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The invention relates to a photographic wide-angle ob-
jective of large relative aperture which consists of five air-
spaced components, the first.component being a single me-
niscus Tens of positive power which is convex to the object;
the second component being a meniscus;shaped doublet:of
negative power which is convex to the object and consists
of a positive lens on the side ‘of the object and a negative
lens on. the side-of the image, the third component being
a single meniscus lens of megative power which is convex .
to the :image, the fourth component being a single :
meniscus lens of positive power which-is iconvex to the
image, and the fifth component being a meniscus shaped
doublet: of positive: power. which :is convex to the object
and consists of a positive lens on the side of the object and
a negative lens on the side of the image, the second and °
third component having: the  diaphragm: position between |
them. An. objective of this type :which is adapted to a
field angle of 63° and a relative aperture of f:1.8 has been
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10f>r 21
0.37>r>>021
0.3f>rg>0.2f
0.55f>ry>0.45f
3.5rm>r12>2r10 )
f>d>0.85f
in.which ry, is the tadius of cuivature of the nth refractive

'surface :(n increasing from:the side jof the .object to the

side of the image), and 24 is the sum of all axial lens
thicknesses: and axial distances between consecutive lenses.
The optical: data of two examples: of the objective. ac--
cording. to:the invention. are.collected ;in the. following;::
Tables A and B: Table A relates to-an objective having a
field of view:of 65° and a relative aperture f;1.7, Table -
B to an objective having a field of 60° and 3 relative aper-:
ture #:1.6. In the tables ry is the radius of curvature of
the nth-refractive. surface; d;, is the nth'lens thickness or:
distance in air between consecutive lenses taken along the
optical axis. ngy is the refractive index for the d-line. of
the spectrum-and »y, is the Abbé humber: of the nth lens,:
n increasing from the side of the object to the side of the
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described .in the United States patent specification No.

2,896,506. .

The present invention has: for: its. principal: object: to
further increase the relative aperture of -this type of ob-
jective and/or to:further improve the image .quality in:a
large field of view. :

To this end the objective according to the invention is

characterized: in: that the following conditions: have been
satisfied: - SRR :
N An5>1.80

10r7>r8>5r7 o
o 0.22f>dyt-dy>0.16f

Hs. beihg the refractive index of the fourth component

-for the-d-line of the spectrum, r; and ry being the radii
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--of curvature of the convex surface of the third component™

.and - the ‘concave surface of the fourth: component, re-
: spectively, d and, dg being the axial distance between the
; third -and -fourth .component and -the .axial thickness of
the fourth component, respectively, and f being the focal -
length- of the objective:. ' o ’

By thus: increasing, in accordance with  my invention,
the refractive index of the fourth component and flatten-
ing the convex-surface.thereof, while at the same time

“selecting specific. values. for the curvature of the dirspace
between the third and fourth components and the.distance
between the convex surfaces of these two ‘components, re-
spectively,:I have discovered that the contribution .of the
fourth component to. the Petzval sum could be decreased
to.such:a degree that, while maintaining or even improy-
ing the correction for coma and astigmatism, the relative
aperture can be raised to a value hitherto unattainable for :
this type. of objective.

Preferably, in carrying out my invention, I take for the .
radii-of curvature . of the remaining refractive surfaces .
and for the overall length of the objective, respectively,
values satisfying the following combination of c¢onditions:i

0.7f>r;>0.55f
2f>ry>f
0.45/>r3>035F -

50

image. The .components of: the “objective  are’ numbered:
-V ‘
TABLE A
[f=1; F:L.7; 65°)
Radius of - .|. Lens thiek- Refractive Abbé
Component curvaturer- ¢ ness.or Lens indexnd: | number: :
distance d v
r1 =--0.6329
| IO d1.=0.1056 [ mar=1.6937 v1=53.5
ra =-+1.5181 _
dy =0.0023
r5 = 10,4086 .
: d3'=0,1414 nag=1,6519 v3=08.3
) £ RSO ry =--4.692:
- - dy=0,0264 Ndz=1.6131 v3=37.0
ry =-0.2548
ds =0.2563
; 76 ==0.2673
j 4§ I ds =0.0451 Nas=1,7616 =265
r7 =-—0.3600
dy i=0.0155
rg ==1.8252
IV e llas . dy =0.1554 745=1.8038 v5=46.8.
9 =—0.4800
. dy =0.0016 |
r10=-F1.9557 "
: G10=0,0048 "1 | nas=1.6424 vg=058.1
Vo e ae r=-3.0997 N R
11720365 | Bar=1.7400 1 | »=28.2
ria=--6.0439 ' |" : .
.. TABLE B
[f=1; F:1.6;.60°]
BRI Radivusof | Lens thick: Refractive Abbé
Component |, curvaturer .| nessor Lens. | ' indexwnq number
distance d. i v,
i 7t =+0.6208 :

Lo i, di =0.1038 na=1.7338: »=51.0
. r2-=-11.3808 ; ' ’ R
A dy =0.0014 : :

-{[rs =40.4197 L
d3 =0:.3436- -| na3=1.6775 v3=55.5
8 S, r¢ =-£5.0461 :
dy =0.0277 nay=1.6364 y3=35.4
15 =-+0.2588
ds =0.2560
re = —0.26568
i 8 0 O, dg =0,0455 nas=1.8055 =255
17 =-0.3573
; dr =0.0021
Ty =—1.9632
IV e ds =0:1849 nas=1.8038 v5=46/8
vy =—0.4874
dy.=0,0021
T0=--1.8744
d1p=0.0046 Nas=1.6424' . | pg=581
............. ru=-—31115 :
d11=0,0363 Ndr=1.7400 v=28.2
ris=-45.5331 : )
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In the attached drawing an objective according'to the

invention is schematically illustrated; the quantities -1, -

d~dyi and’ ng-ng, appearing in.the Tables ‘A and B,
being indicated: therein.

