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ABSTRACT OF THE DISCLOSURE

An objective lens is provided having a convergent lens
between two divergent lenses, the convergent lens being
made of glass having an anomalous partial dispersion.
The three lenses are cemented together and provide an
objective assembly that exhibits good correction of the
primary and secondary spectra, while allowing use of
small f-number and large focal length at small spherical
aberration.

RELATED APPLICATION

The convergent lens is of a glass type as described in
patent application Ser. No. 603,978, filed Dec. 22, 1966.

FIELD OF THE INVENTION

The present invention relates to objective lenses having
three components, a convergent lens between two di-
vergent lenses, and having improved chromatic and spheri-
cal aberrations,

THE PRIOR ART

Numerous three-lens, apochromatic objectives are
known in which at least one lens is made of a glass of
an anomalous partial dispersion. The rules governing apo-
chromatic correction have long been known and have
been published repeatedly in the literature, and also in
patents. The known objectives, however, have essentially
only a small aperture in the region of f:12.5 to if:9. Al-
though a three-lens, cemented apochromatic objective per-
mitting an aperture larger than 7:9 is known, the surfaces
of this objective have a very strong curvature. This results
in increased spherical aberration. All known objectives,
however, have in common that they are composed of
two convergent lenses and one divergent lens, the con-
;/ergent lenses encompassing, in most cases, the divergent
ens. !

A disadvantage in all known systems is that they are
suitable only for relatively short focal lengths, since par-
ticularly the sphero-chromatic aberrations are too dis-
turbing, if relatively long focal lengths are provided.

The prior art is represented by U.S. Pats. No. 2,487,873,
issued Nov. 15, 1949, to Herzberger et al., class 350-177,
and No. 2,689,555, issued Jan, 4, 1955, to McCerthy,
class 123-90,

SUMMARY OF THE INVENTION

In view of the prior art, objects of the present invention
are: to provide a lens having good correction of the pri-
mary and secondary spectra, while allowing the use of
small f-number and large focal length at small spherical
aberration. In the interest of clarity in view of the prior
art, “small f-number,” as used herein, is used in the sense
that f:5.9 is smaller than f:12.5.

In the invention, a convergent lens made of glass of
anomalous partial dispersion is enclosed by two divergent
lenses. It has been found that a lens made according to
these specifications has small aberration and is thus re-
markably well suited for achieving the objects of the in-
vention. In this form of the invention, the parameters
of the combination are calculated such that the primary
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and the secondary spectra are minimized. The theory of
color correction calculations is known in the art. For
instance, it is acceptable to choose the lens parameters
such that the F”, g, e and C’ curves in the color correction
chart of the three-component lens of the invention all
lie within the limits of

r
lirnA—S,= =.0004
R0 (8.')
up to a radial distance from the optical axis correspond-
ing to 'f/5.9.

In another advantageous form of the invention, the
divergent lenses are negative menisci. These are cemented
on the two faces of the convergent lens. In a three-com-
ponent lens of this type, correction of the primary spec-
trum is attained by making

re=21 j‘.’l.{.

Vo1 Vo2

s
Vo3
small, Here,
. me—1

N —Ner
¢=the refractive power of a component=the reciprocal
of the focal length of the component, A®d=the difference
between the lens refractive power for the ¥’ Fraunhofer
wavelength and the lens refractive power for the C’ Fraun-
hofer wavelength; the numerical subscripts index the com-
ponents. Correction of the secondary spectrum is attained
by making

=the Abbe value for a component
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small. Here,

& = Ng— Ny

ny —Nnge
and A’®=the difference between the lens refractive power
for the g Fraunhofer wavelength and the lens refractive
power for the F* Fraunhofer wavelength. It has been
found when A® and A’® are made small in this advan-
tageous, cemented form of the invention, the lens gives
a sharp picture at small f-umber and large focal length.
Values of A®/® and A’®/® less than .0008 are acceptable,
while values less than .0004 are preferred.

