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PROVISIONAL SPECIFICATION

Improvements in or relating to Optical Objectives

We, -Tavior, Tavior &  Hossow
Layrrep, a Company registered under the
Laws ~of Great Britain, ArtHUR
WarmismaMm, British  Subject, and

6 Cuaries Gonrrs WynNE, British Subject,
all of 104, Stoughton Street, Teicester,
do heveby declare the mature of this
invention to be as follows:—

This invention relates to an optical
objective for photographic or other pur-
poses of the kind corrected for spherical
and chromatic aberrations, coma, astig-
matism, field curvature and distortion,
and comprising two divergent components

10

15
components, each divergent component
consisting of a divergent element com-
pounded with a convergent element.

It is well-known that a simple doublet
can be corrected paraxially for chromatic
aberration in respect of two colours by a
suitable combination of flint and crown
glass, but such correction does not extend
throughout the spectrum and there is a
. 2B residual colour aberration known as
’ secondary spectrum.

The present invention has for its object
to provide in an objective of the above
kind a much higher degree of correction
for secondary spectrum than hitherto
without sacrificing the corrections for
astigmatism,- field eurvature and distor-
tion.

In the objective according to the inven-
tion the two divergent elements are each
made of an alkaline halide crystal, and
the materials of which all the elements
are made have substantially the same
relative partial dispersion. The relative
partial dispersion, usually represented by
the symbol 6, may be defined by the

Tog — Mo

20

30

35

40

mathematical expression , ‘where
Ny — T

o, Mo, e ald m are respectively the

" refractive indices for the spectrum lines

45 C, e, F and g. :

Preferably, the materials used for the

divergent elements have mean refractive

located between two simple convergent -

index between 1.58 and 1.58 and Abbé V
number between 30.0 and 83.0, whilst
those used for the convergent elements
have mean refractive index bétween 1.59
and 1.63 and Abbé V number between
52.0 and 62.0. Thus potassium bromide
crystal may be used for the divergent
elements, and a dense barium crown glass
or glasses for the convergent elements.
Conveniently the mean refractive  index
of each divergent element is greater than
that of the convergent element cemented

to 1t by at least .05. o

The cemented surfaces in the two
divergent components are preferably such
that (regarding a cemented surface as
having positive curvature if concave to
the diaphragm and as having negative
curvature if convex thereto) the algebraic
sum - of the - curvatures of the two
cemented surfaces is positive. When the
overall axial length of the objective lies
between .55 and .65 times the equivalent 70
focal length of.  the objective, such
algebraic sum preferably lies between 3.0
and 1.5 times the reciprocal of such
-equivalent focal length, whilst when the
overall length is between .65 and .80 78
times the equivalent focal length, the
algebraic sum preferably lies between 2.0
and 1.0 - times the reciprocal of the
equivalent focal length. '

Numerical data for two convenient
practical examples of objective according
to the invention are given in the follow-
ing tables, in which R, R. . . . represent
the radii of curvature of the individual
lens surfaces counting from the front
(that is from the side of the longer con-
Jjugate) the positive sign indicating that
the surface is convex to the front and the
negative sign that it is concave thereto,

; D, . . . represent the axial thicknesses
of the various elements, and 8, S, S, the
axial air separations between. the com-
ponents. The tables also give the mean
refractive indices n, and the Abbé V

50

65

65

80

8b

90

~numbers of the materials of which the 95

Aindividual elements are made,
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) Examrir T.
Equivalent foecal length 1.000 Relative aperture F[2.0
Relative
Thickness or Refractive Abbé 'V Partial
Radius Air Separation Index N, Number  Dispersion
] B, + .7928 -
. D, .0663 © 1.6154 - C 594 .999
R, +4.926
S, .0044
R: + 4022
10 - - D, - .0985 - - 1.6154 56.3 - 1.008 -
R, + .6569 - N - i
- Do 0985 - 1.558 31.5 1..000
Rs + .24:85 ) -
- ' S 1970
15 R. - .3397 '
- D, .0493 1.558 31.5 1.000
R. +3.284 : : )
, : D, .1478 1.6154 59.4 999
) Rs - .5260 ’ ’
20 : S: .0032
R, +2.526 : :
R D. .0985 1.6154 - 56.3 1.008
o — i )

In this example potassium bromide

25 erystal is used for the third and fourth
elements, which are divergent. whilst the
two convergent elements
cemented thereto are made of a dense
barium crown glass, and the front and rear

30 convergent elements are made of a slightly-

different dense barium crown glass.
The relative partial dispersions of the

respectively

potassium hromide erystal and the two
dense barium crown glasses are all
approximately 1.00. : 35
The second example also employs potas-
sium bromide erystal for the divergent
elements, but in conjunction with three
other dense barium erown glasses all
having  relative portial  dispersions 40
approximately 1.00, -

-- ExXAMPLE ‘II.

