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(54) IMPROVED WIDE ANGLE OBJECTIVE

(71y  We, Nirron Kocaru KK, a
Japanese Company of 7, 1-chome, Nihon-
bashi-dohri, Chuo-ku, Tokyo, Japan, do
hereby declare the invention, for which we
pray that a patent may be granted to us and
the method by which it is to be performed,
to be particularly described in and by the
following statement: —

This invention relates to a wide angle
photographic objective of the retrofocus type.

A wide angle photographic objective of
short focal length e.g. for a single lens reflex
camera, requires a back focus above a pre-
determined length, and therefore a lens sys-
tems is used having a diverging lens at the
end of the lens system directed towards an
object for example, of the retrofocus type.
The lens system of this type has strong asym-
metry, and has the property of remarkably
changing the performance of the lens when
the object is close to the lens, and in the case
of wide angle photographic objectives of short
focal length, the effects thereof are great.
Generally speaking, the correction of aberra-
tions of a photographic objective can be
carried out in regard to an object at infinite
distance, but when the retrofocus type lens
is adopted in this system the changes of
aberrations caused by the distance between
the lens and the object are great, and there-
fore when macrophotography or close-up
photography is carried out, the properties of
the image deteriorate remarkably and it is
impossible to obtain a good image. On the
other hand, when close-up photographic
effects are improved by changing the consti-
tution of the lens, long distance photographic
effects deteriorate. Such characteristics are
attributed to imbalance in that the change of
the curvature of the image and astigmatism
is greater than the changes of other aberra-
tions. There is a demand for a wide angle
lens of shorter focal length having no draw-
backs as mentioned above,

The object of this invention is to provide
a wide angle photographic objective having,
as far as possible, no such drawbacks charac-
terized in that the amount of the change of

—

aberraticn caused by the change of magnifi-
cation can be compensated and maintained at
the amount of the aberration at infinite dis-
tance.

In accordance with the invention there is
provided a wide angle photographic objec-
tive of the retrofocus type comprising a con-
vergent lens group placed at the rear of a
divergent lens group (baving respect to an
object to be photographed) an air space being
provided within said convergent lens group
between two lenses thereof at a position
where light rays from the object passing
through the group are approximately parallel
to the optical axis of the objective in the air
space being adjustable in length to com-
pensate lens aberration resulting from focus-
sing changes of the objective consequent upon
variation of object distance.

Preferably the positioning of the air space
satisfies the condition |[bf—dv;> 2fr where
dv denotes the length of said air space, bf
denotes the composite back focus of the lens
components located between the object and
said air space, and fr denotes the composite
focal length of the lens components located
between the image and the air space.

Preferably there are included means for

varying the air space length by amounts de- -

pendent upon said changes of focus to effect
said compensation.
The preferred

objective comprises a

stationary objective mounting, a first movable -
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mounting for the lens components in front of -

the air space, a second movable mounting
for the lens components at the rear of the air
space, and an objective focussing manipu-
lator, the first movable mounting having an

axially extending groove slidably engaging a -

pin projecting from the inner periphery of
the stationary mounting, the second movable
mounting being connected with the first mov-
able mounting by a screw thread, and the
manipulator being connected to the stationary
mounting and to the first movable mounting
by respective screw threads and having
an axially extending groove slidably en-
gaging a projection on the second
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movable mounting, whereby rotaticn cf
the manipulater for focussing will cause
movement of the movable mountings in
the same axial direction relative to the
stationary mounting and relative movement
therebetween by an amount dependent on the
amount of movement of the manipulator with
respect to the stationary objective mounting.

The changes of the above mentioned aber-
rations which follow changes in the distance
between the object and the lens can be kept
in goed control in the preferred objective,
by carrying out the correction of the air space
in accordance with the respective distances,
and the mechanism fer cerrecting the aberra-
tion of lens is preferably interlocked with the
mechanism for adjusting the distance, to
automatically correct the aberration. Clear
photography can be carried out from infinite
distance to extremely close distance, and the
same effect as in the infinite distance can be
cbtained when close-up photography is
carried out, and the clese-up distance can be
shortened to extremely short distance.

Since in the air space to be corrected the
light rays are approximately parallel, even if
the air space is changed, there is almost no
change affecting F number, back-focus, focal
length and the like and when there are mere
than two air spaces appropriate for the cor-
rection of aberrations in the convergent lens
group, it is possible to select the most effec-
tive air space. When there is no effective air
space in the convergent lens group, it is
possible tc provide an appropriate air space
by separating a single lens which is a ccm-
ponent of the lens group into two and in
additicn to that, in carrying out extreme
close-up cr macrophotography, it is pessitle
to shorten the close-up photographing dis-
tance, and to increase the photographing mag-
nification because the change of perfcrmance
is small.

