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SOFT FOCUS LENS SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an objective soft
focus lens system for use in photography and more
particularly to an improved soft focus lens system that
eliminates undesirable aberrations.

2. Brief Description of the Prior Art

Soft focus lens system have been used in the photog-
raphy field for a considerable period of time. Various
different soft focus lens systems have been suggested
such as those disclosed in U.S. Pat. No. 2,233,591; U.S.
Pat. No. 1,370,885; U.S. Pat. No. 3,843,235; U.S. Pat.
No. 3,397,023; U.S. Pat. No. 3,045,530; U.S. Pat. No.
2,959,105 and U.S. Pat. No. 3,476,457. Various apodiza-
tion optical systems have also been described for
achieving a blurred or soft focus image of a target pho-
tographing object. Frequently, soft focus filters have
been suggested which are permanently mounted in a
lens barrel, traversely removable from the lens barrel or
attached to the end of the lens barrel.

One of the known ways of designing a soft focus lens
system is to intentionally increase the amount of spheri-
cal aberration beyond the normal tolerance limits. By
varying the spherical aberration introduced into the
image an adjustable soft focus lens system can be
achieved and such a system is disclosed in British Pat.
No. 198,569 published June 7, 1923. The object of the
British patent reference was to provide a soft focus
objeciive and high speed anastigmatic combination lens
system. This was accomplished by providing at least
two sets of lenses wherein one lens was adjusted relative
to the other lens set for the purpose of changing the lens
from an anastigmatic to a soft lens.

The prior art has experienced difficulties in achieving
a satisfactory commercial soft focus lens system that can
be economically produced free from undesirable aber-
rations. These undesirable aberrations are usually intro-
duced into the lens system by any variation in the intro-
duction of spherical aberration. Frequently, the focus of
the lens of the total lens system is usually not maintained
during the variation of the spherical aberration and the
operator has to re-adjust the focusing of the total lens
system when the spherical aberration is varied. As can
be readily appreciated the adjustment of the focus of the
total lens system can be difficult when viewing a soft
tone image through the viewfinder.

The prior art has not suggested an improved soft
focus lens system that is capable of providing a highly
desirable portrait image with a minimum of aberrations.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
improved soft focus lens system wherein the resulting
softness of the transmitted image can be varied by
changing the degree of spherical aberration without
introducing additional undesirable aberrations.

Ancther object of the present invention is to provide
a soft focus lens system which can be initially focused
and maintained in a focused position irregardless of the
variation in the softness of the transmitted image.

Still another object of the present invention is to
provide an improved soft focus lens system wherein the
form of the transmitted image is continuously variable
between a sharp tone and a maximum soft tone while
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being kept in a focused condition with a minimal intro-
duction of undesirable aberration.

A further object of the present invention is to provide
an improved soft focus lens system which is capable of
transmitting a soft focused point image consisting of a
finally focused nucleus and a flare surrounding it for
performing an ideal soft tone picture.

An improved soft focus lens system is provided hav-
ing a pair of lens groups. Means are provided for vary-
ing the position of a first lens group relative to the posi-
tion of the second lens group for varying the spherical
aberration introduced into the lens system to provide a
desirable soft focus transmitted image. Means are also
provided for maintaining the focus condition of the
total lens system during any variation of the position of
the first lens group and the second lens group. A menis-
cus shaped air space can be formed between the first
and second lens group and can be variable during the
introduction of the spherical aberration. The first lens
group can have a rear refracting surface that is concave
to the point of intersection of an off-axial ray trace with
the optical axis. A second lens group can have a second
refracting surface also concave to the point of intersec-
tion and forming with the first refracting surface the
meniscus shaped air space. The radius of curvature, ry4
of the first refracting surface and the radius of curva-
ture, rp of the second refracting surface may be deter-
mined within the following ranges, respectively with
the focal length of the lens system represented by f*

0.20< |r4]/f<0.65 16}
0.18< |rp|/f<0.45 @

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the
appended claims. The present invention, both as to its
organization and manner of operation, together with
further objects and advantages thereof, may best be
understood by reference to the following description,
taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a first embodiment of
the present invention;

FIGS. 24, 2b, and 2c¢ are respectively, graphical plots
of the spherical aberration, astigmatism and coma for
normal photography;

FIGS. 34, 3b and 3c disclose the graphical plots of
aberrations for soft focus having an under correction of
spherical aberration;

FIGS. 4a, 4b and 4c disclose graphical plots of the
aberrations existing for soft focus with over correction
of spherical aberration;

FIG. 5 is a schematic view of a second embodiment
of the present invention;

FIGS. 6a and 6b are graphical plots of the spherical
aberration and astigmatism for normal photography;

FIGS. 7a and 7b are graphical plots of the aberrations
of the second embodiment for a soft focus condition;

FIG. 8 is a schematic view of a third embodiment of
the present invention;

FIGS. 9a and 9b disclose the aberrations for normal
photography;

FIGS. 10z and 105 disclose the aberrations for nor-
mal photography;

FIGS. 114 and 11b disclose the graphical aberrations
of the soft focus;

FIG. 12 is a schematic view of a fourth embodiment
of the present invention;



4,124,276

3

FIGS. 13a and 135 are graphical plots of the aberra-
tions of the fourth embodiment;

FIGS. 14a and 14b are graphical plots of the aberra-
tions of the fourth embodiment;

FIG. 15 is a schematic view of a fifth embodiment of
the present invention; - . °

FIGS. 16a and 16b are graphical plots of the aberra-
tions of the fifth embodiment;

FIGS. 17a and 17b are graphical plots of the aberra-
tions of the fifth embodiment;

FIG. 18 is a schematic view of a sixth embodiment of
the present invention;

FIGS. 19a and 19b are graphical plots of the aberra-
tions of the sixth embodiment;

FIGS. 20a and 20b are graphical plots of the aberra-
tions of the sixth embodiment;

FIG. 21 is a schematic view of a seventh embodiment
of the present invention;

FIGS. 22a and 22b are graphical plots of aberrations
of the seventh embodiment;

FIGS. 23z and 23b are graphical plots of aberrations
of the seventh embodiment;

FIG. 24 is a schematic view of an eighth embodiment
of the present invention;

FIGS. 25a and 25b are graphical plots of aberrations
of the eighth embodiment;

FIGS. 26a and 26b are graphical plots of aberrations
of the eighth embodiment;

FIG. 27 is a half cross-sectional view of a lens barrel
and mechanism for shifting the lens groups in any one of
the first, second and fifth to eighth embodiments of the
present invention;

FIG. 28 is a half cross-sectional view of a lens barrel
and mechanism for shifting the lens group disclosed in
the third embodiment;

FIG. 29 is a half cross-sectional view of a lens barrel
and mechanism for shifting the lens group of the sixth
embodiment;

FIG. 30 is a schematic view of a ninth embodiment of
the present invention;

FIGS. 31a, 31, 31c and 314 are graphical plots of
aberrations of the ninth embodiment;

FIG. 32 is a cross-sectional view of a reference lens
system to illustrate the advantages of the present inven-
tion;

FIG. 33 is a graphical plot of the spherical aberration
of both the ninth embodiment of the present invention
and the reference embodiment;

FIG. 34 is a graphical plot of the distribution of light
rays forming a soft focus image of a point in both the
ninth embodiment of the present invention and the ref-
erence embodiment;

FIG. 35 is a plan view of a softness control plate of
the prior art;
 FIG. 36 is a schematic view of the tenth embodiment
of the present invention;

FIGS. 37a, 37b 37c¢ and 37d are graphical plots of
aberrations of the tenth embodiment;

FIG. 38 is a schematic view of an eleventh embodi-
ment of the present invention;

FIGS. 3%a, 39, 39c and 39d are graphical plots of
aberrations of the eleventh embodiment;

FIG. 40 is a schematic view of the twelfth embodi-
ment of the present invention;

FIGS. 41q, 41b, 41c and 41d are graphical plots of
aberrations of the twelfth embodiment;

FIG. 42 is a schematic view of the thirteenth embodi-
ment of the present invention;
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4
FIGS. 43a, 43b, 43¢ and 434 are graphical plots of
aberrations of the thirteenth embodiment;
FIG. 44 is a schematic view of the fourteenth embodi-
ment of the present invention;
FIGS. 450, 45b 45¢ and 45d are graphical plots of
aberrations of the fourteenth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following description is provided to enable any
person skilled in the optical art to make and use the
invention and sets forth the best modes contemplated by
the inventors of carrying out their inventions. Various
modifications, however, will remain readily apparent to
those skilled in the art, since the generic principles of
the present invention have been defined herein specifi-
cally to provide a soft focus optical lens system that can
be manufactured in a relatively economical manner.

