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2 'Claims. - (CL 88~257)

‘My present invention relates to a.photographic ob-
jective corrected for spherical and chromatic aberrations,
coma, astigmatism, field-curvature and distortion, having
disturbed symmetry in construction and very high aper-
‘ture. 'More particularly the present invention is con-
cerned with a lens combination for photographlc pur-
poses, comprising four - members, composed -of optical
glasses and-separated from each other by air spaces, of
which the two outer members are- -convergent single ele-
‘mients, whereas the two inner members represent ce-
‘mented menisci .of negative power, that furn their con-
cave surfaces towards the aperture stop. More -specifi-
‘cally the invention is concernmed with- objectives of the
‘type described, - which have an overall:length ranging be-
“tween 0.55 times and 0.67 times the total focal length of
the objective and an axial air space between the two
cemented menisci being greater than 0.2 times-and less
than 0.25 times the said focal length.

An overall-length being not gréater than-0.67 times the
‘total focal length makes it possible -to mount “such an
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robjective -in-a central shutter of the size (e. g."Compur -

-00) usually-employed in a miniature camera without:sub-
-stantially increasing the diameters-for the front and back
member of the objective in-order:to-reduce vignetting.

~An :axial -air space between the two .cemented’ menisci
being more than 0.2 times the total focal length is a
substantial supposition for minimizirig' chromatic aberra-
itioris. “With such lens combinations "that may be ‘con-
sidered derivatives of Gauss’ double-objective it is pos-
sible, as already known, also with a very high aperture
and large image field to achieve in a high degree an elim-
ination of optical defects. This was hitherto accom-
plished for example by employing in at least one of the
two cemented menisci lens forms whose accurate pro-
duction inveolved great difficulties.

According to the present invention it is found that by
employing customary optical glasses, the same result will
be attained, when lens shapes are used, that may be
manufactured in a simple manner, i. e. by forming both
cemented surfaces of said menisci as plane surfaces. This
simplification of manufacturing and a simultaneous im-
provement of the corrections are possible, if, the overall
length is not greater than %5 of the total focal length of
the objective, the axial air space between the two cemented
menisci is not less than 5 of the total focal length, with
a minimum aperture of F:2.8, wherein both for the part
of the lens combination that lies in front of, as well as
that which lies behind the aperture stop, the refractive
indices for the d-line of the spectrum of the convergent
single element (n1, ns) and of the divergent part of the
cemented meniscus (n3, ns) ranges between 1.62 and
1.72, their difference (ni—ns or na—ns) however being
between —0.01 and 4-0.01 and simultaneously the re-
fractive index of the convergent part (n2, ns) of the
cemented meniscus is at least 0.04 but not more than 0.1
greater than that of the divergent part (n3, ns) as well as
of the convergent single element (n1, #ns).

The above mentioned condition may be expressed by
the following formulas:
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- A particularly advantageous arrangement results, if the -
convergent single elernent, furthermore, ‘the convergent
parts and, ﬁn‘a]ly the divergent parts -of -the compound
members, -are ‘in "each case ‘made of the same glass
(n1=ns, na=ns, n3==n4).

The lens combination constructed in the manner de-
scribed above: possesses a correction condition that is not
only equal to that of the knoWn pointed.lens combination,
but actually exceeds it. Through the introduction of ‘the
plane cemented surfaces in the two compound members,
the maintenance of the mnecessary tolerances for such a -
high grade lens combination, above all with respect. to
the lens thicknesses, is made substantially easier in the
serial production. ) .

It is easily to be understood, that minor deviations from
the plane form of the cemented surfaces do not notice-
ably influence the correction of the lens combination.

The ‘accompanying drawing illustratés d‘agrammancal-
1y an objective according to the invention. *In this draw-
ing: ; - .
Fig. !1:shows ‘an 4xial ‘Section of the objective,

Fig. :2 shows -the .cuirve - (A) -in'solid line for sphencal
aberration and the curve (B) in “broken-line {for sine
condition. ' Both curves refér to the D-line .of the spec-
trum. ™

Fig. 3 shows:the astigmatic -¢curves (the “meridional
curve (C) in‘broken line and the sdggital-curve (D) in
solid line).