Conventional retrofocus lenses  include
those in which an inverse Galileo telescope
is provided in front of the ccnvergent lens
group and those in which a diverging lens is
provided in the neighbourhood cof the front
principal point ¢f the main lens te proleng
back focus. The divergence of the light rays
transmitted by a concave lens is weakened
by the convex lens of an inverse Galileo tele-
scope or a cenvex lens which is located right
behind the concave lens and when the light
rays arrive at the image surface, they are
convergent, The place at which the light rays
become cenvergent, is changed in accordance
with the censtitution of the convergent lens
group but the fact that the divergent light
is changed into convergent light, means that
at an intermediate stage close to parallel
light rays must be present. The air space
between the lenses in which light rays are
almost parallel, hardly affects F number,
spherical aberration and back focus cf the

lens even if the air space should be changed,
and it greatly affects the curvature of the
image and astigmatism mainly. Therefore,
when the correction of air space is carried
out in such a direction that the change of
aberration caused by the photographing mag-
nification can be compensated by selecting
the air space between the lenses having the
most appropriate property, it is possible to
retain the properties of the image surface in
almost the same state irrespective of the dis-
tance of the object. When the portion where
the light rays become parallel is mot in an
appropriate air space but resides in a lens,
the above mentioned correcticn can be at-
tained by separating the lens into two pcr-
tions with opposed, parallel faces to obtain
the desired air space.

By appropriately selecting the air space,
it is also possible to eliminate the changes
of other aberrations such as chromatic aber-
ration, or coma.

Preferred embodiments of the invention
are hereafter more particularly described
with reference to the accompanying drawings,
in which:

Figure 1 is a cross-secticnal view of the
wide angle photegraphic objective of a first
embodiment of this invention;

Figure 2 is a graph obtained with the first
embodiment at infinite distance of object,
and (a), (b) and (c) show spherical aberra-
tion, astigmatism and distortion, respectively;

Figure 3 is a graph obtained at the limited
magnification (0.114 x), and (a), (by and (c)
show the same defects as in Figure 2;

Figure 4 is a graph cbtained when the
objective is corrected at the limited magnifi-
caticn of (0.114 x), and (a), (b) and (c) show
the same defects as in Figure 2;

Figure 5 is a cross-sectional view of the
wide angle photographic objective of em-
bodiment 2 of this invention;

Figure 6 is a graph obtained with the
second embcdiment at infinite distance of
object, and (a), (b) and (¢} show spherical
aberration astigmatism and distortion, re-
respectively;

Figure 7 is a graph obtained at the limited
magnification (0.15 x), and (a), (b) and (c)
show the same defects as in Figure 6;

Figure 8 is a graph obtained when the
objective is corrected at the limited magnifi-
cation of (0.15 x), and (a), (b) and (c) are
the same as in Figure 6;

Figure 9 is a cross-sectional view of the
wide angle phctographic objective of a third
embodiment of this invention;

Figure 10 is a graph obtained with the
third embodiment of at infinite distance of
object, and (a), (b) and (c) show spherical
aberration, astigmatism and distortion, re-
spectively;

