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PHOTOGRAPHIC OBJECTIVE:

SPECIFICATION forming part of Letters Patont No. 860,202, dated October 28, 1900, |
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To all whom it may concern: g

Be it known that I, PAuL. RUDOLPH, doctor
of philosophy, a subject of the Duke of Saxe-
Altenburs, residing at Jena, in the Grand
Duchy of Saxe - Weimar- Eisenach, German
Empire, have invented a new and useful Pho-
tographic Objective, of which the following
is a specification. . - R

The photographic objective hereinafter de-
‘seribed has been devised for purposes which
require a large aperture and an anastigmat-
ically-flattened field foracomparatively large
angle. The advantage of this objective as

- compared v th combinations hitherto known

for similar purposes—for instance, the objec-
tives described in Patent No. 444,714 and-like
anastigmaticconstructions—isthat the choice
of glasses is hardly limited and less lenses
are necessary 10 obtain good spherical correc-
tion even in types of high aperture. This
double advantage of the new objective is due
to the use of two pairs of glass surfaces, each
pair consisting of two surfaces which face
one another—that is to say, which belong to
two consecutive lenses and are separated by
an air-space, but not by the diaphragm of the
system, and the powers of both pairs being
of opposite sign. . o S
If 7, and n2 be the refractive indices of the
two consecutive lenses and 7 and 7, the radii
of curvature of the glass surfaces facing one
another, the power of sach a pair of sarfaces
isgiven by
a1y =l
P1.2 = +E

" the axial thickness of the air-space between

40

5 583,330, relating 1o the so-called

both “facing” surfaces being supposed to be
negligible. . ‘ , »
There exist already several photographic
objectives having two pairs of facing glass
surfaces separated by air; but the powers of
these pairs are both positive or both negative.
It may be inferred from Fig. 3 of Patent No.
‘““Planar,”

"~ that the two pairs of facing glass surfaces are

50

the surfaces 7, 7o and 7, 7, of the lenses Lq L,
and L, I respectively. The sign of the
power of éach pairis positive. Another con-
struction of this kind has been deseribed in

the English specification No. 12,859, A. D.

1898. This ojective is composed of four sep- -

arate parts and contains, according to. the
data given in M. von Rohr’s Theorie und

- Geschichte des Photographischen Objectivs,
(Theory and History of the Photographic Qb-

jective,) p. 392, two pairs of facing glass
surfaces, each of which pairs has a negative
power. IR ‘

The effect of combining two pairs of fac-
ing surfaces of .opposite power i3 similar to
the result obtained in the objective described

55

60.

in Patent No. 444,714 by the opposite sign -

preseribed for the difference between the re-
fractive indices of the crown ard flint lenses
in the cemented components of a doublet.
The pairs of facing surfaces produce, in ac-
cordance with the signs of their powers, as-
tigmatic differences of opposite character, 8o
that in addifion to spherical correction of
the whole system and fiattening of the image
astigmatism may fully be corrected. In the
farier objective the maximum difference of
the refractive indices of the lenses cemented
together was (with regard to practical usefal-
ness of the glasses) 1.63—1.50=10.13. Inthe
present objective,
the refractive indices belonging to each of

‘the facing glass surfaces will amount to 1.50—

1.00 = 0.50 even in the most unfavorable case.

however, ihe difference of -

75

It is further to be considered that when the '

present objective -has the same number of

lenses as the former its number of elements -

available for correction is increased, 8o that
the present objective when consisting of four

lenses presents & surplus of two radii and two

air-spaces. L .

From the foregoing it will be understood
that the adoption of the new type of objective
will ‘résult either in larger apertures, the

' spherical corrections remaining of the same

quality, or, when the apertures are unaitered,
in improved spherieal corrections.

