United States Patent [
Mandler et al.

[1] 4,123,144
[45] Oct. 31, 1978

[S4] FOUR-MEMBER GAUSS OBJECTIVE

[75] Inventors: Walter Mandler; Garry Edwards;
Erich Wagner, all of Midland,
Canada

Ernst Leitz Wetzlar GmbH, Wetzlar,
Fed. Rep. of Germany

[21] Appl. No.: 797,386

[73] Assignee:

[22] Filed: May 16, 1977
[30] Foreign Application Priority Data

May 18, 1976 [DE] Fed. Rep. of Germany ....... 2621981
[511 Inmt. ClL2 G02B 9/36
[52] US.CL 350/222
[58] Field of Search 350/222
[56) References Cited

FOREIGN PATENT DOCUMENTS
118,433 3/1901 Fed. Rep. of Germany ........... 3507222
OTHER PUBLICATIONS

T. Suzuki et al,, “System . . . Method,” JOS4, vol. 56,
No. 5, pp. 677-683, May 1966.

Primary Examiner—Paul A. Sacher
Attorney, Agent, or Firm—Bacon & Thomas

[57] ABSTRACT

A four component six lens element Gauss type objective
having an aperture ratio of at least 1:2.4 and a field angle
of greater than 40° , comprising in the direction of light
travel; a first single component positive meniscus con-

cave toward the diaphragm; a second and third ce- .

mented doublet meniscus component concave toward
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the diaphragm, each of the doublet components having
planar bond surfaces and a low positive or negative
power of refraction; a diaphragm located between said
second and third component; and a fourth single com-
ponent having positive power of refraction with the
weaker surface facing the diaphragm; wherein at least
two pairs of spherical lens surfaces which are arranged
symmetrically with respect to the diaphragm have iden-
tical radii of curvature; wherein the ratio of the disper-
sion values of the first and sixth lens, of the second and
fifth lens, and of the third and fourth lens, respectively,
in the direction of light travel, are essentially as follows:

058 =v:vg= 1.0
0.8 = vy:v; =09

074 = v,: 5,08

wherein the refractive indices of the third and second
lenses, and of the fourth and fifth lenses, respectively, in
the direction of light travel, differ essentially as follows:

05=n;—n, =02

0.05 = ng — ny = 0.15; and
wherein the radius of curvature of the sixth lens in the
direction of light travel, on the surface facing toward a
viewed object, is greater than six times the focal length
of the objective.

9 Claims, 11 Drawing Figures
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Fig. 5
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Fig. 7
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Fig. 9
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1 »
~ FOUR-MEMBER GAUSS OBJECTIVE
* BACKGROUND OF THE INVENTION

1. Field of the Invention -

The present invention relates to optical lens systems,
and, more particularly, to a four-member Gauss objec-
tive consisting of six lenses and having a bonded mem-

ber with planar bond surfaces arranged on each side of

" the diaphragm, the objective having a high aperture
ratio of at least 1:2.4 and a field angle which is greater
than 40°,

2. Description of the Prior Aft

Japanese Published Application Sho 46-10291 dis-
closes an objective of this general construction. It has a
relatively high aperture ratio and a large field angle.

From the U.S. Pat. No. 3,489,488 is known a Gauss
objective which, in addition to having planar bond
surfaces, also has a planar surface on the last lens in the
direction of light travel, on the side facing toward the
viewed object. However, this objective is limited to an
aperture ratio of /4 and a field angle of 30°. Because this
prior art ‘objective has been designed with a view
toward simplification of its construction and toward the
possibility of using glass compositions of relatively low
refractivity, lens designers have come to the conclusion
that any cost-saving simplification of the above-men-
tioned basic construction of the Gauss objective could
only be obtained in a trade-off in which a sacrifice in the
imaging performance was made.

On the other hand, there exists the ever-present desire
to maintain a certain performance level, once achieved
with this type of Gauss objective, in spite of design
changes which are aimed at the reduction of production
costs. C .