Referring to FIG. 1 the first embodiment of the pres-
ent invention is disclosed. The inventive lens system is
divided into a lens group A and a lens group B. As can
be appreciated, the conventional optical diagram sym-
bols are utilized with the object on the lefi-hand side of
FIG. 1 and the image on the right-hand side. The rear
lens group B is separated from the lens group A by a
variable air space dB0. The variable air space dB0 has a
meniscus shape defined between the two refracting
surfaces r4 and 7.

The position, S, on the optical axis defines the inter-
section of an off-axial principle ray with the optical axis.
The respective refracting surface 74 and rp are concave
relative to the position S. In determining the position S,
the term “off-axial principle ray” refers to the center
ray of a meridional pencil of rays incident on a lens
system at an angle of half the maximum field angle of
the lens system when it is in its full open aperture posi-
tion. As symbolicly represented in FIG. 1 position S,
wherein the off-axial principle ray intersects with the
optical axis, is generally the position of the diaphragm.
Preferably, to achieve desired results in the embodiment
of FIG. 1, the radius of curvature of the surface rg will
be smaller than the radius of curvature of the surface r4.

The parameters of the first embodiment can be seen in
the following Table 1:

Table 1
(Embodiment 1)
f=100.0 FNo.=2.8 20=28° Back Focal Distance s'=75.96
Radius of Axial  Refractive Abbe
Curvature Distance Index Number
_ 41 44.563
dAl 8.23 NAl 1.7435 Va1 49.2
Tq — 175.651
dg 431
T43 —67.869 .
dA3 331 NAZ 1.64769 V4 339
Al T 44 44.549
d44 12.60 (diaphragm)
t4s —186.235
dAS 2.59 NA3 1.54072 V43 46.8
I 46 70.126
dA6 12.06 NA4 1.6935 V44 50.3
T47 —32.535
L dpp 2.0 (variable)
[~ Bl —29.154
B dg 3.29 Npy 1.61293 vg; 37.0
L ;o —53379
In accordance with the present invention, the amount
of spherical aberration that is desired to be introduced

into the final image to provide a soft tone or soft focus
effect can be accomplished by varying the width of the
air space dB0O by the relative movement of the lens




5
groups A and B. The actual value dB0 shown in Table
1is for an air space position in a normal photographic
condition wherein the spherical aberration is corrected
to that level of spherical aberration tolerances accept-
able in an ordinary photographic lens for obtaining a
sharp image. The permissible tolerance of spherical
aberration in this condition can be seen in the graphic
plot of FIG. 2a. Additionally the astigmatism and coma
for this position is disclosed is respectively FIGS. 2b
and 2c.

By varying the width, dBO it is possible to create a
variation in the spherical aberration introduced into the
lens system. In other words, when the air space dBO0 is
widened by the relative movement of lens group A
from lens group B, then the spherical aberration will be
under-corrected. Resulting aberrations, for example
when dB0 equals 3.50, are shown in FIGS. 34, 3b and 3¢
respectively. Conversely when the space dBO is nar-
rowed from that disclosed in FIG. 1, then the spherical
aberrations will be over-corrected. Again the resultant
aberrations will be over-corrected. Again the resultant
aberrations are graphically plotted in FIGS. 44, 4b and
4c for the condition when dB0 equals 1.00.

From a relative comparison of the spherical aberra-
tion plots in FIGS. 20, 3z and 44, it can be seen that the
spherical aberration introduced into this lens system can
vary over a large range, while the astigmatism plotted
in FIGS. 25, 3b and 4b remains virtually unchanged.

As a general rule, when the spherical aberration in-
troduced into the transmitted image is at least 208F &:
permissible circle of confusion) the lens can be used as a
soft focus lens. A lens system such as the embodiment
shown in FIG. 1 permits both the transmission of a
sharp image for normal photographic purposes as well
as the introduction of a-controlled amount of spherical
aberration to provide a highly desirable portrait soft
focus lens. ‘ .

The introduction of the spherical aberration in a con-
trolled desirable manner is accomplished through the
specific designing of the meniscus lens shaped air space
wherein the light rays-are convergent within the image
space of the lens system. A light ray pencil incident on
the lens system, parallel with the optical axis, will be
refracted in a convergent direction as it exits from the
surface r4 into the air space dB0 in FIG. 1 because the
lens group A provides a positive refracting power. The
incident of a marginal ray of the light pencil on the
surface rg will vary in distance relative to the optical
axis as a function of the variation in the air space dB0.
As depicted in FIG. 1, the relative position of lens
group A and B provides an air space dB0 wherein the
under-corrected spherical aberration introduced into
the lens system by lens group A is offset by a spherical
aberration of an over-correction which is provided by
rgof the lens group B. The resulting transmitted image
will experience a tolerable degree of spherical aberra-
tion as disclosed in FIG. 2a.

However, when the air space dB0 is widened beyond
that of the normal air space in a corrected condition,
then the height of a marginal ray that is incident on a
point of the surface rgis reduced and there results a
spherical aberration of under-correction as graphically
shown in FIG. 3a. Conversely, if the air space is nar-
rowed as compared with an air space dB0 in a normal
corrected photographic condition, then there results a
spherical aberration of over-correction as-shown in
FIG. 4a. . : :
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The following Tables 2, 3 and 4 provide a comparison
of the aberration coefficient of the third degree for the
embodiment of FIG. 1.

Table 2
(Embodiment 1)
Sur-  Spherical Astig- Petzval
face Aberration Coma matism Sum Distortion
4 2.7549 0.8614 0.2694 0.9559 0.3831
T4 9.2468  —4.6498 2.3381 0.2425 —~1.2977
rg3 —14.2670 55915 -2.1914 —0.5786 1.0856
T4 —0.8957 —0.6486 -0.8814 —0.9784
T45 —0.0318 0.0708 —0.1580 —0.1882 0.7723
46 0.2025 0.1799 0.1599 0.0834 0.2161
IA7 23,7678 0.8952 0.0337 1.2573 0.0486
rp —24.0272 —1.6574 —0.1143 —1.3021 —0.0977
r 42150  —0.5804 0.0799 0.7111 —0.1089
52 0.9654 0.0626 —0.0524 0.3000 0.0231
Table 3
(Embodiment 1)
Sur-  Spherical Astig- Petzval
face Aberration  Coma matism Sum Distortion
b9: 14 —25.4576 —1.6104 —-0.1019 —1.3021 —0.0888
r 4.3722 —0.6083 0.0846 0.7111 —0.1107
. gz -0.3079 0.0909 - —0.0332 0.3000 0.0306
Table 4
(Embodiment 1)
Sur-  Spherical Astig- Petzval
face Aberration - Coma matism Sum Distortion
Ip1 —21.9910 —1.7189 —0.1344 —1.3021 —0.1123
r 3.98468 —0.5389 - 0.0729 0.7111 —0.1060
gz 2.7712 0.0349  --0.0812  0.3000 0.0111

In the above Table 2, the aberration coefficient of the
third degree is disclosed for a normal condition when, f
equals 1.0 and dBO equals 2.0. By contrast, Table 3
discloses the aberration coefficients of the third degree,
when the spherical aberrations are under-corrected and
dBO equals 1.0. The values for the lens surfaces of the
group A lenses are not repeated since they remain con-
stant as set forth in Table 2 for the respective surfaces.
The resultant sum of the aberration values are disclosed
along with the variations in values for the group B lens
surfaces. Table 4 likewise shows the aberration coeffici-
ent of the third degree when the spherical aberration is
over-corrected and dB0 equals 3.5.

