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This invention relates to an angstigmatically
corrected objective for photographic or projec-
tion or like purposes, of the kind comprising
three axially alighed components, each consist-
ing of a simple element, the middle componeént
beéing dispersive and the two outer components
collective,

Attempts to design an objective of this kind
with a high aperture, say F/2.5, have hithérto
restilted in an objective having rather heavy
residual zonal spherical aberration, thereby re-
strictiig their use to short focal lengths of 1%
inches or less.

The present invention has for its object to
provide an objective of this kind in which the
same high aperturé can be obtained with con-
siderably improved zonal spherical aberration
correction, or altérnatively in which a still

higher aperturé can be obtainéd with the same

degree of residual zenal spherical aberration.

In the objective according to the irivention
one of the collective components is made of a
glass having a mean refractive index higher than
175 and preferably higher than 1.8, at least
one of the other two components bemg made
of glass having a mean refractive index less
than 1.7. Various examples of glass having re-
fractive index higher than 175 are given in
British Patent Specification No. 462,304, such
glass having as its main constituents oxides of
elements such as tungsten, tantalum, lanthanum,
thorium, yttrium, zirconium, hafnium and co-
lumbium. )

The sum of the numerical values of the radii
of curvature of the front surface of the front
compohent and the rear surface of the rear
component lies between .85 and 1.3 times the
equivalent focal length of the objective.

It is to be understood that the term “front”
as herein 1used refers to the side of the objective
nearér to the longer conjugate and the term
“rear” to that nearer the shorter conjugate.

When the rear component has the high index,
the dxial air separation between the middle and
rear components is preferably less than forty
per cent of that between the front and middle
components. When the front component las the
high index, the axial air separation between the
front and middle components is preferably less
than fifty per cent of that between the middle
and rear components. In either case the axial
air separation between the high index compo-
nent and the middle component is preferably
less than one tenth and greafer than one-fiftieth
of the equivalent foeal length of the objective.

In the accompanying drawing, Figures 1, 2
and 3 respectively show diagrammatically three
convenient practical examples of objective ae-
cording to the inmvention. Numerical data for
these three examples are giver in the following
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tables, in which thé radii of curvature of the
individual surfaces are deslgnated by RiRa . .

countmg fromi the front; the pos1t1ve sign indi-
catinig that thie surface is corvex towards the
front and the negatiVe sign that it is concave
thereto, whilst the thlcknesses of the 1nd1v1dua1
clenients along ‘the ax1$ aré designated by
DiD2D3 and the ax1a.1 4ir spacés between the
componénts By S:183. The tablés also give the
meéan refractivé indiées and the Abbe » humbers
of the glasses used for the individual elements.

Egample I

[Equivalent focal Iéﬁgﬁh 1,000. Relative ap‘er[;uré F/2.5]

" Thifekméss Refractlve Abbé »
Radius ot separatlon mdex " figimber
Bi=- 3460 N L L.
. Dy=.108 1574 §7.5
Ri=o }
. Si=/110
Ry=— 6443 ) :. L N
: Dz=.031 1.697 30.7
By=+ . 8571 o
. . Si=.110
Rg=+1:205 :
. 1 Dy=.085 1.901 42.5
Ry=— .7364 o
Exdgmpleé IT
[Equivalent focal length 1.000. Relative aperture F/2:2}
Cis if'hickness oF | Reffactive { Abbe v
Badius | “separation | indexnp | number
Ri== +. 6761 R Lt
SR D=, 186 1.901 425
Ry=~1.754 . o
. R 81=.065
Ry=--".5435 - .
. . Dy=.062 1. 697 30.7
Ri= +.4373 N
S &= vi0
Ry=42.922 P R ;
- s Da=.125 1.613 59.3
| Rp= ~=.4273 .