It is evident that it is not possible to make both A% and
A’® small, if v, and 8" are linearly related. Common opti-
cal glasses are related in such a manner and lie on straight
lines in v—S’ diagrams, Such lines are shown in U.S.
Pat. No. 2,996,390 of Aug. 15, 1961, of Weissberg, for
“Optical Glass With Anomalous Partial Dispersion,” and
in FIG. 3 of the drawing herein. A glass having an anoma-
lous partial dispersion is one that lies displaced from such
a line in a ’—v diagram. In one advantageous form of
the invention, the glass of anomalous partial dispersion
used for the convergent lens is of the type described in
the U.S. patent application Ser. No. 603,978, filed Dec. 22,
1966, The applicant discovered that such glasses yield
superior correction of secondary spectrum as part of the
present invention. The glasses described. therein have in-
dices of refraction in the range of. 1.53 to 1.55 for
ve-values of about 60 to 75. The anomalous partial dis-
persion of these glasses is characterized by, Ave-values of
about -8 to -}-15, where Av, is the deviation at con-
stant & from the normal straight line of the $'—v dia-
gram, : : i

In another advantageous form-of the invention, the
indices of refraction of both divergent lenses are greater
than the index of refraction of the convergent lens, so that
the cemented surfaces have a diverging action. This rela-
tionship of indices of refraction and the diverging effect
of the cemented surfaces make it possible to achieve an

=the partial dispersion for a component
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especially small f-number without an undue increase in
the sphero-chromatic aberrations, particularly in the case
of a lens of long focal length,

An especially successful execution of this last form
of the invention is that in which the negative refractive
powers are in the ratio of 1:2 in the direction of light.
When this is the case, it is advantageous to make the dif-
ference in the refractive indices between the first divergent
lens and the convergent lens larger than 0.06, while the
difference of the indices of refraction between the con-
vergent lens and the second divergent lens is to be at least
0.01. At these differences between the indices of refrac-
tion, the radii of curvature of the cemented surfaces can
range between 0.2 times and 0.4 times the total focal
length; this permits an economical manufacture of the ob-
jective, particularly in cases where the objective is to be
constructed for a large focal length.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same be-
comes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings in which like reference nu-
merals designate like parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a cross-sectional view of an objective in ac-
cordance with the invention.

FIG. 2 is a color correction chart illustrating color
correction curves for an objective in accordance with
the invention.

FIG. 3 is a S-v diagram for the data of Table 2 of the
related application noted above.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Shown in FIG. 1 is an objective lens in accordance
with the present invention having a convergent lens be-
tween two divergent lenses. The three components have
thicknesses measured along the optical axis, designated
dy, dg, dj, respectively; the four radii of curvature of the
four refracting surfaces of this lens are designated ry, 7y,
ry and ry, respectively.

Significantly, the glass of the convergent lens has an
anomalous partial dispersion. It is apparent that the
convergent lens is enclosed by the divergent lenses and,
furthermore, that the divergent lenses are negative menisci
cemented onto the surfaces of the convergent lens.

The table below gives the optical data for a preferred
embodiment of the invention. This lens is constructed as
shown in FIG, 1. The total refractive power of this lens
is #=4-0.9912, It has an equivalent Abbe number

N=3337.
r d No Vo by é

r1=-}0.51416

0.012 | 1.67245 | 45.8 | 0.4980 | —0,7933
r2=-1+0.320041

0.025 | 1.54408 73 | 0.4819 | --3.4001
73=—0.320041

0.012 § 1.57125 | 55.8 | 0.4866 | —1.6156
r4=—3.37378

In the above table, r is the radius of curvature of the re-
fracting surface, d is the lens thickness along the optical
axis, n, is the refractive index for the Fraunhofer line
e, v, the dispersion value or Abbe number, &’ is the partial
dispersion, and ¢ is the refractive power of the individual
lenses.

Items to be noted in the table are the following: n
for the two negative lenses is greater than n, for the con-
verging lens; the refractive power of the last lens in the
direction of light is twice that of the first lens; the differ-
ence in the refractive indices between the first divergent
lens in the direction of light and the convergent lens is
larger than 0.06; the difference in the indices of refraction
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between the convergent lens and the second divergent lens
is at least 0.01; and the radii of curvature of the cemented
surfaces are between 0.2 and 0.4 times the focal length,
which is approximately 1. The large value of N is an in-
dication of the superior achromatic correction of the ob-
jective of the invention. The calculated A® for the above
table is .00030, while A’® is .00027.

The glass for the first lens in the light direction is ob-
tained from the following mixture of raw materials:

810 e 24.5
BoO3 e e 10.8
NasO e 0.8
Ca0 e 14.4
BaO _ 12.0
n0 15.5
PbO 10.5
AlyOs o e 7.1
ZrOg e 4.4

following mixture of raw materials:

Al (PO3) 3 — e 27.9
Mg (PO3)g oo 4.0
Ca (P03)2 ___________________________________ 3.2
MEO e 2.0
MgFy o 6.9
CaFy o 7.0
R 23.8
BaF s o 24.7
K TiFg 0.5

This glass falls under the related U.S. patent application
noted above.

The third lens in the direction of light is made from
a glass commercially available from the firm of Jenaer
Glaswerk Schott & Gen., which designates it as type
BaK4.

