CORY

PATENT SPECIFICATION

—_—

Application Date: Dec. 2, 1940.
» - Sept. 25, 1941,

One Complete Specification Left: Nov, [4, 1941, - - - o
(Under Section 16 of the Patents and Designs Acts, 1907 to | 939); o

Specification Accepted: Sept. 7, 1942..

No. 17142/40.
No. 12446/41.

547,666

PROVISIONAL SPECIFICATION
No. 17142 A.D. 1940.

Improvements in or relating to Optical Objectives

We,
Livrrep, a Company registered under the
Laws of Great Britain, ArTmEUR.WaARMI-

Tavror, Tavror & Hossox

suaM, British Subject, and Cuarirs
> Gorriz Wywnm, British Subject, all of
104, Stoughton Street, Leicester, do here-
by declare the nature of this invention to
be as follows:—
This invention relates to optical objec-
10 tives for photographic or like purposes,
comprising . two or more divergent
elements and two or  more convergent
elements, and corrected for spherical and
chromatic aberrations, coma, astigmatism,
15 curvature of fleld -and distortion, and
having small zonal spherica] aberration.
It 15 well-known to provide paraxial
chroppatic cormection in a doublet in
respect of two colours, for example red
20 and green, by the use of an appropriate
combination of crown and flint glass, but
owing to the different relative pavtial flis-
persions of the two kinds of glass the
correction does not extend throughout the
25 spectrum, and there is a residual colour
aberration known as secondary spectrum.
Reasonably good correction can Le
obtained in the well-known triplet objec-
tive, which however does not provide cor-
30 rection for field curvature or astigmatism.
The present invention has for its object
to provide good correction for segondary
spectrum in a photographic or like objec-
tive having smal] zonal spherical aberra-
85 tion withut sacrificing correction for
astigmatism, field curvature and distor-
tion.
The necessary conditions can be
expressed mathematically as follows.
40 If f, and m, are respectively the focal
length and the magmnification of a lens
element p having refractive indices n. #n
e Nix N, Tespectively for the lines CDe Ty
Abbé V number
Ny —1

x( _ )
Tog — N

and relative partial dispersion

[Price 1/-]

45

Fowo oo

Ng — e
op(= )
Np — N

then good secondary specirum
is obtained if '

correction

M2 1
S—. =0 50
h VW
.and
My® 6,
e ={ .
Hho 0V

for all the elements of the objective.

In the objective according to the inven-
tion one of the divergent elements is made 55
of an alkaline halide ecrystal and the
remaining elements are all made of optical
glass. Preferably the other divergent
element, or one of the other divergent
elements, is made of a dense flint glass, 60
whilst at least one of the convergent
elements is made of a glass having an
Abbé V number less than 50,

The invention may be applied to photo-
graphic or like objectives of various types. 66
Thus, when applied to an objective of

the type comprising two compound menis-
cus dime-rgeznjg components located between
two convergent compoments, each diver-
gent component comprising a convergent 70
element cemented to a divergent element,
the rear divergent element may be made
of an alkaline halide crystal having mean
refractive index greater than 1.6. TFor
instance, the convergent front component 75
and the convergent front element 'of the
second component mar be made of dense
Earium crown glass, and the divergent
elements of the second and third compo-
nents respectively of dense flint glass and 80
of sodium bromide ecrystal, the con-
vergent rear element of the third compo--
nent and the convergent rear component
being made of dense barium flint glass. -
It is to be understood that the terms 85
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““ front ”’ and ‘‘ rear ’’ are herein used to
- relate to the sides of the objective respec-
tively nearer to and further from the
longer conjugate in accordance with the

5 usual convention.

Alternatively the front divergent ele-
ment may be made of an alkaline halide
crystal, preferably hiaving mean refractive
index lower than 1.6. Thus the two con-

10 vergent components and the convergent
elements of the second and third compo-
nents may be made of dense barium flint

- glass, the divergent elements. of the
second and third components being made

16 respectively of potassium bromide crystal
and of dense flinf glass. -

In the case of an cbjective comprising.
five components and consisting of a simple
element, of~which the front two compo-

20 nents and the rear component are con-
vergent and the third and fourth diverg-
ent, the fourth compoment may be made of
an. alkaline halide crystal having mean
refractive index greater than 1.6, Thus

25 the convergent front and rear components
may be made of dense barium flint glass
and the convergent second component of
dense barium crown glass, the divergent
third and fourth components being made

30 Tespectively of dense flint glass and of

sodium bromide crystal.

Again in an objective comprising two
_compound divergent components located
behind two convergent comiponents and in
35 front of a third -convergent component,
each divergent component consisting of a
convergent element cemented to a diver-
gent element, the rear divergent element

is preferably made of an alkaline halide

- 40 crystal having a mean refractive index

greater than 1.64. Thus the front iwo
convergent elements may be ‘made of
dense barium crown glass and the diver-
gent elements of the third and fourth com-

- ‘45 ponents respectively of dense flint glass

-~

- 50 flint glass.

~ and .of potassium iodide crystal, the con-
vergent rear component and the conver-
‘gent elements of the third and fourth
components being-made of dense barium

.

