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. This invention relates to photographic objec-
tives of the type consisting of a biconcave com-
ponent air-spaced bétween two positive com-
ponents, and particularly to those objectives of

this type which are highly corrected to cover a

small angular fleld and which are characterized
by. a wide spacing of the components.

This particular type of objective is known as
the “astronomical photographic triplet” because
of its early use in astronomy. It is useful in
many applications where a sharp image is re-
quired over a small angular field. The length
of such objectives is usually between 30% and
509 of the focal length and the nodal points lie
within the lens, that is, between. the vertices of
the front and rear surfaces.

The object of the invention is to provide an ob-
jective of the above-described type which is very
highly corrected for zonal spherical aberration
and sphero-chromatic aberration. .

According to the invention, the biconcave com-
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latter variations have been known for many years
in astronomical triplets.

It is a common characteristic of all these vari-
ations of type however, that the outermost sur-
face of each positive component has a dioptric
power at least as great as that of any other sur-
face in the same component. ‘

The most usual form of triplet has, as its pos-
{tive components, two simple positive elements.
We have found that in objectives of this form,
it is advantageous to have the index of the pos-
itive elements greater than 1.6, and preferably
that of the front one should be greater than 1.66.
The dispersive index should be greater than 45
in each case. These refractive indices may be
as high as available glasses permit, but indices

“pbhove 1.80 do not appear to give benefits com-

 mensurate with the greater cost of the glass.
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ponent is compound and consists of a biconcave

element cementéd between {wo positive meniscus
elements of slightly higher refractive index.
The three glasses are so chosen that the fol-
lowing mathematical relations are satisfled: -

=+ (N4—N3) <0.02
0.01 <(N2—N3) <0.05
1.5 Va<Vi<2.0 V3
0.85 V3<¥2<1.05 V3

where N and V denote refractive index and dis-
persive index respectively and the subscripts 2, 3,
and 4, pertain to the front, center, and rear ele-
ments of the cemented triplet component.

The front one of the two cemented surfaces,
and preferably both, have radii of curvature less
than one-fourth the focal length of the objec-
tive. These two cemented surfaces cooperate to
correct the sphero-chromatism of the system,
the one having a greater under-correcting effect
on the aberration of the blue rays than on that
of the red.and the other restoring the chromatic
correction of the objective but having very little
effect on the spherical aberration. In addition
to this, the zonal spherical aberration is greatly
improved and may even be over-corrected at least
insofar as the axial image point is concerned.

- The invention lies principally in this structure
of the biconcave component and may be embodied
in objectives having various arrangements of
the positive components. That is the positive
components may be simple positive elements or
one or both may be a cemented doublet or one
may be split into two positive elements. These
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By means of the preferred features which have
been enumerated, we have been able to produce
a lens having a very sharp image, exceptionally
free from color fringes and zonal aberration.

The accompanying drawing shows a lens ac-
cording to the invention and structural data for
the same.

The table of data is repeated here for conven-
ience.

Table I
EF=100mm, {/54

Lens N v Radii Thicknesses

) R, 1.697 Ry=-}-37.77 mm. 4 =3.94 mm.
Fy=—206.8 8:=10.60
1 A 1.640 | 33.8 | Ri=—38.56 12=3.16
b1 SO 1.617 | 36.6 | Ri=—14.46 - ta=1.52
o 1.620 | 60.3 | Rs=--18.58 =263
Re=420.42 8,=16.6
Veeeeeee 1.611 | 58.8 | Ry=-+208.7 14=3,95
‘ Ry=—40.54 BF=73.7

In this table, as in the drawing, the lens ele-

ments are designated by roman numerals, and
the corresponding refractive index for the D line
of the spectrum and also the dispersive index are
given. The radii of curvature R of the refract-
ing surfaces, the thickness ¢ of the lens ele-
ments, and the spaces s between the components,
each numbered' by subscripts from front to rear,
are given in the fourth ad fifth columns of the
table. The back focal length BF is measured
from the back surface of the lens to the prin-
cipal focal plane. .
This lens was designed to be made up in a
focal iength of more than 500 mm. and is cor-
rected for the visual range of colors, that is from
the C to the F line of the spectrum. The zonal
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spherical aberration is a little over-corrected and
the sphero-chromatism-is so perfectly corrected
that all the.C and F rays focus within an interval

of 0,00075 F..along the axis, where F is the equiv-

alent focal length of the objective.

