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1.~ A progressive multifocal dphtalmic lens comprising
an aspherical surface having a mean sphere and a cylinder at
every point thereof, said surface comprising:

- a distance vision portion including a control point
for distance vision,

- a near vision portion including a control point for
riear vision,

- an intermediate vision portion between said distance
vision portion and said near vision portion,

- a principal meridian of progression passing through
the said three portions,
the said lens having a power addition value defined as the
variation in mean sphere between said distance vision control
point on said distance vision portion and said near vision
control point on said near vision portion,
and in which:

- the maximum value of the gradient of the mean sphere
of said surface is located at a part of said principal
meridian of progression that is situated within said
intermediate vision portion,
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- and, over the whole of said aspherical surface of
the lens, the gradient of the cylinder of said surface has a

value that is less than the product obtained by multiplying

sald power addition value by a coefficient kc max of constant

value.
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PROGRESSIVE MULTIFOCAL OPHTALMIC LENS

BACKGROUND OF THE INVENTION

The present invention relates to a progressive multi-
focal ophtalmic lens that includes an aspherical or non-
spherical surface having a mean sphere and a cylinder at
every point thereof and comprising a distance vision portion,
a near vision portion and an intermediate vision portion
therebetween.

Progressive multifocal ophtalmic lenses are now well
known. They are emploved for correcting presbyopia (long-
sightedness), and enable people wearing spectacles to look at
objects over a wide range of distances without having to

2 <

remove their spectacles. Such lenses typically include a
distance vision portion, located at the upper part of the
lens, a near vision portion at the bottom part of the lens
and an intermediate portion linking the near and distance
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vision portions.

The front face, in other words the face directed away
from the wearer of the spectacles, of progressive multifocal
lenses is generally aspherical and the rear fazd, i.e. the

S e T

face directed towards the wearer of the spectacles is
toroidal or spherical in shape. This toroidal or spherical
face enables the lens to be adapted to the user's particular
ametropia, so that a progressive multifocal lens is only 1
generally defined by its aspherical surface.

Sk,

As is well known, an aspherical surface such as the
face of a lens is generally defined by the height of all the
points on it. Parameters consisting of the minimum and
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marximum curvatures at each point, or more frequently half of
their sum, and their difference, are also employed. The
half-sum and difference multiplied by a factor n-~1l, where n
is the refractive index of the lens material, give a value
for what is known as the mean sphere (or power) of the lens
and the cylinder of the lens.

Families of progressive multifocal lenses are defined
in which each lens of a family is characterized by the result
of an addition value corresponding to the variation in mean i
power between the near vision portion and the distance vision
pbrtion. More precisely, the addition value, referred to by
the letter A, corresponds to the variation in mean power be-
tween a point in the distance vision portion and a point in
the near vision portion, these points being respectively
called the distance vision power control point and the near
vision power control point, and which represent the points
where the line of sight intersects the lens surface for in-
finite vision and for reading vision.

Within a a given family of lenses, the power addition ‘
value varies from one lens to another within the family be-
tween a minimum addition value and a maximum addition value.
Usually, the minimum and maximum addition values are respec—
tively 0.5 diopters and 3.5 diopters, the addition value
varying in 0.25 diopter steps from one lens to the next
within the family.

In order to create progressive mult:!focal lenses, one
generallyfstarts by determining a line referred to as the
principal meridian of progression, corresponding to the
points at which the spectacle wearer's line of view inter-
sects the lens surface, when the wearer looks at objects at
different distances. Following this, the shape of the |
aspherical surface is defined along this meridian and in fhe
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vicinity thereof. . ‘ | B
Among known multifocal ophtalmic lenses, there are C 3
essentially two types of family of lens. In the first type 5“
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of family of lenses, the distance between the two above-
mentioned control points is substantially constant and the
a slope or gradient of the optical power varies from one lens
to another in the family. Such lenses are for example de-
. 5 'scribed in French patent 2,058,499 and in the two Certifi-
cates of addition thereto 2,079,663 and 2,193,989.