Another important a.bplicatioﬂ of the in-

E “vention is to a telephoto objective compris-

*1.64.

ing two compound meniseus components
with their concave air-exposed surfaces
facing one another. Usually in such ob- 55
jectives the front component consists of a
convergent element cemented in front of a
divergent element, and the rear compo-
nent of a divergent element cemented in
front of a convergent element. In this 60
case, when the invention is applied there-
to, the divergent element of one of the
components is preferably divided into two
divergent elements, one of which is made |
of an alkaline halide crystal. It will 6o
usually be preferable for 1he erystal to Le
used for the middle element of the triplet
component. The erysta] used preferably
has a. mean refractive index greater than
Thus in one convenient example 10
the. front component is of triplet construe-
tion™with its middle element made of
potassiym iodide crystal, the rear compo-
nent being a doublet, and the rear
elements of the two components are each

75

‘made of dense flint glass, whilst light

barium flint and crown glasses are used
respectively for the front elements of the
first and second components,

Numerical data forfive convenient prac- 80
tica] examples of objective according to
the-invention are given iir the following
tables, in which R+ R. . . . represent the
radii of curvature of the individual Tens-
surfaces counting from the front, the posi- 85
tive sign indicating that the surface is
convex to the front and the negative sign
thet it is concave thereto, I, D. . . . ve-
present the axial thicknesses of the in-
dividual lens elements, and 8, S. . . . re- 90
present the axia] lengths of the air gaps
between the components. The tfables also
give the mean refractive indices n,, the
Abbé V numbers, and the relative partial
dispersions 6 for the intervals (¢ to g)/(C 95
to I of the glasses or crystals used for 1he
individual elements.

. The first two examples relate to ohjec-
tives of the type comprising - twoe com-

_pound divergent meniscus ecomponents 10¢
‘having their concave surfaces facing one

another and located between two simple
convergent ecomponents, ' :
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Exavpiw 1.
Equivalent focal length 1.000. Relative aperture I'/2.
Relative
Pdrtial
5 Dispersion
e—g
Thickness or Refractive Abbé V

Radius Separation Index n, Number C—7

R, + .90 -
D, .081 1.6128 59.6 1.00
10 R. +25.75 g
: S. .0065
R, + .4075 ,
D, .151 1.6128 59.6 1.00
R, + 1.0824
15 D, .044 1.6136 37.3 1.05
R; + .265¢ ,
S. 1955
R. — .3048 : -
D, .0455 1.6410 29.9 .985
20 R, + 1.596
D, .1596 1.6423 48.3 1.02
R, ~ 4127 )
R, + 1.8135
25 D, .1015 1.6423 48.3 1.02
R‘lu— .9804:

In this example sodium bromide is used tively for a typical objective using glass,
for the rear divergent element and dense and the cotresponding figures between the
flint  glass for . the = front divergent ¢ and g lines are —.06A and — .03X as con-

30 element, the two front convergent trasted with +1.83\ and +.39A, Similar 45
elements being of dense barium erown results can also be obtained with the use of
glass . and the two rear convergent potassium iodide or rubidiun jodide in-
elements being of dense barium flint glass. stead of sodium bromide. -

This example gives a very marked im-  Instead of using the crystal for the rear
39 provement in secondary spectrum correc- divergent element, it may be used for the 50

tion over known objectives of similar type
using glass throughout. Thus between ihe
C and F lines the wave surface retarda-
tion is +.06A at the edge and — .02\ at an

40 intermediate zone (.7 of edge aperture) as’

contrasted with — .93\ and — .64\ respec-

front divergent element, but in this ease
a crystal of lower refractive index, such
as potassium bromide should preferably
be used. Data for one such example are
given in the following tahle:— -
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Examprs IT1.
Equivalent focal length 1.000. - Relative aperture F /2.0,
Relative Partial
Dispersivn
e—y
5 . Thickness or Refractive Abbé VvV
Radius Separation Index 7y Number C—F
R1 + ..6432 : -
- D, 0845 - 1.644 48.3 1.02
R, +1.£99
10 . S: 0063
R, + 4175
, D, .0950 ~ 1.644 48.3 1.02
R, «~ T ,
D, .0418 -, 1.558 . 3L.b 1.00
15 Rs + 2781
S: 1591
R, — .3162 , :
D, .0398 1.651 33.5 1.07
R, o : - , , '
20 D, ;1043 1.644 48.3 1.02
R, — .4158 T
S: .0050
R, +3.167 : )
D, .0746 1.644 48.3 1.02
Ry — 8773

25

-The third example is applied to an ¢b- located behind two simple convergent

"jective of the type comprising two com- components and in front of a third simple 30

| 40
45
50
| 55

60

pound divergent meniscus components convergent component.

- Bxawern IT1.

Equivalent focal length 1.000. . Relative aperture F;1.4.
Relative Partial
Dispersion
. } e—yg
-~ 'Thickness or Refractive Abbé V
-Radius : Separation Index 7, Number c—r
R, + .8106 :
: D, .0671 1.613 . 59.6 1.00
"R, +1.653 - -
: S O
R, + .8284 - , '
D. .0597 1.613 59.6 - 1.00
R, +1.650
S: .002
R, + 442
T, 1474 1.644 48.3 1.02
R
: D, .0305 1.621 36.1 1.05
R, + .2661
' S. 2033
Rs — 3482
D, .0297 1.6634 21.3 087
R, -1.169
D, 1474 1.644 48.3 1.02
Rio— .4854 : '
o 8. .0019
R +2.126
D, .0813 1.644 48.3 i.02

Ree 7544
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This example has potassium iodide for
the rear divergent eleinent and dense
flint glass for the front divergent element,
and gives a considerable improvement in-

5 secondary spectrum correction over known
objectives of similar type using glass
throughout. Thus between the C and I
lines the wave retardation ig — .10\ at the
edge and +.10A at an intermediate zone

10 (.7 of edge aperture) as contrasted with

~1.914 and —1.18\ respectively- for a--

-+ 2.84\ and +.77A. . -

typical known objective, the corvespond-
ing figures between ¢ and g lines Leing
+.07A and +.200 as contrasted with
- 15
The fourth example relates to an objec-
tive of the type comprising two simple
divergent components located behind two
simple convergent -components and in
front of a third simple convergent com- 20
ponent, S

Examers IV.

Equivalent focal length 1.000.

Relative aperture F/2.5.

