distance between the third

lens group and the fourth lens group at the short focal

length extremity, Di3r represents the distance between the

third lens group and the fourth lens group at the long focal

length extremity, and f, represents the focal length of the

entire lens system at the short focal length extremity.
Preferably, the zoom lens system further satisfies the
following condition (2);

(2) 6 < (D2w + D3w)/fw < 12
wherein D,, represents the distance between the second

lens group and the third lens group at the short focal
length extremity.

Preferably, the zoom lens system satisfies the
following conditions (3) and (4);

(3) 0.05 < f,/f1 < 0.12
(4) -0.5 < f,/fy < -0.1

wherein f; represents the focal length of the first



lens group and £, represents the focal length of the second

lens group.
It is preferable that at least one lens element of the

first lens group satisfies the following condition (5);

(5) 80 < vy
wherein Vg4 represents the Abbe number of said at least

one lens element of the first lens group.
It is preferable that at least one lens element of the

fourth lens group satisfies the following condition (6);

(6) 80 < Vgg
wherein V44 represents the Abbe number of said at least

one lens element of the fourth lens group.

Examples of the present

invention will be described below in detail with
reference to the accompanying drawings, in which;

Figure 1 1is a schematic wview showing a lens
arrangement of a first embodiment of a zoom lens system of
high zoom ratio at g short focal length extremity,

of the present invention;

Figures 2A, 2B, 2C and 2D are aberration diagrams of a
zoom lens system shown in Fig. 1;

Figure 3 1s a schematic view showing the lens
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arrangement of a first embodiment of a zoom lens system of
high zoom ratio at an intermediate focal length,

of the present invention;

Figures 4A, 4B, 4C and 4D are aberration diagrams of a
zoom lens system shown in Fig. 3;

Figure 5 is a schematic view showing the lens
arrangement of a first embodiment of a zoom lens system of
high zoom ratio at a long focal length extremity,
of the present invention;

Figures 6A, 6B, 6C and 6D are aberration éiagrams of a
zoom lens system shown in Fig. 5;

Figure 7 is a schematic view showing a lens
arrangement of a second embodiment of a zoom lens system of
high zoom ratio at a short focal length extremity,
of the present invention;

Figures 8A, 8B, 8C and 8D are aberration diagrams of a
zoom lens system shown in Fig. 7;

Figure 9 is a schematic view showing the lens
arrangement of a second embodiment of a zoom lens system of
high zoom ratio at an intermediate focal length, of

the present invention;

Figures 10A, 10B, 10C and 10D are aberration diagrams
of a zoom lens system shown in Fig. 9;

Figure 11 is a schematic view showing the lens

arrangement of a second embodiment of a zoom lens system of
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high zoom ratio at a long focal length extremity,
of the present invention;

Figures 12A, 12B, 12C and 12D are aberration diagrams
of a zoom lens system shown in Fig. 11;

Figure 13 1is a schematic view showing a lens
arrangement of a third embodiment of a zoom lens system of
high zoom ratio at the short focal length extremity,
of the present invention;

Figures 14A, 14B, 14C and 14D are aberration diagrams
of a zoom lens system shown in Fig. 13;

Figure 15 is a schematic view showing the lens
arrangement of a third embodiment of a zoom lens system of
high zoom ratio at an intermediate focal length, of

the present invention;

Figures 16A, 16B, 16C and 16D are aberration diagrams
of a zoom lens system shown in Fig. 15;

Figure 17 1s a schematic view showing the 1lens
arrangement of a third embodiment of a zoom lens system of
high zoom ratio at a long focal length extremity,
of - the present invention;

Figures 18A, 18B, 18C and 18D are aberration diagrams
of a zoom lens system shown in Fig. 17; and,

Figure 19 shows tracks of movement of lens groups of a
zoom lens system of high zoom ratio during the zooming

operation, of the present invention.



As may be seen in Fig. 19, a zoom lens system of high
zoom ratic of the present embodiment is comprised
of a first positive lens group 10, a second negative lens
group 20, a third negative lens group 30, and a fourth
positive lens group 40. These lehs groups 10 through 40 are
arranged in this order from the object side. Upon zooming,
the first and fourth positive lens groups 10 and 40 are not
moved and the second lens group 20 (variator) and the third
lens group 30 (compensator) are moved. The focusing
operation is carried out by the first lens group 10. Since
the second and third lens groups 20 and 30 have a negative
refracting power, the axial bundle is made incident upon the
fourth lens group 40 as divergent light.

