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This application is a continuation-in-part of my ap-
plication Serial No. 209,359 filed February 5, 1951 (now
abandoned).

The invention relates to optical objectives intended
mainly but not exclusively for photography and projec-
tion. It is directed more particularly to a wide angle ob-
jective with an aperture in the neighbourhood of f/5.

In order to simplify the description and claims the focal
plane at the greater distance from the corresponding
principal focal plane will be termined -the object and
that at the smaller distance from the corresponding prin-
cipal focal plane will be referred to as the image. ' Thus,
when used for photography, the object will be the scene
photographed and the image thé sensitive surface of the
plate or film. When used for projection the image will
be the transparency or other article being projected and
the object the screen on which the enlarged reproduction
is exhibited. .

A known form of wide angle objective is made up
of four air-spaced components, of which the two inner
ones have converging action and are provided with ce-
mented surfaces, while the outer components are both
meniscus-shaped diverging lenses strongly concave to-
wards the inner components. In this objective the curva-
ture of the inner or concave surface of the diverging lens
facing towards the object is so great that this surface
is utilised up to a central angle of about 180°, that is
a hemisphere. i

Investigations have shown that objectives of this known
form no longer comply fully with the more recent re-
quirements of surveying in regard to uniformity and qual-
ity of definition.

It is the object of the invention to provide an im-
proved wide angle objective of large aperture by con-
structing it with six components in which at least the
greater part of the positive power is concentrated in the
two middle components, the outer components being di-
verging menisci concave towards the diaphragm position.

With this object in view the objective of the invention
is made up of six components separated from each other
by air spaces and located three on each side of the dia-
phragm position, the first and sixth components taken in
consecutive order being ‘of diverging power and of
meniscus form concave towards the diaphragm position,
the second and fifth components being of meniscus form
concave towards. the diaphragm. position, the third and
fourth components each being of converging power and
having their extreme surfaces remote from the diaphragm
position convex and separated from each other on the
axis by a distance within the range 0.1 f to 1.6 f, where f
is the focal length of the complete objective, and the air
spaces between the first and second components and
between the fifth and sixth components having each the
shape of a converging lens. ‘

It is preferable for:the convex extreme surfaces of
the third and fourth components to be separated from
each other on the axis by a distance within the range
0.6 £ to 1.4 f. 1n such cases the air space between the
third and fourth components is better made not less than
0.03 £,
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In the preferred form of construction the first, sec-
ond, fifth and sixth components are single meniscus
lenses, and when this is so, it is advantageous to have
the sum of the refractive indices for the d-line of these
four lenses not greater than 6.30. Also the third and
fourth components are then conveniently composed each
of at least two lenses cemented together. Such measures
may be used to improve the correction of chromatic aber-
ration, astigmatism, coma or distortion.

For the purpose of correcting the spherical aberration
there may be included in each of the two inner converg-
ing components a cemented surface concave towards the
diaphragm position and having its centre of curvature
located between itself and the other of the said two sur-
faces, the refractive index of the glass on the convex side
of the separation surface being higher than of that on
the concave side. There is preferably in at least one of
the inner converging components in addition a cemented
surface having its convex side towards the diaphragm,
the refractive index on the convex side of this cemented
surface being smaller than that on the concave side.

Where cemented surfaces are mentioned above it is
also within the scope of the invention to replace one or
more of such surfaces by air layers of air spaces. In
the latter case the curvatures of the glass surfaces bound-
ing the air space may be made a little different. If an
air space is so introduced into a converging component,
it must be understood that from the point of view of
the present description and the claims the group of lenses
so divided is still regarded as a single component,

With a sequence of components as described above it
is possible to achieve extensive removal of distortion.
The shape of the spherical and chromatic aberration
curves, as also of the astigmatism curves, is so straight-
ened that only slight intermediate errors remain.

In some cases, particularly with objectives of large
focal length, the construction referred to may lead to
somewhat bulky objectives. Where this is the case it is
better to keep to the lower part of the range of axial
lengths over the extreme surfaces of the third and fourth
components.

Thereby the shape of the sagittal branch of the astigma-
tism curve may be improved, so that this branch even
at wide angles remains in the plane of best mean defini-
tion ‘with an image radius in the optical axis correspond-
ing with the Petzval formula of +7 £ to -7 £. To

" achieve a similar result for the meridional branch, it is
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advisable to keep the axial separation between the third
and fourth components less than 0.10 f.