Besides the two pairs of facing glass sur-
faces of opposite sign the well-known weans
of correction may be employed at will, and in
consequence thereof the new objective may
consist Jf single lenses as well as of cemented-
lens systems. - Moreover, it is an essential

feature of the invention that the selection of

L~ .
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‘the surfaces 7 75 of the lenses L, L.
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kinds of glass is nearly nnlimited, so that
glasses which diminish the secondary spec-
trum may be used, although their ‘optical
roperties vary in very narrow limits only..
The features of the invention may be real-
jzed eitherin‘ simple objecti ves” (cbjectives
having the diaphragm behind or in front of
them)or in ** doublets,” (objectives in which
the diaphragm is placed within the systew.)
In the annexed drawings, Figure 1 repre-
sents a simple objective constructed accord-
ing to the invention. Fig. 2 répresents. &
doublet, one of the two components of which
is construeted according to the invention.
Fig. 3 represents & doublet constructed ac-
cording to the invention. Fig. 4 represents
another doublet constructed according to the
invention. Fig. 5 represenis a third doublet
consbrueled according to the invention. -
The most primitive simple objective con-
sists of three singlé lenses L; L, Ly, placed
geparately, a8 shown in Fig. 1. One pair of
facing glass surfaces is formed by the sur-
faces 1, 130f thelenses L, L,and the other by
For
each of the single ‘elements L, L, L; a com-
pound-lens or & non-cemented -lens gystem
may be substituted, wheveby the construction
of the simple objective becomes more or less
complicated.. Such a simple objective may
also advantageously be used as a component
of unsymmetrical as well as hemior holo sym-
metrical doublets. The most primitive kind
of an unsymmetrical doublet, acomponent of
which is a simple objective construected ac-
cording to the invention, is shown in Fig. 2.
1t consists of four lenses L, L, L, L, the back
component L,4+-Ly+ Ly beiug the simple ob-
jective shown in Fig. 1; butit will be under-
stood that the ‘simple objective may also be
used as the front compouent of the doublet.
The most primitive doublet, which in its
totality is constg‘uqted according to the in-
vention, has two leuses in front of the dia-
phragm and two lenses behind it, a8 gshown
in Fig. 3, the two pairs of facing surfaces be-
ing placed on differentsides of thediaphragm.
The surfaces 7, 7s of the lenses L, L, form the
one pair Having positive power and the sur-
faces 7y 7, Of the lenses I, L, the other pair
having negative power. The lenses Ly L; Ly

1,, may be single lenses, as shown, or com-.| .

pound lenses. It will be preferable to sub-
stitute compound for some of the single
lenses either for the purpose of remaining

within certainlimitsas to the choice of glasses |

or for obtaining certain effects as regards the
correction of chromatic or spherical aberra-
tions. Acecording tothe particular purposes
of each doublet the elements of such a com-

osite lensmay be made of glasses having the
same refraction ‘and different dispersion or
the same dispersion and different refraction
or different refraction and different disper-

- 65 sion. .

In Fig. 4 a more complicated doublet is

=]

. ainple

shown, which has been developed from the
doublet represented in Fig. 3 by substitut-
ing two clements L, and L', éemented to-
oether for the lens Ly Example 3; given be-
low and ghowing detailed data of econstrue-.
tion, refers to the same, Fig. 4. In this ex-
I, and Ly’ are around from glasses
having the same refraction but different dis-
persion, so as to chromatically correct the
whole system. ' :
Finally, in Fig. 5 a eoustruction is repre-
sented in which for the lens I, of Fig. 3 &
compound consisting of L, and L, has been
substituted. In the Example 4, which gives
detailed data of construction in reference to
Fig. 5, glasses of different dispersion an
ferentrefraction have been selected, by means
of which the chromatic correction as well as
the diminution of the spherical zones are ob-
tained. ) :

In the following numerical examples of ob-
jectives construct od accordicg to the inven-
tion the letters Ly 1, denote tho lenses; d,d;
their axial thicknesses; 7y Ta the radii of cur-
vature of their spherical surfaces; b, b,, the
distances between the diaphragm and the ad-
jacent lens vertices; 1y Iy, the axial thick-
nesses of the air-spaces between two lenses,
(thedistances between twolenses.) The radii,
thicknesses, diameters, and distances are éx-
pressed by proportional numbers, the unity

jective.
bers with the focal length required in each
case the data of construction for any objee-
tive wanted will be obtainad. Thu different
kinds of glassare determined by their refrac-
tive indices mp, my, and fiay, velating to the
D-line and the F-line-of the golar spectrum
and to the Hy-line of the hydrogen spectrum,
respectively. The value of )A.n

—

D
the relative dispersive power of the kind of
glass, Aon being given for the interval be-

tween D and Hy, whereas by the quotients
M=ty |
Ng—n

and -
L bt
Ngy—Nn

the increase of the dispersion in the consid-
ared interval i8 shown. .