Edaniple 11
[Equivalent focal ]éhgfh 1.000, Relative aperture F/2.71

A - Thickness or | Refractive’| Abbe»
Radius “separation | indexnp | number
= 1oL o .
- ) - Dy=.065 1.613 59.3
Ri=tassy |
i oL =243
Ra= —, 4272 |
U e=aow Le | 80.7
Fi= 4. 605t , :
. 83=.061
. Rs=+41.835 . B L
T Dy=.087 1. 901 42.5
Ry= —. 4522 ;
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As will be seen, the first and third examples
employ the high index glass in the rear com-

ponent, and both give good zonal spherical aber-
ration correction, that in Example III which has

a low rear air separation being exceptionally good

whilst in Example II, which has a high index

front component and a low front air separation, - -

the improvement in zonal spherical aberration
correetion is sacrificed in ordetr to obtaih a higher
aperture. »

The sum of the numerical values of the two
oltfermost radii is in Example I 1.0824, in Exam-
ple IT 1.1034 and in Example IIT .977"7.

What I claim as my 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 comprising
two outer collective components and a dispersive
component between such collective components,
the three components being axially aligned and
each consisting of a simple element, the glass
used for one of the collective components hav-
ing ‘a mean refractive index greater than 1.75
whilst at least one of the other two components
is made of glass having a mean refractive index
less than 1.7, the total axial length of the ob-
jective between the front surface of the front
component and the rear surface of the rear com-
ponent lying between .35 and .70 times the equiv-
alent focal length of the objective.

2. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a dispersive
component between such collective components,
the three components being axially aligned and
each consisting of a single element, the glass used
for one of the collective components having a
mean refractive index greater than 1.75 while
atb least one of the other two components is made
of glass having a mean refractive index less than
1.7, the sum of the numerical values of the radii
of curvature of the front surface of the front
component and of the rear surface of the rear
component lying between .85 and 1.3 times the
equivalent focal length of the objective.

3. An optical objective corrected for spherical
and chromatic -aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a dispersive
component between such collective components,
the three components being axially aligned and
each consisting of a simple element, the glass
used for one of the collective components having
a mean refractive index greater than 1.8 whilst
at least one of the other two components is made
of glass having a mean refractive index less than
1.7, the sum of the numerical values of the radii
of curvature of the front surface of the front
component and of the rear surface of the rear
component lying between .85 and 1.3 times the
equivalent focal length of the objective.

4. An optical objective corrected for spherical
and chromatic aberration;, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a disper-
sive component between such collective compo-
nents, the three components being axially aligned
and each consisting of a simple element, the
glass used for the rear collective component hav-
ing a mean refractive index greater than 1.8
and those for the other two components each
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the axial air separation between the middle and
rear components being less than forty per cent
of that between the front and middle compo-
nernts, while the total axial length of the objec-
tive between the front surface of the front com-
ponent and the rear surface of the rear compo-
nent lies between .35 and .70 times the equiva-

_lent focal length of the objective.
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having a mean refractive index less than 1.7, 75

5. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two oufer collective components and a disper-
sive component between such collective compo-
nents, the three components being axially aligned
and each consisting of a simple element, the
glass used for the rear collective component hav-
ing a mean refractive index greater than 1.75
whilst at least one of the other two components
is made of glass having a mean refractive index
less than 1.7, the sum of the numerical values
of the radii of curvature of the front surface of
the front component and of the rear surface of
the rear component lying between .85 and 1.3
times the equivalent focal length of the objec-
tive, the axial air separation between the middle
and rear components being less than forty per
cent of that between the front and middle com-
ponents.

6. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a disper-
sive component between such collective compo-
nents, the three components being axially aligned
and each consisting of a simple element, the glass
used for the front collective component having
a mean refractive index greater than 1.8 and
those for the other two components each having
a mean refractive index less than 1.7, the axial
air separation between the front and middle
components being less than fifty per cent of
that between the middle and rear components,
while the total axial length of the objective be-
tween the front surface of the front component
and the rear surface of the rear component lies
between .35 and .70 times the equivalent focal
length of the objective.

7. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a disper-
sive component between such collective compo-
nents, the three components being aXxially aligned
and each consisting of a simple element, the
glass used for the front collective component
having a mean refractive index greater than 1.75
whilst at least one of the other two components
is made of glass having a mean refractive index
less than 1.7, the sum of the numerical values
of the radii of curvature of the front surface of
the front component and of the rear surface of
the rear component lying between .85 and 1.3
times the equivalent focal length of the objec-
tive, the axial air separation between the front
and middle components being less than fifty
per cent. of that between the middle and rear
components,

8. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a middle
dispersive component, the three components
being axially aligned and each consisting of a
simple element, one of the collective components
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being made of a glass having a mean refractive
index greater than 1.75 and being axially sep-
arated from the dispersive component by an air
space less than one tenth and greater than one
fiftieth of the equivalent focal length of the ob-
jective, whilst at least one of the other two com-
ponents is made of glass having a mean refrac-
tive index less than 1.7.

9. An objective as claimed in claim 8, in which
the sum of the numerical values of the radii of
curvature of the front surface of the front com-
ponent and of the rear surface of the rear com-
ponent lies between .85 and 1.3 times the equiv-
alent focal length of the objective.

10. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a disper-
sive component between such collective compo-
nents, the three components being axially aligned
and each consisting of a simple element, the
glass used for the rear collective component hav-
ing a mean refractive index greater than 1.8
and those for the other two components each
having a mean refractive index less than 1.7, the
axial air separation between the middle and rear
components being less than forty per cent of
that between the front and middle components
and being less than one tenth and greater than
one fiftieth of the equivalent focal length of the
ohjective.

11. An optical objective corrected for spherical
and chromatic aberrations, coma, astigmatism,
field curvature and distortion, and comprising
two outer collective components and a dispersive
component between such collective components,
the three components being axially aligned and
each consisting of a simple element, the glass
used for the front collective component having a
mean refractive index greater than 1.8 and those
for the other two components each having a
mean refractive index less than 1.7, the axial
air separation between the front and middle
components being less than fifty per cent of that
between the middle and rear components and
being less than one tenth and greater than one
fiftieth of the equivalent focal length of the ob-
jective.

12. An optical objective having three axially
aligned components each consisting of a simple
element and having numerical data substantially
as set forth in the following table:
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[Equivalent focal length 1.000. Relative aperture /2.5
. Thickness or | Refractive | Abbe »
Radius separation index #p | number
Ri= --.3460
D1=.109 1.574 57.5
Ry=c
S1=.110
Ry= —. 6443
Ds=.031 1. 697 30.7
Ry= +4-.3571
S;=.110
R;=-1.205
D3=.085 1.901 42,5
Ry=— 7364

13. An optical objective having three axially
aligned components each consisting of a simple
element and having numerical data substantially
as set forth in the following table:

[Equivalent focal length 1.000. Relative aperture F/2.2]

s Thickness or { Refractive [ Abbe»
Radius separation | indexwp | number
Ri= +}.6761
D1=.186 1.901 42.5
Ry=-1.754
. 81=.065
Ry=— . 5435
Dp=.052 1.697 30.7
Ri= +.4273
83=.170
Rs=-42.222
D;=.,125 1.613 59.3
Rg= —.4273

14, An optical objective having three axially
aligned components each consisting of a simple
element and having numerical data substantially
as set forth in the following table:

[Equivalent focal length 1.000. Relative aperture F/2.7]

: Thickness or | Refractive | Abbe »
Radius separation | indexnmp | number
Ry= -+.5255
Dy=.065 1,613 59.3
R;=-3.559 .
Si=.243
Ry= —.4272
D3=.017 1,697 30.7
Ry= -+.5051
Sa=, 061
Rg—-11,335
Dsy=, 087 1,901 42,5
Ry= —.4522

ARTHUR WARMISHAM.
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