~Relative aperture F /2.0

Equivalent focal length 1.000

jone}
=
~F
N
oD

85  R,- .5589

] S Relative
45 : Thickness or Refractive Abhé ¥V Partial
Radius Air Separation Index N, Number  Dispersion
R, + .6610 - ) :
D, .0782 1.6105 53.3 1.016
R. +2.875 '
50 e S, .0090
R, + 4207
: : D. -.1081 1.6128 59.3 .999
R, + 6185 : :
D. 0297 1.958 31.5 1.000
56 R; + 2698 ,
. - S. 15891
R, — .2787 ,
’ D, .0267 - 1.558 31.5 1.000
R: - .9505 : :
60 D, 0972 1.6216 60.2 .998
R, — .3958 - :
' S, L0054
R, -8.990 .
1.6128 59.3 .999
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In Example T, the overall axial length
of the objective is .7637, the curvature of
the front cemented surface R, which is

‘ concave to the diaphragm is about 1.52
and that of the rear cemented surface IR,
which is convex to the diaphragm is
about 0.30.

In Example IT, the overall axial length
is .bB76, the curvature of R, which is

(& 1)

10 again concave to the diaphragm is about

1.61 and that of R, which is also coneave
to the diaphragm is about 1.05.

It will be appreciated that the fore-
going arrangements have been described
by way of example only and that the 15
invention may be catried into practice in
otler ways. ,

Dated this 5th day of October, 1942.

PULLINGER & MALET,
Agents for the Applicants.

COMPLETE SPECIFICATION

> Improvements in or relating to Optical Objectives

We, Tavror, Tavior & Hossox
Lavrrep, a Company registered under the
20Laws of Great Britain, ArrHUR
WarmisEAM, British  Subject, and
Cuaries Gorriz WynxE, British Subject,
all of 104, Stoughton Street, Leicester,
do hereby declare the nature of this
25 invention and in what manner the same
is to be performed, to be particularly
deseribed and ascertained in and by the
following statement:— .
This invention relates to an optical
30 objective for photographic or othei pur-
poses of the kind corrected for spherical
~and chromatic aberrations, coma, astig-
matism, field curvature and distortion,
and comprising two divergent components
85 located between two simple convergent
components, each divergent component
consigting of a divergent element com-
pounded with a convergent element.
It is well-known that a simple doublet
40 can be corrected paraxially for chromatic
aberration in respect of two colours by a
suitable combination of flint and erown
elass, but such correction does not extend
through the spectrum and there is a
45 residual colour aberration known as
secondary spectrum. :
The present invention has for its objeet
to provide in an objective of the above
kind a much higher degree of correction

50 for secondary spectrum than hitherto

without sacrificing the corrections for
astigmatism, field curvature and distor-
tion. )
In the objective according to the inven-
55 tion the two divergent elements are each
made of an alkaline halide crystal, and
the materials of which all the elements
are made have substantially the same
relative partial dispersion. The relative
60 partial dispersion, usually represented by
the symbol #, may be defined by the

’I'Lg — m’c'

mathematical expression , where
Ng — N

e, T, Np and m, arve respectively the

refractive indices for the spectrum lines

C, e, Fand g. . 6b

Preferably, the materials used for the
divergent elements have mean refractive
index between 1.53 and 1.58 and Abbé V
number between 30.0 and 33.0, whilst
those used for the convergent elements 70
have mean refractive index between 1.59
and 1.63 and Abbé V number between
52.0 and 62.0. Thus_potassium bromide
crystal may be used for the divergent
elements, and a dense barium crown glass 75
or glasses for the convergent elements.
Conveniently the mean refractive index
of the material used for each divergent
element is greater than that of the
material used for the convergent element 8()
cemented to it by at least .05.

The cemented surfaces in the two diver-
gent components are preferably such that
(regarding a cemented surface as having
positive curvature if concave to the dia- 85
phragm and as having mnegative cur-
vature if convex thereto) the algebraic
sum of the cufvatures of the two cemented
surfaces is positive. When the overall
axial length of the objective lies between g
.55 and .65 times the equivalent focal
length of the objective, such algebraio
sum preferably lies between 3.0 and 1.5
times the reciprocal of such equivalent
focal length, whilst when the overall g5
length is between .65 and .80 times the
equivalent focal length, the algebraie
sum. preferably lies between 2.0 and 1.0
times the reciprocal of the equivalent focal
length.

Numerical data for two convenient
practical examples of objective according
to the invention, respectively iliustrated

100
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25

30

40

in the two figures of the aceomwpanying

drawings, are given in the following
tables in which R, R. . . . répresent

the radii of eurvature of the individual
lens surfaces counting from the front
(that is from the side of the longer con-
jugate) the positive sign indieating that
the surface is convex to the front and the

nee,afixé sign that it is concave thereto,
D, D, ... represent the axial ﬂli(‘]xll@ﬁ\ei
of the various elements; and S, S, S, the
axinl air separations be’meen the com-
ponents, The tables also give the mean
refractive indices n, and “the Abbé V
numbers of the materials of which the

individual elements are made.

Examreizn 1.