In the four-lens group type zoom lens system having
positive, negative, negative and positive lens groups from
the object side, the diameter of the third lens group can be
reduced by decreasing the distance between the third lens
group and the fourth lens group at a short focal length
extremity, to thereby restrict the aberrations produced at
the position far from the optical axis. The third lens
group is moved close to the fourth lens group to correct the
focal position at the long focal length extremity. However,

in the optical arrangement in which the F-number at a long



focal length extremity is larger than the F-number at the
short focal length extremity, no eclipse of the on-axis
light occurs if the third lens group comes close to the
fourth lens group.

The condition (1) specifies movement distance of
the third lens group from the short focal length extremity
to the long focal length extremity. If the condition (1) is
satisfied, the diameter of the third lens group can be
decreased. Consequently, the aberration produced at the
peripheral portion of the lehs can be réduced, thus
resulting in a high performance.

If the ratio defined in the condition (1) exceeds the
upper limit, the total length of the lenses is increased.
If the ratio defined in the condition (1) is smaller than
the lower 1limit, the diameter of the third lens group
(compensator) is increased so that aberrations occur due to
light passing through the portion of the third lens group
distant from the optical axis.

The condition (2) specifies movement distance of
the second lens group. If the condition (2) is satisfied,
the movement distance of the second lens group 1is large
enough to obtain a zoom ratio which is approximately equal
to or more than 20. If the ratio defined in the condition
(2) exceeds the upper limit, the total lens length becomes

unacceptably large. If the ratio defined in the condition
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(2) is smaller than the lower limit, it is impossible to
obtain the zoom ratio of approximately 20.

The condition (3) specifies~ power of the first lens
group. If the condition (3) is satisfied, the aberration of'
the first lens group can be restricted, thus resulting in
less influence by the aberrations over the entire focal
length range from the short focal length extremity to the
long focal length extremity.

If the power of the first lens group is larger than the
upper limit specified in the condition (3),-the comatic
aberration of the first lens group is so large that there is
an influence by the comatic aberration over the entire focal
length range from the short focal length extremity to the
long focal length extremity. If the ratio defined in the
condition (3) is smaller than the lower limit, the moving
distance of the lens of the first lens group upon focusing
becomes large and the diameter of the frontmost lens element
of the first lens group must be increased.

The condition (4) specifiec power of the second
lens group. If the condition (4) is satisfied, the
aberration of the second lens group can be restricted, thus
resulting in less influence by the aberrations over the
entire focal length range from the short focal length
extremity to the long focal length extremity. Moreover, the

aberration fluctuation during zooming can be reduced.
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If the ratio defined in the condition (4) is larger
than the upper limit, the movement distance of the second
lens group upon zooming is large and the total lens length
is increased. If the power of the second lens is so large.
that the ratio defined in the condition (4) is smaller than
the lower limit, the comatic aberration of the second lens
group is so large that there is an influence by the comatic
aberration over the entire focal length range from the short
focal length extremity to the long focal length extremity.
Furthermore, the balance of aberration in the.entire focal
length range is worsened due to the comatic aberration upon
zooming.

The conditions (5) and (6) specify the Abbe number of
at least one glass lens element of the first and fourth lens
groups. In particular, if the condition (5) is satisfied,
the longitudinal chromatic aberration at the long focal
length extremity can be compensated. If both the conditions
(5) and (6) are satisfied, the longitudinal chromatic
aberration not only at the long focal length extremity but
also at the short focal length extremity can be compensated.

Numerical examples of the zoom lens system of the

present invention will be discussed below.

<Embodiment 1>

Figs. 1 through 6 show a first embodiment of the zoom
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lens system of high zoom ratio. Figs. 1, 3 and 5 show a
lens arrangement of the zoom lens system at the short focal
length extremity, an intermediate focal length and the long
focal length extremity, respectively. In the first'
embodiment, the lens system is composed of a first positive
lens group 10, a second negative lens group 20, a third
negative lens group 30, a fourth positive lens group 40, and
a glass cover CG. These lens groups 10 through 40 and the
glass cover CG are arranged in this order from the object
side. The first and fourth lens groups 10-and 40 are
stationary. Upon zooming, the second and third lens groups
20 and 30 are moved. A diaphragm S is located in the fourth
lens group 40. Figs. 2A through 2D, Figs. 4A through 4D and
Figs. 6A through 6D show aberration diagrams of the zoom
lens system shown in Fig. 1, at the short focal length
extremity, the intermediate focal length extremity, and the
long focal length extremity, respectively.