FIG. 3 is a v—3 plot of the data of Tables 2 and 4 of
the above-noted, related patent application. The glasses
of these tables are designated by their melt numbers.
The three components of the lens of FIG. 1 are also
included in the figure, where they are indexed in their
order in the direction of light as components 1, 2 and 3.
The anomalous partial dispersion of the glass of the
convergent lens is characterized by a Ave of 11.8.

In FIG. 2, correction curves for the color correction of
an objective according to the invention are illustrated.
The abscissa gives the relative deviational intersection
distances

Sl
lim (S'e)
R—-0

while the ordinate gives the radial distance R from the
optical axis. Here, S’ is the distance to the optical axis
intersection of a light ray entering the objective parallel
to its optical axis, as measured from the last lens surface
of the objective. The symbol S’ is the S’ distance for a
light ray having a wavelength equal to that of the Fraun-
hofer e line, while

lim (S’e)

R-0

indicates the S’, for rays in the immediate vicinity of
the optical axis. Since correction is calculated primarily
for the Fraunhofer e line, the

lim (8’
A (8%¢)

distance is chosen as the standard distance and AS’ values
are determined by taking the difference

S ]

The distances R are given in terms of relative aperture.
The point for /5.9 is indicated in the graph. Observa-
tion of the graph shows that each Fraunhofer wavelength
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results in a separate curve. Referral to the graph of FIG.
2 yields the relative deviational distances of the Fraun-
hofer lines that enter parallel to the optical axis in the
immediate vicinity thereof. These distances are obtained
from the intersections of the various curves with the
abscissa, where R=0. For example, the distance for the
wavelength F’ is seen to be about 0.33X10-3 times the
analogous intersection distance for the line e. If the dis-
tance for the line e is designated to be 1, then the ab-
solute deviation is thus about 3{g,g00. The deviation for
an identical ray of the Fraunhofer line C’ may be seen
to amount along the axis, to —0.4-10-3, or —%o 000
These distances give a measure of the chromatic aber-
ration.

These data are valid for those rays which enter the
objective, as mentioned above, in parallel to the optical
axis and in the immediate vicinity of this axis. For rays
which likewise enter the objective parallel to the optical
axis, but at a larger distance therefrom, different values
apply because of the spherical nature of the refractive
surfaces of the individual lenses. As a measurement value
for the distance R, the relative aperture is selected. The
relative aperture of 5.9 is indicated for the objective.
At this relative aperture, the focal length is 5.9 times as
large as the distance separating two rays, parallel to the
optical axis and diametrically opposite to each other,
which rays just barely pass through the objective. For
such a ray, it is valid that the radial distance from the
axis to the optical rim of an objective with a focal length
of 1.0, equals

_1
2X5.9

In an objective of the type disclosed, the intersection
distance S’ can be practically equated with the focal
length of the objective. If such an objective has a focal
length of 800 mm., as provided for a practical embodi-
ment, then the points of intersection for all rays of all
colors impinging in parallel to the optical axis are within
the range of =0.4-10-3-800 mm. These values are devia-
tions from the focal point which amount to at most 0.32
mm. From this result, it can be easily calculated that the
so-called circles of confusion resulting from these devia-
tions are extraordinarily small. Therefore, the entire ob-
jective exhibits an excellent color correction.

Tt should be understood, of course, that the foregoing
disclosure relates to only preferred embodiments of the
invention and that it is intended to cover all changes and
modifications of the examples of the invention herein
chosen for the purposes of the disclosure, which do not
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f:onstitute departures from the spirit and scope of the
invention,

I claim:

1. In an objective having three contacting lenses, the
objective having parameters for giving good correction of
the primary and secondary spectra and comprising a con-
vergent lens made of glass of anamalous partial disper-
sion and two divergent lenses encompassing said con-
vergent lens, the objective being characterized by the
following data:

$:0.9912

N:3337

focal length:1.0

relative aperture:5.9

r d Ne Ve ol -

r1=-+0.51416

0.012 | 1.67245 | 45.8 | 0.4980 | —0.7933
r2=-}-0.320041

0.025 | 1. 54408 73 1 0.4819 ¢ 4-3.4001
r3==0.320041

0.012 | 1.57125 | 55.8 | 0,4866 | —1.6156
r4=—23.37318

wherein r is the radius of curvature of the refracting sur-
face, d is the lens thickness along the optical axis, n, is
the refractive index for the Fraunhofer line e, v, the dis-
persion value or Abbe number, »’ is the partial dispersion,
¢ is the refractive power of the individual lenses, & is the
total refractive power of the objective, and N is the
equivalent Abbe number of the entire objective.
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