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This invention relates to optical objectives for
photographic or like purposes, comprising two or
more divergent elements and two or more con-
vergent elements, and corrected for spherical and
chromatic aberrations, coma, astigmatism, cur-
vature of fleld and distortion, and having small
zonal spherical aberration.

It is well-known to provide paraxial chromatic
correction in a doublet in respect of two colours,
for example red and green, by the use of an ap-
propriate combination of crown and flint glass,
but owning to the different relative partial dis-
persions of the two kinds of glass the correction
does not extend throughout the spectrum, and
there is a residual coiour aberration known as
secondary spectrum. Reasonably good.correc-
tion can be obtained in the well-known triplet ob-
jective, which however does not provide correc-
tion for field curvature or astigmatism.

The present invention has for its object to pro-
vide good correction for secondary spectrum in
a photographic or like objective having small
zonal spherical aberration without sacrificing
correction for astigmatism, field curvature and
distortion.

The necessary conditions can be expressed
mathematically as follows. If fp and mp are re-
spectively the focal length and the magnification
of a lens element p having refractive indices

nc, N, Ne, UF, Ng respectively for the lines CDeFg -

Abbé ¥V number
( nn—l
—-np—nc
and relative partial dispersion
( n,—n,
_‘np"—'?'l,(‘
then good secondary spectrum correction is ob-
tained if

and

4

for all the elements of the objective. It should

be made clear that the magnification mp, herein
referred to, may be defined as being equal to the
ratio hp/hy, where hp and A1 are respectivelv the
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ordinates of the points of intersection with the
lens element p and with the first lens element of
a paraxial ray of the wavelength of the D-line
through the conjugate points for which the ob-
jective is corrected.

In the objective of the above kind forming the
subject of the present applicants, concurrent
United States patent application Serial Number
493,275, one of the divergent elements is made
of a crystalline alum and is cemented between
two convergent elements of optical glass. In par-
ticular, such application describes and claims the
use of a crystalline alum of the double sulphate
class and especially potash alum and sodium
alum for the said divergent element.

In the objective according to the present in-
vention, one of the divergent elements is made
of a crystalline alum of the double selenate class,
and is cemented between two convergent ele-
ments of optical glass. Such alum may consist
of potash selenium alum, for which. the formula
is K2Se04.Al2(Se04) 3.24H20.

The two convergent elements cemented to the
alum crystal element are preferably made of
glasses whose mean refractive indices differ from
that of the crystal by more than .1 and less than
.25, whilst the Abbé V numbers of the glasses
used for all the convergent elements lie between
45 and 62. Dense flint glass is preferably used
for one of the divergent elements,

The obective may be arranged in various ways,
but conveniently has either its front component
or its rear component convergent and of ce--
mented triplet construction including the crys-
talline alum element as its middle element. Thus
the objective may consist of a simple divergent
component located between two convergent com-

" ponents, of which one is simple and the other
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is of cemented triplet construction. In such ob-
jective dense flint glass is preferably used for
the simple divergent middle component,

The accompanying drawing illustrates one ex-
ample of objective according to the invention,
and numerical data for this example are given
in the following table in which R1 Rt . . . repre-
sent the radii of curvature of the individual lens
surfaces counting from the front (that is the side
cf the longer conjugate), the positive sign indi-
cating that the surface is convex to the front
and the negative sign that it is concave thereto,
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D1, D2 ... represent the axial thicknesses of
the individual lens elements, and Si, Sz represent
the axisl lengths of the airgaps between the com-
ponents. The table also gives the mean refrac-
tive indices np for the D-line, the Abbé V num-
bers and the relative partial dispersions ¢ for the
intervals (e to ¢)/(C to F) of the glasses or
crystals ‘used for the individual elements.