Numerical data of the lens system is shown in Table 1
below. In the aberration diag;ams, d-line, g-line and C-
line represent the chromatic aberrations represented by
spherical aberrations and lateral chromatic aberrations at
the respective wavelengths, SA represents the spherical
aberrations, SC represents the sine conditions, S represents
the Sagittal rays, and M represents the Meridional rays,

respectively.



_11_
In the following tables and drawings, Fyo designates the
F-number,F the focal length, W the half angle of view, fjg

the back focal distance including the glass cover (reduced.
back focal distance between the last surface of the fourth
lens group and the CCD image pickup surface, i.e., the last
surface of the glass cover), R the radius of curvature, D

the distance between the lenses, Ng the refractive index of
the d-line, and Vg4 the Abbe number, respectively.

Table 1
FNO=121.6—1.6—2.8
F=12.02-54.00-234.00 (zoom ratio; 19.47)

W=19.5-4.2-1.0

£5=19.83 (=D3p+D31/N3;, reduced back focal distance)

Surface No. R D Ng Vg
1 150.760 2.80 1.80518 25.4
2 87.610 14.50 1.61800 63.4
3 -685.601 0.20 - -
4 92.459 8.00 1.49700 81.6
5 247.372 2.00-61.62-82.76 - -
6 345.600 2.00 1.61800 63.4
7 51.954 4.80 - - -
8 oo 6.00 1.84666 23.8

9 -76.291 2.00 1.72000 43.7



10 -152.
11 -65.
12 82.
13 -68.
14 17.
15 35.
16
17
diaphragm
18 123
19 -123
20 89.
21 -1154.
22 61.
23 -51.
24 200.
25 26.
26 61.
27 20.
28 14.
29 27
30 -98
31
32

991

500

000

000

416

459

(o0

.000

.000

000

546

697

212

755

525

254

675

000

.915

.790

41.42-39.

13

i1.

17.

- 12 -

.00

.80

01-21.54

.60

.90

17- 2.50

.50

.00

.00

.50

.10

.30

.10

.00

.50

.10

.80

.30

.40

00

.70

52

.50

.72916

.61772

.80518

.51633

.80400

.69680

.48745

.80518

.49700

.748950

.51633

.51633

54.

49.

25.

64.

46.

55.

70.

25.

81.

35.

64.

64.
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<Embodiment 2>

Figs. 7 through 12 show a second embodiment of a zoom
lens of high zoom ratio, of the present invention.
Figs. 7, 9 and 11 show a lens arrangement thereof at the
short focal length extremity, an intermediate focal length,
and the long focal length extremity. Figs. 8A through 8D,
Figs. 10A through 10D and Figs. 12A through 12D show
aberration diagrams of the zoom lens system shown in Figs.
7, 9 and 11, respectively. Numerical data of the second
embodiment of the lens system is shown in Table 2 below.

Table 2

Fro=1:1.6-1.6-2.8
F=12.00-54.00-234.00(zoom ratio; 19.50)

W=19.5-4.2-1.0

fp=19.44 (=D;3p+D31/N3;, reduced back focal distance)

surface No. R D Ng Va
1 151.327 2.80 1.78470 26.3
2 86.000 14.40 1.61800 63.4
3 -704.000 0.20 - -
4 93.500 8.00 1.49700 81.6
5 249.207 2.00-62.15-83.22 - -
6 275.000 1.90 1.61800 63.4

7 50.165 4.80 - -



8 -5402.519
S -86.000
10 -160.000
11 -64.907
12 96.200
13 -69.120
14 17.380
15 35.200
16 o0
17 o0
diaphragm co
18 121.500
19 -121.500
20 98.849
21 -2100.000
22 54.344
23 -54.344
24 167.164
25 26.041
26 57.081
27 21.500
28 13.900
29 27.682
30 -84.000

62.32- 4.

1.

2.

42.89-40

0.

13

10.

17.

- 14 -

.20

.90

.90

.60

84-21.55

60

90

.23- 2.44

50

.00

.00

.50

.10

.50

.10

.00

.40

.10

.70

.20

.40

40

.70

13

. 84666

.76200
.72916

.61772

.80518

.51633

.80400
.69680

.48749

. 80518
.49700
. 74950

.51633

54.

49.

25.

64.

46.

55.

70.

25.

81.

35.

