2,777,362

BERGER ET AL
PHOTOGRAPHIC OBJECTIVE COMPRISING TWO DISPERSIVE MENISCUS

J.
COMPONENTS ENCLOSED BY TWO COLLECTIVE COMPONENTS

Jan. 15, 1957

2 Sheets~Sheet 1

Filed March 10, 1954




»

Jan. 15, 1957 J. BERGER ETAL 2,177,362
PHOTOGRAPHIC OBJECTIVE COMPRISING TWO DISPERSIVE MENISCUS
COMPONENTS ENCLOSED BY TWO COLLECTIVE COMPONENTS
Filed March 10, 1954 2 Sheets-Sheet 2




United States Patent O

)

Ry
4 4

Z 171, 362
Patented Jan. 15, 1957

- .
iCe

1

2,771,362 .

PHOTOGRAPHIC -OBJECTIVE COMPRISING TWGC
DISPERSIVE MENISCUS COMPONENTS EN-
CLOSED BY TWO COLLECTIVE COMPCNENTS

Johannes Berger, Heidenheim (Brenz), and Ginther
Lange, Konigsbronn, Gérmany, assmno:s to Cari Zeisg,
Heidenheim (Brenz), Germany -

Application Maic¢h 10, 1954, Sexial Mo, 415,222
Claims priority, application Germany Marek 17, 1953
5 Claims. '(Cl. 88-—-57)

. The present invention concerns photographic objectives,
especially such with a relative aperture of 1:4 and greater,
with an over-all length greater than 40% of the focal
length, consxstmg of four components, namely of a col-
lective ‘meniscus-shaped front tomponent, two likewise
meniscus-shaped divergent components, which surrcund
the diaphragm, whereby the surfaces of these- components
bounding the diaphragm- space turn their concave sides
towards one another, and of 2 collect've rear component.

In accordance with the invention an xmprovement of
objectives of this kind of construction is achieved thereby,
that the following hmxtatmns are SImultaneously fulfilled:

0.5 <D, <0. 7-f o

| 147,<D, <2.0F, ;
037 <F, <04y
0.24:/< D, <0.85:f
LOF, <D, <L9%,
0.2 <rp. <0.3f
0.6 <L <0.8:f
0.08<d1r <0.25:

©0.087< d1r<0.25F . .
2.0F, <D, <3.07, -
0.9r, <|raf<1.2r,

wherein:

Ds.—the axial dlstance between the convergmg sulfaces of

" the two meniscus dispersive components and

rs=the arithmetic mean of the absolute values of the. radu
of‘these surfaces, and
Dz=the vertex distances of the surfaces boundlng the
diaphragm space, and

ro=the radius of the surfaces boundmg the diaphragm
space on the object 51de, and )

rn==the radius of the surfaces boundmg the dlaphra"m
space on the image side, and

rz==the arithmetic mean .of the absolute amounts of the
radii (rv and.rn) of these surfaces,
L==the overall length of the ob]ectlve and

dyy=the midthickness of ‘the dispersive component ar-
ranged at the object side .of the diaphragm space, and

dypy=the -midthickness of the dispersive component ar-
ranged at the 1mage side of the diaphragm space.

Accordlngly to a further embodlment of the 1nventlon‘

the refractive index or n-value of :the. divergent lens in
the d1vergent memscus—shaped component following the
diaphragm space, either.is' mdde" greater than the n-vaiue
of the” dlvergent lens' in the divérgent rmeniscus-shaped
component in front of the diaphragm space, or greater
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than the arithmetic mean of the n-values of the divergéiit -

lens in'the divergent memscus—shaped component in front
of ‘the chaphragm space and of the convergent lens in
the meniscus-shaped dlvetgent component following the

- diaphragm.