Example 1, Fig. 1: Spherically and chro-
mat:cally corrected simple objective in whie
the anastigmatic flatness of the field is nearly

obtained: The objective consists of three
single lenses L, L; Ls of which I, is & dis-
persing-lens, while I, and I are collective
jenses. . Thetwo pairsof facing glasssurfaces

and 7, rsof the leuses I,is. The focal length

ijsl. The highestrelative wperture available
is 0.125. . |

a dif- .

of which is the facal length of the entire ob- .
By simply multiplying these num-

indicates .
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consist of the surfaces: 7, of the lenses L; Iy
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S ges Thicknesses and
Radii. distances.
r=—0.145 © b;=0.015
- ry=—0.967 d,=0.007-
3 ro==—0.339 1'=0.010
. p=—0.189 d,=0.015
r=—2.418" 1, =0.005
r=—0214 .  dy=0.019
Lot - ' Kinds of Glass.
- 5 PR L.
7p 1,57740 1.51790 1.61232
ne 158734 1.52396  1.61996
, NGy ‘1.69571 1.52834 1.62614
15 Ln e : U
' Py _i 0.03171 0.02112 0.02257
D Tt .
2R 0548 1 0.554 . 0553
. P CRRSC AN
20 - PoTRet Gus7 0,446 0447

Powers of the .Pa;rs of Facing Surfaces fc;r 'np

= 057740, 0.51790_ 4 037 =
PO = X =% 0881
o a._ 0.51790 , 0.61232 _ N
92.8=— 5ot s~ T24%7

Example 2, Fig. 3: Spherically and chro-

o matically corrected doublet having an anas-.
tigmatically - flattened . field: The objective

. eonsists of foursingle lenses I, L, L, I.,, L;and
L, being collective lenses and L, and L, dis-
persive lenses. . The two pairs of facing glass

' 35 surfaces consist of the snrfaces r, r3 of the {.

lenses I, I, and ¢ 7 of the lenses Ly L,. The
foecal length is'1.  Fhe highest relative aper-
ture available is 0.166.

Thiclgnesses and

" “Example 3, Fig. 4: Spherically and chro-
matically corrected doublet having au anas-

tigmatically-flattened field and a diminished 70 “

secondary spectrum: The objective consists

of five lenses L, L, L,’ Ly" L, of which Ls'and
1., are cemented together. I, and L, are col-
lective Jenses. L,and L,-+L;" are dispersive.
lenses. ‘Thetwo pairs of facing surfaces con- 7§
sist of the surfaces 7, 7, of the lenses L, L,and .
7 7 of the lenses Iy L,. - The diaphragn is
located between the lenses L, and L,. The
focal distance iz I. . The highest relative ap-
erture available is 0.166.- -

40 Radqt. dista )
y=40.207 =0.035
rp=—1.174 1, =0.021

C rg=—0.463 =0.014
| 7y=+40.211 b, =0.021

45 r;=—0.345 b,=0.021
ro=—0.463 d,=0.014
ry=—1.726 . 1, =0.001

| r=—0.814 d,=0.035
50 ' Kinds of Glass. -
L. L. L L
np 159119 1.57970 1.51147 1.61091
ne - 1.59800 1.58953 1.51710 1.61852
o T L6034 1.59779° 1.52159 1.62469
SO% 02072 0.03120 0.01979 0.02226
n N .
np—’"/u - ~," -
o 0.550 0..544 0.55  0.552
6o M= g 444 " 0457 0444  0.448
'n(;!_nn .
' Powers of the Pairs of Facing Surfaces for ny.
~0.59119 , 0.57970
Bl e Y = 0,749
6 7’” 11787 —0.463 0.74
0.51147 , 0.61091
A= 001187 , 001090 — 1 0,746
Pod=——gaet=imms T

