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Claim
1.- A progressive multifocal ophthalmic lens having
an aspherical surface comprising a far vision region, a
near vision region, an intermediate vision region, a main
meridian of progression passing through said three
regions and a fitting center, said lens having a power
addition factor A defined as the variation in mean sphere
between a control point in the near vision region and a
control point in the far vision region, in which:
limits of said far, intermediate and near vision
regions are defined by isocylinder lines of a value equal
to A/2,
said far vision region comprises at least one angular
sector with an included angle « greater than or equal to
145°,
within said intermediate vision region, following
relation holds at each point along said main meridian of
progression:
p(y) .Lp/lA/2(y) < A A
in which:
ply) is a slope of the mean sphere at a point y on
the y-axis,
Lp is a length of progression, and
1A/2(y) is a width of the intermediate vision region

at a point y on the y-axis,

.../2
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A has a value comprised between 0.125 and 0.15 mm~ 1
and in which at a point on the y-axis 18 mm below
said fitting center of the lens, the following relation
holds:
1A/2‘AVP/CVP > 14 mm
in which:
lA/2 is a width of said near vision region
Ayp 1s a relative power addition, equal to a
difference between mean sphere at a point on said main
meridian of progression 18 mm below said fitting center
and mean sphere at said fitting center, and
Cyp is a maximum cylinder of a horizontal segment

extending over a surface of said lens.




P/00/011
Regulation 3.2

AUSTRALIA
Patents Act 1990

ORIGINAL
COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title: PROGRESSIVE MULTIFOCAL OPHTHALMIC

LENS

The following statement is a full description of this invention, including
the best method of performing it known to us:

GH&CO REF: P24345-A:RW:RK




Al

y

10

15

20

25

30

35

L Y »

1A

PROGRESSIVE MULTIFOCAL OPHTHALMIC LENS

BACKGROUND OF THE INVENTION

The present invention relates to a progressive
multifocal ophthalmic lens having an aspherical surface
comprising a far vision region, a near vision region, an
intermediate vision region, a main meridian of
progression passing through said three regions and a
fitting center, said lens having a power addition factor
A defined as the variation in mean sphere between a
control point in the near vision region and a control
point in the far vision region.

French patent application 2,699,294 which is
incorporated herein Dby vreference, describes in its
introductory part the various elements of a progressive
multifocal ophthalmic lens (main meridian of progression,
far vision area, near vision area, etc.) along with the
work carried out by this present applicant for improving
the comfort of spectacle wearers.

The applicant has thus proposed, with a view to
satisfying the visual requirements of long-sighted
(presbytic) spectacle wearers and in order to improve the
comfort of progressive multifocal lenses, to adapt the
shape of the main meridian of progression, as a function
of the power addition factor A (see French patent
application 2,683,642).

Existing 1lenses <can be still further improved,
notably in order to reduce peripheral vision defects, and
to increase wearexr comfort. Wearers of progressive
multifocal lenses are sometimes inconvenienced by
problems with dynamic wvision, or with problems when
viewing through the lateral portions of far and near
vision areas of spectacles.

SUMMARY OF THE INVENTION

The present invention provides a progressive
multifocal 1lens which overcomes the disadvantages of
prior art lenses and which provides excellent performance

in the far vision region, gentle progression over the
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intermediate vision region and good width of the near
vision region while allowing substantial lateral
excursion outside of the near vision region.

In accordance with an aspect of the present
invention, there is provided a progressive multifocal
ophthalmic lens having an aspherical surface comprising a
far vision region, a near vision region, an intermediate
vision region, a main meridian of progression passing
through said three regions and a fitting center, said
lens having a power addition factor A defined as the
variation in mean sphere between a control point in the
near vision region and a control point in the far vision
region, in which:

limits of said far, intermediate and near vision
regions are defined by isocylinder lines of a value equal
to A/2,

said far vision region comprises at 1least one
angular sector with an included angle « greater than or
equal to 145°,

within said intermediate vision region, following
relation holds at each point along said main meridian of
progression:

p(y) .Lp/lA/z (y) < A A

in which:

p(y) is a slope of the mean sphere at a point y on
the y-axis,

L, is a length of progression, and

1,,(y) is a width of the intermediate vision region
at a point y on the y-axis,

A has a value comprised between 0.125 and 0.15 mm'

and in which at a point on the y-axis 18 mm below
said fitting center of the lens, the following relation
holds:

in which:

1l,, is a width of said near vision region
Ay, 1s a relative power addition, equal to a
difference between mean sphere at a point on said main

S$:24345-A




10

15

20

25

30

35

R:\12700\12715US.DOC -

meridian of progression 18 mm below said fitting center
and mean sphere at said fitting center, and

Cyp 1s a maximum cylinder of a horizontal segment
extending over a surface of said lens.