Equivalent focal length 1.000

Relative aperture F /2.0

Relative
] _Thickness or Refractive Abbé V Partial
Radius Air Separation Index N, Number  Dispersion
R, + .7923 o o ] :
: ‘D, .0665 1.6154- 59.4 -.999
R—.: —."4.926 ) )
: S, .0044
R. + 4022 - : o :
D, .0935 1.61a4 36.3 1.008
R; + .6569 N 7
D. .0985 1.538 31.5 1.000
R.-+ 2485 - :
. S, -.1970
R, — .33097 . -
D, .0493 1.558 31.5 1,000
R, +3.284 ' .
D. 1478 1.6154 59.4 .999
R. - .3260 i
S, .0032
R, +2.526
_ D. .0985 1.6154 56.3 1.008
R~ .7084 :

In this example potassium bromide
erystal is used for the third and fourth

elements, which are divergent, whilst the

two convergent elements respectively
cemented thez eto are made of two \hnhﬂv
different dense barium crown nla~se>,
which are also used respectively for the
rear and fromt simple convergent ecom-
ponents. The relative partial dlspel\lolls

of the potassium bromide crystal and the
two deuse barinm crown glasses arve all
approximately 1.00.

The second example also employs potas-
sium bromide erystal for the divergent
elements, but in conjunction with three

other dense barium erown glasses all hav- 5

ing relative partial dhpelswna approx-
nua’(elv 1.00.

10

15

50
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Exauvpre IT.

Equivalent focal-length 1.000 -

Relative aperfure /2.0

Relative
Thickness or Refractive Abbé 'V Partial
5 Radius Air Separation Index N, Number Dispersion
R, + .6610
D, .0782 1.6106 53.3 1.016
R. +2.875
S, .0090
10 R, + ..4207
. D. .1081 1.6128 59.3 .999
R, + .6185 :
D, .0297 1.558 3.5 1.000
R; + .2698 . ’
15 S. 1591
- Re¢ — 2787
D, .0267 1.558 31.5 1.000
R, — .9505 , .
’ D. .0972 1.6216 60.2 .998
20 R, — .3958 :
, S:  .0054
R, —8.990
D, .0742 1.6128 59.3 .999

Ryo— .5589

25 In Example I, the overall axial length
of the objective is .7637, the curvature of
the front cemented surface R, which is
concave to the diaphragm is about 1.52
and that of the rear cemented surface R,

80 which is convex to the diaphragm is about
0.30. :

. In Example IT, the overall axial length
is .5876, the curvature of R, which is
again concave to the diaphragm is about

35 1.61 and that of R, which is also concave
to the diaphragm is about 1.05.

It will be appreciated that -the fore-
going arrangements have been described
by way of example only and that the

40 invention may be carried into practice in
other ways.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to

45 be performed, we declare that what we
elaim is: —

1. An optical objective, corrected for
spherical and chromatic aberrations,
coma, astigmatism field curvature and

50 distortion, and comprising two divergent
components located between two simple
convergent components and each comsist-
ing of a divergent element compounded
with a convergent element, wherein the

55 materials of which all the elements are
made have substantially the same relative
partial dispersion, the two divergent

elements each being made of an alkaline
halide erystal. '

2. An optical objective as claimed in 60
Claim 1, in which the materials used for
the divergent elements have mean refrac-
tive index lying between 1.58 and 1.58
and Abbé V number lying between 30.0
and 383.0, whilst those used for the con- g5
vergent elements have mean refractive
index lying between 1.59 and 1.63 and
Abbé V number lying between 52.0 and

- 62.0.

3. An optical objective as claimed in 76
Claim 1 or Claim 2, in which the material
used for each divergent element has mean
refractive index at least .05 less than
that of the material used for the con-
vergent element cemented to it. 76

4. An optical objective as claimed in
Claim 2 or Claim 3 in which potassium
bromide crystal is used for the divergent
elements, whilst the convergent elements
are made of a dense barium crown glass 81
or glasses.

5. An optical objective as claimed in
any one of Claims 1 to 4, in which the
algebraic sum of the curvatures of the
cemented surfaces in the two divergent g
components (regarding such curvature
as positive, if the surface is concave to the
diaphragm and negative if the surface is
convex thereto) is positive.

6. An optical objective as claimed in 90
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Claim 5, in which the overall axial length
of the objective lies between .55 and .65
times the equivalent focal length of the
objective, and the algebraic sum of the
b curvatures (as defined in Claim 5) of the
cemented surfaces lies between 3.0 and
1.5 times the reciprocal of the equivalent
focal length of the objective.
7. An optical objective as claimed in
10 Claim 5, in which the overall axial
length of the objective lies between .65
and .80 times the equivalent focal length

of the objective and the algebraic sum of
the curvatures (as defined in Claim 5) of
the cemented surfaces lies between 2.0 1B
and 1.0 times the reciprocal of the
equivalent focal length of the objective.

8. An optical objective having numer-
ical data substantially in accordance with
one or other of the tables herein set 20
forth.

Dated this 5th day of October, 1943,

PULLINGER & MALET,
Agents for the Applicants.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1944,



[T /ulst wing is a reproduction of the Original on a reduced ...s‘cale./
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