Figure 11 is a graph cbtained at the limited
magnification of (0.07 x), and (a), (b) and
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(c) show the same defects as in Figure 10; the correction of aberrations, and in this case,
Figure 12 is a graph obtained when the the back focus bf of the components in front
objective is corrected at the limited magnifi- of the air space d11, i.e., the back focus bf of
cation of (0.07 x), and (a), (b} and (c) show L, to L, is —268.84, and the effective focal 65
5 the same defects as in Figure 10; and length fr of the components behind the air
Figure 13 shows the embodiment of space dll, ie. L,, L and L,, is +102.65.
Figure 1 when housed in an assembly for _
varying the air space between two compon- bf—d,,=—277.76
ent lenses. The absolute value is greater than 2 fr.
10 Embodiment 1 The aberration at infinite distanice of objec- 70
In this embodiment the air space dll tive of the embodiment is shown in Figure 2.
which has a mild diverging property, in a The aberration at the magnification of 0.114
convergent lens group, is used for the correc- is shown in Figure 3, the astigmatism is great
tion and Figure 1 shows the lens system, the as is shown by (b), and the mean image plane
15 dimensions of the lens system when the focal (i.e. the image flare intermediate the Sagittal 75
length f is 100.0, and the back focus bf is and the tangential image planes) bends
157.6, and the angle of view 2d is 84°, being against the lens so that the curvature of the
as follows, field is positive. When the air space is
changed to d;;=4.46 for example, the aber-
;= 24233 ration at the magnification of 0.114 becomes 80
20 L, d:=16.250 n,=1.62299 as is as shown in Figure 4, and it is apparent
r,=+ 89.55 that the correction has been made.
' d.=26.250
13=-+382.50 Embodiment 2.
L, d3=26.250 n,=1.6228 The first air space by which the light rays
25 r,——428.13 are made to be almost parallel is used in the 85
d,= 0417 correction and Figure 5 shows the embodi-
r;=+119.17 ment of such an objective, and the dimension
L, d;=15.833 n;=1.62041 of the lens system when the focal length f is
r,=- 43.96 . 100.0 and the back focus bf is 113.4, and
30 d,=37.500 the angle of view is 2d=62°, are as follows. 90
r,=-+106.11 : 7
L, d,=20.833 n,=1.62004 n=+321.16
Ig=— 74.38 L1 d1=10.833 n1=1.713'
L, dg= 2917 n,=1.5168 Ip==co
35 r,=—128.16 . dp=0.278
d,=10.417 ry=-138.89 95
11,=—208.33 L, dy=6.111 n,=1.5168
L, d,,=22.500 n,=1.71736 r,=-+47.78
r;;=-148.96 d,=31.111
40 dyy= 8.917 r;=--89.44
r1;=—562.5C Ly d;=22.778 n;=1.66755 100
L, di2= 6.250 n,=1.80518 r,=—152.78
r=+4112.50 L, d;=29.167 n,=1.51454
L, d13=20417 n,=1.62041 r,=-+94.44
45 r,=— 89.54 ,=14.722
d;,= 0.208 ry=—59.92 105
;= —1666.67 L d;=2.778 1n,=1.7847
L, dy;=11.250 n,=1.74443 r,=+107.75
£,=—125.26 L, d,=19.445 n,=1.74443
I,=—71.72
50 Where : — d;,=0.278 110
1= ""305 .5 6
r is the radius of curvature of a lens sur- L., d;:=8.333 n,=1.76684
face 1:,=—106.91
d is the thickness of a lens or length of air d,»=0.278
gap between adjacent lenses space ri3=+361.11 115
55 n is the refractive index of the glass L, di:=6.945 n,=1.744
) - r14=_219.58
Referring to Figure 1 the lenses L,, L., and
L, are the diverging lenses of the front group, Where : —
and the lenses L, to L, are the converging r is the radius of curvature of a lens sur-
lenses of the main or rear group. Among the face : 120
60 main lenses, there are three air spaces, but

ds1 is the most appropriate for carrying out

d is the thickness of a lens or length of air
space
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n is the refractive index of the glass Where: —
Referring to Figure 5, L; and L, compose r is the radius of curvature of a lens sur- 65
the diverging system of the front group, and face '
the lenses from L, to L, are the main or d is the thickness of a lens or the length

5 convergent lenses. Among the main lenses of the air space
there are three air spaces, ie., d,, di, and n is the refractive index of the glass
dye, and in this embodiment the air space d, 70
is used for the correction of aberration. The Referring to Figure 9, the lenses L, and
back focus bf of the front components L, to L, compose the diverging system, and the

10 L, is —2062.8 and the effective focal length lenses from L, through L, compose the main
fr of the rear components L, to L, is 93.72. or convergent lenses. As can be easily under-
Therefore, bf—d, becomes —2077.20, and stood, L, and L, are originally one lens, but (5]
the absolute value thereof is greater than 2 fr. in order to perform this invention, an appro-
The graphs from Figure 6 to Figure 8 show priate air space is required, and therefore it is

15 the aberration curves of the objective of this separated into two portions. Therefore, the
embediment, and Figure 6 shows the aberra- air space d, between L, and L; is used in
tion at infinite distance, and the aberration order to correct the aberrations. The back 80
of the magnification of 0.15 times is shown in  focus of the lens group from L, to L, is
Figure 7, and the aberration of the case when bf=-—281.5 and therefore bf—d,=—282.3,

20 the air space was corrected to be d,=12.22 and the effective focal length of the lens
at the magnification of 0.15 times, is shown group from L, through L, is fr=90.8, and
in Figure 8. therefore |bf—d,| becomes more than three 85

times fr. Figure 10 shows the aberration of
Embodiment 3 the cbjective of this embodiment at infinite
This is an embodiment in which an appro- distance, and Figure 11 shows the aberration

25 priate air space by which light flux becomes thereof at the magnification of 0.07, and
parallel, is not present or contemplated in Figure 12 shows the aberration in the case in 90
the theoretical design, but is intreduced which the air space is corrected to be
specially into the lens. A lens of the con- d,=0.176 by this invention at the magnifica-
vergent lens group is separated into two por- tion of 0.07 times.