In a preferred embodiment, the value of A is of the
order of 0.14 mm-1l.

According to a preferred embodiment, half-lines that
define said angular sector intersect at the geometrical
center of said lens, and the bisector of said angular
sector makes an angle of less than 5° and preferably less
than 2° with the vertical.

Isocylinder 1lines of a wvalue equal to A/2 are
advantageously asymptotic to the half-lines defining
said angular sector.

According to a preferred feature, the said length of
progression Lp is the wvertical distance between said
fitting center and a point in said near vision region at
which the power addition factor is 85° of the maximum,
and the fitting center is advantageously located 4 mm
above the geometrical center of the lens.

Advantageously, a curve that graphically represents
the function:

P(y) . Lg/lp /o (y)

in which

p(y) is a slope of the mean sphere at ‘a point y on
the y-axis

Lp is a length of progression, and

lA/2(y) is a width of the intermediate vision region
at a point y on the y-axis,

has a bell shape, the concavity of which is directed
downwardly.

Advantageously, the maximum cylinder of said lens is
calculated over a horizontal segment and for those points
on said lens situated at a distance of less than 20 mm
from the geometrical center of said lens.

Further features and advantages of the present
invention will become more clear from the description

which follows of a preferred embodiment of the invention
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provided by way of example and with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatical front view of a
progressive multifocal lens.

FIG. 2 shows graphs of the function Dy; representing
relative gentleness of progression at the intermediate
vision region for various power addition factors and
after normalization of the x-axis values.

FIG. 3 is a front view of a lens according to the
invention, having a power addition factor of 1 diopter,
showing the main meridian of progression and lines
joining points with the same mean sphere value.

FIG. 4 is a front view of a lens according to a
preferred embodiment of the invention, for a power
addition factor of 1 diopter, showing the main meridian
of progression and lines joining points with the same
cylinder value.

FIG. 5 is a view similar to FIG. 3, for a power
addition factor of 2 diopters.

FIG. 6 1is a view similar to FIG. 4, for a power
addition factor of 2 diopters.

FIG. 7 is a view similar to FIG. 3, for a power
addition factor of 3 diopter.

FIG. 8 1is a view similar to FIG. 4, for a power
addition factor of 3 diopters.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Throughout the description, an orthonormal system of
coordinates shown in FIG. 1 is employed, where the x-axis
corresponds to the horizontal axis of the lens and the y-
axis corresponds to the vertical axis.

FIGS. 1 and 3 to 8 show the optical characteristics
of various lenses, for a diameter limited to a value of
40 mm. One embodiment of the invention is described with
reference to FIGS. 3 to 8.

FIG. 1 is a front view of a progressive multifocal
lens 1. Lens 1 has an aspherical face shown on FIG. 1 and
a further face which may be spherical, toroidal or
aspherical. In FIG. 1, the line in heavy print is the

§:24345-A
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main meridian of progression MM' of the lens, the
position of the far vision control point L and the near
vision control point P being shown.

Conventionally, lens 1 includes a far vision area VL
in its upper part, a near vision area VP in its lower
part, with an intermediate region VI between the two.
The point O in FIG. 1 is the geometrical center of lens
1.

The main meridian of progression MM' of the lens is
essentially composed of three segments, the first of
which extends substantially vertically down from the top
of the lens, passing through the control point L down to
a point CM known as the fitting center, located between
control point L and the geometrical center O. The second
segment extends from the point CM obliquely towards the
side of the lens nearest the nose, and the third segment
starts from the end C of the second segment, passing
through the near vision control point P. The relative
angles between these three segments advantageously vary
as a function of the power addition factor A and as a
function of the far vision power, as described by the
present applicant in United States patent 5,270,745.