The dividing surfaces between the positive and nega-
tive lenses of the doublet componenis 1I and 'V will pref-
erably be cemented. However, it is evident that'a narrow
airspace may: be maintained between the two lenses. of
these doublets, in which case the two lens surfaces facing
each other may have equal or slightly different radii of
curvature,

I claim:

1. Photographic wide-angle objective of large relative
aperture consisting of five air spaced components, the first
component béing a single meniscus letis of positive power
which is convex to the object, the second component being
a meniscus shaped doublét of negative power which is
convex to the object and consists of a positive lens -on
the side of the object and a negative lens on the side of
the image, thie third component being a single meniscus
lens of negative power which is convex to the image; the
fourth component being a single meniscus lens of posi-
tive power -which is convex to the image, and the fifth
component being a mieniscus shaped doublet - of positive

_power which is convex to the object ‘ard consists of a
positive lens on the side of thie object and a negative lens
oti the side of the image, the second and third components
having the diapliragm positioned between.them, character-
ized in that the following conditions are satisfied:

n;>>1.80
10r7>r8>5r7
0.22>dy+dg>0.16f

said ‘objective. more particularly having substantially the
following optical data:

ir=1]
Radius of Léns thick- Refractive Abbé
Component. | carvature 7| ness or Lens index nq number
distance d v
71-=-0.6329
) ET di-=0.1056 n41=1.6937 n=53.5
ry =-41.5181 ] :
ds =0.0023
3 =4-0.4086 ‘
d; =0.1414 Tdg=1.6519 va=58.3
2 5 S vy =-4-4.692 )
dg =0.0264 n43=1.6131 i=37.0
vy =-+0.2548
ds =0.2563
re ==0.2673
13 5 ORISR dg. =0.0451 na=1.7616 v4=26.5
77 =—0.3600 ) .
dr =0.0155
rg =—1.8252 i
IV . iieioceen ds =0.1554 n45=1.8038 vi=46.8
9. =—0.4800
dg =0.0016
ri0=-+1.9557
dig=0.0948 nds=1.6424 . | »=53.1
Vi mmanioad iy =—3.0097
d=0.0865 . .| nar=1.7400 =282
rig==-+6.0439 ;

where 7y 'i§ the fadius of curvature of the n'® refractive
surface, d;, is the nth lens thickness or distance in air- be-
tween consecutive lenses taken along the optical axis, Mgy
is the refractive index for the d-line of the spectrum and
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vy is the Abbé number of the nth lens, n increasing from
tiie side of the object to the side of the image.

2. Photographic wide-angle- objective of large relative
aperture consisting of five air spaced components, the first
component being a single meniscus lens of positive power
which is convex to the object; the second component being
a. meniscus shaped doublet . of negative -power. which is
convex to the object and consists of a positive lens: on
the side of the objéct and a. negative lens on the side .of
the image, the third component. being a single meniscus
lens of negative power which is convex:to the image, the
fourth component: being a single meniscus lens of positive
power which is convex to the image;. and the fifth com-
ponent being a meniscus shaped doublet of positive power
which is convex.to the. object and consists:of a positive
lens on the side of the object and a negative lens on the
side of the image, the second and third components hav-.:
ing the-diaphragm positioned between them, character-
ized in that the following conditions are satisfied:

n5>1.80
10rq>r5>5rq
0.22f>dy-+dg>0.16f

said ‘objective more particularly having substantially the
following optical data:

[f=1]
Radius of Lens thiek- Refractive Abbg
Component | eurvature 7| - ness or Lens index 7d number.
distance d »
i =-}-0,6208 .
) IR ) dy =0.1038 nar=1.7338 =510
ry =+-1.3808 ’
| dy =0.0014
13 =40.4197
d3 =0.1436 Rar=1.6775 »2=55.5
) & PR, 1y =-+5.0461
. dy =0.0277 Ta3=1.6364 v3=3 4
5 =-1-0.2588
) | s =0:2560°
re =—0.2658
112 SO ds =0.0455 n44=1.8055 1=25.5
77 ==0.3573 |
d7 =0.0021
1y = --1.9632
) 7 dy-=0.1843 745=1.8038 py==46.8
g =—0.4874
dy =0.0021
rio=-41.8744
d10=0.0946 nde=1.6424 vg=58.1
| VA —— rm=-—3.1115
d11=0.0363 nar=1.7400 =282
ria=-5.5331

whete r;, is the tadius of curvature of the nth refractive
surfice; dy is the nth lens thickness of distance in air be-
tween consecutive lenses taken along the optical axis, 7145
is the tefractivé index for the d-line of the spectrim and
¥q is the Abbé number-of the n't! lens, n increasing from
the side of thie object to the side.of the image.
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