The production costs of an objective are essentially
determined by three cost components, viz. material
-costs, fabricating costs, and tooling costs. However, the
indicated order of importance of the three major.cost
components applies only to large production quantities.
Where quantities aré smaller, the materials costs are
least in importance, 5o that the design of these objec-
tives must give first consideration to the fabricating
time and to the tooling required, as well as to the
mounting arrangement chosen.

A particularly economical mounting arrangement is
disclosed in the German Offenlegungsschrift No.
2,364,621, the advantages of which are particularly
significant in connection with the use of planar lens
surfaces. Accordingly, the Gauss objective should have
as many planar surfaces as possible, in order to maxi-
mize cost savings.

Using modern fabrication processes, the fabrication
time can be reduced most effectively through the use of
diamond tools. Tools of this type are very costly, how-
ever, and their use is economically justified only in
connection with large production quantities. It follows
that the aforementioned aim of providing as many pla-
nar surfaces as, possible correspondingly increases the
-usefulness of these expensive tools, as fewer of them are
required. By the same token, it is desirable that as many
lens surfaces as possible have the same radius of curva-
ture, so that fewer special tools are required and those
that are required can be put to more efficient usage,
thereby reducing fabrication costs accordingly.

These purely production-oriented considerations lead
to a Gauss objective with lenses which have only pla-
nar-convex or planar-concave surfaces and which are

2

arranged symmetrically in relation to the diaphragm.
These requirements, however, signify that, from the
very beginning, the degrees of freedom in terms of

* optical design parameters for correction calculations
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are considerably reduced. Adding to these constraints is
the known characteristic of the above-mentioned Gauss
objectives that the majority of lens distances and lens
thicknesses can only be varied within a very small
range. The only important correction approach remain-
ing under these circumstances is the approach which
involves the selection of the lens material for its optical
characteristics. ‘

SUMMARY OF THE INVENTION

Underlying the present invention is therefore the
object of providing an improved Guass objective.

A further object of the invention resides in providing
novel combinations of parameters for a Gauss objective
which can be produced with a minimal number of fabri-
cating tools and in the shortest time possible.

It is also an object of the invention to provide such an
improved Gauss objective which can be used in combi-
nation with a simple, inexpensive mounting arrange-
ment, while exhibiting excellent optical correction fea-
tures in conjunction with a large aperture and a compar-
atively large field angle.

In accomplishing the foregoing objects, there has
been provided in accordance with the present invention
a four component, six lens element Gauss objective of
the type mentioned which, in addition to the remaining
spherical lens surfaces, has identical radii of curvature
on at least two pairs of spherical lens surfaces which are
arranged symmetrically with respect to the diaphragm,
and that the ratio of the dispersion values of the first and
sixth lens, of the second and fifth lens, and of the third
and fourth lens, respectively, in the direction of light
travel, is in each case as follows:

058 = viivg =10
08 =viv; =09
074 = vy v, = 0.8

and further, that the refractive indices of the third and
second lenses, and of the fourth and fifth lenses, respec-
tively, in the direction of light travel, differ as follows:

005 = ny — n, 020

0.05 = ns — ny = 0.15,

and further, that the radius of curvature of the sixth lens
in the direction of light travel, on the surface facing
toward the object, is greater than six times the focal
length.

A preferred embodiment of the invention provides
for the sixth lens in the direction of light travel to have
a planar surface facing toward the viewed object,
thereby providing a particularly advantageous design.

The specific design parameters of nine different em-
bodiments of Gauss objectives embodying the present
invention are listed in the application. It should be un-
derstood that deviations from these specific design data,

‘to the extent that they do not significantly change the

correction status of the objectives, are to be considered
as being covered by the claims. An insignificant change,
in the meaning intended here, is a change of the parame-
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ters reflecting itself in diameter change of the aberrated
point image of #20 percent.