At every point on the aspherical surface a mean
sphere D is defined given by the formula:

D=n-121 (1 + _1)
2 Ry R,

in which:

R, and R, are the maximum and minimum radii of

curvature expressed in meters, and

n is the refractive index of the material

constituting the lens.

For a given lens, the power addition factor A 1is
equal to the variation in means sphere between the far
vision control point L and the near vision control point
P.

The lens's cylinder or surface astigmatism C is also
defined, given by the formula:

30 juin 1995 - 5/19
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Lines constituted by the projection onto a plane,
said plane being tangential to the progressive surface at
the geometrical center 0, of those points on the surface
that have the same mean sphere value, are called lines of
isosphere. Similarly, lines constituted by the
projection onto said plane of those points on the surface
that have the same cylinder value are called lines of
isocylinder.

According to the invention, it is considered that,
for a lens of power addition factor A, the isocylinder
line Jjoining points having a mean cylinder of BA/2
diopters substantially defines the 1limit of the far,
intermediate and near vision regions. In other words,
the isocylinder line A/2 defines the near vision region
in the wupper part of the lens. It defines the
intermediate vision region in the middle part of the lens
and, finally, defines the near vision region in the lower
part of the lens. Compared to the definition in the
prior art which adopted absolute 1limits that were
independent of the power addition factor, this definition
corresponds better to reality as actually perceived by
the spectacle wearer.

In prior art 1lenses, and in particular in those
provided by the applicant, vision in the area surrounding
the main meridian of progression is completely
satisfactory.

The present invention proposes that a new definition
of the characteristics of the lens surface be considered.
This new definition makes it possible to improve 1lens
performance as perceived by the spectacle wearer in the
near vision region, as well as the gentleness of
transition in the intermediate vision region, between the
near vision region and the far vision region. This new
definition thus preserves an extended far vision region

which is agreeable to the spectacle wearer.
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The rear face of the lens according to the invention
is employed for adapting the 1lens to the specific
requirements of the wearer, this rear face being able to be
spherical, toroidal or aspherical.

According to an aspect of the invention, the far
vision region VL comprises at least one angular sector
defined Dby two half-lines that are secant at the
geometrical center 0 of the lens. These half-lines form an
upwardly-directed angular segment having an angular width
a: 1inside this angular segment, and in 1line with the
definition of the far wvision region according to the
invention, all points have a cylinder 1less than A/2
diopters. Advantageously, for all values of power addition
factor A, angle o is greater than 145°.

Preferably, a 1line that (internally) bisects the
angular segment formed by the said two half-lines is
substantially vertical, for all values of power addition
factor. More precisely, a bisecting line of the two half-
lines preferably makes an angle £ of less than 5° with the
vertical; in a preferred embodiment, this angle £ is less
than 2°.

Furthermore, the A/2 diopter isocylinder 1lines are
advantageously asymptotic to the half-lines defining the
angular segment: as one moves away from the geometrical
center of the lens towards its periphery, the A/2 diopter
isocylinder 1lines increasingly approximate to the half-
lines. Quantitatively, the distance between an A/2
isocylinder line and the corresponding half -line is less
than 2 mm for that part of the lens constituted by those
points that are more than 10 mm further away from the
geometrical center 0 of the lens.

An aspect of the invention proposes a constraint on
the A/2 isocylinder positions in the middle portion of the
lens, using a criterion of relative gentleness of
progression which takes into account the slope of the mean
sphere along the meridian, the length of progression and
the width of the intermediate vision region. In order to
arrive at a suitable function p to represent said slope,

S$:24345-A
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we assume that mean sphere as defined hereinabove is the
function associated with each point (x,y), the slope of
the mean sphere then being equal to the Euclidian norm of
the gradient of the mean sphere. This enables the
function p to be defined as the function that associates
to any y-axis value y, the value p(y,) of the slope of
mean sphere at that point on the meridian having said y-
axis value y,. This function p(y) 1is used below for
criterion Dy associating the slope of mean sphere along
the meridian with a y-axis value on the lens.