Through the application &f these measures in accord—
ance with the invention a reduction -of the spherxcal
overcorrection of the ‘oblique pencils is attained, which
was disturbing in older objectives of similar construction;
Also in an objective constructed in accordance with the
invention, the Petzval sum can be selected relatively smali
and there\mth a good fattening of the image field obtained,
without suffering losses in respect te the attainable image
angle. In regard to the Petzval sum one obtains, as is
known ‘particularly favorable objectives, if ‘one employs
in the two collective outer . elemerits, glasses with an
n-value as high as possible, e. g. of ‘more than 1.64. For
the case that one provides a cemented surface in one or
both of these outer elements, glasses with an n-value as
high _as possible are employed . in the collective elements
of these components,

‘ngures 1 and 2 show two execution forms of objec-
t‘ ves in accordance with the “invention are represented
in section in the a»companymc illustrations, while in
the tables presented in “the following, numerical values
are specified for four examples of objectives constructed
in accordance with the invention. Thereby Fig. 1 corre-
sponds to the excutzon forms” in accordance w1th Exam-
ples I, II, and' III, WhllF‘ Example IV is represented
glaphlcally in Fig. 2.

in the illustrations and in the exarnples are designated
with r=the radii of the refracting surfaces, with d=the
thicknesses of the elérents, with.a; b; c-the axial separa-
tion distances between the. 1nd1v1dua1 components,

The focal length of .the objectives for all examples
amounts to f—lOO umts and the relatlve aperture 1:2,
the available image angle +24°,

'The amounts of the Petzval sums for all examples pre- -
sented in the following lie about at ¥ f.  Such values are
to be. considered as relatively small for objectives with
1mage angles of +24° and a relative aperture of 1:2, .

Upon employing the objectives according to the present
invention as photographic picture taking objectives by the
term “front component” there will be understood the com.-
ponent turned to the obJect ~In case the objective is
employed as a pro;ecuon objectlve it. is true that the
cpposite counting is obvious, i. e. the component desig-

nated as the front component is then traversed. by light
as the last and therefore in this case this component. is
the rear one and turned to the prolectlon screen.

Example 1 (Flg ])

Thicknesses | Refractive | Abbe
Lenses Radii and index n4--| num-
distances : ber »q
| r1=-F 63.1703 ) R
| VORI dy = 6. 505 1. 69100 54,8
112 =1-147.660 | - K
a'= 0.191
13 =-- 36.0372
13=13. 105 1. 62230 53.1
s =—255:126 .. .
dy="1.722 1. 57501 41.3
75 = 93.4024 |
b =26. 976
7¢ == 26. 6395 g
Lo dy=1.913 1.63980 34.6
=--122. 465 .
Lo iiiumiiivi ooy - ds=11. 671 1.81720 54.0
3 =— 35.5226 | o
. ¢ = 0.191
g A . i
. e de= 9.183, 171708 | 478
© O ro=""62,2673
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Example I (Fig. 1)

Thicknesses | Refractive | Abbe
Lenses Radii and index 4 .| num-
distances ber »d
=+ 63,2269
§ 0 T di= 6.511 1. 68100 54.8
=--152. 108
a= 0.191
= 36,5942
Lo dp==18. 117 1. 62230 53.1
rs =—307. 900
) 7 TN ds= 1,723 1. 57501 41.3
s =- 23,7623
b =26. 809
ro =— 27.0483
J 7 S ) di= 1.915 1, 69895 30.1
17 =122, 574
Lyl dy=11. 490 1. 86755 41.9
re =— 36.5042
¢ = 0.191
ry = @
) FTI de= 7.660 1. 71700 47.9
rio=— 60.1209
Example II1 (Fig. 1)
Thicknesses | Refractive | Abbe
Lenses Radii and index na { num-
. : distances ber »d
71 =-+ 61.3404
) 9 dy= 6.501 1. 69100 54. 8
ry =-+139. 316
a = 0.191
r3 = 35. 501
Lol de=12. 945 1. 61272 58.6
ry =—659. 179
) 7 di3= 1.721 1. 56732 42.8
15 =+ 23,2199
b =27.916
re = 26,4322
) P T, . di= 1.912 1. 69895 30.1
’ 17 =--1608. 80
) 7 S, ds=10. 899 1. 70154 41,1
g =~ 34,9043
¢ = 0.1081
ro =—3760. 62
| T de= 6. 501 1. 69100 54.8
rio=— 65.4437
Example 1V (Fig. 2)
Thicknesses | Refractive |- Abbe
Lenses Radif and index ma. | num-
distances ber vd
71 =< 61.2136
) R, di= 6.488 1. 69100 5.8
73 =-1-141.042
: a=0.191
ry =+ 35. 9409 )
) 7 S dg=12.918 1. 60881 58.9
11 =—427.165
) T, "} da= 1717 1. 56732 42.8
rs =+ 23, 8077
b =27.858
6 =— 26, 5683
) 77 T - diy= 1.908- 1. 67270 32:2
17 =-—354.276
| T S ds=11.067 1. 66672 48.4
7y = — 34.4239 '
¢ = 0.181
9 =+4-1239.08
) 7 S ‘ ' de= 7.060 1. 69100 54.8
o= 69,1799
We claim:

1. A photographlc objective lens system comprising
two meniscus dispersive components with their concave
exterior surfaces facing onme another and including be-
tween them a diaphragm, said dispersive components be-
ing arranged between two collective components, all said
components being axially aligned and air separated -from
each other, the said dispersive components each compris-
ing a collective lens element and a dispersive lens element
the collective elements of said dispersive components be-
ing arranged between their respective dispersive elements
and the adjacent collective components, wherein the aver-
age value of the Abbe » numbers of the dispersive lens
elements of said dispersive components is greater than
that of their collective elements, one of the collective com-
ponents having exterior surfaces of different curvature
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and being arranged as front component with its miore
strongly curved surface facing outwards, and the follow-
ing limitations being simultaneously fulfilled:

0.5f <D, <0.7f
147, <D, <2.07,

0.3f <7, <04f
0.24.f< D, <0.35f
1.07, <D, <1.97;
0.2f <75, <0.3f
0.6 <L <0.8f
0.08.f<dn <0.25.f
0.08.f < d11<0.25-f
2.0r, <D, <8.0r,
0.9, <|ra) <1.2r,
wherein:

Ds=the axial distance. between the converging surfaces
of the two meniscus dispersive components; and

rs=the arithmetic mean of the absolute values of the
radii of these surfaces, and
D==the vertex distances of the surfaces bounding the
diaphragm space, and
ro=the radius of the surfaces bounding the diaphragm
space on the object side, and
rn=the radius of the surfaces bounding the diaphragm
space on the image side, and
rz=the arithmetic mean of the absolute amounts of the
radii ‘(rv and m) of these surfaces,
L=the overall length of the objective, and
=the midthickness of the dispersive component
arranged at the object side of the diaphragm space, and
dy;=the midthickness ‘of the dispersive component
arranged at the image side of the diaphragm space,

and the mean refractive index of the dispersive lens ele-
ment in the dispersive component located at the image
side of the diaphragm space being greater than the mean
refractive index of the dispersive lens element of the dis-
persive component located at'the object side of the dia-
phragm space, and likewise greater than the arithmetic
mean of the refractive indices. of the dispersive lens ele-
ment of the dispersive lens component located at the
object side and the collective element of the dispersive
component located at the image side of the diaphragm
space.

2. A photographlc objective lens system, according to
claim 1, in which the power of refractions (An/r) deviate
each for at the most =0.5/f and the lens thicknesses (d)
and the air distances (a; b;-c) each for at the most
+0.05-f from the numerical data as set forth in the fol-
lowing table:

Thickn%ses
and Dis-
fances

Lenses Radii v Anfr

ri=-+0. 631702/
=1, 4766007
r=-0. 360372:f
r4=—2. 551260
Ts=-+0. 234024-f
ro=—0.266305.f
rr=-F1. 224650-f

g —0, 355226:f

1. 003868/
—0. 467967/1
1. 726827/
-+0. 0185636/f
—2..457056/f
—2,401697/1
—0.018454/f
-+1. 737485/f
0. 000007

+L 151487/

41=0.06505.f
- @=0.00191.f
d2=0.13105-f
ds=0.01722.]
b=0, 26976
di=0.01913.f
d5=0.11871.f
¢=0.0019Lf
dy=0,09183.f

1. 69100

1.62230
1. 57501

53.1
41.3

1. 63980
1.61720

34.6
5.0

rg= )

: v 1. 71700
Tio= =0, 622673 . |

47.9
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Li, La . . . are the lens elements
71, r2 . . . the radii
di, dz . . . the thicknesses

a, b, ¢ the air distances

na the refractive indices and

»q the Abbe numbers

f is the focal length of the objective.

