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This invention relates to an optical objective of
the kind forming the subject of the present ap-
plicants’ copending U. S. patent application Serial
No. 423,118, filed December 15, 1941 and which
has now become United States Patent No.
2,319,171, The invention of such prior applica-
tion relates to optical objectives for photographic
or like purposes, comprising two or more divergent
elements and two or more convergent elements,
and corrected for spherical and chromatic aber-
rations, coma, astigmatism, curvature of field and
distortion, and having small zonal spherical aber-
ration, and has for its object to provide good cor-
rection for secondary spectrum without sacri-
ficing correction for astigmatism field curvature
and distortion.

‘This object is achieved according to the inven-
tion of the prior application by employing an
alkaline halide crystal for one of its. divergent
elements and optical glass for the remaining ele-
ments, the objective approximately fulﬁlling the
two equations
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wherein mp, fp, Vp and 8p respectively represent
the magnification, the focal length, the Abbe V
number and the relative partial dispersion of an
element p of the. objective, and the symbol =
indicates algebraical summation of the expres-
sions 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/h1, where hp and ki are respectively
the ordinates of the point of intersection with

the lens element p and with the first lens element

of a paraxial ray of the wave-length of the

D-line through the conjugate points for which -

the objective is corrected, and also that Vp and 6p
have their usual significance, namely

np—1 Ng=—Ng
and 6,=
np—"nc >

= Rg—Rs
Vs np—nc

where 7o, 7o, ne, nr and ng are .respectively
the refractive indices of the element p for
the lines C, D, e, F and ¢. The prior appli-
cation describes and claims more especially the
application of this invention to objectives of the
kind having two compound divergent components
located between two simple convergent compo-
nents and each comprising a divergent element
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compounded with a convergent element. In sucl 58

_individual components.

objectives, preferably, one divergent element is
made of an alkaline halide crystal and the other
of dense flint glass and at least one of the con-
vergent elements is made of a glass having an
Abbe V number less than 50. )

The objective according to the present inven-
tion comprises a simple divergent component lo-
cated between two convergent components, of
which one is simple and the other is of triplet

.construction having a divergent element made of

potassium bromide crystal cemented between two
convergent elements of optical glass. The di-
vergent simple middle component is preferably
made of dense flint glass, and one of the con-
vergent elements cemented fo the crystal ele-
ment may also be made of dense flint glass. The
simple convergent component may be ma.de of
crown glass.

In the accompanying drawing,

Figures ‘1 and 2 respectively show two con-
venien} practical examples of objective according
to the invention.

Numerical data for these two examples are
given in the following tables, in which R1 Rz . . .
represent the radii of curvature of the individual
lens surfaces, the positive sign indicating that the
surface is convex to the front (that is to the side
of the longer conjugate) and the negative sign
that it is concave thereto, D1 Dz . . . represent
the axial thicknesses of the individual elements,
and S: 82 the axial air separations between'the
The tables also give the
mean refractive index np for the D-line, the Abbe
V number ang the relative partial dispersion ¢ -
for the materials used for the individual elements.

4 Example 1
Equivalent focal length 1.000 Relative sperture F/2.7
Thickness ; Relative
Refractive { Abbe V :
Radius or air sep- partial
aration index #p | number dispersion
Ry} 4604
Dy .08 1.610 53.5 1.016
Ry-+3.378 ) ’
S$1.100 .
Ry~ 540
- D3 025 1. 6214 36.1 1,051
R+ .385
Sp 118
Rs+1.760 .
Ds 085 1.613 36.9 1.051
Ry~ 285
D; 015 1.558 3L.5 . 999
R+ 6.67 .
Ds .045 1. 6252 56.1 1.007
Ry~ 4753 - -




Ezample II
Equivalent foca! length 1.000 Relative aperture ¥/2.9
Thickness ﬁefnetlve‘ AbbeV "Relative |-
Radlius “.,"’.u"p‘m index np | number dﬁg’;‘ﬁ}m
Bt 4308 Dy 0806 1.6168 “ws 1.021
i ) 1.558 aL5 .99
Rt 204 Dy 0060 1618 36.9 1.081
808 .
Bt Sy 0754 -
Ry L0050 D4 0236 1.613 36.9 1.051
3604
R'+l - 81189
Brtlu D. 0885 1.618 5.3 .909
Ry~ .5221 :

In Example I the rear component is of ‘triplet
form with a divergent middle element of potas-
sium bromide crystal cemented behind a con-
vergent element of dense flint glass and in front
of a convergent element of crown glass. The
divergent simple middle component is of dense
flint glass, and the convergent simple front com-
ponent is of crown glass.