The length of progression is defined as follows. The
fitting center CM of the progressive lens corresponds to
a point on the lens that is employed by the optician for
correctly fitting the lens into the frame. This fitting
center corresponds to the intersection between the
surface of the lens and the wearer's line of vision when
he 1is 1looking in a horizontal direction. In lenses
produced by the assignee, this fitting center 1is
generally located 4 mm above the geometrical center of
the lens. The length of progression (referred to as Lp
below) 1is equal to the vertical distance between the
fitting center and the near vision control point at which
85% of the total power addition wvalue is reached, in
other words the absolute value of the difference between
the y-axis values of these two points. This length Lp is
a way of representing, 1in all lenses, the vertical
distance through the intermediate vision region.

The width of the intermediate vision region, or
horizontal width lA/Z(y) at the A/2 isocylinder line is
the difference 1in the x-axis values of two A/2
isocylinder lines, for a given y-axis value.

These three values now enable us to define, for any
given lens, a function of the y-axis value that is
representative of the relative gentleness of progression
in the intermediate vision region. This function Dy (y)
is equal to the product of the slope of the mean sphere
p(y) multiplied by the ratio between the length of

progression L_ and the width of the intermediate vision

p

30 juin 1995 - 8/19
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region (or horizontal distance) 1,,(y), which can also
be written as:

Dy (y) = p(y).Lp/lA/z(Y)

This function is representative of the optical
qualities which the wearer may experience in the
intermediate vision region.

According to an aspect of the invention, the
intermediate vision region is defined in such a way as
to minimize the wvalue of relative gentleness of
progression Dy;. Advantageously, the graphical shape of
the function Dy (y) has a bell-shape, the maximum value
of which is below a value proportional to the power
addition factor. More precisely, the maximum of the
function Dy (Y) is 1less than a product AA, this being
the power addition factor A multiplied by a coefficient
A. The value of this coefficient A 1is comprised in a
range of from 0.125 to 0.15 mm', and preferably is of
the order of 0.14 mm'.

The A/2 isocylinder 1lines in the intermediate
vision region are defined so as to satisfy these
conditions governing Dy, (y) .

An aspect of the invention proposes to apply a
constraint to the positions of the A/2 isocylinder
lines in the 1lower part of the lens, using a near
vision relative width criterion LR,, which takes account
of the relative power addition factor along the
meridian, the width of the near vision region
(hofizontal width at the A/2 isocylinder line), and the
maximum value of cylinder outside the near vision
region. This relative width criterion is defined, for
a given value on the y-axis, 18 mm below the fitting
center CM. In the applicant’s lenses, this y-axis value
corresponds to the near vision control point P.

The relative power addition factor Ay, 1is
defined as the difference, considered along the
main meridian of progression MM’, of the mean sphere
at the y-axis wvalue 18 mm below the fitting center
CM, and the mean sphere at the fitting center CM.

$:24345-A
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At a y-axis value 18 mm below the fitting center CM,
the horizontal width lA/2 between the A/2 isocylinder
lines 1is measured, this corresponding to the width of the
near vision region and being equal to the distance
between the x-axis values of two points on the two A/2
isocylinder lines the y-axis value of which is 18 mm less
than that of the fitting center.

Finally, the maximum cylinder Cyp over a horizontal
segment comprising all the y-axis points y=- 14 mm (18 mm
below the fitting center) which are less than 20 mm from
the geometrical center (20 mm being the useful radius of
the lens) 1s measured; in terms of x-axis values, one
thus considers those points for which the x-axis value
is, in terms of modulus, less than V(202—142) = 14.3 mm.
Stated in other terms, what is considered is the maximum
cylinder 18 mm below the fitting center over the whole
width of the lens, even beyond the limits of the near
vision region.

The relative width for near vision LRyp is defined as

follows:

LRyp = 1p/2-Byp/Cyp

This relative width is representative not only of the
width of the near vision region, but also of the
gentleness of progression of the lens outside said near
vision region, at 18 mm below the fitting center CM.
According to the invention, the near vision region 1is
defined so as to maximise the value of the relative width
for near vision LRyp; advantageously, this 1is greater
than a value of the order of 14 mm, for all values of
power addition factor. The A/2 isocylinder lines are
determined in the near vision region so that this
condition may be satisfied.