Further special objects, features and advantages of
the invention will become apparent from the following
description, when taken together with the accompany-
ing drawings which illustrate, by way of example, sev-
eral embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows a schematic lens cross-section through
an objective embodying the invention, with two pairs of
spherical surfaces arranged symmetrically with respect
to the diaphragm;

FIG. 2 shows a similar schematic lens cross section
through an objective embodying the invention, with an
additional planar lens surface and three pairs of spheri-
cal lens surfaces arranged symmetrically with respect to
the diaphragm; and

FIGS. 3 through 11 are diagrams of correction
curves representing the transverse abberations for the
lens parameters of specific embodiments according to

the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Two different Gauss objectives embodying the pres-
ent invention are shown in FIG. 1 and FIG. 2, respec-
tively. In each case, the lens surfaces are designated
with r; through r;;. For the sake of simplicity of the
nomenclature, the diaphragm in the midportion of the
objective is designated with 7¢. The distances from lens
vertex to lens vertex and to the diaphragm are indicated
with @, through ag,, and the back-focal length is indi-
cated with '

The embodiment illustrated in FIG. 1 is comprised of
(first component) a positive meniscus element in the
form of concavo-convex lens with surfaces r, and ry;
(second component) a cemented doublet (object side)
comprised of a positive plano-convex lens with surfaces
r; and r, together with a negative plano-concave lens
with surfaces 7, and rs, the concave surface rs facing
toward the diaphragm rgand the bond surface 7, being
planar; (third component) a second cemented doublet
(image side) comprised of a negative plano-concave lens
having surfaces 7, and ry with the concave surface 7,
facing toward the diaphragm r,, together with a posi-
tive plano-convex lens having surfaces r; and 7,, again
with the bond surface g being planar; and (fourth com-
ponent) another positive element in the form of a lens
having non-planar surfaces rpand ry,.

Each of the doublet components has either a low
positive power of refraction or a negative power of
refraction.

In the alternative embodiment illustrated in FIG. 2,
the first three components are of the same general con-
figuration as the embodiment of FIG. 1. However, the
fourth component is comprised of the positive element
in the form of a plano-convex lens having planar surface
rioand convex surface 7).

The correction curves which are given in FIGS 3
through 11 represent the transverse abberations ob-
tained at various image angles. They demonstrate the
excellent correction status of all embodiments of the
invention. In accordance with common practice, the
curves which are indicated by continuous lines repre-
sent the transverse abberations for the sagittal image
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rays, while the curves which are indicated by dotted
lines represent the meridional image rays.

The suggested novel objectives are well suited for use
as standard objectives for miniature cameras, and, be-
cause of the possibility of a considerable back focal
length, they can also be used in connection with minia-
ture cameras of the single lens reflex type.

In order to more fully describe the present invention,
the following non-limiting examples of specific repre-

sentative examples are given.

EXAMPLE 1
Focal length: f = 100
Aperture ratio: 1:2
Back focal length: s' = 59. 21
Field angle: +22.5°

Distance

Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
@ (1) (@) No. () (Ved
1 48.88 8.89 1 1.62286 60.08
2 182.96 0.38 1.0 -—

