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7. Claims.

This invention relates to lenses and particu- -

larly to high aperture photographic lenses.
It is an object of the invention to provide a
lens having a high relative aperture, a high cov-

ering power and a high degree of correction for:

the various aberrations including spherical aber-
ration, chromatic aberration, lateral color, cur-
vature ' of field, ast1gmatism sine condition,
coma, distortion, Petzval condition, ghost images,
vignetting, and flare.

Specifically it is object of the mvention to
provide a high quality objective covering over 22

10

degrees from the axis and capable of being used °

at £/1.5.

Photographic objectives can be divided into
certain types. The present objective belongs to
a type having four components of which the two
outer ones are positive and the two inner ones
are highly meniscus concave to the diaphragm
which is placed therebetween. Whether the in-
dividual components are simple, compound ce-
mented or compound air spaced, the four of them
are agxially aligned and separated from one an-
other by air spaces. Thus, this type of objective
always includes at least three air spaces. In
general, the outer positive components are single
elements but may be compound or even consist of
separated, i\ e. air spaced elements. The pres-

" ent invention is equally applicable to all varia-

tions in these outer components, but is here de-
scribed particularly with reference to single outer
components since this is the simplest form of this
type of objective and since the need for the in-
vention is greatest in this simple case. On the

* other hand, the invention may be combined with

that described in my copending application Se-

rial No. 335,783, filed concurrently herewith or -

with those of Herzberger and Frederick and Herz-
berger described respectively in. applications Se-
rial Numbers 335,785 and 335,786, also filed con-

.currently herewith. The invention is not specifi-

cally concerned with the second component
which in this type of lens is generally a doublet
with a crown glass cemented to the front of a
flint glass, the cemented surface being flat or
only slightly curved positive (convex to the inci-

dent light) or negative (concave to the incident
light).

If a lens of this general type is designed to
work at a large aperture such as £/1.5 and to
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cover a large field such as 22 degrees from the
axis, the spherical aberration cannot be fully
corrected without throwing off the color correc-
tion.” Also, the field is badly curved and distor-
tion is prevalent. According to the present in-
vention these difficulties are overcome by making
a third component in the form of a triplet with
the front element of very low index glass and the
second element of high index glass at least .15
greater than that of the front element and pref-
erably with a dispersive index (D) at least 20
less than that of the front element. The index
and dispersion of the third element of the triplet.
is not critical but in the preferred form has an
index intermediate to the other two elements or
only slightly greater than that of the middle ele-
ment. The high index of the middle element
with its low dispersive index not only provides
improved color correction while the spherical
aberration is corrected but also apparently has a
beneficial effect on the rim ray agreement.

According to a preferred embodiment of the
invention, the distortion and rim ray agreement
are even further corrected by using a very low
index glass in the front element and by shifting
powers accordingly. In this preferred embodi-
ment, it happens that so-called chromatic dif-
ferences in spherical aberration and lateral color
can both be improved by making the cemented :
surface of the second component of the lens
slightly negatively curved preferably ‘to about
—3F.

Specifically the third component should have
a front surface with a negative radius of curva-
ture between .3F and .5F where F is the focal
length of the objective; the next surface which is
a cemented one should have a radius of curva-

- ture between .5F and infinity, the third should
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have a radius between .3F and 3F and the rear
surface of this triplet should have a radius of
curvature between .25F and .75F.

The.form of the rear component is immaterial
to the present invention, the examples given be-
low have a plano rear surface, but biconvex ele-
ments and various compound forms including
those already well known and those described by
Herzberger mentioned above are equally satisfac-
tory. In the accompanying drawings:

Fig. 1 illustrates two embodiments of the in-
vention,
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Fig. 2 illustrates a preferred embodiment of
the invention. )

The lenses shown in cross section in the draw-
ings have the following characteristies:

Fig. 1 (first table)
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Fig. 1 (second table)
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When this invention is applied to the simplest 7o
form of this general lens type, namely, that in
which the front half of the lens consists of a
single element followed by a doublet this front
half must follow established rules, namely, R
must be between .3F and F, Rs; is preferably 75

greater than F or at least its absolute value is
greater than P, . e. it is between —F and F, Rs
should be between .3F and .6F and Rs should be
between .2F and .5F, : :

Having thus described three preferred embodi-
ments of my invention, I wish to point out that
it is not limited to the specific examples, but is
of the scope of the appended claims.

What I claim and desire to secure by Letters
Patent of the United States is: ) :

1. A photographic objective of the type having
four components separated by air and axially
aligned of which the two outer components are
positive and the two inner ones are highly me-
niscus concave toward a dia therebe-
tween characterized by the inner component im-

~Tediately behind the diaphragm consisting of

three cemented elements, the surface adjacent to
the diaphragm being concave to the diaphragm
and having a negative radius of curvature be-
tween .3F and .5F where F is the focal length of
the objective, the next and cemented surface be-
ing convex toward the diaphragm and having a
radius of curvature between .5F and infinity, the
third and cemented surface being convex toward
the diaphragm and having a radius of curvature
between .3F and 3F and the rear surface of said
component being concave toward the diaphragm
and having a radius of curvature between .25F
and .75F, the index of refraction of the middle
element of the three said elements being at least
.15 greater than that of the element adjacent the
diaphragm. .

2. A lens according to claim 1 in which the
rear element of the three cemented ones has an
index of refraction intermediate to that of the
other two elements, -

3. A lens according to claim 1 in which the dis-
persive index of said element adjacent to the
diaphragm is at least 20 more than the dispersive
index of said middle element.

4. A photographic objective of the type having
four components' separated by air and axially
aligned of which the two outer components are
single positive elements and the two inner ones
are compond menisci concave toward a dia-
phragm therebetween and in which the front
surface of the front component is convex toward
the front and has a radius of curvature between
3F and F where F is the focal length of the ob-
jective, the rear surface of the front component
has a radius of curvature with its absolute value
greater than F, the front surface of the second
component has a radius of curvature between .39
and .6F, the rear surface of the second compo-
nent has a radius of curvature between .2F and
.5F, characterized by the third component be-
ing a cemented triplet with a front surface being
concave toward the diaphragm and having a ra-
dius of curvature between .3F and .5F, its rear
surface being concave toward the diaphragm and
having a radius of curvature between .25F and
{75F, the front one of its cemented surfaces be-
ing convex toward the diaphragm and having a
radius of curvature between .5F and infinity, the
rear one of its cemented surfaces being convex
toward the diaphragm'and having a radius of
curvature between .3F and 3F and the index of
refraction of the middle element of the triplet
being at least .15 greater than that of the ele-
ment cemented to the front thereof whose dis-
persive index is at least 20 greater than that of
said middle element. _

. 5. A lens according to claim 4 in which the
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compound second component is a doublet with a
plano cemented surface.

6. A lens according to claim 4 in which the
compound second component is a doublet with a
negatively curved cemented surface whose ra-
dius of curvature is about 3F.

7. A lens according to claim 1 in which the
front element of the three cemented ones has an
index of refraction about 1.46, the next element
has one about 1.72 and the rear element has one

§ about 1.6. ]
p GEORGE H. AKLIN.