By making the air spaces on the axis between the sec-
ond and third components and between the fourth and
fifth components smaller than those between the first and
second components and between the fifth and sixth
components, the second and fifth components can be
made to contribute more towards the correction of spheri-

“cal aberration, whereby the axial length over the extreme

surﬁtlces of the third and fourth components may be kept
small. .

The invention is illustrated by nine examples shown in
Figures 1 through 9 of the accompanying drawings in con-
ventional form.

In each figure the six components reckoned from the
object side are designated by the references A, B, C, D,
E and F. L with a number is used to denote the indi-
vidual lenses, d the axial thicknesses, I the axial separa-
tions, and r the radii of curvature of the boundary surfaces,
the numbering being consecutive from the object side,
while Bl denotes the diaphragm position.

Referring first to Figure 1, component A and com-
ponent B are simple diverging meniscus lenses, L1 and L2
respectively, convex towards the object. - Component C is
made up of three lenses, namely a thick diverging lens
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L3 of high refractive index and medium dispersion, a con-
verging lens L4 of medium refractive index, and a diverg-
ing lens Ls of lower refractive index. Component D is
substantially a mirror image of component C except in
regard to precise dimensions and optical properties, being
made up of the lenses Ls, L7 and Ls. Componenis E and
F are two simple diverging meniscus lenses Ly and Lo con-
vex towards the image. The distance between the outer
faces 5 and ri2 of the converging compornents C and D
facing the diverging components B and E is 0.967 { and the

air space between the two converging components C and D-

is 0.0385 f. The sum of the refractive indices for the d-
line of the four diverging components A, B, E and F is
6.034.

Figure 2 shows another example in which component A
and component B are again simple diverging meniscus
lenses L1 and Eg convex towards the object. Component
C is here made up of only two lenses, namely a thick di-
verging lens Ls of high refractive index and medium dis-
persion and a converging lens Le of lower refractive in-
dex. The two lenses L3 and Ls have a common cemented
surface of which the concave side is towards the dia-
phragm. Component D is composed of three lenses,
namely a diverging lens Ls of low refractive index, a con-
verging lens Ls of medium refractive index, and a diverging
lens L7 having the highest refractive index of the com-
ponent. The cemented surface between the lenses Ls and
Ls is convex towards the diaphragm, while the lens L is
cemented to the lens Lg by a surface concave towards the
diaphragm. Components E and F are again two simple
diverging meniscus lenses convex towards the image.

The distance between the two convex outer surfaces r5
and ru: of the converging components C and D facing the
diverging components Lz and Ls is 0.973 f, and the air
space between the components C and D is 0.0389 f. The
sum of the refractive indices for the d-line of the four di-
verging components A, B, E and F is 6.034.

An objective differing considerably from the first two
is shown in Figure 3. There the second and fifth com-
ponents B and E are doublets and are placed much nearer
to the third and fourth components C and D than to the
first and sixth A and F. The inner air spaces are both
0.0182 £, while the outer ones are 0.2885 f and 0.3108 f
respectively. In this example the converging components
C and D are of the same kind of glass and are at zero spac-
ing from each other. For convenience they are therefore
made as a single piece of glass with a deep annular groove
g to act as the diaphragm. The components B and E
are constructed as doublets for better correcting chromatic
aberration. The axial length over the convex outer faces
of components C and D (less L4) is 0.8128 £.

Figure 4 shows an objective having many points of
resemblance with that of Figure 3. The axial air space
between components B and C is 0.0182 f, which is much
less than that between components A and B, viz 0.2887 f.
Similarly the axial air space between components D and
E at 0.0182 f is much less than the 0.3109 £ separating
components E and F.  The axial length over the extreme
surfaces of components C and D is here 0.798 £, while the
axial length of the air space between these two componeits
is 0.0172 £.

An objective is shown in Figure 5 having more re-
semblance with. the last two than with the first two, but
having the feature not exhibited by any other example in
the present specification of slightly positive power in com-
poneats B and E. These components are also made as
doublets for the sake of better chromatic correction. The
axial length over the outer convex faces of components C
and Dis 0.233 f.

in Figure 6 the objective shown has single diverging
meniscus lenses for the four components A, B, E and F,
and the axial length over the outer convex faces of
components C and D is 0.509 £.

Figure 7 shows an objective in which the components

A and F are constructed as doublets. The axial length
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4
over the outér convex faces of components C and D is
0.502 f.

The objective shown in Figure 8 has components B and
E formed as doublets and all the others as single lenses.
The axial length over the outer convex faces of com-
ponents C and D is 0.241 f.

Figure 9 shows an objective similar to that of Figure §,
but here the axial length over the convex outer faces of
components C and D'is brought near to the lower limit
specified and is 0.13 £.