As is apparent from a comparison of the aberration
coefficients of the third degree set forth in the above
tables, a variation in dBO0 leads to a wide range of varia-
tion in the spherical aberration, while the other aberra-
tions of coma, astigmatism and distortion will remain
substantially unchanged.

The design feature of this embodiment of the present
invention wherein the surfaces r4 and 75 are concave
toward the diaphragm or the point, S, on the optical
axis, permits the introduction of desirable spherical
aberration for soft focusing without introducing an
undo amount of aberrations. The spherical aberration
coefficients of the third degree as set forth in the tables
for the surfaces r4 and rg have considerably larger val-
ues. While not disclosed, it has been found that the
spherical aberration coefficient of the seventh degree
also varies over a large range due to a variation in dB0.

The invention embodiment shown in FIG. 1 discloses
a lens group A consisting of four elements, i.e., of a
tesser type. The following Table 5 shows a second em-
bodiment of the present invention wherein the lens
group A consists of three elements, i.e., of a triplet type.
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Table 5 Table 6
(Embodiment 1) (Embodiment 3) .
£=100.0 FNo.=2.8 20=28° Back Focal Distance s'=77.14 f=100.0 FNo.=2.8 2w=28" Back Focal Distance s'=66.90
Radius of Axial  Refractive Abbe Radius of Axial  Refractive ~Abbe
Curvature Distance Index Number 5 Curvature Distance  Index Number
- g 53949 _ '
_ T41 47.717
dgr 935 Ny 1744 vy 450 dg 8.64 Nyj 17495 v 50.1
T4 ~127.131
T4 995.518
dg 3.8 dg 937
2 9
r43 —58.048 rg3  —71.607 :
A dg3 346 Ny 16727 vy 322 10 dg3 322 Ny 16398 vy 34.7
T44 63.087 . Al T 44 35.967
dg4 14.69 (diaphragm) d 7.39 (diaphragm)
44 phrag;
rgs —689.355 A rgs  650.716
dys 10.39 N3 1.6935 vy353.4 dgs 2.53 N3 1.54072 vy346.8
rq6 —32455 T46 35,711
- dpy 2.06 (variable) . dge 10.69 Ny41.72 vys 52.1
- rg —29.946 » 15 rg  —54216 .
B dp; 3.23 Npj 1.61293 vp 37.0 - dg7 276 (variable)
L rpp —54.467 rgg —49.647 »
All dA8 5.78 NAS 1.6968 V45 55.5
49 —34.730
. : - d 2.44 (variable)
The second embodiment of Table 5, above, is sche- o —3155
. . . . . . 20 B1 '
matically illustrated in FIG. 5. Again the introduction B 18743 dpy 3.22 Np; 1.57616 vp; 41.4
g —48

of a controlled amount of spherical aberration to pro-
duce the desired soft focusing effect by varying the
meniscus air space dBO is the same as discussed with
respect to the embodiment of FIG. 1. FIGS. 6a and 6b
disclose, respectively the spherical aberration and astig-
matism for a normal photographic condition where the
spherical aberration has been corrected to acceptable
tolerance levels and dBO is equal to 2.06.

FIGS. 7a and 7b show respectively the spherical
aberration and astigmatism for a soft focus condition
wherein the spherical aberration has been over-cor-
rected and dBO equals 3.50.

In both the first and second embodiments of the pres-
ent invention, focusing can be effected by the joint
movement of both the lens groups A and B along the
optical axis. Since the spherical aberration can be vari-
ably introduced into the transmitted image, the focusing
on the subject can be best effected during a normal
condition. After focusing has been accomplished, for
example by focusing on the iris of a person in a portrait
photograph, then the desired degree of soft focus effect
can be introduced by varying the air space dB0.

In the embodiments disclosed in FIGS. 1 and 5, fo-
cusing is not generally a problem for relatively large
object distances wherein the depth of the focus is rela-
tively large. However, a problem can occur, resulting
from the fact that both the lens group A and lens group
B have refracting powers. As a result of the refracting
powers, the focal lengths in the lens systems are differ-
ent between a normal condition and a soft focus condi-
tion. That is, any movement of the lens groups relative
to each other for focusing on a sharp object will change
the total focal length of the lens system when there has
been a relative movement for providing a soft focus
condition. Thus the focus condition for a sharp normal
photographic object will not be maintained in the soft
condition when either one of the lens groups A or B are
moved relative to the other to vary the width of the
space dB0. Accordingly, in the first and second embodi-
ment it is necessary to provide appropriate cam move-
ments to adjust for focusing when it is desired to intro-
duce a soft focus condition.

Embodiment three is disclosed in FIG. 8 and the
parameters of that lens system is set forth in the follow-
ing Table:
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In this third embodiment of the present invention
there is provided two variable air spaces whereby fo-
cusing can be effectuated by widening or narrowing
one of the variable air spaces while a controlled amount
of spherical aberration for soft focusing can be intro-
duced into the lens system by variation of the other
variable air space. As can be seen from FIG. 8, the lens
group A is divided into a pair of sub-lens group Al and
AIl with a variable air space dA7 separating them.
During the focusing operation, the sub-group AII and
the lens group B are maintained relatively stationary
while the sub-group Al is.shifted along the optical axis
to thereby vary the width of the air space dA7. In this
embodiment the variation of the air space dB0 will lead
to minor variations in the focal length of the total lens
system and accordingly during the introduction of the
spherical aberration the lens group A and lens group B
are both moved at different ratios along the optical axis
to vary dB0 while compensating for any introduced
variations of the focal length of the total system. In this
particular design, the air space dA7 is maintained con-
stant; and dBO is varied for changing the soft focusing
condition. Generally the lens groups A and B can be
moved by means of a cam or the like as a function of the
variation in dB0 to permit a focus condition to be accu-
rately maintained during the shifting of a normal photo-
graphic condition to a soft focus condition.

As with the earlier embodiments, the two surfaces
defining the meniscus shaped air space A7 are concave
toward the diaphragm to minimize any variation in
aberrations during focusing resulting from the shifting
of the sub-lens group Al

FIGS. 92 and 9b show respectively the spherical
aberrations and astigmatisms when the lens system is
focused at infinity during a normal photographic condi-
tion. '

FIGS. 10z and 105 show the aberrations resulting
when A7 equals 13.45 for focusing in a normal photo-
graphic condition (magnification of 0.11).

FIGS. 11¢ and 115 show the respective aberrations in
a soft focusing condition when dB0 equals 8.19 and the
lens system is still focused at infinity.

While the third embodiment discloses the lens group
A divided into two separate sub-lens groups, it would
be possible for the lens group B to be divided into two
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lens pieces with a variable air space for focusing pro-
vided therebetween to achieve the same results.