Equivalent focal length 1.000  Relative Aperture ¥/2.8
| |Thickness of | gt Abbs v | Relative
Radiug’ Air Separa- elractive Partial
tion Index n» | number Dispersion

Ri+. 5197

Dy .0792 1,813 55.7 1.010
Ry—. 9562

Dy .0198 1.4801 50.5 1.00
Ru-. 2480

Dy .0801 1.613 53.3 1.016
Rit+2.520

Sy .0398
Ry—~. 6452

D¢ .0248 1.621 36.1 1.052
Rst-. 3911 ’

Sy L0081
Rr4-1. 548

Ds 0504 1.613 55.7 1.010
Ry—.4743

The objective in this example consists of three
gamponents, of which the first is a convergent
triplet, the second is divergent and simple, and
the third is convergent and simple. The diver-
gent middle element of the front component is
made of potash selenium alum and the two con-
vergent elements cemented to it are both made
of crown glass.  The convergent rear component
is also made of crown glass, whilst the divergent
middle component is made of dense flint glass.

It will be appreciated that the above arrange-

ment has been described by way of example only

and may be modified in various ways within the

scope of the invention. .

" What we claim as our invention and desire to
secure by Letters Patent is:

1. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
fleld curvature and distortion, and comprising
three components in axial alignment of which
the front and rear components are convergent
and the middle component divergent, one of the
convergent components being of cemented triplet
construction having a focal length between .5 and
7 times the focal length of the complete ob-
jective, such tripiet component consisting of a
double-concave middle element made of crys-
talline alum of the double selenate class having
the formula R2Se0:.Alz(SeOs)3 with water of
crystallization, wherein R represents & mono-
valent metal or monvalent radical, and two con-
vergent elements between which said middle ele-
ment is cemented, the algebraic sum of the cur-
vatures of the two cemented surfaces lying be-
tween 2 and 4 times the reciprocal of the focal
length of the whole triplet component, one ce-
mented surface having a radius of curvature
more than twice that of the other cemented sur-
face. .

2. An opticel objective as claimed in claim 1, in
which the two convergent elements cemented to
the crystal element are made of glasses whose
mean refractive indices differ from that of the
crystal by more than .1 and less than .25, the
Abbé V numbers of the glasses used for the con-
vergent elements of the objective lying between
45 and 62.

3. An optical objective, corrected for spherical

and chromatic aberrations, coma, astigmatism, 7
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fleld curvature and distortion, and com;'rising
three components in axial slignment of which
the front and rear components are convergent
and the middle component divergent, one of the
convergent components being of cemented triplet
construction having a focal length between .5 and
77 times the focal length of the complete objective,
such triplet component consisting of a double-
concave middle element made of crystalline
potash selenium salum having the formula
K3Se04.Al2(Se04) 3.24H3:0 and two convergent ele~
ments of optical glass between which said middle
element is cemented, the algebraic sum of the
curvatures of the two cemented surfaces lying
between 2 and 4 times the reciprocal of the focal
length of the whole triplet component, one ce-
mented surface having a radius of curvature
more than twice that of the other cemented sur-
face, .

" 4, An optical objective as claimed in claim 3, in
which the two convergent elements cemented to
the crystal element are made of glasses whose
mean refractive indices differ from that of the
crystal by more than .1 and less than .25, the
Abbé V numbers of the glasses used for the con-
vergent elements of the objective lying between
45 and 62. )

5. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising a
meniscus-shaped convergent front component of
cemented triplet construction having its outer
surfaces convex to the front and having a focal
length between .5 and .7 times that of the com-
plete objective, a convergent simple rear com=-
ponent, and g divergent simple middle component
made of dense flint glass, the triplet front com-
ponent consisting of a double-concave middle ele-
ment made of a .crystalline alum of the double
selenate class having the formula

R2Se04+.Al2(8e04)3

with water of crystallization, wherein R repre-
sents a monovalent metal or monovalent radical,
and two convergent elements between which sald
middle element is cemented, the algebraic sum
of the curvatures of the two cemented surfaces
lying between 2 and 4 times the reciprocal of the
focal length of the whole triplet component, one
cemented surface having a radius of curvature
more than twice that of the other cemented sur-
face, the three convergent elements being made
of glasses having Abbé V numbers between 45 and
62 and mean refractive indices between 1.59
and 1.75.

6. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising a
meniscus-shaped convergent front component of
cemented triplet construction having its outer
surfaces convex to the front and having a focal
length between .5 and .7 times that of the com-
plete objective, a convergent simple rear com-
ponent, and a divergent simple middle com-
ponent made of dense flint glass, the triplet front
component consisting of a double-concave middle
element made of crystalline potash selenium alum
having the formula K2SeO+.Al2(Se04)3.24H20 and
two convergent elements between which said mid-
dle element is cemented, the algebraic sum of the
curvatures of the two cemented surfaces lying
between 2 and 4 times the reciprocal of the focal
length of the whole triplet component, one ce-
mented surface having a radius of curvature more
than twice that of the other cemented surface,
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the three convergent elements being made of
glasses having Abbé V numbers between 45 and
62 and mean refractive indices between 1.59
and 1.75.

7. A triplet lens component, comprising a 5

double-concave middle element made of a crys-
talline alum of the double selenate class having
the formula R2Se04.Ala(Se0Os)3 with water of
crystallization, wherein R represents a mono-
valent metal or monvalent radical, and two con-
vergent elements of optical glass between which
said middle element is cemented, the algebraic
sum of the curvatures of the {wo cemented sur-
faces lying between 2 and 4 times the reciprocal
of the focal length of the whole triplet com-
ponent, one cemented surface having s radius of

curvature more than twice that of the other

.cemented surface.

2. A triplet lens component, comprising a
double-concave middle’ element made of crys=
talline potash selenium alum having the formula
Ko8e04.Al2(8e04)3.24H0 and two convergent
elements of optical glass between which said mid-
dle element is cemented, the algebraic sum of the
curvatures of the two cemented surfaces lying
between 2 and 4 times the reciprocal of the focal
length of the whole triplet component, one ce-
mented surface having a radius of curvature
more than twice that of the other cemented sur-
face, I B

9. A triplet lens component, comprising a
double-concave middle element made of a crys-
talline alum of the double selenate class having
the formula ReSeOs.Al2(SeGs); with water of
crystallization, wherein R represents a mono-
valent metal or monvalent radical, cemented be-
tween two convergent elements made of glasses
whose mean refractive indices differ from that of
the crystal by more than .1 and less than .25 and
whose Abbé V numbers lie between 45 and 62, the
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algebraic sum of the curvatures of the two ce- -

mented surfaces lying between 2.and 4 times the
reciprocal of the focal length of the whole triplet
component, one cemented surface having a radius
of curvature more than twice that of the other
cemented surface. )

10. A triplet lens component, comprising a
double-concave middle element made of crys-
talline potash selenium alum having the formula
1228e0s Al2(Se04) 3.24H20 cemented between two
convergent elements made of glasses whose mean
refractive indices differ from that of the erystal
by more than .1 and less than .25 and whose Abbé
¥ numbers lie between 45 and 62, the algebraic

sum of the curvstures of the two cemented sur-

45

50

55

faces lylng between 2 and 4 times the reciprocal
of the focal length of the whole triplet com-
ponent, one cemented surface having a radius of
curvature more than twice that of the other
cemented surface.

11. An optical objective having numerical data
substantially as set forth in the following table:

Equivalent focal length 1.000 ~ Relative Aperture F/2.8
. Thickness or i i Relative
: Refractive | Abb& V ;
Radius Alir Separa- |- Partiak
e tion Indexmp | number | pyjgnersion
Ri+. 5197 . -
Dy 0792 1.613 56.7 1.010
Ry—. 9562 B . S
Dy 0198 1.4801 50.5 1.00
R34 2480
- D; .0891 1.613 8.3 1.016
s Re42.520. o
S .039%6
Rs—. 6452
Dy 0248 1.621 36.1 1.052
Ret. 3911
83 .0981
Ry+1. 548 .
Ds 0584 1.613 55.7 1.010
Rg—-. 4743

In which Ri, Rz . . . represent the radil of cur-
vature of the individual lens surfaces counting
from the front (that is the side of. the longer.
conjugate), the positive sign indicating that:

’3") the surface is convex to the Iront and the meg-

ative sign that it is concave thereto; D; e e
represent the axial thicknesses of the individual
lens elements, and Si, Sz represent the axial -

“lengths of the air gaps between the components.

ARTHUR WARMISHAM. & .
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