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To all whom it may concern :

Be it known that I, Wrrrram BieLicke, a
subject of the German Emperor, residing at
Rochester, in the county of Monroe, State
of New York, have invented certain new
and useful - Improvements in Objective-
Lenses; and I do declare the following to be
a full, clear, and exact description of the
same, reference being had to the accompany-
ing drawings, forming a part of this specifi-
cation, and to the characters of reference
marked thereon. .

My invention relates to objective lenses

and more particularly relates. to photo- .

graphic lens systems known as telephoto ob-
jectives or lenses.

A characteristic feature of telephoto ob-
jective lenses is that the image distance,
which is the distance from the vertex of the
rear surface of the rear lens member to
the focal point, is considerably shorter
than the equivalent focus of the lens system
comprising the telephoto lens.
if we apply a telephoto objective to a camera
adapted to employ an objective of the usual
type, having an image distance that is ap-
proximately equal to. its equivalent focal
length, the result will be greater magnifica-
tion or a larger image, without any change
in the camera excepting the substitution of

“a telephoto lens for an ordinary lens.

Known forms of telephoto lenses usually
comprise two members, namely: a positive
member consisting of a plurality of lens ele-
ments that are cemented together, which
member is arranged to receive light, and a
negative member consisting of a plurality of
lens elements that ate cemented together,
which negative member is arranged behind
the positive lens in spaced relation thereto
and 1n' the path of light transmitted by the

" positive member.

Objects of my invention are to-provide a

~ telephoto objective of shorter length, hav-

45

ing shallow curves, greater freedom from
distortion and employing thinner lens ele-
ments than telephoto lenses of the same ap-

~ erture heretofore known, and to provide a
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lens that is lighter in weight and easier
and cheaper to manufacture than known
forms of telephoto lenses.’

To these and other ends my invention
consists in an objective comprising three
members, namely: a front member which
is a positive lens composed of a plurality

Therefore,”

of lens elements cemented together and
which member is arranged in a position in
which it is adapted to receive light; an in-
termediate member which is a single nega-
tive lens arranged in the path of light trans-
mitted by the front positive member, with a
comparatively large air space separating it
from the front member; and a rear member
-consisting of a single positive lens arranged
in the path of light transmitted by the inter-
mediate member with a comparatively small
air space separating it from the intermediate
member.

In the accompanying drawings I have
shown the lens system of a telephoto objec-
tive constituting an embodiment of my in-
vention. .In this figure the light is pre-
sumed to be incident on the extreme left
hand surface R, of the front member I—IT
and to pass from left to right through the

intermediate member IIT and the rear mem-

ber TV.

The front member -I—II of a telephoto
lens system made in accordance with my
invention, is a compound positive lens com-
prising a negative‘ meniscus lens I, to the
concave surface R, of which is cemented the

convex surface.R, of a positive meniscus

lens II and ‘the focal length of this com-
pound lens is preferably five tenths of the
focal length of the combined lens -gystem.

The negative meniscus lens I, is made of

glass having a higher refractive index and
a greater dispersive power than the glass
of which the positive meniscus Iens is made.
By cementing the lenses I—1II -together as
shown, a dispersive surface is obtained .at
R, which corrects the spherical and éhro-
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matic aberration to such a degree ag bo com- -

pensate for the aberrations inherent in the
negative member 11T and the positive mem-
ber IV. The resulting compound lens has an
entrance surface R, upon which light from
the object to be imaged by the lens system
is incident, and am exit surface R, from
which the light transmitted by the lens
emerges. The meniscus form of this front
member insures minimum astigmatic aber-
ration.

In order to obtain a relatively short image
distance I employ for the intermediate mem-
ber, a relatively strong negative lens III

having a focal length amounting to approxi- -

mately two tenths of the combined focal
length of the lens system. This negative
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lens IIT, I place behind and co-axial with
the front member I—II, at a considerable
distance therefrom, as indicated by the sum
of the dimensions S, and S,, which I term
the greater air space. The negative lens
member I1T being in the path of light trans-
mitted by the front positive member T—IT
and being of stronger power than said posi-

tive member, causes the light rays that ema- -

nate from the latter as convergent light rays
to diverge after passing through said nega-
tive lens II1. The surface R, of the nega-
tive lens TII is the entrance surface and the
surface R, thereof is its exit surface. By
making the negative member ITI of a glass
having a refractive index of not less than
1.60 T am enabled to use comparatively shal-
low curves for the surfaces R, and R; and
thus reduce the zonal aberration of the nega-
tive member IIT to a minimum. With a
lens system consisting of a combination of
a positive lens I—IT and a negative lens 111
arranged as shown and hereinabove de-
scribed, a negative focal length is obtained.
This negative focal length should be, nu-
merically, equal to or about equal to the
focal length of the combined system.

The resultant positive focal length which
is necessary to form a real image I obtain
by placing a third member IV, consisting of
a positive lens having a focal length amount-
ing to about three tenths of the focal length
of the combined system, in position in the
path of light emerging from the negative
member ITI whereby the positive member I'V
is coaxial with the members I—II and III
and disposed in spaced relation with the

negative member IIT on that side of said

negative member opposite the side on which
the positive member I—ITI is arranged. The
lesser air space S, which separates the posi-
tive member IV from the intermediate or
negative member IIT is the means of reduc-
ing the error of distortion to a minimum,
the reduction of this error in fact being
greater than has heretofore been possi-
ble in any telephoto lens. By moving the
positive member IV near the negative mem-
ber III a pin-cushion shaped distortion is
obtained and by moving it farther away
from said negative member, barrel shaped
distortion results. This result is caused by
the different refractive power of the single
positive lens in its different zones: Thus, the
farther from the optical axis that a ray
which passes through the center of the dia-
phragm, traverses the positive lens, the
stronger will this ray be diverted from its
course toward the optical axis. It is essen-
tial that the lens IV be made of a glass of
higher refractive index and greater dis-
persive power than the glass of which the
negative member IIT is made in order to
obtain a flat field and chromatic correction.