Fig. ‘4 shows‘the* distortion-curve (E).

In Fig. 1 the aperture stop is: mdlcated by the refer-
ence numieral 10. "Numerical ddta for a convenient ex-
ample of objective according to the invention is set out
in the table below. In the drawing and also in the table
the radii of curvature of the various surfaces are indicated
by R%, R2.. .., the thickness of the individual-ele<
ments along the axis by di, d2 . . ., and the air spaces
along the optical axis by 1, & . .. , in each case count-
ing from the front of the lens. The table also. gives the-
refractive indices for the d-line of the spectrum and the
Abbé-numbers V of the materials of which the lens ele-
ments are made.

The example shown in Fig. 1 has an equivalent focal
length f=100 mm. and a relative aperture F:2.

Example 1
Thicknesses Kinds of Glass
Radii and Air -
Spaces Aa v
=-- 69, 843 .
di= 6.66 ‘1. 6230 8.1
=-211.733
L= 0,61
= 33.825
d3=11.59 1. 6667 48:4
Ry =
d3= 2.89 1.625¢ 35.6
=-}- 23. 563
13=20.88
Rs =— 20.214
de= 2,99 1. 6254 35.6
Rri=o
d;=10.82 1. 6667 48.4
Ry =— 42.847
= 0.10
=-1620. 03
ds= 6.27 1. 6230 58.1
Rip=— 64.80




Example 2
Thicknesses Kmds of Glass
Radii and Air -
o Spaces na. v
R; =~ 67.100
di= 7.0 1.62280 | 56.9
Rg =-+190.000 :
Th= 0.1
Rs = 35.023
. di=115 1.67003 | 47.2
Ri=o . .
d=135 1.62364 | 36.7
1 Rs =+ 24.400 | .
13=23.0
Rs =~ 28,041 .
. ds= 2.0 1.62237 | 36.1
Ry =cw
ds=12.0 1,69100 | 54.8
Ry =~ 39,800 .
I3=0.1
Ry =+ 1800.0 ’
. de= 6.8 1.62280 | 56.9
Rup=- 71.272 _
Example 3
Thicknesses Kinds of Glass
Radii’ and Air
) Spaces na v
Ry =+ 62.216 ’
d1= 6.804 1.62320 | 56,7
Rz =--190. 386 :
h= 0.104
Ry =- 36.974-
N - d3=11. 500 1.67077 | 47.3
Ry=c .
- dg= 2.505 | 1.62560} 35.6
Rs =1 24,837 | -
Ig==21, 498
Rg =— 31.808 :
di= 5.990 1.64781 | 33.8
Rri=o
ds= 0.997 1.71785 | 47.9
R = 44,982 |- )
I3= 0,104
Ry =-}-536.867
ds= 6.401 1,64251 | 58.3
Rip==— 80.886 -
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I claim: -

1. A high speed photographic objective having a min-
imum aperture of F:2.8 corrected for spherical and chro-
matic aberrations, astigmatism, coma, field curvature and
distortion, comprising .four members separated from each
other by air spaces of which the “two outer members
are- convergent single elements whereas the two inner

-members are convergent single elements whereas the two

inner members represent cemented menisci of negative
power having their concave surface facing towards the
central stop, the overall length ranging between 0.55 times
and 0.67 times the total focal length of the objective, the
axial air space between the two cemented menisci being
greater than 0.2 times and less than 0.25 times said focal
length, wherein both cemented surfaces are plane and for
both the part in front of as well as that behind ‘the cen-
tral stop the refractive indices for theé d-line of the spec-
trum (587.6 mu) of the convergent single element and of
the divergent part of the cemented meniscus ranges be-
tween 1.62 and 1.72, their difference however being be-
tween —0.01 and -}0.01 and simultaneously the refrac-
tive index of the convergent part of the cemented menis-.
cus is at least 0.04 but not more than 0.1 greater than that
of the divergent part as well as of the convergent single
element. i

2. A photographic lens as claimed in claim 1, wherein
the convergent single elements, the convergent and di-
vergent parts of the cemented members in each case are
made of the same glass. , : :
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