Regarding the second type of family of lenses, the
slope or gradient of optical power along the principal me-
ridian of progression is constant and identical for all the

10 lenses of the family, regardless of the addition value of
their powers (see Japanese patent 54-85743). In this case,
the distance between the said points varies from one lens to
the next within the family.

In order to characterize such types of lens, a parame-

15 ter known as the effective progression length is used. 1In a
coordinate system where the x-axis corresponds to the hori-
zontal axis of the lens and the y-axis corresponds to an axis
vertical to the periphery of the lens, the effective pro-
gression length is the distance along the y-axis for which a

20 variation in mean power corresponding to at least 85% of the
power addition value A is encountered.

I Multifocal ophtalmic lenses regardless of their type,
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ceee inevitably suffer from optical aberrations (astigmatism,

LR

¢ sc
t

[ A8

Ve e T

distortion, prismatic deviations, etc.) which have a negative

.
€

.- 25 effect on visual comfort both under static and dynamic vision

i
—— i —

B conditions.
Furthermore, after a change of lenses, and encountering
lenses of a higher power addition value, the wearer of the

R

¢ spectacles usually needs to make an effort to physiologically
30 adapt to them. The time needed for such adaptation can vary
from one to several days, depending on the subject.
AR The applicant has proposed a third type of family of
'V'f ophtalmic lenses which attempts to deal with the problem of 1
reducing the effort of physiological adaptation and the time
‘e ‘.~ 35 needed to adapt when the wearer changes from a pair of lenses

e
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he7zing a first power addition value to a pair of lenses hav-
ing a second higher power addition value (French patent
2,617,989).

The applicant has also proposed, with a view to better ,
satisfying the visual needs of persons suffering from
presbyopia and to improve the comfort of progressive
multifocal lenses, to adapt the form or shape of the princi-
pal meridian of progression as a function of the power addi-
tion value A.

Existing lenses do provide a satisfactory solution to
static vision and foveal vision. There is nevertheless room
for improvement as regards dynamic vision, in other words
vision of objects that move in the field of vision due to
their own movement or movement of the wearer of the gpecta-
cles. It would be also useful to reduce defects of periph-
eral vision. One can consider that existing progressive
lenses provide quite satisfactory vision when the wear~2r of
spectacles is looking at an object located straight in front
of him, and at any distance whatsoever. In this case, the
wearer's line of view is precisely along the principal me-
ridian of progression, and the research undertaken by the

SRR AR,

applicant and disclosed in the above-cited patents does pro-
vide a high level of comfort.

TR

Outside the region of the principal meridian of pro-
gression, vision with progressive multifocal lenses does
present procblems, resulting from the aspherical nature of the

i
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lenses and in particular, from the fact that the points where
the line of view for peripheral vision intersects the right
and left lenses do not necessarily follow horizontal and

REREET S

vertical curves which are identical or are at least suffi-
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ciently close tc rule out all discomfort. It has been found
that variations in horizontal carvature did not in fact cause
notable discomfort and there was a proposition to limit
variations in vertical curvature for noints on the lens lo-
cated along a given y-coordinate. Such differences in
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curvature lead to vertical prismatic effects which are not
equivalent and which have a negative effect on peripheral
vision.

More precisely, in French patent 2,193,989 the appli-
cant proposed limiting the variation in vertical curvature
between a given point on the lens and the point on the prin-
cipal meridian of progression having the same y-coordinate,
as a function of the value of the lens power addition value.
This solution enabled vertical prismatic deviations to be
reduced, thus improving progressive lens comfort.

Despite the advantages provided by this solution,
wearers of progressive multifocal lens spectacles still ex-
perience discomfort with dynamic vision or vision in the
lateral portion of the distance and near vision portions.
SUMMARY OF THE INVENTION

The present invention provides a progressive multifocal
lens which overcomes the disadvantages of the prior art
lenses and which enables dynamic vision and extra-foveal
vision to be improved. The lens corresponds in all respects
to the research the applicant has already carried out in the
area of multifcoccal lens definition and, in particular, the
definition of the principal meridian lines of progression the
applicant has proposed.