Relative
25 Partial
Dispersion
, e—g
Thickness or Refractive Abbé V —
Radius Separation Index n, Number C—F
R, + .6433 , . :
30 D, .0578 1.644 48.3 1.025
SJ_ O
R, + 3707 '
D. .0852 1.613 53.8 1.016
35 R, 41.469
' S, .0416
Ry —2.444
D, .0152 1.652 -~ 33.5 1.060
Rc + 4130
40 S: .0406
D, .0155 1.641 29.9 .985
R, + 4E12 )
S, .0660
45 By + .8520 , )
D, .0568 1.644 48.3 1.025
Ri.— .5847

This example uses sodium bromide for
the divergent fourth element and dense
50 fling glass for the divergent third element,
whilst the convergent front and rear
elements are made of dense barium fiint
glass and the convergent second element

of dense barium crown glass.
55 The fifth example is of the type known
as a telephoto objective wherein known
examples using glass throughout have suf-

fered from serious secondary spectrum.

Such objectives usually consist of a pair of

meniscus doublets with their concave sur-

faces facing one another, but in the pre- -
sent example the front component con-
sists of a divergent element cemented be-
tween a front convergent element and a
rear divergent element, the rear compo-
nent consisting of a divergent element
cemented in front of a convergent element.

65
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“Equivalent focal length 1.000.

Examprr V.

Relative aperture I /5.6,

Relative
: Parvtial -
5 Dispersion
, 7 o 7 , e—g
o _ Thickness or . Refractive Abbé V
" Radius Sepuaration Index 7, Number Cc—F
R.+ .2075 '
, D, .0423 1.6732 51.9 1.012
10 “R:— .5768 s
B .011& 1.6634 L3 987
R.-1.390 ,
: D, .0115 - 1.652 33.5 1.07
R.+ .5583
15 S S: 2460
R;— .1308 h
s D, .0082 1.609 64.3 994
R,— .6702 : -
o « D;.0170 1.613 36.9 1.051
20 R.— .2152 :
This example uses potassium iodide doublet construction with the crystal as

crystal for the divergent middle element
of the front component and dense flint
glass for the divergent rear element of the

95 front component as also for the convergent
rear element of the rear component, the
front elements of the first and second coun-
ponernts being respectively made of light

~ barium flint and crown glasses.

80 This example may be modified by em-
ploying the crystal for the rear element of
the front component and the dense flint

* glass for the middle element, or again by
making the vear component of triplet con-

35 struction and the front component of

one of the elements, preferably the middle
element, of the rear component, :

It will be understood that the foregoing
examples have been given by way of ex- 40
ample only and may be modified in
various ways within the scope of the in-
vention, as for instance by employing
other alkaline halide erystals in place of
those specified. 49
Dated this 2nd day of December, 1940,

PULLINGER & MALET-VEALE,
Agents for the Applicants,

 PROVISIONAT: SPECIFICATION

T I ,NO' 12446 A.D. 1941.
Improvements in or relating to Optical Objectives

We, Tavror, Tavror & Hossox
Laimrtep, a Company registered under the
Laws of Great Britain, ArTHUR WARMI-
smam, British Subject, and CmaRiEs
50 Gorriez WynNE, British Subject, all of
_ 104, Stoughton Street, Leicester, do here-
by declare the nature of this invention to
be as follows:— - - '
This invention relates to optical objec-
55 tives for photographic or like purposes,
comprising two or more divergent
elements and two or more convergent
elements, and corrected for spherical and
chromatic aberrations, coma, astigmatism,
60 curvature wof - field and distortion, and
having small zonal spherica] aberration,
Tt 18 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 appropriate G5
combination of crown and fiint glass, but
owing to the different relative pariial dis-
persions of the two kinds of glass the
correction does not extend throughout the
spectrum, and there is a residual colour 70
aberration known as secondary spectrum.
Reasonably good correction ‘can 1le
obtained in the well-known triplet objee-
tive, which however does not provide cor-
rection for field curvature or astigmatism. 75
The present applicants’ copending
British Patent Application No. 17142 of
1940 (Serial No. 547,666) relates to a
photographic or like objective of the
above-mentioned type having small zonal 80
spherical aberration wherein good correc-
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tion for secondary spectrum is provided
without sacrificing correction for astig-
matism, field eurvature and distortion.
In the objective according to the inven-
5 tion of such copending application, one-
of the divergent elements is made of an
alkaline halide crystal and the remaining
elements are all made of optical glass,
Preferably the other divergent element, v

10 one of the other divergent elements is.

made of a dense flint glass, whilst at least
one of the convergent elements is made
of a glass having an Abbé V number less
than 50, :

15 The necessary theoretical conditions for
correction of secondary spectrum can
be expressed mathematically as follows.
If 7, and m; are respective the focal
length and the magnification of a lens

20 element p having refractive indices n. np
7, Ny Ny Tespectively for the lines CDe Fyg
Abbé V number ] '

Np—1
Yol =
Top — The
and relative partial dispersion
ns — TN
o =
Mg — T

then good secondary spectrum correction
is obtained if : —

25

my? 1
S—_ =0
H
and
oMy Oy
30 S . - =)
’ fo \E

for all the elements of the cbjective.
these conditions are approximately ful-
filled in the objective according to ihe
invention of the above-mentioned applicu-
tion, -

The specification of such copending
application gives examples of the applica-
tion of the invention to photographic or
like: objectives of various types, and the
present invention is concertted with the
application of the invention of the co-
pending application to still further types
of photegraphic or like objective.

According to the present invention an
objective of known*type having at least
one divergent element and two or more
convergent elements is modified to afford

35

40

45

correction for secondary spectrum by re-
placing the divergent element by two
divergent elements compounded together,
one of such elements being made of an
alkaline halide erystal, whilst the other
and also the remaining elements of the
objective are made of optical glass. The
divergent element compounded with the
crystal element is preferably made of
dense flint glass,

Thus one arrangement of objective
according to the invention (whose analo-
gue consisting of "five simple elements
forms the subject of British Patent No.
536,448 standing in the names of the
present applicants) comprises five compo-
nents of which the first and fourth couns-
ing from the front, that is the side of the 70
longer conjugate, are divergent whilst ihe
other three are convergent, the fourth
component being compcunded of two
divergent elements of which one is made
of an alkaline halide crystal having a 75
mean refractive index greater than 1.64.
In this arrangement the two divergent
elements of the fourth component are pre-
ferably made respectively of potassium
iodide crystal and of dense flint glass.