The diaphragm indicated by D in the draw-
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ing is placed as shown at a distance S, from
the rear vertex of the composite lens I—II.

The data for making a lens system ac-
cording to my invention and as shown in
the drawing, to produce a telephoto objec-
tive having a focal length of 305 mm. and
an aperture of F:6.8 is as follows:

Lens. Curvature. a?xlclllggcees; Mo Nar v
Ri= + 65.1 .
§ SUUUURRURUS R © 8 Ja 2.7 Losst|L.677 ) 33.8
=+ 38.3 "
s PSSO (Rt 380 J 85| Lo | L6 | 58
S 1.0
o gaphs 3
4= — 99.
15 PO B oo 21| vos | Lo | 8.7
Remt st A NS 4
o= + 84. .
IV ceenaes (Ro= e Yoo 42| Loss|LemeT| 3.8

The characters R, to R, inclusive indicate
the curvatures of the lenses as shown in the
drawings from left to right respectively;
thus the two surfaces of the lens I, are indi-
cated by R, and R,; those of lens IT by R,
and R, ; those of the lens III, by R, and Ry;
and those of the lens IV by R, and R,. The
light is presumed to'be incident from the
left and to travel from left to right, and all
curves that are convex toward the incident
light are positive and those that are con-
cave toward the incident light are negative.

The character S with its sub-numerals 1,
9, and 3 indicates the axial dimensions of
the various air spaces. Thus S, is the dis-
tance from the rear vertex of .ae lens I—IT
to the plane of the diaphragm and S, is the
distance from the plane of the diaphragm to
the front vertex of the lens member IIL.
Thus S, plus S, equals the axial length of
the greater air space or the separation be-
tween the members I—IT and IIT and S; is
the axial length of the lesser air space or the
separation between the members IIT and IV.

The characters np and ng, respectively, de-
note the refractive indexes, for the D line
and for the G’ line of the spectrum, of the
glasses of which the lenses I, IT, IIT and IV
are made.

The character v denotes the relative dis-
persion of the glass of which each lens is
ma(lie and is generally expressed by the for-
mula:

yo =1
Np—T¢

Like characters of reference appearing in
the above table and in the drawing refer to
the same data.

Having thus described my invention, what
T claim and desire to secure by Letters: Pat-
ent of the United States is:

1. In an objective lens system having an
image distance of short length relatively to
the equivalent focal length thereof, the com-
bination of a compound positive meniscus
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front lens having a convex entrance surface
and a dispersive surface formed by cement-
ing the concave surface of a negative menis-
cus component to the convex surface of a
positive meniscus component having a lower
refractive index and a lower dispersive
power than said negative component, a nega-
tive intermediate lens arranged in the path
of light transmitted by the front lens and
separated therefrom by a greater air space,

and a positive lens arrangéd in the path of -

- light transmitted jointly by the front lens
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" bination of a compound positive front lens

and the intermediate lens and separated
from the adjacent surface of the latter by a
lesser air space. :

2. In_an objective lens system having an
image distance of short length relatively to
the equivalent focal length thereof, the com-
bination with a compound meniscus front
lens, of a negative lens made of a glass hav-
ing a refractive index of not less than 1.60
arranged in the path of light transmitted
by said front lens and separated therefrom
by a greater air space, and a positive lens
made of a glass having a higher refractive
index and a greater dispersive power than
the negative lens, arranged in the path of
light transmitted jointly by the front lens
and the negative lens, and separated from
the adjacent surface of the latter by a lesser
air space.

3. In an objective lens system having an
image distance of short length relatively to
the equivalent focal length thereof, the com-

k<]

having a focal length not greater than five
tenths of the equivalent focal length of the
combined lens system, a negative intermedi-
ate lens having a focal length not greater
than two tenths of the said focal length ar-
ranged in spaced relation to the front lens

~and in the path of light transmitted there-

by, and a positive lens having a focal length
not greater than three tenths of said equiva-
lent focal length arranged behind the inter-
mediate lens in spaced relation thereto and
in the path of light transmitted jointly by
the forward and intermediate lenses.

4. In an objective lens system having an
image distance of short length relatively to
the equivalent focal length thereof, the com-
bination of a compound positive front lens
having a focal length not greater than five
tenths of the equivalent focal length of the
combined lens system, a negative intermedi-
ate lens having a focal length not greater
than two tenths of said equivalent focal
length arranged in the path of light trans-
mitted by the.front lens and separated there-
from by a greater air space, and a positive &
lens having a focal length not greater than
three tenths of said equivalent focal length
arranged in the path of light transmitted
jointly by the front lens and the intermedi-
ate lens and separated from the adjacent ¢
surface of the latter by a lesser air space.

WILLIAM BIELICKE.

Witnesses:

Wiriam G. WoopworrH,
George A, Pags.
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