There is thus provided a progressive multifocal ophtal-
mic lens comprising an aspherical surface having a mean
sphere and a cylinder at every point thereof, said surface
comprising a distance vision portion including a control
point for distance wvision, a near vision portion including a
control point for near vision, an intermediate vision portion
between said distance vision portion and said near vision
portion, a principal meridian of progression passing through
the said three portions, the said lens having a power
addition value defined as the variation in mean sphere
between said distance vision control point on said distance
vision portion and said near vision control point on said
near vision portion, and in which:
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- the maximum value of the gradient of the mean sphere
of sald surface is located at a part of said principal
meridian of progression that is situated within said
intermediate vision portion,

- and, over the whole of the aspherical surface of the
lens, the gradient of the cylinder of said surface has a
val.2 that is less than the product obtained by multiplying
said power addition value by a coefficient kc max of constant
value.

The value of the coefficient kc max is advantageously
less than or equal to 0./65 mm~ L.

In a preferred embodiment, the principal meridian of
progression ¢£ the lens consists substantially of threz
straight line segments comprising a first segment extending
substantially vertically from a point at the tcp of said lens
down to a fitting center thereof, a second segment extending
from said fitting center obliquely towards the nasal side of
the lens, and a third segment starting from the extremity of
said second segment and passing through said near vision
control point, wherein the gradient of mean sphere of the
lens surface has a maximum value along said second segment of
said principal meridian of progression.

The effective progression length of the lens is pref-
erably less than or equal to 15 mm.

The cylinder gradient preferably has a maximum value in
the lateral portions of the second segment of the principal
meridian of progression.

According to one preferred feature, a 0.5 diopter
isosphere line of the lens makes an angle of less than 30°
with the horizontal axis thereof. :

According to another preferred feature, 0.5 diopter
isocylinder lines in the vicinity of the distance vision
portion of the lens make an angle of less than 30° with the
horizontal axis of the lens.

In a preferred embodiment, the mean sphere gradient has
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a maximum value equal to the product obtained by multiplying
the power addition value by a coefficient ks max which de-
pends on the power addition value, and which is equal

to 0.07 mm™1 for a power addition value less than or equal to
1, to 0.08 mm-1 for an addition value greater than 1 and less
than or equal to 2, and to 0.09 mm™! for an addition value
greater than 2. o '

Also, in a preferred embodiment, the cylinder gradient
has a maximum value in the lateral areas of the near vision
portion situated beYond the 0.5 diopter isocylinder 1lines,
this maximum value being equél to the product obtained by
multiplying the power addition value by a coefficient
K. max vpr Said coefficient having a value of 0.09 mm 1.

Other features and advantages of the invention will
become more clear from the description which follows of one
embodiment of the invention provided by way of example, with
reference to the attached drawings. - |
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings: .

- FIG.1 is a diagrammatical front view of afpr0greséive
multifocal lens; ‘ -

- FIG.2 is a front view of the lens according to the
invention showing the principal meridian of progression and
lines of mean power level; AR %

- FIG.3 is a front view of a lens according to the :
invention shoWing the principal meridian of progression and
cylinder level (isoastigmatism) lines; '

- FIG.4 is a view similat to FIG.2, with a different
power addition value; '

- FIG.5 is a view similar to FIG.3, but applying to the-
lens in FIG.4; | -

- FIG.6 is a three-dimensional representation of the |

mean sphere gradient of the lens in FIG.4; _ :
- FIG.7 is a three-dimensional representation of the ;
cylinder gradient for the lens in FIG.4; '
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- FIG.8 is a three-dimensional representation of the

‘mean sphere gradient for the lens in FIG.2;

- FIG.9 is a three-dimensional representation of the
cylinder gradient for the lens in FIG.2.
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

FIGS. 1 to 5 show the optical characteristics of vari-
ous lenses, considering a lens diameter of around 60 mm.

FIG.1l is a front view of a progressive multifocal lens
1. Lens 1 has an aspherical face shown in FIG.1, the other
face being spherical or toroidal. The principal meridian cif
progression MM' of the lens is shown as a bold line in FiG.l,
L being the distance vision control poiht and P being the
near vision control point.