In another arrangement the objective
comprises an asymmetrical divergent com-
ponent located behind two simple con-
vergent components and in front of a third
simple convergent component, and Ehe 85
divergent component (insvead of being in
the form of a simple element ag in the
known type) consists of two divergent
elements compounded together, one of
such elements being made of an alkaline 90
halide crystal having a mean refractive
index greater than 1.64. Conveniently the
two divergent elements are made respec-
tively of potassium jodide crystal and of
dense flint glass.

Numerical data for two convenient
practical examples of objective according
to the invention are given in the following
tables, in which R, R. . . . represent the
radii of curvature of the individual lens 100
surfaces counting from the fromt, the
positive sign indicating that the surface is
convex to the front and the negative sign
that it is coneave thereto, D, D, . .-. re-
present the axia)] thicknesses of the in- 105
dividual lens elements, and S, S. _ .-. re-
present the axial lengths of the air gaps
between the components. The tables also
give the means refractive indices m,, the
Abbé V numbers, and the relative partial 110
dispersions for the intervals (e to g)/(C
to ') of the glasses or erystals used for the
individual elements.

50

80

95

"
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Ru.--1.286 .

_ Examerp I. .

Relative aperture I'j1.4.

o Relative
Partial
Dispersion
- S , e—y
Thickness or Refractive. Abbé V.
- Radius. ~ Air Separation Index n, - Number C—F
R, +2.312 ¢ i : ,
o . . D, 1¢3 1.5618 64.1 988
R. +1.267 o ,
, : . S: 1.9
R, +1.447 o .
o . D, .1391 . 1.6125 - 37.3 1.081
R. +6.031 . L . .
e oo . 8. .0101
R; + .6427 L ) o 7
e e e o - . Dy2432 1.6125 £9.6 .999
B, oo . . .. : |
T PR 1 £ v
R, =86066 - . . . _ . - -
: B : D. .1619 - 1.6973 30.5 1.067
R. +1.420 e -
L D, 1721 0 .. 1.6634 21.4 .988
R, + 316 . I -
e S, .2343 . _ =
“Rao+ 8120 . . : o :
- . De 1891 . 1.6216 60.2 .998

Exampre IT.

Relative aperture I'/1.4.

Equivalent focal length 1.000.

R,— 1.428

- - Relative
‘ . Partial
. Dispersion
o . . e—y
o Thickness or. = Refractive Abbé ¥ :

Radius . Air Separation . Index n, Number C—F
R.+ 1.066 - L

o D, .1081 1.6135 59.6 999
R.+ 7.262 - L . '

LT o Sx ~0094:

R.+. 4848 - : s . '

) D, .2453 1.5732 51.9 1.012
R, + 38.505 , )
R;-25.80 ' -

L D, .1001 1.7492 27.8 1.078
R:+ 9102 ' o o .
' - D, 1083 ' 1.6634 21.4 .988
R.+ 2955 o
-8, 1747
R.+ .5238 :
D, .1081 1.613 37.8 1.051
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In the first example the objective com-
prises five components of which the first
and fourth are divergent and the others
convergent, the fourth component being

5 compound and consisting of two divergent
elements, whilst the remaining four com-
ponents all consist of simple’ elements.
Potassium iodide crystal is used for the
rear element of the fourth component

10 and dense flint glass for the front element
thereof, Diense flint glass is also used for
the convergent second component, the
other two convergemt components being
made of dense barium crown glass, whilst

15 barium silicate crown glass is used for the
divergent front component. ,

In the second example the objective
comprises a divergent compound compo-
nent located behind two simple convergent

20 components and in front of a third simple
convergent component, the front and rear
divergent elements of the divergent third
component heing made respectively cf
dense flint glass and of potassium iodide

25 crystal. The convergent front component
is made of dense barium crown glass, and

the convergent second component of light:
barium flint glass, whilst dense flint glass
is used for the convergent rear compo--
nent. : S °80
These two examples are Tespectively de. -
rived from examples given in the specifi-
cationg of the British Patent No, 536,448
above mentioned and of the copending
British Patent Application No. 11603 of g5
1940 (Serial No. 542,508), also standing in
the names of the present applicants, and
generally retain the advantages of such
prior objectives with the added advantage
in each case of greatly improved correc- 49
tion for secondary spectrum. : '
It will be appreciated that these ex-
amples may be modified in various ways
within the scope of the invention, for in-
stance by the use wof other high index 45
alkaline halide crystals in place of the -
potassium iodide crystal described.

Dated this 25th day of September, 1941,

PULLINGER & MALET, -
Agenty for the Applicants.

COMPLETE SPECIFICATION
Improvements in or relating to Optical Objectives

We, Tavror, Tavior & Hosson

Livrren, a Company registered under the -

B0 Laws of Great Britain, Arrovr WaARMI-
sHaM, DBritish Subject, and CzHarnLes
Gorriz WyYNNE, British Subject, all of
104, Stoughton Street, Leicester, do here-
by declare the nature of this invention

55 and in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment;— ) :

This invention relates to optical objec-

60 tives for photographic or like purposes,
comprising two or more divergent
elements and two or more convergent

- elements, and corrected for spherical and
chromatic aberrations, coma_ astigmatism

65 curvature of field and- distortion, anid
having small zonal spherical aberration.

Tt 1s well-known to provide paraxial
chromatic corrvection in a doublet in
respect of two colours, for example red

70 and green, by the use of an appropriate
combination of crown and flint glass, but
owing to the different relative partial dis-
persions of the two kinds of glass the
correction does not extend throughout the

75 spectrum, and there is a residual colour

- aberration known as secondary spectrum.
Reasonably good correction can he
obtained in the well-known triplet objec-
tive, which however does not provide cor-

80 rection for field curvature or astigmatism.