In Example II the front component is of triplet
form with. a divergent middle element of potas-
sium bromide crystal cemented in front of a con-
vergent element of dense flint glass, and behind

a convergent element of barium flint glass. The

divergent simple middle component is of dense
flint glass, and the convergent simple rear com-
ponent is of crown glass.

These examples both givé good correction for -

secondary spectrum, as well as for the other aber-
rations,
What we clalm as our invention and desire to
secure by Letters Patent is:
1. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
"field curvature and distortion, and having small
zonal spherical aberration, and comprising three
axially aligned components of which the front
and rear components are convergent and the mid-

dle component divergent, one of the convergent:

components being in the form of a triplet having
a divergent element made of potassium bromide
crystal cemented between two convergent ele-
ments made of optical glass, whilst the other two
components are simple and are made of optical
glass, the objective approxima.tely fulfilling the
two equations

—f—;‘-t;-==0 and Z-—-L

wherein mp, /o, Vo and ep respectively represent
the magnification, the focal length, the Abbe V
number and the relative partial dispersion of an
element p of the objective and the symbol 2 indi-
cates algebraical summation of the expressions
for all the elements of the objective,

2. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and having small
zonal spherical aberration, and comprising three
axially aligned components of which the front
and rear components are convergent and the mid-
dle component divergent, the divergent middie
component and one of the convergent components
being simple and made of optical glass, while the
other convergent component is in the form of a
triplet having a divergent element made of potas-
sium bromide crystal cemented between two con-
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merical sum of the curvatures of the two external

‘surfaces of the triplet lying between 35% and

50% of the numerical sum of the curvatures of
the two cemented surfaces thereof, while the nu-
merical sum of the radil of curvature of the front
and rear surfaces of the whole objective lies be-
tween 0.8 and 1.8 times the equivalent focal length
of the objective.

3. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
fleld curvature and distortion, and having small
zonal spherical aberration, and comprising three
axially aligned components of which the front
and rear components are convergent and the mid-
dle component divergent, the divergent middle
component and one of the convergent components
being simple and made of optical glass, while the
other convergent component is in the form of a
triplet having a divergent element made of potas-
sium bromide crystal cemented between two con-
vergent elements made of optical glass, the radius
of curvature of the cemented surface of the trip-
let component nearer to the divergent middle
component lying between 0.2 and 0.4 times the
equivalent focal length of the objective, while
the radius of curvature of the external surface of

- . the triplet component remote from the divergent
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middle component lies between 0.3 and 0.7 times
such equivalent focal length, and the radius of
curvature of the surface of the divergent middle
component nearer to the simple convergent com-
ponent les between 0.3 and 0.7 times such equiv-
alent focal length.

4. An optical objective as claimed in claim 3,
in which the numerical sum of the curvatures
of the two external surfaces of the triplet com-
ponent lies between 35% and 50% of the numer-
ical sum of the curvatures of the two cemented
-surfaces of such component, while the numerical

40 Sum of the radii of curvature of the front and
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rear surfaces.of the whole objective lles between
0.8 and 1.8 fimes the equivalent focal length of
the objective.

5. An optical objective, corrected for spherical

« and chromatic aberrations, coms, astigmatism,

fleld curvature and distortion, and having small
zonal spherical aberration, and comprising three
axially aligned components of which the front
component is convergent and consists of s triplet
having a divergent element made of potassium
bromide crystal cemented between two convergent
elements made of optical glass, the rear compo-
nent is simple and convergent and is made of
optical glass, and the middle component is simple
and divergent and is made of optical glass, the
numerical sum of the curvatures of the two ex-
ternal surfaces of the triplet component lying
between 35% and 50% of the numerical sum of
the curvatures of the two cemented surfaces of
such component, while the numerical sum of the
radii of curvature of the front and rear surfaces
of the whole objective lies between 0.8 and 1.8
times the equivalent focal length of the objective.

6. An optical objective, corrected for spherical
and chromatic aberrations, coma, astigmatism,
fleld curvature and distortion, and having small
zonal spherical aberration, and comprising three

" axially sligned components of which the rear

70

component is convergent and consists of a triplet
having a divergent element made of potassium
bromide crystal cemented between two convergent
elements made of optical glass, the front compo-
nent is simple and convergent and is made of
optical glass, and the middle component is simple

- vergent elements made of optical glass, the nu- 75 and divergent and is made of optical glass, the
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numerical sum of the curvatures of the two ex-
ternal surfaces of the triplet component lying
between 35% and 50% of the numerical sum of
the curvatures of the two cemented surfaces of
such component, while the numerical sum of the

radii of curvature of the front and rear surfaces

of the whole objective lies between 0.8 and 1.8
times the equivalent focal length of the objective.