Conventionally, lens 1 comprises a distance vision
portion VL in its upper region'and a near vision portion VP
in its lower region; an intermediate zone VI existing between
the two. 1In FIG.1l, the point O is the diametrical center of
lens 1. '

" The principal meridian df progression MM' of the lens
is essentially éomposed of three straight line segments, the
first one extending substantially vertically from the top of
the lens, passing through the point L, down to a point D,
referred to as the fitting center, and located between the
distance vision control point L and the diametrical center O.
The second segment extends from point D obliquely towards the
nasal side of the lens, and the third segment starts from the
end C of the second segment and passes through the near vi-
sion control point P. The relative angles of these segments
advantageously varies as a function of the power addition

‘value A.

As has been seen, for every point on the éspherical
surface, a mean sphere D is defined from the formula:
n-1.,1 1
D = (5~ + 3)
2 'R} Ry

in which:

RIVand Rz.are‘the maximum and minimun radii of curvature
expressed in meters, and ; ‘

s
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f‘corresponds‘mofedbn less to the effective progression length.

n is the refractive index of the lens material.
A cylinder C is also defined by means of the formula:
1 1
C=(n-1) |R1 R,

In prior art lenses, and in particular those provided
by the applicant, vision in the region around the principal
meridian of progression is completely satisfactory. In order
to improve peripheral vision, the present invention proposes
considering the mean sphere gradient and cylinder gradient
over the surface of the lens.

FIG.2 is a front view of a lens according to the in-
vention showing the principal me:ridian of progression and
mean sphere level lines. The lens in FIG.2 corresponds tno a
lens of 2 diopters addition value. The known elements shown
in FIG.1l are repeated in FIG.2. FIG.2 also includes
so-called isosphere (or isopower) lines which are lines
joining points on the surface for which the .nean sphere has
the same value. The isosphere lines in FIG.2 are lines for
which the mean sphere is higher by O, 0;5, 1, 1.5 or 2
diopters than that of the distance vision control point L.
Isosphere line 2 passes through the near vision point and is
made up by points having the same mean sphere as point L.

The line bearing reference 3 joins points having a mean
sphere that is 0.5 diopters higher than that of point L and
substantially represents the border between the distance
vision portion and the intermediate portion. Line 4 is a
mean sphere line that is 1 diopter higher than the means
sphere value of point L. The line identified by reference 5
joining points having a mean Sphére 1.5 diopters higher can
be more or less cohsidered as being the border between the
intermediate region and the near vision region. |

As can be seen in FIG.Z, the‘isosphere lines 2, 3, 4, 5
and 6 are closest together in the intermediate~vision region,
ahd‘mg:e precisely, in the middle portion of the intermediate
segmeht DC of the principal meridian of progression which

Ty
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This means that the mean sphere is changing the most rapidly
in this region, or, expressed in other terms, that the mean
sphere (or power) gradient has a maximum value there. Thus,

according to the invention, visual comfort is at a maximum in

the distance and near vision regions in which the variation
in mean sphere is very small; in the lateral portions of the
intermediate vision:region, the isosphere lines are close

together but substantially horizontal, and peripheral vision

remains comfortable; in particular, ease of dynamic vision is
_preserved. Furthermore, the invention enables extensive near

and distance vision regions to be provided. _

- According to the invention the mean sphere gradient in
the intermediate vision region is a function of the power
addifion value and is preferably a linear function thereof,
the effective progression length of the principal meridian
being less than or equal to 15 mm. o -

FIG.3 is a front view of a lens accbrding to the in-
vention, showing the principal meridian of progression and
lines of identical cylinder (astigmatism) level. ‘On FIG.3,
like in FI1G.2, the known elements shown in FIG.1l are repro-
duced. FIG.3 includes so-called iso-cylindér lines, follow-
ing.the same principle as that explained:wifh reference to
FIG.2. Lines 7, 8, 9 and 10 are cylinder lines réspectively
egual to 0.5, 1, 1.5 and 2 diopters. Lines 3 and 7 in FIGS.
2 and 3 define an extensive distance vision region, which’
ensures comfortable peripheral and dynamic visioh.