The present invention has for its object

to provide good correction for secomdary
spectrum in a photographic or like objec-
tive having smal] zonal spherical aberra-
tion withut sacrificing correction for 85
astigmatism, field curvature and distor-
tion. :

The mnecessary conditions can be
expressed mathematically as follows.
If £, and m, are respectively the focal 90
length and the magnification of a lens
element p having refractive indices ne np
e T Mg Tespectively for the lines CDe Fy
Abbé V number

ny—1
Vf = - ) 95
Ne — T ' -
and relative partial dispersion '
Ty —~ T
of —
. Ty TN

then good secondary spectrum correction
is obtained if

My - B
— . —=0 100
v ,
and _fp ’
mp* by
Y c—=0
o Vo
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for all the elements of the objective. 1t
should be made clear that the magnifica-
tion m,, herein referred to, may be defined

- as being equal to the ratio hy/h., where
5 h, and h, are respectively the ordinates of
" the points of intersection with the .lens
‘element g and with the first lens element

" of a paraxisl ray of the wave-length of the

D-line through the conjugate points for

10 which the objective is corrected.
~ In the objective according to the inven-
tion one of the divergent elements is made
of an alkaline halide crystal and the
- remaining elements are all made of optical
15 glass. Preferably the other divergent
element, or one of the other divergent
elements, is made of a dense fint glass,
“whilst at least ome of the convergent
elements is made of a glass having an

90 Abbé V number less than 50.

The invention may be applied to photo-
graphic or like objectives of various types.
Thus, when applied to an objective of

the type comprising two compound menis-

26 cus divergent components located between
twe convergent components, each diver-
gent component comprising a convergent
element cemented to a divergent element,
the rear divergent eclement may be made

8G of an alkaline halide crystal having mean
refractive index greater than 1.6. For
instance, the convergent front component
and the convergent front element of the
second component may be made of dense

85 barium crown glass, and the divergent

elements of the second and third compo-
nents respectively of dense flint glass and
of sodium biomide crystal, the con-
vergent rear elemernt of the third compo-
40 nent and the convergent rear component
being made of dense barium flint glass.
It is t¢ he understood that the terms
‘“front ! and “‘ rear ’’ are herein used to
relate to the sides of the chjective respec-
45 tively nearer to and further from the
longer conjugate in accordance with the
usual convention. =
Alternatively the front divergent ele-
ment may be made of an alkaline halide
60 crystal, preferably having mean refractive
index lower than 1.6. Thus the two con-
vergent components and the convergent
elements of the second and third compo-
nents may be made of dense barium flint
55 glass, the divergent elements of +he
second and third components being made
respecbively of potassium bromide crystal
and of dense flint glass.
In the case of an objective comprising
60 five components each consisting of a simple
element, of which the front two compo-
nents and the rear component are con-
vergent and the third and fourth diverg-
ent, the fourth component may be made of
65 an alkaline halide crystal having mean

refractive index greater than 1.6. Thus
the convergent front and rear components
may be made of dense barium flint glass
and the convergent second component of
dense barium crown glass, the divergent 70
third and fourth components being made
respectively of dense flint glass and of
sodium bromide crystal,

Again in an ohjective comprising two
compound divergent compouents located 78
behind two convergent components.and in
front of a third convergent component,
each divergent component consisting of a
convergent element cemented to a diverg-
ent element, the rear divergent element is 80
preferably made of an alkaline halide
¢rystal having a mean refractive index
greater than 1.64., Thus the front two
convergent elements may be made of dense
barium crown glass and the divergent {0
elements of the third and fourth compo-
nents respectively of dense flint glass ani
of potassium jodide crystal, the converg-
ent rear component and the convergent
elements of the third and fourth compa- 90
niants being made of dense barium fint
glass.

Another important application of the in-
vention is to a telephoto objective compris-
ing two compound meniscus components 99
with their concave air-exposed surfaces
facing one another. Usually in such ob-
jectives the front component consists of a
convergent element cemented in front of a
divergent element, and the rear compo- 100
nent of a divergent element cemented in
front of a convergent element. In this
case, when the invention is applied there-
to, the divergent element of one of the
components is preferably divided into two 10&
divergent elements, one of which is made
of an alkaline halide erystal. Tt will
usually be preferable for the crystal to be
‘used for the middle element of the triplet
component. The erysta] used preferably 110
has a. mean refractive index greater than
1.64, Thus in one convenient example
the front component is of triplet construe-
tion with its middle element made of
potassium iodide erystal, the rear compo-
nent being a doublet, and the rear
elements of the two components are each
made of dense flint glass, whilst light
barium flint and crown glasses are used
respectively for the front elements of the 120
first and second components,

Acecording to a further feature of the
invention an objective of known type hav-
ing at least one divergent element and two
or more convergent elements is modified to 125
afford correction for secondary spectrum
by replacing the divergent element (or one
of the divergent elements) by two diverg-
ent elements compounded together, one of
such elements being made of an alkaline 130
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halide erystal, whilst the other and also
the remaining elements of the objective
are made of optlcal glass, The divergent
element compounded with the cry: rstal
5 element is preferably made of dense flint
glass.
“ Thus ome such arrangement (whose
analogue consisting of five simple elements
forms the subject of British Patent No.
£36,448 standing in the names of the pre-
sent applicants) comprises five components
of which the first and {fourth counting
from the front, that is the side of the
longer conjugate, are divergent whilst the
15 other three are convergent, the fourth
component ‘heing compounded of iwo
divergent elements of which one is made
of an alkaline halide crystal having a
mean refractive index greater than 1.64.
20 In thig arrangement the two divergent
elements of the fourth component are pre-
ferably made respectively of potassium
iodide crystal and of dense flint glass.
In another arrangement the objective
25 comprises an asymmeﬁrlcal divergent com-~
ponent located behind two s1mp1e o1~
vergent components and in front of a thirl
simple convergent component, and the
divergent component (instead of being in
30 the form of a simple element as in the
konown type) wconsists of two divergent
elements compounded together, one of
such elements being made of an allkaline

10

Exavrerr 1.

