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This invention relates to lenses and particu-
larly to high aperfure photographic objectives,

It is an object of the invention to provide a
high aperture lens with high covering power and
good correction for the various aberrations in-
cluding spherical aberration, chromatic aberra-

tion, lateral color, curvature of field, astigmatism, -

sine condition, coma, distortion, and vignetting.
Specifically it is an object of the invention to
provide & high quality objective covering over 25
degrees from the axis and capable of being used
~at £/2.5 or faster and with exceptionally good
rim ray agreement—sometimes described as good
correction of oblique spherical aberration,
Photographic objectives, except for some bor-
derline cases, fall readily into certain recognized
types. The present invention applies to a very
- definite type, namely, that having four compo-

nents the outer two of which are positive and the

inner two are compound and meniscus highly
concave toward each other., The majority of
outer positive components shown in the prior art
_ are single elements, although often they are com-
pound cemented or even consist of separated,
i. e, airspaced elements. The inner meniscus
components are usually doublets but sometimes
are cemented triplets. The present invention is
concerned with the structure of the rear half of
the objective and is applicable to all of the above
variations in the two front components, but is
here described with reference to the simplest form
of these front two components since it is most
useful in this form of this type of objective. On
the other hand the invention may be combined
with a front positive component as shown in my
copending application Serial No. 335,783, filed
May 17, 1940, now Patent No. 2,262,985, and is
preferably combined with certain features of the
third component shown by Herzberger in his co-
Pending application Serial No. 335,785, also filed
May 17, 1940, now Patent No. 2,289,779. Refer-
ence is also made to my Patents Nos. 2,252,681
and 2,252,682 and copending application 335,786,
filed May 17, 1940, by Frederick and Herzberger,
now Patent 2,262,998, v
. According to one form of the present invention,
“which is primarily concerned with the rear com-
ponent and also with the third component num-
bering from the front, the upper rim ray agree-
~ ment is improved by making the rear component
a doublet consisting of a positive element cemented
to the front of a meniscus negative element con-
vex toward the rear whose refractive index is
less than that of the positive element by more
than 0.12 and preferably more than 0.15. Pref-
erably this rear component is meniscus in shape
concave toward the front of the objective. How-
ever, this component should not be too strongly
meniscus but should be arranged so that the
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radius of curvature of its front surface is greater
than twice the focal length of the objective,

A preferred form of my lens also involves a
third component which is a cemented doublet the
rear element of which has a refractive index
greater than 1.7 and at least .05 greater than that
of the front element as taught by Herzberger,
and has the added feature of having a thickness
less than one-tenth of the focal length of the
objective.

This thinness of the third component affects
the aberration, as is described in my Patent
2,252,681, tending to correct it the more the
thinner the component, and also tending to im-
prove the rim ray agreement. .

In trying to make use of this relationship by
making the said component still thinner, great
difficulty was experienced because of the result-
ing overcorrection. of the aberration and also
because of an inward curvature of the fleld, Ac-
cording to this form of the present invention,
however, this difficulty is overcome by making
the front component more strongly meniscus
than heretofore or the rear component meniscus
with its front surface concave instead of in the
more usual biconvex form or both. These two
changes themselves tend to improve the astig-
matism especially for the extreme zones of the
field, but the former tends to under-correct the -
aberration while the latter tends to cause a back-
ward curving fleld, thus these changes cannot
easily be used by themselves to improve the astig-~
matism, but. they combine advantageously with
the feature of thinness of the third component
resulting in good correction of these two first
order or Seidel aberrations and also the said im-
provements in the higher order aberrations.

The most advantageous shapes of the positive
components of an objective according to this form
of the invention are as follows: The rear surface
of the front component should be concave to the
rear with a radius of curvature between 2f and
0.5f where f is the focal length of the objective
and the front surface of the rear component

5 should be concave to the front with a radius of

curvature between 2f snd infinity. Either the
front or the rear positive component alone may
to advantage be made according to these specifi-
cations, but it is preferred that both be so con-
structed. '

Preferably the features relating to the indices
of the rear component are combined with one or
more of the other features to produce a lens with
superior correction of two or more of the higher
order aberrations.

In the foregoing description the term “rim

rays” refers to the upper and lower rays of an

oblique pencil, the upper rays being those that
cross the axis first in approaching the front of
the objective, i, e., the upper rays of an oblique
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pencil coming up from below the axis to the front
surface of the lens. “Rim ray agreement” refers
to the image plane and to the proximity of the
-rim rays to the central rays as they strike the
image plane after passing through the lens.

In the accompanying drawing:

Fig. 1 shows an objective.according to the pre-
ferred form of the objective with constructional
data for one embodiment.

Figs. 2 and 3 respectively show the aberration

- and fleld curves for the objective shown in Fig. 1
compared with curves typical of the prior art.

The specifications of the lens shown in Fig. 1
are as follows:

f=100 mm. /2.5
Lens Np v Radii Thicknesses

§ O L6811 | 87.2 | Ri=+40.1 6 =7.0 mm.
Ra=+844 | Si=1.4

R 0 U, 1.611 | 58.8 | Ry=+-31.6 13=6.7

R 1 4 U 1.573 | 42.5 | Ry=+-202 13=1.9

) Ry=-21.6 S;=14.6

IV el 1.617°] 36.6 | Re=—29.9 t4=2.0

Voacmeimmteccccaman 1.745 | 46.4 | Ri=-+102 t5=5.3
Ry=—41,6 8=7.2

'/ SN 1.755 | 47.2 | Ry=—441 ta=4.4

VI aaee 1.575 | 41.4 | Rio=~57.1 | #1=2.0
Ru=-9%.5 | B. F.=70.5mm,

In the above table and on the accompanying
drawing f refers to the focal length of the lens,
the Roman numerals refer to the elements num-
bered from the front, Np is the index of refrac-
tion for the D line of the spectrum, V is the dis-
persive index, R, { and S refer to the radii of
curvature, the thicknesses and the spacings re-
spectively numbered from the front and B. P.
refers to the back focal length of the lens.