Referring to the schematic illustration in FIG. 12, a
fourth embodiment of the present invention is disclosed
having the following parameters.

Table 7

(Embodiment 4)
f=100.0 FNo.=2.8 20 =28° Back Focal Distance s'=81.14

Radius of Axial Refractive Abbe
Curvature Distance Index Number
T4t 47.290
A dg; 280 Ny 154072 v, 468
Fq7 28.511
dgg 3.61 (variable)
~ TBi 30.513
dﬂl 9.41 NBI 1.6935 VB 53.4
rg 454215
dg; 981
rpy —91.020
dB3 2.80 Nm 1.6398 1 4:7) 34,7
Bl rpy 35251
dgs 8.60 (diaphragm)
s 224.396
dgs 220 Np3 154072 vp346.8
rgg  45.890
dgg 9.20 Np4 1.6968 vpg 55.5
rgy —54.867

In this embodiment the variable air space dB0 is on
the object side of the diaphragm. FIGS. 13a and 13b are
plots of the aberrations for a normal photographic con-
dition while FIGS. 14a and 145 are plots of the aberra-
tions in a soft focus condition with dB0 equal to 8.61.
Focusing of the lens system can be accomplished by a
shifting of the lens groups along the optical axis similar
to that disclosed with respect to the first and second
embodiments.

In the above embodiments of the present invention,
the variation in the meniscus shaped air space was ac-
companied by movement of the respective lens groups.
In contrast to those embodiments, the following two
embodiments described hereinafter will generally de-
scribe the movement of only a single lens group for
varying the meniscus shaped air space. The following
table sets forth the parameters of the fifth embodiment
of the present invention.

Table 8

(Embodiment 5)

f=100.0 FNo.=2.8 20=28° Ij::c.k Focal Distance s'=61.72
X1

Radius of Refractive Abbe
Curvature Distance Index Number
= T4 38.590
A dg  10.309 Ny 169680 v 55.80
| T42 —270.176
— dgo 5.384 (variable)
rgy  —79.751
dBl 3.421 NBI 1.67270 Va1 32.14
rm 45933
dp,  14.405 (diaphragm)
B| rg —175.175
dp3 2.247 Np) 1.66892  vp; 44.98
I 52.729 B B
dps 12.989 Np3 1.74400 vp345.18
Igs —36.164
- deoo 2.429 (variable)
B rc1 —29.560
C d, 2.281 Ny 1.60565 vy 37.81
| ro —146126 a “

FIG. 15 discloses a schematic view of the lens system
defined in Table 8. In this embodiment of the present
invention, the lens system is divided into three groups,
i.e. Group A, B and C.

The variable meniscus shaped air space is shown at
dCo0 and is interposed between the lens group B and
group C. While varying the air space dC0 to introduce
the desired spherical aberration, the lens group A and
lens group C will be maintained stationary while the
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lens group B alone will be moved along the optical axis.
The movement of lens group B will lead to variation in
the focal length of the total lens system, however accu-
rate focusing can still be maintained during the shifting
from a normal photographic condition to a soft focus
condition at a specific object distance by the appropri-
ate selection of the power distribution of the groups A,
B and C. Focusing for the lens system can be effectu-
ated by jointly shifting the lens group A, B and C for-
ward while maintaining the relative positions of groups
A, B and C stationary relative to each other. In this
embodiment there may be a minor loss of focus when
shifting from the normal photographic condition to the
soft focus condition with respect to object distance
other than a specific object distance. However, in the
soft focus condition this is not a major problem because
the spherical aberration will be large and the apparent
depth of focus will also be large.

A further variation of this embodiment can be accom-
plished by subdividing the lens group A into a pair of
sub-groups Al and AII. When focusing is effectuated by
the shifting the sub-group AlI, which is the lens group
on the object side, then accurate focusing can be main-
tained during the shifting from a normal photographic
condition to a soft focus condition irrespective of the
desired object distance.

FIGS. 16a and 16b are plots showing aberrations in a
normal photographic condition for the fifth embodi-
ment. FIGS. 17a and 175 are graphical plots of aberra-
tions in a soft focus condition where the lens group B

‘has been moved so the dCO equals 0.309. The sixth

embodiment as with the fifth embodiment discloses a
lens system which has been divided into three sub-
groups, i.e., A, B and C. The parameters of this embodi-
ment are set forth in the following Table.

Table 9

(Embodiment 6)
f=100.0 FNo.=2.8 2w=28" Back Focal Distance s'=57.03

Radius of Axial Refractive Abbe
Curvature Distance Index Number
B 41 46.810
A dg 10246 Ny 1.69680 vy 55.80
L T4 —778.478
_ dpo 5.351 (variable)
rpy —124.326
dEl 3.400 NBl 173300 VBI 2805
rg 107742
dpy 14316 (diaphragm)
B Ipy — 167762
dps 2234 Np, 1.56994  vp, 48.04
rp4 93.355
dpsy 12909 Np3 1.74400  vp;3 45.18
rgs —36.114
- deo 2.414 (variable)
[ rep  —29.227
C dc] 2.266 NCl 1.60565 Vol 37.81
L rey —78.779

In this embodiment a pair of variable air spaces are
provided and the air space dC0 is utilized for the con-
trolled introduction of spherical aberration. During the
variation of dC0, the lens group A and C are both
jointly moved along the optical axis without changing
their relative position and group B is maintained station-
ary. Focusing again can be effectuated in a manner
similar to that disclosed in the fifth embodiment. FIG.
18 sets forth a schematic view of the sixth embodiment.

FIGS. 192 and 195 respectfully set forth the aberra-
tions for a normal photographic condition. FIGS. 20a
and 20b set forth the aberrations for soft focus condition
wherein the lens groups A and C are moved 2.12
toward the image side.
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FIG. 21 discloses a schematic view of the seventh
embodiment of the present invention and the parame-
ters of this embodiment are set forth in the following
Table:

Table 10
(Embodiment 7) .
f=100.0 FNo.=2.8 2w==28" " Back Focal Distance s'=75.81
Radius of Axial Refractive Abbe
Curvature Distance. Index Number
B T41 56.042
A dg;  2.87 Nyj 151763 vy 53.5
S V') 33.003
dpg  1.94 (variable)
rg 34.307
dgy 11.49 Np; 1.7495 vp 50.1
'm —164.565
dgy 677
g3 —51.431
B dpy  3.45 Npp 1.6727 vg 32.2
B4 42.488
dpgy 12.41 (diaphragm)
rps —2815.49
dBS 8.62 NB3 1.6779 va3 55.4
I —33.939
- doy  1.21 (variable)
- ra1 —33.425
C dcy 2.83 Ny 1.54072 vy 46.8
L o —45.530

As can be seen from the above Table 10, a pair of
variable air spaces are provided and they can be used
for varying the introduction of spherical aberration. If it
is desired in the seventh embodiment to maintain a focus
condition upon the variation of dB0 and dC0, then the
three lens groups A, B and C can be moved separately.
However, if the variations of dB0 and dC0 are suitably
selected, it is possible that one group of the three
groups, A, B and C can be held stationary. FIGS. 222
and 22b disclose respectively the aberrations for a nor-
mal photographic condition while FIGS. 23z and 235
disclose the aberrations in a soft focus condition when
dBO0 equals 6.83 and dC0 equals 5.60.