Equivalent focal length 1.000.

halide crystal having a mean rvefractive
index greater than 1.64. Convenienily 35
the two diver gent elements are made re-
spectively of potassmm iodide crystal and

of dense flint glass.

The mventlon may be cartied into prac-
tice in various ways, bub seven convenient 40
practica] examples of objective accordmﬂ'
thereto are illustrated respectively in the
seven figures of the aceompanying draw-
ings. Numemcal data for these exa,mples
are given in the following tatles in which 45
R, Rg . . . represent the radii of curva-
tfure of the individual lens surfaces count-
ing from the front, the posﬂ',lve sign indi-
oatmm that the surface is convex to bthe
front and the negative sign that it is con- 50
cave thereto, D, D2 .. lepxebent the axial
thicknesses  of the individual lens
elements, and S, S, . represent the
axial lenmths of the air gaps between the
components The tables also give the mean
refractive indices ny, the Abbs V numbers,
and the relative partia] dispersions 6 for
the intervals (e to g)/(C to F) of the
glasses or erystals used for the individual
elements

The first two examples relate to objec-
tives of the type comprising two compound
divergent meniscus components having
their concave surfaces facing one another
and Jlocated - between two simple con-
vergent components. -

99

65

Relative aperture F/2.

' Relative
70 Partial
Dispersion
e—g
Thickness or Refractive Abbé V
Radius Separation Index 7, Number C—F
R, + .90
75 D, .081 1.6128 59.6 1.00
R. +25.75 .
S, .0065
R, + .4075
: D. .151 1.6128 59.6 1.00
80 R, + 1.0324 )
' D, 044 1.6136 37.3 1.05
R; + .265& : -
S: .19565
Re ~  .3048
85 D .0435 1.6410 29.9 .985
R, + 1.596
D; .1596 1.6423 48.3 1.02
R, — 4127
S. .003
90 R, + 1.8185
D, 1015 1.6423 48.3 1.02
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- -In this example sodium biomide is used
for the rear divergent element and dense
flint  glass for the front divergent
-element, the two front convergent
elements being of dense barium crown
glass and the two rear convergent
elements being of dense barium flint glass,
This example gives a very marked im-
- provement in- secondary spectrum corree-
10 tion over knewn objectives of similar type
using glass throughout. Thus between tke

C and F lines the wave surface retarda-
tion ig +.05A at the edge and — .02\ at an
intermediate zone (.7 of edge anerture) as

15 contrasted with — .93\ and — .64A respec-

AW

tively for a typical objective using glass,
and the corresponding figures between the

e and g lines are —.06X and — .03A as con-
trasted with +1.33A and + .39A. Similar
results can also be obtained with the use of 20
potassium iodide or rubidium iodide iu-
stead of sodium bromids,

Instead of using the eryvstal for the rear
divergent element, it may be used for the
front divergent element, hut in this case
a crystal of lower refractive index, such
as potassium bromide should preferably
be used. Data for one such example are
given in the following table:—

25

Examrerzr 11,

: Equivalent foeal length 1.000. * Relative aperture I, 2.0,
Relative
) Partial
Dispersion
85 : Thickness or Refractive Abbé V
- Radius Separation Index n, Number C—F
Ry o+ 6432 ) o
R D, 0845 64 48.3 1.02
: R. +1.£99 - - ) '
40 - - S: .0053
Ra + 41 75 - o o )
: D, .0950 1.644 48.3 1.02
R, x ,
' B D, .0418 ‘1.558 " 31.5 1.00
45 R, + 2781 :
T : S: L1591
R, — .3162 - ’
L D, .0398 1.651 33.5 1.0v
. R oc-
50 D; .1043 1.644 48.3 1.02
R, —= .4158. , : )
, S S: .0050
R, +3.167
55 C D, .0746 1.644 48.3 1.02
5 ,

Rxg — R .8773

In this example the two convergent
.components and the convergent elements
of the second dnd third components are all
" .made of dense barium flint glass. The
60 divergent element of the second compo-
" nent 1y made of potassium bromide crys-

tal, and the divergent element of the third

component is made of dense flint glass.

The third example is applied to an ob-
jective of the type comprising two com-
pound divergent meniscus components
located behind two simple econvergent
components and in front of a third simple
convergent component.

65
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Examrre II1.

Equivalent foeal length 1.000.

Relative aperture F/1.4. .

Relative
Partial
) Dispersion
e—g
Thickness or Refractive Abbé V e
Radius Separation o Index 7, Number C—1Ir
R, + .8106 ; o
D, .0671 1.613 59.6 1.00
10 R. +1.653 B
S, 0
Rs + 8284 o -
D, .0697 1.613 59.6 1.00
R, +1.650 B
15 : S. 002
R + .442
D, 1474 1.644 48.3 1.02.
R o o
D, .08056 1.621 36.1 1.0
20 R; + .2661 )
S: .2033
R. — .8482 '
D; 0297 1.,6634 21.3 987
R, —-1.169
25 D, .1474 1.644 48.3 1.02
R~ .4854 '
S, L0019
Ru: +2.126
' D, .0813 1.644 48.3 1.02

30 R..— 7544

This example has potassium iodide for
the rear divergent element and dense
flint glass for the front divergent element,
and gives a comsiderable improvement in

85 secondary spectrum correction over known
objectives of similar type using glass
throughout. Thus between the C and I

" lines the wave retardation ig — .10A at the
edge and + .10A at an intermediate zone

40 (.7 of edge aperture) as contrasted with
—191x and —1.13% respectively for a

typical known objective, the correspond-
ing figures between ¢ and g lines being
+.070 and +.200 as contrasted with
+2.34) and +.T7A.