In accordance with fhe invention, progressive
multifocal iens wearer comfort is increased if limifation to
cylinder variations at the lens surface is applied. Prefer-
ably, the maximum variation in cylinder per millimetre, in
other words the chinder gradient has a maximum value which
is a linear function of the power addition value. Within a

given family of lenses} a maximum cylinder gradiént P

MC can

be defined equal to:

'PMC = kc max ° A
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in which: _
A is the power addition value,
is a constant coefficient, equal for example to

C max
: 0.165 Giepheseymnn-',

Advantageously, the maximum value for cylinder gradient is
located in the lateral areas of the intermediate'vision re-
gion, in other words around the middle portion of the prin-
cipal meridian of progression.

Furthermore, the cylinder gradient has a maximum value
in the lateral areas of the near vision'region, in other
words on both sides thereof beybnd-the 0.5 diopter iso-
cylinder lines, that is distinctly lower than the maximum
value Pyc- ' '

Thus, according to the invention, when the mean sphere
gradient is at its maximum on the effective progression
lehgth DC of the principal meridian of progression, and when

the cylinder gradient hasja'maximum value P in the lateral

MC

‘portions of the intermediate region, the wearer of the pro-
gressive lenses experiences minimal disturbance to peripheral

vision and dynamic vision. Deformation of objects in the
lateral areas, and in particular around the near vision re-
gion, are minimal,

As can be seen in FIGS. 2 and 3, the near vision re-
gion, substanfially defined by the 0.5 diopter isoéphere and
isocylinder lines dovers'a region extending over a wide zone
on each side of the principal meridian of progression. 1In
the upper portion of the lens, the cylinder level line and
mean sphere line are substantially horizontal. The wearer of
the lenses can thus avail of a distance vision lateral sweép.
fécility without significant deformation occurring, thus en-
suring considerable comfort for dynamic and peripheral Vi-
sion. As can be s2en on FIGS.2 and 3, the 0.5 diopter _
isocylinder and isosphere lines make an angle of less than
30° with the horizontal, this angle being pfeferably around
10°.
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_ In the lateral portions of the near vision portion,
‘variations in cylinder, as has been seen, are limited.
. Moreover, mean sphere variations are also advantageously
‘ limited. As above, these variations are linear functions of
5 the power addition value. The table below gives, for various
values of power addition value A, values for coefficients ks
and kc max VP which, once multiplied by A, give the maximal
values for mean sphere gradient along portion DC, and for
cylinder gradient in the 1étera1 portions of the near vision i
10 portion beyond the 0.5 diopter isocylinder lines. '

A ks ke max vp
(diopters) .(mm"l) (mm-l)
15 1 0.07 0.085
1.5 - 0.08 0.085
2 0.08 0.085
2.5 0.09 0.09
3 0.09 0.09
¢ .00, 20 Maximum values for mean sphere gradient and cylinder.
t;; gradient, as shown in the table above, ensure minimal dis-
T - turbance in the lateral portions of the intermediate vision

¢ and near vision portions. The wearer of the lenses thus not
only enjoys pleasant peripheral vision in the distance vision

AR A AR e

25 region, but also experiences comfortable peripheral and dy-

-

namic vision in the two other regions of vision.

LA FIGS.4 and 5 represent; in a similar fashion to FIGS.2

- and 3, the isdsphere and isocylinder lines fof a power addi-
tion value of 1.5C diopters./ '

30 FIGS.6 and 7 are a three-dimensional representation of

m—

corre the mean sphere and cylinder gradients of the lens shown in

' ‘ FIGS.4 and 5. It can be clearly seen in FIGS.6 and 7 that
the mean sphere and cylinder gradients are limited, that the
maximum value of cylinder gradient is of the order of 0.23

35 diopters per millimetfe,/and that the maximum value of mean
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sphere gradient is of the order of 0.13 diopters per milli-
metre. As the powes addition value is 1.50 diopters, the
coefficient Kc max is equal to 0./53 and 1s distinctly lower,
in accordance with the invention, than Q.65 mm'l.