In achieving these respective air space values, the
lens group A can be held stationary while the lens
groups B and C are moved. Similar to the second em-
bodiment, by placing the respective meniscus shaped air
spaces on either side of the diaphragm with their con-
cave curved surfaces directed toward the diaphragm, it
is possible to both vary the spherical aberration while
varying these air spaces and maintain a good symmetri-
cal condition for off-axial aberrations. The eighth em-
bodiment of the present invention is disclosed in FIG.
24 and in the following Table: :

Table 11

(Embodiment 8)
f=100.0 FNo.=2.8 20 =2.8 Back Focal Distance s'=68.94

Radius of Axial Refractive Abbe
Curyature Distance Index Number
B T41 55.775
d g 12.435 N4y 1.74950 v 4 50.41
T42 —51.398
dgn 1.225 Ny; 1.66892 v, 44.98
Al gy 251311 :
dg3 3.353 (variable)
T 44 —234.001
P dgq 3.528 N43 1.73300 v 43 28.05
rgs  224.231 ’
- dpo 8.976 (variable;
diaphragm)
[ rg  —41.506
dg; 2.318 Np; 1.57616 vp; 41.40
Bj rp;  392.782
dgy 13.395 Np, 1.77250  vp; 50.09
L I'p3 —33.043
doo 2.493
[ rep —27.036 :
C dep 2352 Ny 1.60565 vy 37.81
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Table 11-continued

(Embodiment 8) . )
f=100.0 FNo.=2.8 2w =2.8 Back Focal Distance s'=68.94

Radius of Axial - Refractive Abbe
Curyature Distance Index Number
rc;  —39.938 o

In the eighth embodiment, FIG. 24, the lens system is
divided into three groups; A, B and C. A pair of vari-
able air spaces dC0 and dBO are provided for varying
the spherical aberration. When it is desired to introduce
the spherical aberration, the lens groups A, B and C
move along the optical axis at different rates thereby
maintaining the focus condition and a constant focal
length of the lens system. The variation of the width of
the air space dB0 contributes to maintaining the focal
length of the lens system constant to compensate for the
variation in the width of the space dC0. During the
focusing operation, the lens groups A, B and C are
shifted forward jointly with the relative positions of A,
B and C being maintained with respect to each other.
Thus, if the spherical aberration is varied to produce the
soft focusing condition, the focal length may be main-
tained constant so that any shifting of the lenses in the
lens system both in the normal condition and in the soft
condition would coincide with each other regardless of
the object distance so that focusing may be effected
accurately. FIGS. 254 and 25b are plots of aberrations
in the normal photographic condition. FIGS. 26a and
26b are plots of aberrations in the soft focusing condi-
tion when dBO0 equals 14.86 and dCO0 equals 4.71.

Referring to FIG. 27, a half cross-sectional view of a
lens barrel mechanism for moving the lenses according
to the present invention is disclosed. This lens barrel
mechanism can be utilized for the lens system of em-
bodiment 1 described above. A fixed cylinder 1 is heli-
cally grooved to receive a focusing ring 2. The focusing
ring 2 is in turn helically grooved to mesh with a cam
cylinder 3. Thus the cam cylinder 3 can move linearly
along the optical axis through the medium of the double
helicoid and a linearly advancing key mechanism dur-
ing the rotation of the focusing ring 2. The lens group A
in the lens system is retained by the first inner cylinder
6 that further supports a pin 5 inserted into a cam slot 4
for controlling the relative movement of the lens group
A. The second lens group B is retained by the second
inner cylinder 9 having a pin or follower 8 fitted into
the cam slot 7 provided in the cam cylinder 3. Thus the
rotation of the focus ring 2 causes the lens group A and
B to shift forward jointly. A soft focus control ring 10
is rotated for varying the spherical aberration. A
groove 11, parallel with the optical axis, is provided on
the inner surface of the soft focus control or aberration
variable ring 10 with the respective pins 5 and 8 inserted
therein, so that the first inner cylinder 6 and the second
inner cylinder 9 are rotated when the ring 10 is rotated.

Thus, the lens groups A and B will move along the
optical axis relative to the cam cylinder 3 when they are
tracked in the cam slots 4 and 7. The relative difference
in shifting of the lens groups A and B can be compen-
sated for while dBO is varied.

As can be appreciated, the mechanical camming
mechanism principles disclosed in FIG. 27 may be
equally applied to the embodiments 2, 4, 5, 6, 7, and 8.
Obviously the number of lens groups in any one particu-
lar embodiment may require an increased number of
cam cylinders, cam slots and inner cylinders. Also as
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can be appreciated, if there is a lens group which need
not be moved relative to a cam cylinder, that lens group
may be directly retained by the cam cylinder.

The third embodiment of the invention can utilize a
camming mechanism disclosed in FIG. 28. A fixed cyl-
inder 12 is provided with cam slots 13 and 14. The lens
sub-group All is retained by a first inner cylinder 16
having a pin or follower 15 inserted in the cam slot 13.
While the lens group B can be retained by a second
inner cylinder 18 having a pin 17 inserted in the cam slot
14. The other sub-lens group Al in the lens system is
retained by a third inner cylinder 20 fitted in the first
inner cylinder 16 by means of a helicoid 19 and adapted
to be rotated by the means of a focusing ring 21. Ac-
cordingly, when the focusing ring 21 is rotated, then the
sub-group Al alone will be shifted forward so that the
air space 9A7 will be varied.

When it is desired to vary the spherical aberration
introduced into the line system, then the aberration
variable ring 22 can be rotated. The groove 23 which is
parallel with the optical axis can be provided on the
inner surface of the aberration variable ring 22 to re-
ceive the fitted pins 15 and 17. The rotation of the aber-
ration variable ring 22 will cause the first inner cylinder
and second inner cylinder to rotate following the cam
slots 13 and 14 so that the air space dB0 will be varied.
At the same time the sub-lens groups AI and AII will be
jointly moved while maintaining the air space ?A7 con-
stant.

Another example of a camming mechanism that is
particularly applicable to the sixth embodiment of the
present invention is disclosed in FIG. 29. A fixed cylin-
der 24 supports a focusing ring 25 that is capable of
jointly shifting the lens groups A, B and C through the

medium of a double helicoid and a linear advancing

mechanism. A first inner cylinder 26 mounts the lens
group B while a second inner cylinder 27 mounts the
lens groups A and C. The second inner cylinder 27
extends through a slot or hole 28 in the first inner cylin-
der 26 to permit an integral movement of the lens
groups A and C. The second inner cylinder 27 is also
slideable along the optical axis relative to the first inner
cylinder 26. Accordingly, when the soft focus or aber-
ration variable ring 29 is moved along the optical axis,
the air space dCO can be varied to introduce a con-
trolled amount of spherical aberration.

As can be seen in FIG. 34, a satisfactory soft tone or
focased picture can be attained when an image of a
point object is formed by a finely focused nucleus with
an appropriate flare surrounding the same. The soft
focused lens design set forth in the embodiments of the
present invention is particularly adapted for providing a
high quality soft tone picture. As a result of the design
features of the present invention, a light ray pencil inci-
dent on a lens system parallel with the optical axis will
be convergent in the meniscus-shaped air space such as
defined by the refracting surfaces r4 and rp of FIG. 1.
The height from the optical axis to the incident point of
the light ray as it passes through the refracting surface
74 and the refracting surface rp will be different. By
further varying this relative difference, it is possible to
increase the amount of high degree coefficients of
spherical aberration that is introduced into the lens
system. Thus, it is possible to control the formation of
an ideal soft tone picture in a relatively economical and
efficient manner.

It should be recognized that the broader principles of
the present invention can also be utilized in not only a

20

25

35

40

45

50

60

65

14

variable soft focus lens system, but also in a stationary
or nonvariable soft focus lens system. In the latter em-
bodiments, the width of the meniscus-shaped air space
will be fixed at an optimum shape to insure the maxi-
mum soft focus tone to the transmitted image. A non-
variable soft focus lens system will also simplify the lens
barrel mechanism.