The fourth example relates to an objec-
tive of the type comprising two simple
divergent components located behind two
simple convergent components and in
front of a third simple convergent com- 50

ponent.

13

45
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Exavrrr IV.

‘Equivalent focal length 1.000. Relative aperture F[2.5.

BT

15

Relative
B - Partial
) , Dispersion
R e o o —y
Thickness or Refractive Abbé ¥ —
- - Radius Separation Index np Number C—r
R =+ -6433
D, .0678 1.644 48.3 1.025
"R +1.690 - ~
T SRR M Y
R, + .3707 ) )
o D. .0852 - 1613 53.3 1.016
R, '+1.469 o
R S. .0416
R, —R.444 " ST :
- D, .0152 1.652 33.5 ’ 1.060
Re + 4130 - . ,
. S. .0406 -
20 R, +2.930 T i :
' ) D, .0155 1.641 29.9 - .98
R, + 4E12 ) -
S, .0660
- . Ry'+ .8520 ) o
25 - D; .0568 - 1.644 48.3 - L025
. : Rlo,_‘ .5847 - )

This example uses sodium bromide for fered from serious secondary spectrum.
the divergent fourth element and dense Such objectives usually consist of a pair of
flint glass for the divergent third element, meniscus doublets with their conecave sur-

80 whilst the convergent front and rear faces facing one another, but in the pre- 40
elements are made of dense barium flint sent example the front component con-
glass and the convergent second element sists of a divergent element cemented ie-
of dense barium crown glass. : tween. a. front convergent element and a

_ The fifth example is of the type known rear divergent element, the rear compo-
"85 as a felephoto objective wherein known nent consisting of a divergent element 45
examples using glass throughout have suf- cementeq in front of a convergent element,

Examvere V.

Equivalent focal length 1.0060. - Relative aperture F/5.6.
ST ' o , Relative
50 - : ' o A Partial
- Dispersicn
: ) e—yg
' ] Thickness or . Refractive Abbé V
Radius Separation - Index n, Number C—F
- - ;Ru'*‘: .2‘075 - -~ 7 - - .
55 N D, .0423 1.5732 51.9 1.412
R.— .5768 , o .
. D 0115 1.6634 21.3 98T
R, -1.390 } — —
D, .0115 1.652 33.5 1.07
60 Ru-l- .5585 -
} S, 2460
R,— .1308 ,
f D, .0082 1.509 64.3 994
R,— .6702 ) :
65 D, .0170 1.613 36.9 1.051

R, - .2152
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1

This example wuses potassium iodide
crystal for the divergent middle element
of the front component end dense flint
glass fop the divergent rear element of the
front component as also for the convergent
rear element of the rear component, the

~ front elements of the first and second com-

20

26

30

35

40

%

50

- 55

60

65

ponents being respectively made of light
barium flint and crown glasses.

Examers VI.

Equivalent focal length 1.000.

This example may be modified by em- 10
ploying the crystal for the rear element of
the front component and the dense flint
glasy for the middle element, or again by
making the rear component of triplet con-
struction and the front component of 15
doublet construetion with the crystal as
one of the elements, preferably the middle
element, of the rear component,

Relative aperture F[1.4.

Relative Partial

Dispersion
_ e—yg
Thickness or Refractive Abbé V -
Radius Air Separation Index n, Number C—F
R, +2.312 : ]
D, .1013 1.516 64.1 .988
R, +1.267
S, 1.395
R. +1.447 ' ,
D. .1391 1.6125 37.3 1.061
R: +6.031 : ,
, 8, 0101
R, + .6427 - T ,
) D, .2432 - 1.6125 £9.6 .999
R N '
: 8. .0137
D, .1619 1.6973 30.5 1.067
Re +1.420 L , )
7 D, .1721 1.6634 21.4 .988
R, + 3746 , '
S, .2343
Ry, + .8120
D, 1391 1.6216 60.2 998 -
Ry —1.286

- Equivalent focal length 1.000.

Examerz VIT

Relative 7 aperture /1.4,

Relative Partial

Dispersion
8.-—-
Thickness or Refractive Abbé V 7
Radius Air Separation Index n, Number C—F
R.+ 1.066 :
: ' D, .1081 1.6135 59.6 .999
R2+ 7.262 - .
8. .0094
R.+ .4848 '
, D. .2453 1.5782 51.9 1.012
R+ 3.506 ,
, S, 0110
R;-25.80 - . : - :
: D; .1001 1.7492 27.8 1.078
R.+ 9102 : '
. D, .1083 1.6634 214 .988
R;4+ 2955 -
) Sa .174:7
R.+ .5238° , :
D; .1081 1.613 37.3 1.051

R, 1.428
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In the sixth example the objective com-
prises five components of which the first

- and fourth are divergent and the others

convergent the fourth component heing

-5 compound and consisting of two divergent

elements, whilst the remaining four com-
ponents all consist of simple elements.
Potassium iodide crystal is used for the
rear element of the tourth component and
10 dense flint glass - for the front element
thereof. Dense flint glass is also used for
the convergent second- component, the
‘other two convergent components being
made of dense barrum crown glass, whilst
15 barium silicate crown glass is used for the
divergent front component. )

In the seventh example the objective
comprises a divergent compound compo-
nent Jocated behind two simple convergent

20 components and in front of a third simple
convergent component, the front and rear
divergent elements of the divergent third
component being made respectively of
dense flint glass and of potassium, iodide

25 crystal. The convergent front component
is made of dense barium crown glass, and
the convergent second component of light
barium fling glass, whilst dense flint glass
is used for the convergent rear compo-

30 nent. :

These two examples are respectively de-
rived from examples given in the specifi-
cations of the Brifish Patent No, 536,448
above mentioned and of the copending

85 British Patent Application No. 11608 of
1940, (Seria] No. 542,508), also standing
in the names of the present applicants, and
generally retain the advantages of such
prior objectives with the added advantage

40 in each case of greatly improved correc~
tion for secondary spectrum.