FIGS.8 and 9 are a three-dimensional representation of
the mean sphere and cylinder gradients of the lens shown in
FIGS. 2 and 3. It can be clearly seen in FIGS.8 and 9 that
the mean sphere and cylinder gradients are limited, that the
maximum value of cylinder gradient is of the order of 0.25
diopters per millimetre, and that the maximum value of mean
sphere gradient is of the order of 0.17 diopters per milli-
metre. As the power addition value is 2 diopters, the coef-
ficient Kc max is equal to 0./25 and is, in accordance with
the invention, distinctly less than 0./65 mm~ L,

Mean sphere gradient is at a maximum value around the
intermediate vision region. It is very small in the cdistance
vision region over a very extensive area. It is also very
small in the near vision region.

Cylinder gradient also exhibits zones of only small

~ variation corresponding to the distance:vision region and the

near vision region.

The invention thus ensures comfortable vision not only
along the principal meridian of progression but also in lat-
eral regions, and ensures good dynamic and peripheral vision.

It should be also noted that, in accordance with the
invention and as mentioned above, a very extensive distance
vision field is provided, this occupying the major portion of
the upper half of the lens, and it should be further noted,
with reference to FIUs.3 and 5, that the near vision field is
also very extensive. The table below gives the width of the
near vision field measured horizontally at both sides of
point P - 14 mm along the y-axis with respect to the diamet-
rical center O of the lens up to the 0.5 diopter isocylinder
line, in millimetres, as a function of the power addition

value.

<
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A field width VP at point P in mm
1 | 15 /
1.5 12
2.0 11
2.5 9
3 9

Obviously, the pres’ent' invention is not limited to the
embodiment just described and illustrated, but may undergo
various modifications available to those skilled in the art
without however departing from the scope of the invention as
defined. S
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The claims defining the Invention are as follows:
WHAT—ES—-CLALIMED 18-

1.~ A progressive multifocal ophtalmic lens comprising
an aspherical surface having a mean sphere and a cylinder at
every point thereof, said surface comprising:

- a distance vision portion including a control point

for distance vision,

- a near vision portion including a control point for
near vision,

- an intermediate vision portion between said distance
vision portion and said near vision portion,

- a principal meridian of progression passing through
the said three portions,
the said lens having a power addition value defined as the
variation in mean sphere between said distance vision control
point on said distance vision portion and said near vision
control point on said near vision poxtion,
and in which:

- the maximum value of the gradient of the mean sphere
of said surface is located at a part of said principal
meridian of progression that is situated within said
intermediate vision portion, ,

- and, over the whole of said aspherical surface of
the lens, the gradient of the cylinder of said surface has a
value that is less than the product obtained by multiplying

said power addition value by a coefficient kc

max of constant

value.

2.~ A lens according to claim 1, wherein said coeffi-
1

cient kc max is less than or equal to Q.65 mm .
3.- A lens according to claim 1, wherein the said prin-
cipal meridian of progression of said lens consists sub-
stantially of three straight line segments comprising:
- a first segment extending substantially vertically
from a point at the top of said lens down to a fitting center
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- a second segment (DC) extending from said fitting
center (D) obliquely towards the nasal side of said lens,

- and a third segment (CM') starting from the extremity
(C) of said second segment and passing through said near

vision control point (P),
and wherein the gradient of mean sphere of said surface has a

maximum value along said second segment (DC) of said prin-
cipal meridian of progression.

4.~ A lens according to one of claims 1 to 3, having an
effective progression length (DC) less than or equal to 15

mm ..

5.~ A lens according to claim 3 or 4, wherein said

'cyiinder gradient has a maximum value in the lateral portions

of said second segment (DC) of said principal meridian of
progression located in said intermediate vision portion (VI).

6;- A lens according to one of claims 1 to 5} wherein
the 0.5 diqpter isosphere line (3) of said lens makes an

=.angle of less. than 30° with the horizontal axis thereof.

7.- A lens according to one of claims 1 to 6, wherein
the 0.5 diopter isocylinder lines in the vicinity of said
distance vision portion (VL) make an angle of less than 30°
with the horizontal axis of said lens.