64.
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31 oo 3.50 1.51633 64.1

32 o0 - - -

<Embodiment 3>

Figs. 13 through 18 show a third embodiment of a zoom
lens of high zoom ratio of the present invention.
Figs. 13, 15 and 17 show a lens arrangement thereof at the
short focal length extremity, an intermediate focal length
extremity, and the long focal length extremity,
respectively. Figs. 14A through 14D, Figs. 16A through 16D
and Figs. 182 through 18D show aberration diagrams of the
zoom lens system shown in Fig. 13, 15 and 17, respectively.
Numerical data of the third embodiment of the lens system is
shown in Table 3 below.

Table 3

FNO=121. 6-1.6-2.8
F=12.01-54.00-234.00(zoom ratio; 19.48)

W=19.5-4.2-1.0

fp=21.81 (=D3p+D31/N31, reduced back focal distance)

surface No. R D Na Vg
1 151.258 2.80 1.78470 26.1
2 84.538 14.41 1.61800 63.4

3 -644.580 0.19 - -



4 92
5 264
6 159
7 48.
8 -354.
9 -48.
10 -924.
11 -55.
12 186.
13 -71.
14 17.
15 35
16
17
diaphragm
18 206.
19 -105.
20 79.
21 7149.
22 54.
23 -51.
24 194.
25 25.
26 62.

.764

.927

.493

238

221

062

540

348

546

085

261

.428

oo

388

253

867

677

143

224

522

511

363

2.00-59.

£3.40- 6.

35.22-35.

0.

14.

- 16 -

.00

34-80.90

.89

.90

.26

.99

.38

.60

16-17.29

.66

.88

12- 2.44

50

.00

.00

.81

.10

.73

.10

.05

.43

.10

.50

00

.49700

.61800

.84666

. 79453

.72916

.62000

.80518

.51633

.80400

.70400

.48749

.80518

.48700

81.

63.

23.

40.

54.

49.

25.

64.

46.

54.

70.

25.

81.



27 19.50° 2.39 . 1.74950 35.3
28 13.157 6.98 - -
29 35.332 3.70 1.51633 64.1
30 -78.910 19.50 - -
31 o 3.50 1.51633 64.1
32 o - - -
Values of the ratios defined in the conditions (1)
through (6) <for each embodiment are shown in Table 4 below.
Table 4
embodiment 1 embodiment 2 embodiment 3
formula (1) 3.24 3.39 2.73
formula(2) 9.09 9.13 8.57
formula(3) 0.09 0.09 0.09
formula(4) -0.30 -0.30 -0.34
formula (5) 81.6 81.6 81.6
formula(6) 81.6 81.6 81.6

As can be seen from Table 4, the numerical values of

the first through third embodiments satisfy the conditions

(1)

through (6).

With

the present invention, a zoom lens system

having a high zoom ratio of approximately 20 and high

performance can be obtained.
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CLAIMS:~-

1. A& zoom lens system of high zoom ratio comprising a
first lens group having positive refracting power, a second
lens group having negative refracting power, a third lens
group having negative refracting power, and a fourth lens
group having positive refracting power, said four lens
groups being arranged in this order from an object side,
wherein the second and third lens groups are moved without
moving the first and fqurth lens groups upon zooming, and
wherein the following condition (1) is satisfied;

(1) 1 < (D3w - DBT)/fw < 6
wherein D3y represents the distance between the third

lens group and the fourth lens group at a short focal

length extremity, Dip represents the distance between the

third lens group and the fourth lens group at a long focal

length extremity, and f, represents the focal length of the

entire lens system at the short focal length extremity.
2. A zoom lens system according to claim 1, wherein
said lens system satisfies the following condition (2);

(2) 6 < (Dyy + Day)/Ey < 12
wherein Dj, represents the distance between the second
lens group and the third lens group at the short focal

length extremity.

3. A zoom lens system according to claim 1 or 2,

wherein
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said lens system satisfies the following conditions (3) and
(4);

(3) 0.05 < £,/£f; < 0.12

{(4) -0.5 < £,/f, < -0.1

wherein f; represents the focal length of the first

lens group and f, represents the focal length of the second

lens group.

4. A zoom lens system according to any preceding
claim, wherein at least one lens element of the first lené
group satisfies the following condition (5);

(5) 80 < vg
wherein Vg4; represents the Abbe number of said at least

one lens element of the first lens group.
5. A zoom lens system according to any preceding
claim, wherein at least one lens element of the fourth lens

group satisfies the following condition (6);

(6) 80 < Vas
wherein Vg4 represents the Abbe number of said at least
one lens element of the fourth lens group.

6. A zoom lens system substantially as hereinbefore

described with reference to the accompanying drawings.
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