The optical data of the various objectives are given
in the following tables, in which the number of each
example corresponds with the number of the figure il-
lustrating it.

Example 1
[Focal length =100 mim. Relative aperture /5]
Kinds of glass
L Radi ’I‘h(iicknesses »
enses adii and separa- : isper-
Hons Refractive sio%
index for Abbe
d-line number
ri =4100.06
) 2 PRI, . dy =39 1. 5163 64.0
rg =+ 53.68
1 =13.28
ri=- 107. 26
) 7 d; = 2.88 1. 5163 64.0
ry=-+ 53.44°
13.=37.35
rg=- 56.55 .
) R RN dy =24.88 1.7200 50.3
re=-+ 25.34
| 7T dy=21.18 1.6138 58.6
rp=~— 7316 ] .
R ST T, ds= 1,93 1. 5163 52.2
rs =-1094.9
) I3 = 3.85
rg =~ 626.3
| 7 R ds = 1.93 1.5163 52.2
rio=-+4 6§7.76
| . d7:=27.34 1. 6138 50.8
ru=-— 25.85 )
) 7 '  dy=15,56" 1. 7200 29.3
rig=-< 56,30 ’
1 =36.20
riz=— 50.25
| 7 T . dy= 2.88 1. 5001 61.6
ru=— 98.96
. I5=13.28
risg=— §1.60"
| T O dw= 3.08 1. 5001 61.6
re=— 94,24
Example 2
[Foeal length f=100 mm. Relative aperture /5]
Kinds of glass
Thicknesses
Lenses Radii andﬁsglzl)gra Refractive Dsliigfr-
index for Abbe
d-line number
ry =-101.07
) 7 SR di= 3.94 1.5163 64.0
ry=- 54.22. |:
| =134
r3 =108, 35
) 7 S, dy= 2,91 1. 5163 64.0
ry.=- 53.98
; 1,=37.73
5=+ §7.12°
| 7 S dy=25.13 1.7200 §0.3
ré =4 25.50 )
) P P dy=23.57 1,6138 58. 6
r; ==71L 5
B=3.89
ry =—632.6
. dy= 1.85 1. 5163 52.2
ry =-} 58.34 )
: de=30. 34 1.6138 50.8
ryp=-- 20,97 .
T dy=12.45 1.7200 20.3
ri=—:57.23"
U=38.56
riz=— 50.76
j 7 O : ) dg="2.91 1. 5001 61.6
ru=-— 99.96 .
’ ) 1;=13.41
rig==—-51.65% |-
| 77 T . di= 3.11 1, 5001 61.6
©rig= 92,07
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) Example ‘ . Example 5
[Focal length £=100 mm, Relative aperture /5] [Focal length £=100 mm, Relative aperture £/4.5]
Kinds of glass Kinds of glass
Thicknesses : . Thicknesses
Lenses Radii zmdt 18&[::!&- Refractive Dsiis‘x)%er- Lenses Radii andt ;gf:ra— Refractive Dsl%;:ar-
index for Abbe index for Abbb
Sglime | mber ¢line | yomber
r =4110.34 10 r1 =+ 45.86
) O P | di=10.12 1.4870 70.0 L7 PR di= 4.86 1, 5163 64.0
re= 43718 73 =+ 25,45 .
11=28,85 h=19.04
r3 = 158,34 ) - - rs =+ 26, 58
| 7 T, d1=10.12. 1, 5400 5.6 Lo _ilee.... da= 6.51 1.6570 51.1
1 =—126.94 i v ri =106, 85
Ly di= 3.54 1. 5400 50.9 15 Looooool... 1= 2.91 1. 6055 49.2
s = 26,18 ry = 22,86
= 1,82 f= 2,72
re = 428.82 . 1y =-} 36.08
| PTR di=52.34 1,6176 60.3 | 77 VO : 1 dy=10.68 1, 5600 61.2
7= —28.90 . rr =-4211,95
A ls= 182" L= 1.04
ry = —25,; 56 e =—211,95 - -
|7 ds= 2,53 1. 5750 4.3 20 | 7 R ds=10.68 1, 5600 61.2
Tp=0 ry =~ .36.08 )
|7 . de= 9.11 1. 5760 57.5 L= 2.72
r= —5460 : rig=-- 22,86
4=31.08 | 7 T, dy=" 2,91 1, 6055 38.0
= —306.83 r11=—106.85
| R, dy=9.21 1. 5015 68.5 . Ly.oeeeoeiiin | di='6.51 1. 6570 57.1
riy=—113. 67 . 25 rg=— 26,58 -
) 15=19.04
- riy=— 25,45