8.- A lens accOrding to claim 7, wherein said mean
sphere gradient has a maximum value equal to the product ob-
tained by multiplying said power addition value (A) by a
coefficient ks gfiax which depends oh the power addition value
(A), and which is equal to 0.07 mm~ L for a power addition
value less than or equal to 1, to 0.08 mm-l for an addition
value greater than 1 ahd less than or equal to 2, and to
0.09 mm~! for an addition value greater than 2. /
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9. A lens according to claim 8, wherein said cylinder gradient has a maximum
value in the lateral arcas of said near vision portion (VP) thercof situated beyond the 0.5
diopter isocylinder lines, said maximum valuc being cqual to the product obtained by
multiplying said power addition value (A) by a coefficient k, max vps said coefficient
6 having a value of 0,09 mm-1,
10. A progessive multifocal ophtalmic lens substantially as herein described
with reference to the Figures,
Dated 29 December, 1994
Essilor International
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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Progressive Multifocal Ophtalmic Lens
Abstract

A progressive multifocal ophtalmic lens 1s provided having an
aspherical surface comprising a distance visfon portion (VL), a near
5 vision portion (VP) and an intermediate vision portion (VI), in which the
maximum mean sphere gradient value is situated in the intermediate vision
portion (VI) of the principal meridian of progression (MM') of the
lens, and the cylinder gradient over the whole aspherical surface of the
lens is less than the product obtained by multiplying the power addition

10 value at each point by a constant value coefficient.

(Fig. 1

JED/3618H

LR TR A i o B

L S, RGN ) | T S




* i . .- . T R o s O R A it TV T T A R g - DL e

s e i S S R R

tttttt




=

205

—— -_—
~—
e e o,

|
]
\

\\_/

T R A TN Gt S T e N TN ¢ Rt S

= BTy
SR

woe vou

e oL
- - . b v
- e - . .

o o o " o
- - - e v P
cas . w - ot o .

/
!
|
\

\
d
&

R

N\

O

UNUPARI PP S I S 4




in

Gradient

224 o025
s
d|
=),

',
o;zi

'
T2
g

ﬁslll §

")
By ™
‘
“
4
]
.
o
L [+ :
#
tete
.
fege :
X3 X3
¢ ¢t
¢ ¢
¢ ez
3
set it
<
v
e e
o & &
ed e L]
oo o0 %
o @ & a
. . 1
RN "
¢ e h
.t L] [
. é
TRy Y i
. . o
« 4
exoee i
: {f-
e ¢ E
I N d
¢ (X3 o {
€6 € 3
¢ t e R g
¢ cc (o} %
A 5
H

i
¢
i
!

SRS

R

o




Diopt/mm

in

CQ N, - ®
RITSES " X
sy ',,.;.,.. S
LT 50T O
T CZ 7R ‘ O

Gradient

Q

t/mm

N - ‘
0 R “ 3 2
- RN % d R
2 s
] ~
SO :Q’ "’f’
R

~en
D
o
-
z

&
&5 aoter N, S
STEIRIRBIERRR R
PN LYK

q ° S oo,
o . 3R 0”11'/— Z
g mqﬁéggg%rﬁﬁg‘% S
- - SR o R Q
= 222 Q‘ N
Q ~0 2 o’:t oS O Q ”’l”’t 59 ."\\\\\“ Z
o e e N o
o RS NS
S -y S NN AN
N . ‘kl" ‘”’"'VVV
U] ~0 - \
- 4o RRTRTR & “\:‘.@0‘1..
.......~...~ .0.0.0.0.~.0
S ~.~o~.’o’°-...
Q XSG T R
3. ST
0.0...0...’.0.
<
20 R :
15 l
[ R ]
| '
M, . 4
[ ] ! )
, m % i a¢
I i g
3 e

0

25 -,
23 o.:.’o
vl
L2

ZoT2r5 X
SR
TR

e L TN

-0

AT TN S e

ey

2

e
S L,




i

kd

_E

43

in Diopt/mm

Gradient

5/5

\\\

.‘ 220N

\
‘\\\\\‘\\\\’-co, AN
a.',’:‘::\\\\\\\ "‘ X
RN

B

AR

ez A AN

SRYE