The ninth embodiment of the present invention dis-
closed in FIG. 30 is of a nonvariable soft focus lens
system. The design parameters of the ninth embodiment
are similar to that of the first embodiment although
some modifications are incorporated therein. The width
of the meniscus-shaped air space is fixed at an optimum
size to introduce the appropriate amount of spherical
aberation. The parameters of this embodiment are set
forth in the following tables:

Table 12

(Embodiment 9) :
f=100.0 FNo.=2.5 2w=28" Back Focal Distance s'=60.17
Radius of. Axial Refractive Abbe
Curvature Distance Index Number
n= 4527

dj=1125 Nj= 1698 v;=558
r; = —163.381 ‘

‘ dy = 3.36

13 = — 85.294

dy= 403 Np=1733 wy=281
1= 89473

dy = 14.86
rs = —121.348

ds =294 N3 = 15699 v3=480
= 106513 ,

dg = 1394 Ng=1744 vy =452
7= — 34.652 ‘

dy= 471
rg = — 28.149

dg= 240 Ns= 16057 vs=378
g = — 73.488

Table 13
(Embodiment 9)
Sur- *
face I it I P v I
rn 2.608 0.651. 0.163 0907 0.267 28,935
o 7612 —4.413 2559 0251 —1.629 244.346
r3 —10.653 5.308 —2.644 —0.496 1.565 —330.808
I4 0.015 0.050 0.174 —0473 —1.031 0.287
Is —0.437 0.439 —0.440 —0299 0.742 —4.499
j 93 0.012 0.025 0042 0060 0.189 0.274
17 17.312 0410 0010 1231 0029 805.567
g —15.618 —1.551 —0.154 —1.340 —0.148 —672.255
Iy 1.601 —0.578 0209 0.513 —0.261 25.416
b 2.450 0.339 —0.083 0355 —0.278 97.262
Table 13 above shows the coefficient of various aber-

rations. These aberrations are graphically plotted re-
spectively in FIGS. 31q, 315, 31c and 31d. The values of
these aberration coefficients are for the third degree and
in the above Table 13 I, refers to spherical aberrations;
11 is the coma; P is Petzval sum; and V is the distortion
coefficient. Finally, I*, represents the coefficient of
spherical aberration for the fifth degree. The symbols, 7,
represent respective values of coefficients of aberrations
for consecutive surfaces from the object to image side
of FIG. 30. The summation, =, of these coefficients can
be found on the botton line of Table 13.

In the interest of providing an appreciation of the
design parameters of the present invention, an illustra-
tive refererice lens system is disclosed in FIG. 32. The
parameters of this reference embodiment are set forth in
Table 14 and the coefficients of various aberrations are
set forth in the following Table 185.
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Table 14
(Reference Embodiment)
f=100.0 FNo.=2.5 20w=28" Back Focal Distance s'=74.22
Radius of Axial Refractive Abbe
" Curvature Distance Index Number
ry = 46.679
d; = 14.12 N; = 1.6968 vy = 55.8
ry = —264.854
dy = 3.36
r3 = —153.633 .
;d3 = 4.03 Nz = 1.733 Vv = 28.1
rs = 56919
dg = 14.86
rs = —108.341
ds= 294 . Nj= 15699 vy = 480
re = 241.114
dg=1394 N, = 1744 vy = 45.2
r; = —54.336 ‘
Table 15
(Reference Embodiment) .
Surface I I ind P A% |
I 2.379 0.544 0.124 0880 0.229 24.833
rn 4451 -3.112 2.176  0.155 —1.630 121.878
13 —5.324 3.399 —2.170 0.275 1.561 —139.858
T4 —0.111 —0.126 --0.143 —0.743 —1.005 0.217
rs —0.258 0298 —0.344 —0.335 0.784 — 4.173
73 0.005 0.014 0037 0026 0170 — 0.062
T 4.176 —0.814 0.159 0.785 —0.184 83.924
g 5.318 0.203 —0.161 0.493 —0.074 86.759

The referenced embodiment provides a lens system of
the tesser type and does not contain a meniscus- shaped
air space. The lens has been designed, however, to in-
troduce spherical aberration so that the aberration of a
marginal ray will be equal to that of the ninth -embodi-
ment for purposes of companson

FIG. 33 is a plot comparing the conditions of the
spherical aberration introduced into the transmitted
image by respectively the ninth embodiment (solid line)
and the reference embodiment (broken line). As can be
appreciated from FIG. 33, the aberrations of the mar-
ginal rays at a full open aperture are equal to each other
but that the aberrations of a zonal ray in the ninth em-
bodiment will be smaller than that of the referenced

embodiment. The result of having relatively less spheri-'

cal aberration introduced in the zonal ray signifies that
the zonal ray-contributes to the formation of a nucleus
for an image of a point object. Referring specifically to
FIG. 34, a graphical plot of the distribution of light rays
forming a soft focus image of a point object is disclosed.
The solid line refers again to the ninth embodiment
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while the broken line refers to the referenced embodi- -

ment.

Since the aberrations in the zonal rays of the ninth
. -.embodiment is small, the distribution of light rays par-
ticularly peaks at the center of an image, as graphically
disclosed by the solid line, thereby enabling the forma-

50

tion of a finely focused nucleus. The light rays distrib- -

uted along the periphery of an image will provide a
pleasmg flare effect to produce an ideal soft focus point
image. Additionally, any focusing is facilitated due to
the formation of the finally focused nucleus in the pres-
ent invention.

As can be seen from the graphical plot of the refer-
enced embodiment an excessively wide range of distri-

bution of light rays around the periphery of the image”
nucleus is disclosed and detracts from the formation of -

a satisfactory nucleus. Thus, the image of a point object
will be entirely blurred with additional problems result-
ing dunng any focusing operation.

The prior art has attempted to solve this problem by
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providing various apodization techmques such as a »

16

softness control plate inserted into the lens system to cut
off a portion of the zonal and margmal rays to weaken
the flare. An illustration of a prior art control plate is
disclosed in FIG. 35. Obviously, the softness control
plate sacrifices some of the intensity of the light trans-
mitted and further when taking a picture of an object of
high brightness. there is an additional disadvantage in
that images of the holes in the softness control plate can
even appear in the picture photograph: As can be appre-
ciated, the embodiments of the present invention do not
require a softness control plate yet are still capable of
formation of an ideal distribution of light rays to form a
soft focused image of a point object.

The advantages of the present invention can be fur-
ther seen by a comparison of the coefficients of aberra-
tions for the ninth embodiment of the present invention
set forth in Table 13 with the reference embodiment set
forth in Table 15.

In this comparison the sum of the spherical aberration
coefficients of the third degree, 3I are compared as a
ratio with the sum of the spherical aberration coeffici-
ents of the fifth degree, ZI*;

Ninth embodiment;

I = 245
*
I
. ST =397
31 = 97.26
Referenced embodiment;
Sr=53
*
=
. S =163
21 = 86.76

As can be determined, a larger ratio for the sum of the
spherical aberration coefficients of the fifth degree to
the sum of the spherical aberration coefficients of the
third degree is obtained from the ninth embodiment as
compared with the referenced embodiment. Thus, the
design parameters of the ninth embodiment permit a
larger degree of influence of the spherical aberration of
the fifth degree than the referenced embodiment.
Therefore, in terms of the same amount of spherical
aberration from marginal rays, the ninth embodiment of
the present invention will have less spherical aberration
for-a zonal ray as compared with the referenced em-
bodiment. It has been found that it is highly desirable in
maximizing the desirable effects of a soft focused tone
picture to maintain a balance of the aberrations for
marginal ray relatlve to the aberratlon for a zonal ray as
follows

ZI*/Z1 > 20

The use of the particular meniscus-shaped air space
lens of the present invention helps establish this desir-
able relationship.

