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To all whom it may coneern:

Be it known that we, CARL PAUL GOERZ, of
Schoneberg, and EMiL vON HOEGH, of Wil-
mersdorf, Germany, both subjects of the King

5 of Prussia, German Emperor, have invented
certain new and useful Improvements in and
Relating to Lenses for Optical Rurposes; and
we do hereby declare the following to be a
full, clear, and exact description of the inven-

ro tion. ‘

Our invention has relation to lenses for
optical purposes and -more especially to ob-
jectives for photographic purposes.

Our invention has for its object the produe-

t5 tion of a lens free from chromatie, spherical
and astigmatic aberrations, and the combina-
tion of two such lenses for photographie pur-
poses, as will now be fully described, refer-
ence being had to the accompanying draw-
20-ings, in which—
Figures 1 and 2 are sectional views of com-

pound lenses constructed according toourin-

vention. I'ig.3 shows a double objective for
photographic purposes embodying two com-
25 pound lenses of the form shown in Fig. 1.-

.. It has for a long time been held by the high-
est scientifie authorities that it isimpossible
to construct alensthat is free from chromatie,
spherical and astigmatic aberrations,and this

30 opinion was based upon the fact that a lens

free from astigmatic and chromatic aberra-
tions must be composed of two lenses of differ-
entrefracting' power, that of the flint glasslens
being less than that of the crown glass lens,

35 rendering it impossible to correct spherical
~ aberrations -to effect which the flint glass
- “lens must have a greater refracting power
than the crown glass lens, and it has been
held that these antagonistic or opposing re-

40 quirements constituted an insuperable diffi-
culty to the production of a lens that is free
from chromatic, spherical and astigmatie ab-
errations. In fact it is well known that all
anastigmatic lenses heretofore preduced, as

45 for instance those constructed aceording to
the invention of Hartnack are not free from
spherical aberrations and aretherefore prac-
tically useless for general photographic pur-
poses, and particularly forinstantaneous pho-

50 tography. Dr.P.Rudolph,of Jena,in hispat-
ent granted to him in Germany under date of

April 3, 1890, No. 56,109, has, however indi-
cated thepossibility of producing astigmatic
lenses free, or substantially free from spheri-
cal -aberrations, but in a manner radically ss
different from that which forms the subject
matter.of our-invention, and which is the re- .
sult not only of a careful study of the sub-
jeet and extensive computations, but also of -
extensive experiments, which finally resulted 6o
in a compound lens composed of three lenses
whereof one has a greater and the other aless
refracting power than the third, practically
free from chromatic, spherical and astigmatic
aberrations, and in the combination of two 65
such compound lenses in the production of a
double objective for photography.

The compound lens may be construeted in
different ways, in fact the external formmay - .
be considered as a minor factor in that it jyo
does not constitute the essential characteris-
tic feature of the lens, said essential charac-’
teristic feature consisting inthe combination
of three lenses, whereof one has a greater and .
anothera less refracting power than the third 75
lens. : ‘

In Fig.1 we have.shown a compound lens
composed of a negative lens, b, of flint glass
interposed between two positivelenses,; a,a’, ...
of crown glass; one of said crown glass lenses 8o
having a greater and the other a less refract-
ing power than the intermediate flint glass

“lens,

InFig.2,onthe contrary, we haveshown the
compound lens-composed of a positive lens, o, 85
of crown glass interposed between two nega-
tive lenses of flint glass, one of said negative
lenses having a greater and the other a lessre-
fracting power than the interposed crown
glass lens. "In this manner we combine the go
antagonistic requirements of a less and. a
greater refracting power for the correction of
spherical aberrations, and a greater-and less -
refracting power for the correction of astig-
matie aberrations, the result of which is an g5
achromatic and anastigmatic lens free from
spherical aberrations, admirably adapted for
photographic purposes.

' We havediscovered that by combining two
such compound lenses a double objective for roo
photograplic purposes is obtained that is not
only adapted for general photographic pur-
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poses but particularly for instantaneous pho-
tography, and in Fig. 3 we have shown this
double objective composed of two compound
lenses of the construction shown in Fig. L
Equally good results are obtained if the ob-
“jective be composed of two lenses of the con-
struction shown in Fig. 2, or if said objective
be composed of & compound lens of the con-
struction shown in Fig. 1, and a compound
lens of the construction shown in Fig. 2.