. Thicknesses and. .~
. Radu. distan C‘ s, .
ry=-0.194 - d, =0.032

T ry=-—0.971 : =0.016 " 8g
ry=—0.421 =0.018
r,.=-+0.194 b, =0.019
| rg=—0.485 b, —=C.019
rei=40.142 dy =0.010 :

= Q0 dg"=0.029 . g9
re=-+1.618 , 3 =0.001

) 'r’=_0.314 . 7 =0.016

Kinds of Qlass.

L1=L’"o Lg:L‘,c . L‘- 95
ny,  1.52655 1.52149 1.61210 -
ny  1.53259 1.52859 1.61045 :

me, 153747 1.53436 1.62539 -
A% . 0.02074. 0.02468 0.02171 108
np—1 L

D= 553 0.552 - 0553 |

Mg —7Np

To=Mr 0447  0.448 0.447

Ngy—MNp _ , 108

Powers of the Pairs of Facing Surfacesfornp. -
o 0.52655, 0.52149 _ ¢
Ple=—"gunt a1 059
_ - ,0.61210 e
@3.4= 0 =ipre-—+0.878 ,

Example. 4, Fig. 5: Sphérically and chro-
matically corrected doublet having an anas-

tigmatically - flattered field: The objective 11§ .

consists of three collectivelenses L, Ly L, -+ L,"

and a dispersive lens L,.  The two pairs of
facing glass surfaces consist of the surfaces .
7,75 0f the lenses I, L, and 7¢ 7, of the lenses
L,1,. Thediaphragm is placed between the 120

lenses L,and L, - The focal length is 1. - The .
-highest relative aperture available is 0.25.

.. " Thicknesses and
Badii. distances.

ry=10.281 d, =0.047

r,=—1.874 1, =0.023

rom —0.628 d, =0.019

r,=-+0.286 b, =0.038

ry=—0.469 b, =0.038,
ro=—0.422 dy =0.019

7y=—2.343 by, =000 i

ry=+0.506 - -~ d/ =001~ .
S ry=-0.506 d;'=0.033 ;

L2 Ay l"
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Kz’fnd‘é of Glass. - 1o seoﬁre by Letbérti Datent of the United :
L S vy 1+ .iStates, is— .= . o _ .
Li=L" Ly=Le=L. _ A'sf)her_icall_y and chromatically corrected ;
S np  1.61091 157311 . . |gbjectiva having an anastigmeztically - flat- 25
5 ny  1.61852  L.58264 tened field and consisting of at least threesep-
1.62469 1.52063 : ; sha : -
) : . Zﬂ;l * s - | arate lenses 8o as to include at least two air-
: - : { - | spaces,in which objective twoof theairspaces
Cmp—1 0'02256_ : 0 03057 : are sefyarated from the diaphragm éach by at
Ne—"Np 0.552 0.544 Co least one lens and confined ore by a pair of 3¢
10 Ng,—~Np e : - | glass surfaces the power of which is positive

‘ ; - : and the other by & pair of glass surfaces the

;; Py 0.448 0456 o povyg;(i)f which is negative; essentially as de:
_ _ . ) ‘ . - | seribed. AR o :

Povers of the Pairsof Facing Surfaces for np: In testimony whereof I have hereunto set 35

B s B

i ' 15 _ T 001 o my hand in the presence of two subscribing
: " _ ¢1.2=—Eﬁlggi+&%72;é; —0.586 witnesses. ' S
| 0.57311 , 0.57311 : - PAUL RUDOLFH. ..
ga.am— 2 =111 Witnesses: . S -
o T S PAUL TRICHMANN,
What I elaim as my invention, and desire LINA JARZ.
i
1 :
i : -
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