In addition, the present invention recognizes addi-
tional parameters associated with the radii of curvature
of the refracting surfaces and the focal length of the lens
system. Thus, the radii of curvature.of the absolute
value of the refractmg surfaces r4 and rp forming the
meniscus-shaped air space should be selected within the
following range wherein frepresents the focal length of

the lens system:
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irq | )
020 <—4-— < 065
018 < l’ﬁ l < 045 @

The above equations 1 and 2 are necessary to com-
pensate for other aberrations while still permitting the
introduction of spherical aberrations with a proper bal-
ance between the marginal rays and the zonal rays. In
equation 1, when r, approaches -the upper
limit of the range, the refracting power of the
refracting surface r, will be lessened and the
spherical aberration values of the higher degree will be
reduced. At the other end of the range, the positive
refracting power of the refracting surface r4 will be
relatively strong and the spherical aberration coefficient
of the third degree will be increased and will tend to
upset the balance of the spherical aberration coefficients
of the third and fifth degrees. The limits set forth in
equation 1 define acceptable parameters although a
preferred embodiment would most likely not have a
value at either end of the range.

Equation 2 provides parameters necessary to main-
tain the coma and flatness of an image plane within
acceptable tolerances. When the value approaches the
upper limit, there will be a tendency for the Petzval sum
to be increased and the flatness of the image plane to be
impaired. When the value of equation 2 approaches the
lower limit, then coma will become positive and sym-
metry of the aberration will be lost.

The following embodiments are directed to nonvari-
able soft focus lens systems wherein the positional rela-
tionship of the lens elements are fixed and the lens barrel
mechanism is relatively simplified. The tenth embodi-
ment is disclosed in FIG. 36 and its parameters are set
forth in Table 16. The tenth embodiment is somewhat of
a modification of the second embodiment. FIGS. 374,
37b, 37c and 37d disclose the graphical plots of the
aberrations.

Table 16
(Embodiment 10)
f=100.0 FNo =2.8 2w=24" Back Focal Distance s'=80.86
Radius of Axial Refractive Abbe
Curvature Distance Index Number
1 = 53079 :
d = 920N, = L4 v = 452
rp = —125.080
d, = 38
3 = —57.112
d3 = 341 N, = 16727 vy, = 322
4 = 62.069
dg = 1445
rs = —678.238 )
5 = 1022 N3 = 1.6935 v3 = 534
16 = —31931
dg = 098
Iy = —29.463
dy = 318Ny = 16129 v; = 370
rg = —53.589 )
(CI/2] = 24.0)

The eleventh embodiment is disclosed in FIG. 38 and
the design parameters are disclosed in Table 17. FIGS.
39a, 39b, 39c and 39d are the graphical plots of aberra-
tions. The eleventh embodiment is a further modifica-
tion of the ninth embodiment. Both the tenth and elev-
enth embodiments introduce spherical aberrations that
provide an over-correction. This is particularly advan-
tageous to introduce an artistic blur of a background -of
the object. Conversely, if it is desired to have an artistic
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blur of the foregound, a spherical aberration should be
under-corrected. ,

Table 17
(Embodiment 11)
f=100.0 FNo.=2.04 2028° Back Focal Distance s'=59.16
Radius of Axial Refractive Abbe
Curvature Distance . Index Number
) = 45.373
dy = 14.12 N; = 1.6968 = 55.8
ry = —1346.269
. d; =824
r3 = —69.370 K
di= 4.03 N, = 1.733 vy = 28.1
r4 = 60.540 C o : :
dy = 14.86
rs = 115.012
ds = 2.94 N3 = 1.5699 vy = 480
16 = 65.967
dg = 13.94 Ny = 1.744 vy = 452
r; = —58.810
dy = 706
rg = —34.756
dg = 240 Ns = 1.6057 vs = 37.8
ro = —52214

(CI*/21 = 86.7)

The twelfth embodiment is a further modification of
the ninth embodiment and is illustrated in FIG. 40.
FIGS. 414, 415, 41c and 414 disclose the graphical plots
of aberrations.

Table 18

(Embodiment 12)
f=1000 ¥No.=2.04 2w=28" Back Focal Distance s'=58.88
Abbe

Radius of Refractive
Curvature Distance Index Number
n= 49102
dy = 14.12 Nj = 1.6968 v = 558
1y = —15L.150
] o < dy = 824
r3 = — 56.192 .
d3 =403 Nz = 1.733 Vy = 28.1
rg = 63.538
» ds ='14.86
rs = —365.956
ds = 2.94 N; = 1.5699 vy = 48.0
16 =  87.565
. . dg = 13.94 Ny = 1744 vy =452
r; = — 37025
o de= 7.06
g = — 30.841
dg = 240 Ns = 1.6057 vs = 37.8
9 = — 52.361

CI/ZI = 25.3)

The thirteenth embodiment is disclosed in FIG. 42
and the graphical plots of aberrations are disclosed in
FIGS. 43a, 43b, 43¢ and 43d. The thirteenth embodi-
ment is basically a modification of the fourth embodi-
ment and utilizes an air space lens which is defined
between the surface r4 and rg on the object side of the
diaphragm.. The lens parameters are set forth in the
following Table 19. .

Table 19

(Embodiment 13) :
= 1000 FNo.=2.8 20= 24" Back Focal Distance s'=83.05

Radius of Axial Refractive Abbe
. Curvature Distance Index Number
‘11 = 49.886 '
d; =295 Np= 15407 = 46.8
r, = 30.076
. _ dy = 9.08
i .13 ="32.189
) - d3 =992 N, = 1.6935 vy = 534
r4 = 479 156
: . dg = 10.35 ’
s I5= —96 018 :
ds =295 Nj = 1.6398 vy = 347
16 = 37.187 4
6 = 9.08
r7 = 236.718
48.410 d7 =232 Ny = 15407 vy = 46.8
Ig = R
dg =9.70 Ns5= 1.6968 vs = 55.8
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Table 19-continued

(Embodiment 13)
f=100.0 FNo.=2.8 2w= 24° Back Focal Distance s'=83.05

Radius of Axial Refractive Abbe
Curvature Distance * Index Number
rg = —57.880

(CI/ZI = 41.5)

The final fourteenth embodiment is disclosed in FIG.
44 and represents a modification of the seventh embodi-
ment. The graphical plots of aberration are disclosed
respectively in FIGS. 454, 45b, 45c and 45d. In the
fourteenth embodiment, the air space lenses are posi-
tioned on ecither side of the diaphragm as noted in the
(rm), (r4) and (7 4), (' ). The parameters of this embodi-
ment are set forth in the following Table 20.