In FIG. 2, the function Dyp of relative gentleness of
progression in the intermediate vision region has been
plotted for various power addition factors, after

normalizing the x-axis values. In order to readily

30 juin 1995 - 10/19
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compare lenses having their VP control point and CM
fitting center situated at different points on the y-
axis, the x-axis values have been normalized on FIG. 2:
thus we have not directly plotted the graphical
representation of the function Dy (y) as a function of
y, but rather as a function of a parameter t, where:

t = gly) = A(y) /AT

in which A(y) is the difference in mean sphere
between a point on the main meridian of progression for
the value of y, and the fitting center, and in which

A;r is the difference in means sphere between the
fitting center and the near vision control point VP
along the main meridian of progression, below the
fitting center.

The parameter t varies over the range [0,1] and in
FIG. 2, the function h(t) has been shown where:

h(t) = Dvx[ngt)]

FIG. 2 shows plots of h;(t), hy(t) and hs(t)
respectively for power addition factors of 1, 2 and 3
diopters corresponding to the lenses in FIGS. 3 and 4,
5 and 6, 7 and 8. Each one of these curves has a
clearly defined bell shape with a maximum at 0.11,
0.275 and 0.372 diopter.mm', which is well below the
value of 0.14 multiplied by A, 1in other words
respectively 0.14x1, 0.14x2 and 0.14x3 diopters.mm’.

The corresponding curves h,(t), hy,(t) and h.(t) for
a family of lenses of the prior art have also been
shown, for respective power addition factors of 1, 2
and 3 diopters. It can be clearly seen that even
though these three curves have a bell shape, their
maximum is substantially above the above-stated values
of 0.14, 0.28 and 0.42 diopters.mm! (0.14 times A).

FIGS. 3 to 8 are front views of lenses
according to the preferred embodiment of the
invention showing the main meridian of progression

S:24345-A
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and the 1lines of equal 1levels of mean sphere and
cylinder. The lenses in FIGS. 3 and 4, 5 and 6, 7 and 8
correspond respectively to power addition factors of 1, 2
and 3 diopters, provided by way of example.

FIGS. 3 and 4 correspond to a power addition factor
of 1 diopter.

In FIG. 3, the elements from FIG. 1 are again shown.
Additionally the fitting center CM is shown on FIG. 3,
and the lines of isosphere. The lines of isosphere in
FIG. 3 are the lines 2, 3, 4, 5 respectively showing a
mean sphere equal to that at the far vision control point
L, and respectively greater by 0.25, 0.5, 0.75 diopters.

Similarly, on FIG. 4, the elements from FIGS. 1 and 3
are again vreproduced with the addition of 1lines of
isocylinder. As the cylinder is low all along the main
meridian of progression, there are two isocylinder lines
for each value of cylinder. The isocylinder lines in
FIG. 4 are the lines 6 and 6', 7 and 7', 8 and 8', 9 and
9' corresponding, respectively, to a cylinder of 0.25,
0.5, 0.75 or 1.0 diopter.

As indicated above, the 1limits of the near vision
region are substantially constituted, in the upper part
of the lens, by the lines 7 and 7' of isocylinder equal
to A/2, = 0.5 diopters.

As can be seen on FIG. 4, the far vision region VL
does indeed comprise the angular segment defined by two
half-lines 10 and 10'. The angle o between these half-
lines has a value of the order of 149.6°: the half-line
10' makes an angle of the order of 15.4° with the
horizontal, and the half-line 10 makes an angle of the
order of 15° with the horizontal. The angle £ then has a
value of 0.2°, and is well below 2°. As can be seen on
FIG. 4, the A/2=0.5 diopter 1isocylinder 1lines are
asymptotic to the half-lines 10 and 10'. The relative
gentleness of progression in the intermediate vision
region Dy, (Y) represented on FIG. 2 by the normalized

curve hl(t) satisfies the conditions of this invention

30 juin 1995 - 12/19
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very well. Finally, the relative width for near vision
LRyp has a value of 14.1 mm which is above 14 mm.

FIG. 5 shows a similar view to FIG. 3, for a power
addition factor of 2 diopter; on FIG. 5, the lines 15,
16, 17, 18 cf mean isosphere 0, 0.5, 1 and 1.5 diopters
higher than the sphere at control point L have been
shown.