3 36.92 15.11 2 1.58565  46.17
4 © 231 3 1.67764 3197
5 23.06 9.14 1.0 —_
6 (diaphragm) 13.36 1.0 —_
7 —-2391 1.92 4 1.57046  42.56
8 © 1.77 5 1.64128  55.15
9 —36.92 0.38 . 1.0 —_—
10 1063.24 6.73 6 1.62286  60.08
1 —438.88 —_ 1.0 —_—
EXAMPLE 2
Focal length: f = 100
Aperture ratio: 1:2
Back focal length: s" = 59.71
Field angle: +22.5°
Distance
Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
@) @ (a) No. ,.) Ved
1 59.32 18.56 1 1.79227 4115
2 147.94 0.38 1.0 —_
3 38.70 11.27 2 1.67133  41.64
4 ) 2.30 3 1.73430  28.19
5 26.03 10.07 1.0 —
6 (diaphragm) 13.12 1.0 —
7 —26.03 1.91 4 1.62408 36.11
8 0 8.46 5 1.72055  41.69
9 —38.70 0.38 1.0 —
10 —9525.05 6.38 6 172055 47.69
11 —59.32 —_ 1.0 —
EXAMPLE 3
Focal length: f = 100
Aperture ratio: 1:2
Back focal length: s = 59.04
Field angle: +22.5°
Distance
Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
5] ) @ No. (@) v.)
1 51.05 9.06 1 1.64128 55.15
2 190.84 0.38 1.0 —
3 37.54 15.36 2 1.60889  43.63
4 0 2.31 3 1.70444  29.84
5 23.67 9.16 1.0 —
6 (diaphragm) 13.35 1.0 -
7 =~24.78 1.92 4 1.59911 3891
8 ) 1.74 5 1.66152 50.59
9 -—37.54_ 0.38 10 -
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-continued -continued
Distance ~ Distance
Surface to next Refractive Abbe- Surface to next Refractive Abbe-
No. Radius surface Lens Index Number No. Radius surface Lens Index Number
[} ) (a)  No. ®.) v.) 5 @ () (@) . No. (@) v.)
10 761.77 6.73 6 1.64128  55.15 1 —50.16 - 1.0 —_
1t —51.05 — 1.0 —
EXAMPLE 4 ’ PLET
10 Focal length: f = 100
Focal length: f = 100 Aperture ratio: 1:2
Aperture ratio: 1:2 Back focal length: & = 57.59
Back focal length: 5’ = 60.03’ Field angle: +22.5°
Field angle: £22.5°
15
Distance
Distance Surface . to next Refractive Abbe-
Surface to next Refractive ~ Abbe- No. Radius surface Lens Index Number
No. ‘Radius surface Lens Index Number ® ) (@) No. (@) v.)
M (r) (a) No. (n,) ve) ; 1;7)% g.;g 1 }.39227 4115
! 54.30 1138 1 174795 44 20 3. 4031 1467 2 162987 38.68
2 149.79 0.39 1.0 -
4. © 3.38 3 176859 26.31
3 37.69 1259 2 167133 41.64
5 25.75 10.33 1.0 -
4 @ 2.31 3 1.73430 28.19 & . (diaphragm) 1381 10 -
: e o 10 = 7 ~21.28 192 4 163003 3545
(diap! sm) 7810 y 8 @ 613 5 174759 “49
7 -25 193 4 163003 3545 9 —4031 038 Lo i
8 697 5 172055 a6 2y w . 1% 6 L7205 2.6
9 -—-37.69 0.39 ’ 1.0 —_— 1 —57.94 - 1.0 : -
10 —636.72 866 6 172055 47.69
1 —54.30 - 1.0 —
EXAMPLE 8
EXAMPLE 5 30 Focal length: f = 100
Focal length: f = 100 Aperture ratio 1:2
!
Aperture ratio: 1:2 Bgck focal length: s’ = 71.77
Back focal length: ' = 71.20 Field angle: £22.5
Field angle: +22.5° 35
Distance
Surface to next Refractive Abbe-
Distance No. Radius surface Lens Index Number
Surface to next Refractive Abbe- (0] () (a) No.. (n,) v.)
No. Radius surface Lens Index Number 1 XE] 767 T 193430 28.19
0 © @) No. () “) 40 2 37573 0.38 10 -
1 84.34 7.76 1 176166 27.37 3 39.43 13.80 2 167133 41.64
2 298.43 0.38 1.0 - 4 w 249 3 179190 25.55
3 38.93 13.61 2 170587 40.75 5 2874 12.08 1.0 —_
4 ) 1.94 3 179190 25.55 6 (diaphragm) 12.84 1.0 -
5 28.59 10.54 1.0 — 7 —-28.74 1.92 4 1.65222 33.60
6 (duphragm) 15.07 1.0 — 8 © 10.03 5 179227 41.15
7 —28 1.91 4 165284 3359 45 9 —3943 0.38 10 —
8 9.48 5 1.79227 47.15 10 @ 7.09 6 179227 47.15
9 ~3893 0.38 1.0 - 1 —82.13 - 1.0 —
10 ® 740 6 179227 47115
1 —84.34 — 1.0 -
50 EXAMPLE 9
EXAMPLE 6 Focal length: f = 100
Aperture ratio: 1:2
Focal length: f = 100 Back focal length: s = 58.88
Aperture ratio: 1:2 Field angle: +£22.5°
Back focal length: s’ = 61.84 55
Field angle: +22.5°
Distance i
Surface to next Refractive Abbe-
Distonce No. Radius surface  Lens Index Number
Surface . to next Refractive Abbe- 0 © ®) No. (n.) (ve)
No. Radius © surface Lens Index Number ¢ 1 - 59.94 9.57 1 179227 41.15
@ @) . @ = No (@, w.) 2 167.31 0.38 10. -
- 3 4030 14.35 2 167133 41.64
1 50.16 .35 1. 1.66152 50.59 n © 2.87 3 1.73430 28.19
2 186.96 - 038 1.0 — 5 25.67 10.81 1.0 —
3 37.35 14 33 2 1.60889 43.63 6 (diaphragm) 13.39 1.0 —
4 © 2.31 3 L7044 29.84 7 —;7.69 1.91 4 1.63003 35.45
5 2333 9,90 1.0 - 8 @ 7.65 5 172055 41.69
6 (disphragm) 1312 1.0 — 6 9 —40.30 0.38 1.0 —
7 —25.18 192 4 15991 38.91 10 © 8.61 6 1.72055 41.69
8 © 800 .5 166152 50.59 1t —59.94 - 1.0 —
9 —37.35 0.38 1.0 —
10 I 6.73 6 164128 55.15
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What is claimed is: . .