) 7 T dy= 4,86 1, 5163 64.0
ry=— 48,86
80
35
40
45
Example 4 ‘ L Example 6
[Focal length f=100 mm. Relative aperture £/5] . [ [Focal length {=100 mm. Relative aperture £/5.5]
} 50
Xinds of glass Kinds of glass
L Radii Th(iickn » Dis, L Radii Th(iicknesseé Di
€nses 2 and Separa- | popotive per- enses a and separs- | popo oo Isper-
tlons . | “nder for iiggé : : tions index for j‘ggé
B8 | number g5 .| pumber
1 =+-110. 40 ry =4-110. 40 i
L d1=10,13 1.4870 70.0 Lieceeiiaaes d1=10,13 1. 48697 70.0
12 = +37.20 r2 =-}- 37.20
U=28, 87 i 11=28,87
ry = +58.87 . rs =+ 58,37
| P T dy=10,13 1, 5400 d3==13. 67 1. 54000 59.6
ry=-=127,01 . ry =-26,19 L
T ds= 3.54 1, 5400 = 1.82
rs = 426,19 LI 15 =-- 28,84 . o
- = 182 ds=20.26 1.61761 56. 9
re = 28,84 i s =-— 91.15
| 7 T, d4=23.40 1.6176 dy= 3.14 1, 61761 36.4
B Ty =w0 ry = . 5
= 1.72 ‘ L= 172
7§ = ) g =00 - E
| 7 d3=25,73 1.6176 60.3 | 7 TR ds= 5.47 1. 61761 36.4
ro= —2802 | . : 7o = 78.90 .
o U= 1,82 | 7 de=20. 26 1.681761 60.3
rio= ~—25, 67 rio=~— 28,92
| 77 T, ds= 2,53 1. 5750 41.3 - = 1.82 .
=% B 70 ru=— 2557 :
) 7 . dr= 9,12 1. 5750 51,5 ) 7 R, dr=11,65 1. 57500 41.3
r13== —54.63 ria=— 54.63
15=31.09 - 3 15=31.09
3= —36.85 - : rig=-— 36,85 . ot
77 R dy=9,22 1. 5015 56, 5 | TR dy= 9,22 1, 50149 56.5
r14=~113.73 = BN or R e=~—113.73 .
5
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Example 7 Example 9
[Focal length £=100 mm. Relative aperture /5.5 [Foeal length {=100 mm. Relative aperture /5]
Kinds of glass XKinds of glass
L Radil Th(iicknesses b L Radit Th(iicknesses Dis
€Nses adli and separa- s sper- enses adll and separa- 3 per-
tions Refractive | “gon tions Refractive | “gion
index for Abbe index for Abbe
dline | yumper dline | pumber
1 =+105.0 10 =4 46.31
di= 9.0 1. 5020 56.5 b P di= 4.84 1.5163 64.0
rs =-+230.0 g =+ 25,17
di= 1.0 1. 5020 66.7 5=18.41
3 =+ 36.94 1=+ 2675
1=28.0 I dy= 9.69 1.6034 60.7
1o = 57.49 ) ry =+ 3408
) P TS d3=14.0 1. 5400 47.2 15 Tauecomecomcacnn di= 3.88 1.6034 38.0
75 =+ 25.86 75 = 18.22
I3= 1.8 l3= 1.94
ro = 28.47 re = 2132
| VI di=23.1 1.6176 60.3 L PP di= 5.81 1. 5600 612
= r7 =+ 96.89
Ii= 1.7 Ii= 1.36
8= rg =— 96.89
) P d5=25.4 1.6176 60.3 20 T, ... ds= 5.81 1. 5600 6.2
rp =— 28,55 rg =— 21.32
L= 1.8 L= 1.94
rio=— 25,25 rio=- 18.22
| 7 S, dy=12:0 1. 5750 41,3 do= 3.88 1.6034 38.0
m=— 63.38 m=— 34.03
1;=30.2 dr= 9.69 1.6034 60.7
rig=— 38.0 ra=— 26.75
| 7 S dr= 1.1 1.6433 47.8 1;=18.41
r13=—230.0 ra=— 25.17
) 7 T, di= 7.6 1. 5481 45.9 ) FSUTES ds= 4.84 1,5163 64.0
ru=— 77.97 ria=— 46.31
30 ¥ claim: )

1. A wide angle objective made up of six components
separated from each other by air spaces and located three
on each side of the diaphragm position, the first and sixth
components taken in consecutive order being of diverging