7. An optical objective as claimed in claim 5,
in which the radius of curvature of the cemented
surface of the friplet component nearer to the
divergent middle component lies between 0.2 and
0.4 times the equivalent focal length of the ob-
jective, while the radius of curvature of the ex-
ternal surface of the triplet component remote
from the divergent middle component lies be-
tween 0.3 and 0.7 times such equivalent focal
length, and the radius of curvature of the surface
of the divergent middle component nearer to the
simple convergent component lies between 0.3 and
0.7 times such equivalent focal length.

8. An optical objective as claimed in claim 6,
in which the radius of curvature of the cemented
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surface of the triplet component nearer to the -

divergent middle component lies between 0.2 and
0.4 times the equivalent focal length of the objec-
tive, while the radius of curvature of the external
surface of the triplet component remote from the
divergent middle component lies between 0.3 and
0.7 times such equivalent focal length, and the ra-
dius of curvature of the surface of the divergent
middle component nearer to the simple conver-
gent component lies between 0.3 and 0.7 times
such equivalent focal length.

9. An optical objective as claimed in claim 5,
in which the divergent simple middle component
and the convergent simple component are respec-
tively made of dense flint glass and of crown
glass,

10. An optical objective as claimed in claim 6,
in which the divergent simple middle component
and the convergent simple component are respec-
tively made of dense flint glass and of crown glass.

11. An optical objective as claimed in claim 1,
in which dense flint glass is used for the divergent
simple middle component and for one of the con-
vergent elements cemented to the crystal element,
whilst crown glass is used for the simple conver-
gent component.

12. An optical objective as claimed in claim 5,
in which dense flint glass and barium flint glass
are used respectively for the two convergent ele-
ments cemented to the crystal element, whilst the
divergent middle component and the convergent
rear component are made respectively of dense
flint glass and of crown glass.

13. An optical objective as claimed in claim 6,
in which dense flint glass and crown glass are
used respectively for the two convergent elements
cemented to the crystal element, whilst the di-

vergent middle component and the convergent.
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front component are made respectively of dense
flint glass and of crown glass. ,

14, An optical objective having numerical data
substantially as set forth in the following table:

Equivalent focal length 1.000 Relative aperture F/2.7
Thickness Refracti Abbe V Relative
Radius or air se elractive e partial
nratior})- index np | number | oERCL0
Ri4- 4604
. D, 08 1.610 53.5 1.016
R14-3.378 .
8i .100
Ry~ 540
Dy 028 1.6214 36.1 1.051
Ryt 385
Sy 118
Ry+1.760
Dy 095 1613 36.9 1,051
Ry— 285 - ' .
Dy 015 L. 558 3.5 . 999
Ri+6.67
Dj 045 1.6252 58,1 1,007
Ry— 4753
in which R1 Rz . . . represent the radii of cur-

vature of the individual lens surfaces, the positive
sign indicating that the surface is convex to the
front (that is to the side of the longer conjugate)
and the negative sign that it is concave thereto,
Di Dz ... represent the axial thicknesses of the
individual elements, and 81 83 the axial air sepa-
rations between the individual components.

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

Equivalent focal length 1.000 Relative aperture ¥/2.9
Thickness Refracti: Abbe V Relative
Radius or air sep- actlve artial
aration Incex #p | number dﬂperslon
R4 4803
D, 0565 1, 6168 44.5 1021
Ry~1.047
Dy 0188 1. 558 3L & . 999
Ryt 2024 :
Re+4.808 Dy 0680 - 1,613 36.9 1,051
81 .0754
Ry— .6680
Dy .0236 L 613 36.9 1,051
Ryt 3004 .
S 1159
Ri+41.172 N
Dy 0565 1.613 59.3 . 999
Ry~ .5221 .

inwhichR1 Ra . . . represent the radii of curva-
ture of the individual lens surfaces, the positive .
sign indicating that the surface is convex to the
front (that is to the side of the longer conjugate)
and the negative sign that it is concave thereto,
D1 D . ... represent the axial thicknesses of the
individual elements, and S: Sz the axial air sepa-
rations between the individual components.

‘ ARTHUR WARMISHAM.
‘ CHARLES GORRIE WYNNE,
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