It will be appreciated that the fore-
going examples may be modified in
various. ways within the scope of the in-

45 vention, for instance by the use of other
high index alkalime halide ecrystals in
place of the potassium crystal described.

Having now particularly described and
ascertained the nature of our said inven-

50 tion and in what manner the same is to Le
performed, we declare that what we claim
is:—

1. An optical objective having two or
more divergent lens elements and two or

55 more convergent lens elements, in which
one of the divergent elements is made of
an alkaline halide crystal and al] the other
elements of the objective are made of opti-
cal glass.

2. An optical objective as claimed in
Claim 1, in which one of the divergent
elements is made of a dense flin glass and
at least one of the convergent elements is
made of a glass having an Abbé V num-
65 ber less than 50,

60

3. An optical objective as claimed in
Claim 1 or Claim 2, comprising two com-
pound meniscus divergent components
located between two convergent compo-
nents, each divergent component consist- 70
ing of a convergent element cemented to
a. divergent element, in which the rear
divergent element is made of an alkaline
halide crystal having a mean refractive
index greater than 1.6.

- 4. An optical objective as claimed in
Claim 3, in which the convergent front
component and the convergent front
element of the second component are
made of dense barium crown glass, and
the divergent elements of the second and
third components are made respectively of
dense flint glass and of sodium bromide
crystal, whilst the convergent rear
element of the third component and the
convergent rear component are made of
dense barium flint glass. : -

5. An optical objective as claimed in
Claim 1 or Claim 2, comprising five com-
ponents each consisting of a simple
element of which the front two compo-
nents and the rear component are con-
vergent and the third and fourth diverg-
ent, the fourth element being made of an
alkaline halide erystal having a mean re-
fractive index greater than 1.6,

6. An optical objective as claimed in
Claim: 5, in which the convergent front
and rear components are made of dense
bardum flint glass and the convergent 100
second component of dense barium crown
glass, whilst the divergent third and
fourth components are made respectively
of dense flint glass and of sodium. bromide
crystal.

7. An optical objective as claimed in
Claim 1 or Claim 2, comprising two com-
pound divergent components located De-
hind two convergent components and in
front of a third convergent component,
each divergent component consisting of a
convergent element cemented to a diverg-
ent element, in which the rear divergent
element is made of an alkaline halide crys-
ta] having a mean refractive index greater 115
than 1.64.

8. An optical objective as claimed in
Claim 7, in which the front two convergent
components are made of dense barium
crown glass, whilst the convergént rear 120
component and the convergent elements
of the third and fourth components are
made of dense barium flint glass, and
divergent elements of the third and fourth
components being made mespectively of 125
dense flint glass and of potassium iodide
crystal, :

9. An optical objective as claimed in
Claim 1 or Claim 2, comprising two com-
pound divergent meniscus components 130

5

80

85

90

95

105

110
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lecated between two convergent compo-
nents, each divergent component consist-
ing of a convergent element cemented wo
a divergent element, in which the front

3 divergent element is made of an alkaline
halide crystal.

10. An optical objective as claimed in
Claim 9, in which the crystal used for the
front divergent element has a mean re-

10 fractive index lower than 1.6,

11. An optica]l objective as claimed in
Claim 10, i which the two convergent
components and the convergent elements
of the second and third components are

156 made of dense barium flini glass, whilst
the divergent elements of the second and
third components are respectively made cf
potassium bromide crystal and of dense
flint glass,

20 12. An optical objective as claimed in
Claim 1 or Claim 2, comprising two com-
pound meniscus components with their
air-exposed concave surfaces facing one
another, wherein one of the components

26 consists of two divergent elements
cemented together and to a convergent
element, one of such divergent elements
being' made of an alkaline halide crystal.

13. An optical objective as claimed in

30 Claim 12, in which the front component
is of triplet construction including the
crystal element and the rear component
consists of a doublet,

14. An optical objective as claimed in

85 Claim 12 or Claim 18, in which the
erystal used for one of the divergent
elements of the triplet component has a
mean refractive index greater than 1.64.

15. An optica] objective as claimed in

40 Claim 12 or Claim 13 or Claim 14,
which the crystal is used for the middle
clement of the triplet component,

16. An optical objective as claimed in
Claims 13 +to 15, in which the middle

45 element of the front component is made
of potassium iodide crysts] and the rear
elements of the two components are each
made of dense flint glass, whilst light

barium flint and crown glasses are used
respectively for the front elements of the 50
front and rear components, :

17. An optical objective as claimed in
Claim 1 or Claim 2, in which the diverg-
ent element made of an alkaline halide
erystal is compounded with another 55
divergent element, such pair of elements
replacing a single divergent element in a
known type of objective.

18. An optical objective ag claimed in
Claim 17, in which the divergent element g
compounded with the crystal element is —
made of dense flint glass,

19. An optical objective as claimed iu
Claim 17 or Claim 18, comprising five com-
ponents of which the first and fourth are g5
divergent and the other three convergent,
the fourth component heing compounded
of two divergent elements of which one
is made of an alkaline halide crystal hay-
i1n§-4a mean refractive index greater than 70

20. An optical objective as claimed in
Claim 17 or Claim 18, comprising an
asymmetrical divergent component located
behind two simple convergent components 75
and in front of a third single convergent
component, the divergent component
being compounded of two divergent
elements of which ¢ne is made of an alka-
line halide crysta] having a mean refrac- 80
tive index greater than 1.64.

21. An optica] objective as claimed in
Claims 18 to 19, or in Claims 18 and 20,
in which the crystal consists of potassium
iodide erystal. '

22. The optical objective substantially
as deseribed with reference to any one
figure of the accompanying drawings and
having numerical data substantially as
set forth in the corresponding tables 90

herein,
Dated this 14th day of Novemiber, 1941,

PULLINGER & MALET,
Agents for the Applicants.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1949.



[ This Drawing is a reprodicction of the Origirual ore a reduced scale,]
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