It will be noted that in this objective the rear
component is meniscus and consists of a positive
element cemented to the front of a meniscus
negative element concave to the front whose re-
fractive index is 0.18 less than that of the positive
element, and the front surface of this component
is concave with a radius of curvature Ry between
‘—200 and «. Also the third component is a
cemented doublet the rear element of which has
a refractive index of 1.745 which is larger than
that of the front element by 0.128, and the thick-
ness £4-4-1ts, of this component is 0.073. Further-
more the radius of curvature Rz of the rear sur-
face of the front component is 84.4 mm. which is
between 200 and 50 mm.

Attention is drawn to the unusual manner in
which the spherical aberration and fleld curves
are drawn in Pigs. 2 and 3. Due to the unusual
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extended and at the same time the astigmatism
of all zones has been decreased practically to zero
and that this has been done with only a slight.
increase in the zonal spherical aberration which
is still within useful tolerances. The rim ray
agreement has also been improved, thus greatly
improving the sharpness of detail in the image
over the fleld taken as a whole.

Having thus described one example of my in-
vention, I wish to point out that the invention
is not limited to the example shown but is of the
scope of the appended claims.

I claim:

1. A high aperture objective of the type com-
prising four coaxial components separated by air
of which the two outer ones are positive and the
two inner ones are compound menisci highly con-
cave toward each other, characterized by the rear
positive component being a_doublet consisting of
a positive element cemented to the front of a
negative element whose refractive index is less
than that of the positive element by more than
0.12 and by said rear component being meniscus
in shape concave toward the front, with the
radius of curvature of its front surface longer
than twice the focal length of the objective.

2, A high aperture objective of the type com- .

" prising four coaxial components separated by air -
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of which the two outer ones are positive and the
two inner ones are compound menisci highly con-
cave toward each other, characterized by the rear
positive component being a doublet consisting of
a positive element cementted to the front of a
meniscus . negative element convex to the rear
whose refractive index is less than that of the
positive element by more than 0.15.

3. A high aperture objective of the type com- .
prising four coaxial components separated by air
of which the two outer ones are positive and the
two inner ones are compound menisci highly con-
cave toward each other and of which the third
component numbering from the front is a ce-
mented doublet having a refractive index in its
rear element greater than 1.70 and greater than
that of the front element of the same component
by at least 0.05, characterized by the thickness
of the third component being less than 0.1f where '
f is the focal length of the objective and by the
rear surface of the first component being con-
cave to the rear with a radius of curvature greater
than 0.5f and less than 2.0f.

4. A high aperture objective of the type com-

. prising four coaxial components separated by air

55

shape of the fleld curve the plane of the best

image was found to be about 0.10 mm. closer to
the objective than the paraxial focus. In the
final mathematical touching up of the design of
the lens, accordingly, the spherical aberration
was adjusted in the direction of less overcor-
rection so as to give the best image in this plane.
In the aberration curves for this lens, accordingly,
the ' vertical axis does not coincide with the
Gaussian focal plane, while the example of prior
art is shown in the usual way. Also it was found
necessary to use a horizontal scale somewhat
exaggerated compared to some standards, in
order adequately to show the small amount of
aberrations still remaining in this objective.
The prior art shown in these figures refers to
an earlier objective designed by me, and is the
best objective of this type and aperture known
to me previous to the present invention. It will
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of which the two outer ones are positive and the
two inner ones are compound menisci highly con-
cave toward each other and of which the third
component numbering from the front is a ce-
mented doublet having a refractive index in its
rear element greater than 1,70 and greater than
that of the front element of the same component
by at least 0.05, characterized by the thickness of
the third component being less than 0.1f where £
is the focal length of the objective and by the
front surface of the rear component being con-
cave to the front with a radius of curvature
greater than 2f.

5. An objective according to claim 3 charac-
terized also by the front surface of the rear com-
ponent being eoncave w1th a radius of curvature
greater than 2f. )

6. An objective according to claim 4 charac-
terized also by the rear component being a
doublet consisting of a positive element cemented

be noted that the useful fleld has been greaily 75 ‘to the front of a negative element whose refrac-
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tive index is less than that of the positive element
by niore than 0.15.

7. A photographic objective having substan-
tially the following specifications:

Lens Np |V Radii 'ggscg
1,61 { 57 | Ri=H0.4f £1=0,07f
Ry=40.8f #<0.02f
1.61 | 69 | Ry=--0.3f 13m0.07f -
1.57 | 42| R>+2.5f 1s=0, 021
Ry=10.2f 23m0, 15/
1.62 | 37 | Rem~0.3f Lm0, 02f
1,74 | 46 | Ry=+1.0f tsm0, 051
Ry=—~0.4f 8y=0, 07f
.......................... 1,76 | 47 | Rym—4.4 tm(, 04f
Vi 1.57 | 41 | Ryy=m~0.6f t1=0, 021
Rjjm=-1,0f
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where the first column gives the lens elements in
Roman numerals in order from front to rear
and indicates air spaces by dashes and where:
f is the focal length of the objective, Nop is the
index of refraction for the D line of the spectrum,
V is the dispersive index, R, ¢ and s refer respec-
tively to the radii of curvature of the refractive
surfaces, the thicknesses of the elements, and
the air spaces between the elements, the sub-
scripts on these refer to the surface, the elements,
and the spaces numbered consecutively from the
front, and the +4- and — signs in the fourth col-
umn correspond to the surfaces which are respec-
tively convex and concave to the front.

GEORGE H. AKLIN.