1. A four component ‘six lens element Gauss type
objective having an aperture ratio of at least 1:2.4 and a
field angle of greater than 40°, comprising:

a pair of inner, cemented doublet meniscus compo- 35
nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planer bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and 10
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive power of re-
fraction including a first single component positive

meniscus concave toward the diaphragm space and 1°
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are 20
arranged symmetrically with respect to the loca- -
tion of the diaphragm; and
wherein said lens consists essentially of the following
. design parameters:
Focal length: f = 100 2
Aperture ratio: 1:2
Back focal length: s’ = 59.21
Field angle: +22.5°
Distance 30
Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
@ ) (@)  No. @) ved
1 48.88 8.89 1 - 162286 60.08
2 182.96 038 Co —
3 36.92 15.11 2 158565 4617 35
4 231 3 167764  31.97
é @ oy 1336 0 —
6 diaphrs; . . L=
7 1Y ) 192 4 1.57046  42.56
8 ® 72775 164128  55.15
9 —36.92 0.38 1.0 —
10 1063.24 673 6 1.62286  60.08
1 10 _ 4

—48.88 —

2. A four component six lens element Gauss type
objective having an dperture ratio of at least 1:2.4 and a
field angle of greater than 40°, comprising: 45

a pair of inner, cemented doublet meniscus compo-

nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at’ least oné spherical surface each, so
which are of the same radius. of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive: power of re-

fraction including a first single component positive ;55
meniscus concave toward the diaphragm space and
‘being positioned ahead of said doublet components
“in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvaturé and which are 60
arranged symmetrically with respect to the loca-
tion of thie diaphragm; and .
wherein said lens consists essentlally of the followmg
design parameters: ‘
Focal length: = 100 - 65
Aperture ratio: 1:2 - .
Back focal length: 5' = 59.71
Field angle: +22.5°

8
Distance
Surface : to next Refractive Abbe-
No. Radius surface. Lens Index Number
) @ (a) No. 0. ved
1 59.32 18.56 1 1.79227 4715
2 147.94 0.38 1.0 —
3 38.70 11.27 2 1.67133 41.64
4 o0 2.30 3 1.73430  28.19
5 26.03 10.07 1.0 -
6 (diaphragm) 13.12 1.0 —_—
7 —26.03 1.91 4 1.62408 36.11
8 © 8.46 5 1.72055 47.69
9 —38.70 0.38 1.0 —
10 —~9525.05 6.38 6 1.72055 = 47.69
11 ~59.32 — 1.0 —

3. A four component six lens element Gauss type
objective having an aperture ratio of at least 1:2.4 and a
field angle of greater than 40°, comprising

a pair of inner, cemented doublet meniscus compo-

nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

_a pair of outer components of positive power of re-

fraction including a first single component positive
meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are
arranged symmetrically with respect to the loca-
tion of the diaphragm; and

wherein said lens consists essentlhlly of the following

design parameters:

