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Ty «ll whom it may concern:
Be it known that I, CIIRISTOPHER UiRAT,
o citizen of the United States, and 2 resicdent |
_ of the city of New YVork, Long Island City,
"5 borough of Queens, in the connty of {Ineens |
and State of Mew York, have invents
new and Improved Anastigmatic Cbjective
of which the following 1s a fnll, cleay
exact description.
10 'This invention reistes o a cOMpPOUIX
to be nsediin photographic inst
© the like, and consists of 2 plurality of spa
Jenses of stibstantially the same refra
index and having curvatuves of such a ch
15 acter that the inner lenses ure sysametyd
with respect’ to each other, and the onie
lenses nnsymmetrical with vespeeh to oach
other, thereby forming & componnd - lens
whieh, as a whole, 18 unsymmetrical.
90 This jnvention embodies not only o new |
constraction but a new principle of cOUSIIUC-
tion, in that the three ohief at ;
.the spherical aberration, cor
tigmatism—are expressed as fonet
25 the eight radii of curvature, thus ma
exact algebraic solution for the »
sary to bring these aberrations o zel
~4 solution would not be possible wit
securing flatness of fleld by using glass
40 of the same index and gaini: s nearly ail th
focal power by separation.
Au object of this invent

an optical piece which ean be ea
factured and easily corrected, and which

mani- |

45 will have none of the defects, gael i ‘ sach 0%
¢al and chromatic aberration, astigmatism, | Botier cor-
convexity of the image, coma, distortion or | g
the like, and which will alse take & pleture | ek s
with great sharpness and detail. This and | inavy pl
10 further objects, together with the construe- j can 98

Hon and combination of parts, will be more | The lense:
fully deseribed heveinafter and partienlarly
" get forth in the claims. ‘
Reference is to be had to the accomps:
45 ing drawings forming a part of this spe
fication, in which the figure represents
diagrammatic illustra tion of the lenses ¢on
posing this optical piece and their
positions, magnitudes, curvatures and
50 Tesses. )
The line of sight passes from left to
as indicated by the arrow in the i
The optical piece 18 preferably comps
four lenses 1, 2, 3 and 4, spaced apart
55 each other soas to form positive menis
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tained almost entirely by separating the

, component lenses, that is, if the component

jensss were shoved together the combina-

$ion would have a focal length so great as to

be useless. For example, in my lens of

equivalent focal length 160, the focal lengths

of the components are respectively --62,
—75, —75 and -+75. The separations are
8, 2.4 and 8. If the lenses were shoved to-
gether the equivalent focal length would be
356. The purpose of these first two prin-
ciples of construction is to secure a flat
image feld without restricting the curva-
tures of the lens surfaces, leaving these fre¢
to take care of the five remaining aberra-
tions.

There is thus formed an optical piece with
the first and last lenses pysitive and unsym-
metrical, and the second and third lenses
negative and symmetrical, and all the four
component lenses of which are made of glass
of the same index of refraction, 16253, and
in which the three chief aberrations—spheri-
cal “aberration, coma and astigmatism, are

“functions of the eight radii of curvature.

While I have shown one embodiment of
my invention, I do not wish to be Iimited to
the specific details thereof, hut desive to be
protected in varions changes and modifica-
tions which T may make within the scope of
the appended claims.

Having thus deseribed my invention,
claim as new and desire to secure by Letters
Patent:

1. An anastigmatie objective, consisting
of two positive and two negative lenses sep-
arated by air spaces, the negative lenses be-
ing symmetrical and symmetrically ar-
ranged between the positive lenses, and the
positive lenses heirig of different thicknesses
and having different radii of curvatnre and
spaced from the negative lenses a distance
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- greater than the negative lenses are spaced

apari, said positive lenses being arranged
with the faces having the shorter radii of
carvaturve on the outer side, and all of the
said lenses having the same index of refrac-
tion for the principal color.

2. An anastigmatic objective comprising
four lenses with adjacent lenses air spaced
from each other and including two positive
and two negative lenses with the negative
lenses adjacent each other and the positive
lenses on the outer side of the two negative

lenses, said lenses baving the same index of-

refraction for the principal color, one of the
positive lenses having faces whose radii of
curvature are approximately 46.2 and 241.6
and the other positive lenses having faces
whose radii of curvature are approximately
417.5 and 52.70 and the radii of curvature
of the negative lenses being approximately
92.25 and 95.4, all substantially as set forth.

3. An anastigmatic objective, comprising
a positive lens having faces whose radii of
curvature are 46.2 and 241.6, a negative lens
spaced apart from said positive lens by an
air space and having faces whose radii of
curvature are 92.25 and 95.4, a negative lens
spaced apart from said first-inentioned neg-
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ative lens by an air space and having faces

whose radil of curvature ave 95.4 and 92.25,
and a positive lens spaced avart from said
last-mentioned negative lens by an air
space and having fages whose radii of cur-
vature ave 417.5 and 52.70, all of said lenses
Laving the same reffactive index, ,

In testimony whereof I havé signed my
name to this specification in the presence of
two subscribing witnesses, . -

CHRISTOPHER GRAF.

Witnesses: ' '

Horarro Winrixe,
Pire DL Ronnaravs.
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