30 tions, and the resulting air space is used for When Figure 11 and Figure 12 are com-
correcting the aberration. Figure 9 is an ex- pared, the effect of the correction becomes 95
ample of such an objective and the dimen- apparent.
sion of the lens system when the focal length Figure 13 shows the embcdiment of Fig.

f is set to be 100.0, and the back focus, bf is 1, with means for moving the whole objec-

35 set to be 133.6, and the angle of view 2 is set tive system and simultaneously varying the

to be 74°, are as follows. air space between lenses L, and L. to correct 100
the aberration of the objective lens system.
r,=-380.18 In Figure 13, lenses L, to L, are held by
L, d,=18.283 n,=1.65844 first lens barrei 1, and lenses L, to L, are
r:=-10900.00 held by second barrel 2. Said first lenses

40 , d.=0.703 barrel 1 has an adjusting thread 3 threadedly 105

r;=-241.34 engaged with an adjusting ring 4, which is

L, d,=5977 n.=1.62041 engaged in a screw thread 5 of a stationary
r,=+62.33 mount 6 with bayonet connections 7 extend-

' d,=92.120 ing therefrom. The first barrel 1 further com-

45 r;=+64.34 prises a compensating thread 8§ threadedly 110

L, d,=4.922 n,=1.65128 engaged with the second barrel 2, which has
r,=—1170.84 a projection 9 slidably inserted in an axial
d;=21.80 groove 10 of the adjusting ring 4. A pin 11

r;=—60.83 holding the stationary mount 6 extends into

50 L, d,=1.406 n,=1.72825 an axial groove 12 and is slidable within the 115

;=0 groove 12. When adjusting ring 4 is rotated,
d,=0.879 the ring 4 is axially displaced and the first

Ty= 0 lens barrel 1 moves, without rotating, axially

L, d,=1.406 n,=1.72825 along with the ring 4, and at the same time,

55 11,=+110.83 the second lens barrel 2 rotates around the 120

d;,=5.274 compensating thread 8 and axially moves in

11:=—479.03 the same direction as that of the first lens

L, di1=9.142 n,=1.6583  barrel 1. Consequently, the whole objective
ri;=—51.58 system can move, and the air space between

60 d;»=0.703 lenses L, and L, varies in accordance with 125

r;;=+214.13 the movement of the objective system so as
L, d:2=6329 1n.=1.5168 to correct the aberrations of the objective

r;,=—203.05

system.
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WHAT WE CLAIM IS:—

1. A wide angle photographic objective of
the retrofocus type comprising a convergent
lens group placed at the rear of a divergent
lens group (having respect to an cbject to
be photographed) an air space being provided
within said convergent lens group between
two lenses thereof at a position where light
rays from the object passing through the
group are approximately parallel to the
optical axis of the objective, the air space
being adjustable in length to compensate lens
aberration resulting from focussing changes
of the objective consequent upon variation of
object distance.

2. An objective as claimed in claim 1,
wherein the positioning of the air space satis-
fies the condition

[bf —dvi> 2fr

where dv denotes the length of said air space,
bf denotes the composite back focus of the
lens components located between the object
and said air space, and fr denotes the com-
posite focal length of the lens components
located between the image and the air space.

3. An objective as claimed in claim 1 or
claim 2 in cluding means for varying the air
space length by amounts dependent upon
said changes of focus to effect said compen-
sation,

4. An objective as claimed in claim 3 com-
prising a stationary objective mounting, a
first movable mounting for the lens com-
ponents in front of the air space, a second
movable mounting for the lens components at
the rear of the air space, and an objective
focussing manipulator, the first movable
mounting having an axially extending groove
slidably engaging a pin projecting from the
inner periphery of the stationary mounting,
the second movable mounting being con-

nected with the first movable mounting by a
screw thread, and the manipulator being con-
nected to the stationary mcunting and to the
first movable mounting by respective screw
threads and having an axially extending
groove slidably engaging a projection on the
second movable mounting whereby rotatien cf
the manipulator for focussing will cause
movement of the movable mountings in the
same axial direction relative to the stationary
mounting and relative movement there-
between by an amount dependent ¢n the
amount of movement of the manipulator with
respect to the stationary cobjective mounting.

5. An objective as claimed in claim 4

wherein the manipulator is connected to the -

rear movable component mounting for rota-
ticn therewith and to a cylindrical element
having internal and external threaded surfaces
meshing respectively with the front compon-
ent movable mounting and the stationary
mounting there being provided means pre-
venting mutual rotation between the station-
ary mounting and the front component mov-
able mounting and an aberration compensat-
ing threaded connection between the two
movable component mountings, movement of
the manipulator causing non-rotary axial
movement of the front component movable

~mounting and axial following movement of

the rear movable component mounting ac-
companied by rotary compensating movement,

6. An objective as claimed in claim 1 sub-
stantially as described herein with reference
to the accompanying drawings.

R. G. C. JENKINS & CO.,
Chartered Patent Agents,
Chancery House,
53/64 Chancery Lane,
London, W.C.2.
Agents for the Applicants.

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1971.
Published by The Patent Office, 25 Southam pton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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