Focal length: f = 100
Aperture ratio: 1:2 :
Back focal length: s’ = 59.04
Field angle: 1-22.5°

Distance

Surface to next Refractive Abbe-

No. Radius surface Lens Index Numnber
@ ) @® No. () ¥ed
1 51.05 9.06 1 164128 55.15
2 190.84 0.38 1.0 -
3 37.54 15.36 2 1.60889  43.63
4 3 231 3 1.70444  29.84
5 23.67 9.16 1.0 —
6 (diaphragm) 13.35 1.0 —_
7 —24.78 1.92 4 1.59911 3891
8 o 1.74 5 1.66152  50.59
9 —37.54 0.38 1.0 —_—
10 767.717 6.73 6 1.64128 - 55.15
11 —-51.05 -— 1.0 -

4. A four component six lens element Gauss type
objective having an aperture ratio of at least 1:2.4 and a
field angle of greater than 40°, comprising:

a pair of inner, cemented doublet meniscus compo-'
nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive power of re-

fraction including a first single component positive
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meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are
arranged symmetrically with respect to the loca-
tion of the diaphragm; and

wherein said lens consists essentially of the following

design parameters:

Focal length: f =
Aperture ratio: 1:2

Bac|

k focal length: s' = 60.03

Field angle: +22.5°

Distance
Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
0] - (@ (@) No. (n,) W)
1 54.30 11.38 1 1.74795 44.49
2 149.79 0.39 1.0 —
3 37.69 12.59 2 167133 41.64
4 © 2.31 3 1.73430 28.19
5 24.56 10.91 1.0 -
6 (diaphragm) 13.78 1.0 —
7 —25.95 1.93 4 1.63003 3545
8 o 6.97 5 172055 47.69
9 —37.69 0.39 1.0 —
10 —636.72 866 6 172055 47.69
1t —54.30 — 10 -
§. A four component six lens element Gauss type

objective having an aperture ratio of at least 1:2.4 and a
field angle of greater than 40°, compnsmg

a

a

pair of inner, cemented doublet meniscus compo-
nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

pair of outer components of positive power of re-
fraction including a first single component positive
meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are
arranged symmetrically with respect to the loca-
tion of the diaphragm; and

wherein said lens consists essentially of the following

design parameters:

Focal length: f =

Aperture ratio: 1:2

Back focal length: s = 71.20
Field angle: +22.5°

Distance
Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
()] @) (a) No. (m,) (O]
1 84.34 7.76 1 1.76166 21.37
2 298.43 0.38 1.0 —_
3 38.93 13.61 2 1.70587 40.75
4 © 1.94 3 179190 25.55
5 28.59 10.54 1.0 —
6 (diaphragm) 15.07 1.0 —
7 —28.59 191 4 1.65284 33.59
8 @ 9.48 5 1.79227 47.15
9 —38.93 0.38 1.0 —_
10 © 7.40 6 1.79227 47.15
11 —84.34 — 1.0 —_

4,123,144

6. A four component six lens element Gauss type
objective having an aperture ratio of at least 1:2.4 and a
field angle of greater than 40°, comprising:

a pair of inner, cemented doublet meniscus compo-
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nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive power of re-

fraction including a first single component positive
meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are
arranged symmetrically with respect to the loca-
tion of the diaphragm; and

wherein said lens consists essentially of the following

design parameters:

Focal length: f = 100
Aperture ratio: 1:2

Back focal length: s’ = 61.84
Field angle: +22.5°

Distance
Surface to next Refractive Abbe-
No. Radius surface Lens Index Number
@ () (a) No. (n,) v.)
1 50.16 1.35 1 166152 50.59
2 186.96 0.38 1.0 . -
3 37.35 14.33 2 1.60889 43.63
4 © 2.31 3 170444 29.84
s 23.33 9.90 1.0 —
6 (diaphragm) 13.12 1.0 —
7 —25.18 1.92 4 1.59911 38.91
8 ) 8.00 5 1.66152 50.59
9 -31.35 0.38 1.0 —
10 o 6.73 6 164128 55.15
11 —50.16 —-— 1.0 —