Table 20

(Embodiment 14)
f=100.0 FNo.=2.8 20w =24°Back Focal Distance s'=71.75

Radius of Axial Refractive Abbe
Curvature Distance .. Index Number
= 59715

dy = 306 N;=15176 v;=535
= 35166 N ]

dy= 728
3= 36.556

d3 = 1225 N; = 17495 v, = 50.1
rg = —175.353 ’ .

dg= 122 -
rs = — 54.802 .

ds = 3.67 N3 =16727 v3 =322
= 45273

dg = 13.23
I7 = —3000.046

dy= 9.19 Nz= 16779 vy=>554
g = — 36.164 .

dg = 5.45 )
rg = — 35.616 : o

dg = 3.06 4N5 = 1.5407 Vg = 46.8
rip = — 48.514 . i

While the preferred embodiments have been dis-
closed in an enabling manner to facilitate the reproduc-
tion of the present invention, it should be realized that
various modifications can be easily accomplished by a
person skilled in this field, and accordingly, the present
invention should be measured solely from the following
claims:

What is claimed is: :

1. A soft focus lens system having an optical axis and
a point of intersection for an off-axial principal ray with
the optical axis comprising;:: ’

a first lens group of positive refractive power having
a first image side refracting surface concave to the
point of intersection, the point of intersection bemg
located within the first lens group; and
second lens group of negative refractive power
located at the image side of the first lens group and
having a second ob_wct side refracting surface adja-
cent to the first image side refracting surface to
form a memscus-shaped air space between the first
and second refractive surfaces, the radius of curva-
ture, r4, of the first retracting surface and the radius
of curvature, 7, of the second refracting surface
having values defined within the following ranges,
respectlvely, wherein the focal length of the lens
system is represented by f: R

)
@

0.20 < |ry4|/f < 0.65

0.18 < |rg|/f < 0.45
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whereby an optimum degree of spherical aberration can
be introduced into a transmitted image to provide a soft
focus image.

2. A soft focus lens system as in claim 1, wherein the
first lens group consists from the object side to the
image side of a first positive lens, a second biconcave
lens and a third positive lens having an image side sur-
face identified as the first refracting surface and the
second lens group consists of a fourth negative meniscus
lens having an object side surface identified as the sec-
ond refracting surface, the point of intersection being
located between the second and third lenses of the first
lens group.

3. A soft focus lens system as in claim 2, wherein the
first, second, third and fourth lenses are single lenses,
respectively.

4. A soft focus lens system as in claim 2, wherein the
first, second and fourth lenses are single lenses, respec-
tively, and the third lens is a doublet.

5. A soft focus lens system as in claim 1 wherein the
first lens group is movable relatively to the second lens
group for varying the width of the meniscus-shaped air
space.

6. A soft focus lens system as in claim 5§ further com-
prising means for shifting the first and second lens
groups as a unit for focusing the lens system and means
for shifting the first and second lens groups to varying
the width of the meniscus-shaped air space.

7. A soft focus lens system as in claim 5, wherein the
first lens group consists from the object to the image
side, of a first side-group and a second sub-group mov-
able relatively to the first sub-group and the lens system
further comprises the first control means for shifting the
first sub-group relative to the second sub-group for
focusing and second control means for relatively shift-
ing the first and second lens groups to varying the width
of the meniscus-shaped air space.

8. A soft focus lens system as in claim 5, wherein the
first lens group consists, from the object of the image
side, of a first sub-group and a second sub-group mov-
able relatively to the first sub-group and the lens system

_further comprises means for shifting the first and second

lens groups as a unit for focusing the lens system and
means for shifting the second lens group relative to the
second sub-group with the position of the first sub-
group relative to the second lens group maintained for
varying the width of the memscus-shaped air space.

9. A soft focus lens system as in claim 5, wherein the
first lens group consists, from the object to the image
side, of a first sub-group and a second sub-group mov-
able relatively to the first sub-group, the lens system is
shiftable as a unit for focusing and the second sub-group
is shiftable relatively to the first sub-group and the sec-
ond lens group for varying the width of the meniscus-
shaped air space.

10. A soft focus lens system as in claim 5, wherein the
first lens group consists, from the object 'to the image
side, of a first sub-group and a second sub-group, the
first subgroup being movable relatively to the second
sub-group for maintaining the focal length of the lens
system against any variation of the focal length during
variation of the width of the meniscus-shaped air space.

11. A soft focus lens system as in claim 5, wherein the
meniscus-shaped air space is variable and capable of
changing the spherical aberration from a fine-corrected
condition to a condition in which a desired spherical
aberration is intentionally introduced.
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12. A soft focus lens system as in claim 1, wherein the
width of the meniscus-shaped air space is fixed and the
ratio of the total spherical aberration coefficients of the
fifth degree, 21, to the third degree, 21* is as follows:

SI%/ZI > 20

13. A soft focus lens system as in claim 1, wherein the
radius of curvature, r4, of the first refracting surface is
greater than the radius of curvature, rp, of the second
refracting surface.

14. A soft focus lens system having an optical axis and
a point of intersection for an off-axial principal ray with
the optical axis comprising:

a firt lens group of positive refractive power having a
first image side refracting surface concave to the
point of intersection, the point of intersection being
located within the first lens group; and
second lens group of negative refractive power
movable relatively to the first lens group on the
image side thereof and having a second object side
refracting surface adjacent to the first refracting
surface to form a variable meniscus-shaped air
space between the first and second refractive sur-
faces for controlling the degree of spherical aberra-
tion introduced into the lens system.

15. A soft focus lens system as in claim 14 further
comprising means for shifting the first and second lens
groups as a unit for focusing and control means for
relatively shifting the first and second lens groups to
varying the width of the meniscus-shaped air space.

16. A soft focus lens system as in claim 14, wherein
the first lens group consists, from the object to the
image side of, a first sub-group and a second sub-group
movable relatively to the first sub-group and the lens
system further comprises means for shifting the first
sub-group relatively to the second sub-group for focus-
ing the lens system and means for relatively shifting the
first and second lens groups to varying the width of the
meniscus-shaped air space.

17. An improved objective lens system having vari-
able soft focus capability comprising:

a first lens group;

a second lens group adjacent to the first lens group;

means for focusing the lens system on an object;

varying means for varying the position of the first
lens group relative to the position of the second
lens group for controllably varying the amount of
spherical aberration of the lens system to provide a
soft focus image; and

means, in automatic cooperation with the varying

means, for maintaining the lens system focused on
the object despite any variation of the position of
the first lens group relative to the position of the
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" second lens group during the controlled introduc-
tion of spherical aberration to provide the soft
focus image.

18. A soft focus lens system having an optical axis
defining a point of intersection for an off-axial principal
ray within the lens system comprising:

a first lens group including a first negative meniscus
lens convex to the object side having an image side
surface concave to the image side;

a second lens group of a positive refractive power
located at the image side of the first lens group
including a second positive lens having an object
side surface convex to the object side, a third bi-
concave lens, and a fourth positive lens having an
image side surface convex to the image side, the
point of intersection being between the third and
fourth lens, the image side surface of the first nega-
tive meniscus lens having a radius of curvature, rg,
the object side surface of the second positive lens
having a radius of curvature, r4, to form a menis-
cus-shaped air space therebetween, wherein rgand
r4 fulfill the following conditions with the focal
length of the lens system represented by f*

0.18 < |rp|/f < 045

020 < |ryq|/f < 0.65.
19. A soft focus lens system as in claim 18, wherein:

[ral < |73l

20. A soft focus lens system as in claim 18 further
comprising a third lens group located at the image side
of the second lens group including a fifth negative me-
niscus lens concave to the object side, the image side
surface of the fourth positive lens having a radius of
curvature, r4', the image side surface of the fifth nega-
tive meniscus lens having a radius of curvature, rg/, to
form a second meniscus-shaped air space therebetween,
wherein 74 and rg’ fulfill the following conditions:

020 < |rg|/f < 0.65

0.18 < |rg'|/f < 045.

21. A soft focus lens system as in claim 18, wherein
the first lens group is relatively shiftable to the second
lens group for varying the meniscus-shaped air space.

22. A soft focus lens system as in claim 18, wherein
the width of the meniscus-shaped air space is fixed and
the ratio of the total spherical aberration coefficients of
the fifth degree, 21, to the third degree, ZI is as follows:

2I/31 > 20.
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