The spherical and sphero-chromatic aberra-
tion for the C, D, and F rays of the spectrum are
given in the following table, measured In each
case from the D paraxial focus:

Table II
E. F.=100 mm.

D - F

—.005
+. 030
000

+.044
<. 060
+-.028

F/o4.....

PAraxiBl - .o vieeeecmemaeen

These date bear out the statement made in the
preceding paragraph. :

It is readily seen from Table I, above, that the
objective of the example embodies all the fea-
tures of the invention. Specifically (N:+:—N3)
equals 0.003 and (N2—N3) is about eleven times as
large, namely, 0.032. Also V4=0092V: and
V3=1.66V3. In regard to the preferred features,
both the cemented surfaces have radii of curva-
ture smaller than one-fourth the focal length.
Also the separate positive elements have refrac-
tive indices greater than 1.6 and dispersive in-
dices greater than 45, the front component hav-
ing a refractive index greater than 1.66, accord-
ing to a preferred feature. '

It may also be noted that the objective em-~
bodies several features common to nearly all
known photographic triplets in general. Some
of these features have already been indicated
such as the radii R: and Rs being less than Ra
and Rt respectively. With rare and minor ex-
ceptions, photographic triplets have the focal
length of the negative component numerically
between 0.2 F and 0.4 F, and the rear surface of
this component Is between 0.99 and 4.5 times as
strongly curved as its front surface. In the ex-
ample shown above, the focal length of the bi-
concave component is numerically about 0.27 P
and Rs is sbout 0.76 Ra. Thus the example is
typical of the class in this respect. It is prin-
cipally by the internal structure of this compo-
nent that the superior advantages of the inven-
tion are gained, and especially by the careful bal-
ancing of the refractive and dispersive index dif-
ferences at the cemented surfaces.

What we claim is:

1. An objective as shown in the drawing and
substantially according to the following table of
specifications:

Radii - Thicknesses

Ri=-0.4F
Ry=—2F
Ry=—0.4F
Ry=—0.16F

ty=0.04F
8=0.1F

t3=0.03F
$4=0. 03}‘:
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wherein the first three columns list the lens ele- -
ments numbered by roman numerals and give the
corresponding refractive index N and dispersive
index V and the last two columns give the radit
R of the refracting surfaces, the thicknesses ¢
of the lens elements, and the spaces s between the
components each numbered by subscripts from
front to rear and where F is the equivalent focal
length of the objective and the + and — values
of R Indicate surfaces respectively convex and

_concave toward the front.

2. A photographic objective consisting of & bi- .
concave component airspaced between two posi-

" tive components and having its nodal points be-
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tween the front and rear lens surfaces in which
the biconcave component has a rear surface be-
tween 0.99 and 4.5 times as strongly curved as
its front surface and has a focal length between
0.2 F and 0.4 F where F Is the focal length of
the objective and in which the outer surface of
each positive component has more than half as
much dioptric power as the whole component and
the length of the objective from the front. lens

-surface to the rear lens surface is between 0.3 F

and 0.5 P, the objective being characterized by
the biconcave component cohsisting of a bicon-

‘cave element cemented between two positive ele-

ments and conforming to the following rela-
tionships:
0.1 P<R4s<Rs5<0.25 F'
0.01<(N2—N3) <0.05
. +=(Ns—N3) <0.02
0.85 V3<Va<1.05 V3
1.5 V3<V4<2.0 V3

where R4 and Rs are the front and rear cemented
surfaces of the biconcave component and where
N and V denote refractive index and dispersive
index respectively with subscripts 2, 3, and 4 de-
noting the front, center, and resar elements re-
spectively of the biconcave component. )

3. An objective according to claim 2 in which
each positive component consists of a single ele-
ment whose dispersive index is greater than 45,
the refractive index of the front component be-
ing between 1.66 and 1.8 and that of the rear -
component being between 1.6 and 1.8.

. FRED E. ALTMAN. o
RAE WYLAND MCcINTYRE.
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