7. A four component six lens element Gauss type
objective having an aperture ratio of at least 1:2.4 and a
field angle of greater than 40°, comprising:

a pair of inner, cemented doublet meniscus compo-

nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive power of re-

fraction including a first single component positive
meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are
arranged symmetrically with respect to the loca-
tion of the diaphragm; and

wherein said lens consists essentially of the following

design parameters:

65 Focal length: f =

Aperture ratio: 1:2
Back focal length: s = 57.59
Field angle: +22.5°
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11 12
-continued
Distance e Distance
i : Surface to next Refractive Abbe-
Surface | to next . Refractive Abbe- No. Radius surface Lens Index Number
No. Radius = surface Lens Index Number @ ) () No. 0,) v.)
9 @ @ No @) ) 4 o 249 3 179190 25.55
1 57.94 9.42 1 179227 4715 5 - 2874 12.08 1.0 —
2 190.48 038 1.0 — 6 (diaphragm) 12.84 L0 —
3 40.31 1467 2 1.62987 38.68 : ~28.74 ]é-gg : igg%gg igf‘s’
4 o 3.38 3 1.76859 . 26.31 9 1043 038 10 o
5 (2575 10.33 L0 - 10 10 © 709 6 179227 47.15
6 (diaphragm) 13.81 1.0 - 11 —~82.13 — 1.0 —
7 —27.28 1.92 4 1.63003 35.45
8 © 6.73 5 174759 44.49 .
9 —40.31 038 - 1.0 — 9. A four component six lens element Gauss type
}‘1’ 2 794 6 :‘(7).2055 47.69 objective having an aperture ratio of at least 1:2.4 and a

8. A four component six lens element Gauss type

objective having an aperture ratio of at least 1:2.4anda

field angle of greater than 40°, comprising:
a pair of inner, cemented doublet meniscus compo-

20

15 field angle of greater than 40°, comprising:
a pair of inner, cemented doublet meniscus compo-

nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,

nents concave toward and defining a central dia-
phragm space, each of said doublet components
having planar bond surfaces and said doublet com-
ponents having at least one spherical surface each,
which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive power of re-
fraction including a first single component positive
meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-

25

which are of the same radius of curvature and
which are arranged symmetrically with respect to
the location of the diaphragm; and

a pair of outer components of positive power of re-

fraction including a first single component positive
meniscus concave toward the diaphragm space and
being positioned ahead of said doublet components
in the direction of light travel, said outer compo-
nents having one spherical surface each, which are
of the same radius of curvature and which are
‘arranged symmetrically with respect to the loca-
tion of the diaphragm; and '

wherein said lens consists essentially of the following

design parameters:

nents having one spherical surface each, which are 35
of the same radius of curvature and which are
arranged symmetrically with respect to the loca-

tion of the diaphragm; and

wherein said lens consists essentially of the following 2

Focal length: f = 100
Aperture ratio: 1:2

Back focal length: s’ = 58.88

Field angle: £22.5°

esi, arameters: Distance
design parame Surface to next Refractive Abbe-
Focal length: f = 100 0. Radius surface Lens Index Number
Aperture ratio: 1:2 ® ) @ No. () ¥.)
Back focal length: s’ = 71.77 ] Jpees oy b e 4t
* ) R 0. . —
Field angle: +22.5° 45 3 4030 1435 2 167133 41.64
4 o 2.87 3 173430 28.19
5 25.67 10.81 1.0 -
- 6 (diaphragm) 13.39 1.0 —
Distance 7 ~27.69 1.91 4  1.63003 3545
Surface to next Refractive Abbe- ‘ g 400030 Z)gg 5 }.(‘;2055 47.69
' 'No. Radius surface Lens Index Number _ —40. . E -
. 50 10 © 8.61 6 1.72055 47.69
1 82.13 7.67 1 173430 28.19
2 375.73 0.38 1.0. —
3 39.43 | 13.80 2 167133 ‘41.64  x x =
55
&
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