FIG. 6 1is a similar view to that in FIG. 4, for a
power addition factor of 2 diopters, in other words for
the lens in FIG. 5. In FIG. 6, the lines 20 and 20', 21
and 21', 22 and 22', 23 and 23' for 0.5, 1, 1.5 and 2
diopters isocylinder can be seen. Like the lens in FIGS.
3 and 4, the near vision region (A/2=1 isocylinder in the
upper part of the lens) comprises at least one segment
defined by two half-lines 24, 24', that intersect at the
geometrical center of the lens with an included angle «
of 151°.

The half-line 24' makes an angle of the order of
14.5° with the horizontal, and the half-line 24 makes an
angle of the order of 14.5° with the horizontal. The
angle 3 is here 0°, which is well below 2°.

As can be seen on FIG. 6, the A/2=1 diopter
isocylinder lines 21 and 21' are asymptotic to the half-
lines 24 and 24'. The relative gentleness of progression
in the intermediate vision region Dy, (Y), represented on
FIG. 2 by the normalized curve h,(t) satisfies the
conditions of the invention. Finally, the relative width
for the near vision region LRyp has a value of 16.5 mm
which is well above 14 mm.

FIG. 7 is a similar view to that in FIG. 3, for a
power addition factor of 3 diopters; on FIG. 7 the same
elements as those shown on FIG. 3 can be seen, and
notably the 1lines 30, 31, 32, 33, 34 and 35 for
respectively, a mean isosphere of 0, 0.5, 1, 1.5, 2 and
2.5 diopters above the sphere at control point L.

FIG. 8 is a similar view to that in FIG. 4, for a
power addition factor of 3 diopters, in other words for
the lens in FIG. 7. On FIG. 8, the lines 40 and 40', 41

30 juin 1995 - 13/19
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and 41', 42 and 42', 43 and 43', 44 and 44', 45 and 45
for isocylinder values of 0.5, 1, 1.5, 2, 2.5, and 3
diopters can be seen. Like the lenses in FIGS. 3, 4, 5
and 6, the near vision region (A/2=1.5 isocylinder in the
upper portion of the lens) comprises at least one segment
defined by two half-lines 46, 46' that intersect at the
geometrical center, and making an angle «o of 145°,

The half-line 46' makes an angle of the order of 16°
with the horizontal, and the half-line 46 makes an angle
of the order of 19° with the horizontal. The angle
then has a value of 1.5° which is well below 2°. As can
be seen on FIG. 8, the isocylinder lines 42 and 42' for
A/2=1.5 diopters are asymptotic to the half-lines 46 and
46" .

The relative gentleness of progression in the
intermediate vision region Dyq (Y), shown on FIG. 2 by the
normalized curve h;(t) satisfies the conditions of the
invention 1in a satisfactory manner. Finally, the
relative width for near vision LRyp has a value of 15.1
mm, which is well above 14 mm.

We shall now discuss the various characteristics that
make it possible to provide the various lenses according
to the invention. The surface of the lenses is, as 1is
known in a manner known per se, continuous and
continually derivable three times.

For each one of the lenses of the family, a main
meridian of progression is defined. For this, it is
advantageous to use the teachings of the above mentioned
French patent 2,683,642 which 1is wholly incorporated
herein by reference. It is also possible to use any
other definition of the main meridian of progression in
order to apply the teachings of the invention.

A constraint is fixed at the far vision region (A/2
isocylinder at the wupper portion of the 1lens) by
requiring that it covers at 1least an angular sector
defined by two half-lines that intersect at the
geometrical center of the lens and making an angle of at

least 145°; advantageously, the bisecting line of this
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sector makes an angle of at most 2° with the vertical.
The A/2 isocylinder lines are asymptotic to these half-
lines at least for those points situated at a distance
from the center of the lens comprised between 10 and 20
mm. In the sector defined between these two half-
lines, the cylinder is less than A/2 diopters. These
values make it possible to provide a dimension for the
far vision region that provides excellent performance
for the spectacle wearer.

If necessary and as a function of the choice of
the main meridian of ©progression, the point of
intersection of the two half-lines could be different
from the geometrical center of the 1lens; the point of
intersection could then correspond to the position of
the fitting center, or to the far vision control point
L.