3. A photographic objective lens system, according to
claim 1, in which the power of refractions (An/r) deviate

each for at the most =0.5/f and the lens thicknesses -

(d) and the air distances (a; b; ¢) each for at the most
+0.05-f from the numerical data as set forth in the fol-
lowing table:

Thicknesses
Lenses Radii and Dis- n4 va Anfr
tances
r1=--0. 632269.1 +1. 092889/
I d;=0.06511.f | 1.69100 | 54.8
ro=-1. 521080-f —0, 454282/f
a=0, 00191.f
r3=-}-0. 3659421 1. 700543/
| P dg=0.13117-f | 1.62230 | 53.1
r4=—3,079000-f -}0. 0153591
| P d3=0,01723-f | 157501 | 41.3
r5=-}-0. 237623 —2. 410841/
b=0. 26809-1
ro=—0. 270483.f —2. 584081/f
| P ds=0.01915-f | 1.69895 | 30.1
ry=-}-1. 225740-f —0.025617/f
) I ds=0.11490-f | 1.66755 | 41.9
rg=—0. 365942 +1. 824196/
¢=0.00191.f
o= ® 0. 000000/
S dg=0.07660-f | 1.71700 | 47.9
T10=0. 601209-f +1.192507/f
where:
Li, Lz . . . are the lens elements
r1, r2 . . . the radii
di, d2 . . . the thicknesses

a, b, c the air distances

n4 the refractive indices and

vy the Abbe numbers

f the focal length of the objective.

4. A photographic objective lens system, according to
claim 1, in which the power of refractions (An/r) deviate
each for at the most ==0.5/f and the lens thicknesses (d)
and the air distances (a; b; ¢) each for at the most
+0.05-f from the numerical data as set forth in the fol-
lowing table:

Thicknesses '
Lenses Radii and Dis- 74 va Anfr
tances
ri= -}0.613404.f -+1.126501/f
)T I— d1=0. 06501.f | 1.69100 | 54.8
rg= -}-1.393160.f ~0.495995(5
a=0.00191.f
r3= -0.355010.f +1. 725923/f
) 7 dy=0,12945-f | 1.61272 | 58.6
ry= —6, 591790.f --0.006887/f
) 7 S— da=0.01721-f | 1,56782 | 42.8
rs= -0.232199-f 2. 443249/f
b=0.27916-f
re= —0.264322.f ~2.644313/f
| 77— d4=0.01912.f { 1.69895 | 30.1
ry==-+16. 088000/ -+0. 000161/f
| PR ds=0.10899-f { 1.70154 | 4L.1
rg== 0. 3499431 2. 004726/f
¢=0.00191.f
ry=—37. 6062001 —0.018375/f
L7 Y—— dg=0.06501-f | 1.69100 | 54.8
r= 0. 664437.f 41, 055869/
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where:
Li, L2 . . . are the lens elements
ri, 2 . . . the radii
di, da . . . the thicknesses
a, b, c the air distances
ng the refractive indices and
v, the Abbe numbers
f the focal length of the objective.

5. A photographic objective lens system, according to
claim 1, in which the power of refractions (An/r) deviate
each for at the most =0.5/f and the lens thicknesses (d)
and the air distances (@; b; ¢) -each for at the most
+0.05-f from the numerical data as set forth in the
following table:

Thicknesses
Lenses Radii and Dis- nd va Anfr
tances
=+ 0. 612136- .
Ln. | P OOEBS L oeaser | 1ot | sas | THIEEH
= -HL 410420-f —0. 480925/
=" 0. 359409 @=0.0010L +1. 693920/f
§ P n= 0 d3=0.12918.f | 1. 60881 | 58.9 |
ri= —4 271650 0. 009713/
| I dy=0.01717-f | 1.56732 | 42.8
5= 0. 235077 ~2,413337/f
b=0. 27358
o= —0. 265683/f —2, 531965/f
} I d4=0.01008-f | 1.67270 | 32.2
Tr="—3, BA2760-f 0. 001688/7
Lo ds=0.11067-f | 1.66672 | 48.4
rg= —0.344230.f 1. 936794/
¢=0.00191.f
To=-112. 390800 0. 055767/f
) P ds=0.07060-f | 1.69100 | 54.8
0= =0, 691799 0. 998845-f
‘where:
L1, Lz . . . are the lens elements
11, r3 .. . the radii
.d1, de . . . the thicknesses
a, b, c¢ the air distances
n4 the refractive indices and
»4 the Abbe numbers
f the focal length of the objective.
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