35 power and of meniscus form concave towards the dja—
°® phragm position, the second and fifth components being
of meniscus form concave towards the diaphragm posi-
tion, the third and fourth components each being of con-
verging power and having their extreme surfaces remote
40 from the diaphragm position convex and separated from
each other on the axis by a distance within the range
0.1 f to 1.6 £ where £ is the focal length of the complete
objective, and the air spaces between the first and second
components and between the fifth and sixth components
having each the shape of a converging lens.
45 2. An objective as defined in claim 1, in which the
first, second, fifth and sixth components are all of di-
Example 8 verging power.
Focal length f=100 . 3. An objective as defined in claim 1, in which the first,
[Focal Iength f=100 mm. Relative aperture £/4.5] second, fifth and sixth components are each simple lenses.
50 4. An objective as defined  in claim 1, in which the
Kinds of glass first and sixth components are doublets.
L Radii Thicknesses ) 5. An objective as defined in claim 1, in which the
onses adit and $para- | Rofractive | DD second and fifth components are doublets.
Index for | Kbbe 6. An objective as defiried in claim 1, in which the air
number 55 gpaces measured on the axis between the second and third
components and between the fourth and fifth components
r =+ 53.08 N b ial
Do di= 5.03 1.5163 64.0 are substantially less than those between the first and
2 =+ 26.45 he10.72 second components and between the fifth and sixth com-
me=tata | ponents. o
) 7 e 211065 dr= 6.74 1.6570 5.1 60 7. An objective as defined in claim 1, in which the air
S P e di= 3.01 1.6055 9.2 space measured on the axis between those surfaces of
5 =- 23.67 I 2.8 the third and fourth- components which are adjacent to
16 =4 28,74 = the diaphragm position is between 0.03 £ and 0.10 f.
| 7 di=11.06 1. 5600 61.2 8. An objective as defined in claim 3, in which the
7 =4155.13 . >
L= 2.01 65 third and fourth components are each composed of at
L 18 =—155.13 11106 L5600 oL2 least two individual Jenses and the sum of the refractive
S ro = — 28.74 = ’ : indices for the d-line of the first, second, fifth and sixth
Li= 2.82 componerits does not exceed 6.30.
rio=— 23.67 . . . . . .
S dy= 3.01 1.6055 38.0 9. An objective as defined in claim 3, in which the air
ru=-110. 65 70 spaces between the second and third components and be-
7 N di= 6.74 1. 6570 57.1 ; .
rg=-- 31.42 tween the fourth and fifth components both have the
15=19. 72 shape of ‘a converging lens.
riz=— 26.45 ; g s .
P dy= 5.03 1.5163 64.0 10. A wide angle objective made up of six components
ru=— 53.05 separated ffom each-oth.er by air spaces and located three
76 on each side of the diaphragm- position, the first and
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second components taken in consecutive order being
single diverging meniscus lenses concave towards the dia-
phragm  position and comprising between them an air
space having the shape of a converging lens, the third and
fourth components each being of converging power, com-
prising at least two lenses and having their extreme sur-
faces remote from the diaphragm convex and separated
from each other on the axis by a distance within the
range 0.6 f to 1.4 f, where f is the focal length of the
complete objective, and the fifth and sixth components
being single diverging meniscus lenses concave towards
the diaphragm and comprising between them an air space
having the shape of a converging lens.

11. An objective as defined in claim 10 in which the
axial separation between the surfaces of the third and
fourth components next to the diaphragm position is be-
tween 0.03 f and 0.10 £, and the sum of the refractive in-
dices of the first, second, fifth and sixth components does
not exceed 6.30.

12. An objective as defined in claim 10, in which at
least one pair of adjacent surfaces of lenses in an inner
converging component is cemented.

13. An objective as defined in claim 1 in which in
at least one of the two inner converging components there
is a separation surface concave towards the diaphragm
position with the refractive index on the concave side
less than on the convex side.

14. An objective as defined in claim 1, in which each
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of the two inner converging components has a separa-
tion surface between lens elements which is concave to-
wards the diaphragm position and has its centre of curva-
ture located between itself and the corresponding sepa-
ration surface of the other inner component, the refractive
index of the lens on the concave side of each of the said
separation surfaces being lower than that of the lens on
the convex side.

15. An objective as defined in claim 13, in which at
least one of the two inmer converging components has
in addition a separation surface between lens elements
convex towards the diaphragm position, the refractive
index of the lens on the convex side of the said separa-
tion surface being lower than that of the lens on the con-
cave side.
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