‘Weo prefer the construction of lens shown
in Fig. 1, on the ground that the form of the
individunal lenses is more simple and practi-
cal, not that better results are obtained, as
experience has shown that there is no appre-
ciable difference in the quality of the two con-
structions of compound lenses or in their
properties.

Theconstants necessary to the construction
of the double objective shown in Fig. 3 are
given in the table below in millimeters, the
focal length or distance of the objective be-
ing two hundred and forty millimeters with
a free lens opening of thirty-six millimeters,
the greatest effective area or opening being
about one-eighth of the focal length or dis-

- tance.

30

35

40

45

50

Curvature radii,
R,=—Rg=45.835 ]
Ry=—R,=04.324 d,=0;=1833
Ro=—Re=10.653 dy=d;=4.584 Lo=Lg: 1.56804 1.58182
R,=—R;=49.088 A =11 (air space) Lg=1, :1.51497 1.52663

The different kinds or species of glass of
which the lenses are made are indicated by
the refracting exponents for the line D (*D)
of the solar spectrum and for the line of the
hydrogen spectrum, Hg ("Gy). )

The conjunetive distances (F) of light rays
passing through the various zones of the ob-
jective parallel to its axis are obtained by
the following computations:
FG, = 223.065

FD = 23275

TG, = 221.400

A= —0210
for the middle zone '{FD — 921360 A=+ 0.040
PG, = 223.495

for the edge zone {Fgl — o93.44 A = - 0.053

Thickness of lenses. Species of glass.
34 uD nGl

L,=L,: 161310 1,62683

for the central rays{

If a main ray of light inclined to an angle
‘of thirty degrees and passing through the sys-
stem of lenses is calculated and the location
of the-image point of the sagittal and meridi-
onal rays established or determined there-
on, the distance between said points will give
the measure of astigmatic aberration still
present. In the double objective referred to

" this will be about 1.2 millimeters with an ap-
proximate evenness of the image of the me-
ridional rays, but this slight astigmatic aber-

ration cannothave any greaterinfluence upon
the clearness or sharpness of the edges of the
image than the secondary spherical aberra-
tion to which if is due.

The above described objective is symmet-
rically constructed. It iscomposed of twoex-
actly similar compound lenses, which, how-
ever, is not to be considered as the primary
or most essential characteristic feature of this
type of objective, said essential characteristie
feature lying in the combination of two lenses
free from chromatie, spherical and astigmatic
aberrations each of which is composed of
threelenses having varying refracting powers
asdescribed. Inthe combination of two com-
pound lenses for double objectives, the exter-
nal form of one of said compound lenses may
differ from that of the other, that is to say
one of thecompound lenses may, for instance,
be constructed as deseribed in reference to
Fig.1, and the other as described in reference
to Fig. 2, and such changes of form may be
readily effected by any skilled optician. Fur-
thermore, each compound lens of the double
objective is in itself an objective free from
chromatic, spherical and astigmatie aberra-
tions, and can therefore be employed as an
objective for photographic purposes.

" Having thus deseribed our invention, what
we claim as new therein, and desire to secure
by Letters Patent, is—

1. In an objective, a compound lens con-
sisting of three single lenses the outer ones of
which have a greaterand lessrefractive power
respectively than the intermediate lens, said
intermediate lens having its surfaces curved
in opposite directions and said outer lenses
havingtheiroutersurfaces curved in thesame
direction, for the purpose set forth.

2. An objective consisting of two compound
lenses each composed of three single lenses,
the outer ones of which have a greater and
less refractive power respectively than the in-
termediate lens, said intermediate lens hav-
ing its surfaces curved in opposite directions,
and said outer lenses having their outer sur-
faces curved in the same direction, for the
purpose set forth.

In witness whereof we affix oursignaturesin
presence of two witnesses.

CARL PAUL GOERZ.
EMIL VON HOEGH.

Witnesses:
RICHARD SCHMIDT,
RICHARD JONSCHER.
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