A constraint is also applied to the intermediate
vision region (A/2 isocylinder of the middle portion of
the lens) by requiring that the relative gentleness of
progression in the intermediate vision region Dy,
satisfies the conditions stated above.

Finally, a constraint is applied to the near
vision region (A/2 isocylinder in the lower portion of
the lens) by requiring that the relative width in the
near vision region LRy, meets the condition stated
above.

Thus, a region has been defined for the whole lens
for which the cylinder is lower than A/2 diopters, not
only with the aid of straight line segments, but also
using functions which ensure excellent performance for
the spectacle wearer, even when power addition factors
are high.

In order to completely define a lens according to
the preferred embodiments of the invention the
constraints listed above are employed, or only certain
ones of them, as limiting conditions in an optimization
program known per se, SO as to obtain a map of the
altitudes at different points on the lens. This makes
it possible, using a process known per se, to
prepare molds for molding the lenses using organic or
inorganic materials. By way of example, in order to

S$:24345-A
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define lenses with powers of 1, 2 and 3 diopters, one can
impose the conditions stated with reference to FIGS. 2,
4, 6 and 8. These various conditions make it possible to
determine the surface of the lens.

Obviously, the present invention is not limited to
these examples: thus, among other things, the aspherical

surface could be the surface directed towards the
spectacle wearer.
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What is claimed is:
1.- A progressive multifocal ophthalmic lens having
an aspherical surface comprising a far vision region, a
near vision region, an intermediate vision region, a main
meridian of progression passing through said three
regions and a fitting center, said lens having a power
addition factor A defined as the variation in mean sphere
between a control point in the near vision region and a
control point in the far vision region, in which:
limits of said far, intermediate and near vision
regions are defined by isocylinder lines of a value equal
to A/2,
said far vision region comprises at least one angular
sector with an included angle « greater than or equal to
145¢°,
within said intermediate vision region, following
relation holds at each point along said main meridian of
progression:
p(y).Lp/lA/2(y) < A A
in which:
p(y) 1is a slope of the mean sphere at a point y on
the y-axis,
Lp is a length of progression, and
lA/2(y) is a width of the intermediate vision region
at a point y on the y-axis,
A has a value comprised between 0.125 and 0.15 mm~ 1
and in which at a point on the y-axis 18 mm below
said fitting center of the lens, the following relation
holds:
lA/2‘AVP/CVP > 14 mm
in which:
lA/2 is a width of said near vision region
Ayp 1s a relative power addition, equal to a
difference between mean sphere at a point on said main
meridian of progression 18 mm below said fitting center
and mean sphere at said fitting center, and
Cyp is a maximum cylinder of a horizontal segment

extending over a surface of said lens.
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2.- A  progressive multifocal ophthalmic lens
according to claim 1, wherein said coefficient A has a

value of the order of 0.14 mm-1.

3.- A progressive multifocal ophthalmic lens
according to claim 1, wherein half-lines that define said
angular sector 1intersect at the geometrical center of

said lens.

4. - A progressive multifocal ophthalmic lens
according to claim 1, wherein the Dbisector of said
angular sector makes an angle of less than 5° with the

vertical.

5.- A progressive multifocal ophthalmic lens
according to claim 4, wherein the bisector of said
angular sector makes an angle of less than 2°, with the

vertical.

6.- A progressive multifocal ophthalmic lens
according to claim 1, wherein said isocylinder lines of a
value equal to A/2 are asymptotic to said half-lines

defining said angular sector.

7.- A progressive multifocal ophthalmic lens
according to claim 1, wherein said length of progression
Lp is the vertical distance between said fitting center
and a point in said near vision region at which the power

addition factor is 85° of the maximum.

8.- A progressive multifocal ophthalmic lens
according to claim 7, wherein said fitting center is

located 4 mm above the geometrical center of said lens.
9.- A progressive multifocal ophthalmic lens

according to claim 1, wherein a curve that graphically

represents the function:
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p(y).Lp/lA/z(y)
in which
p(y) is a slope of the mean sphere at a point y on
the y-axis
Lp is a length of progression, and
1A/2(y) is a width of the intermediate vision region
at a point y on the y-axis,

has a bell shape, the concavity of which is directed
downwardly.

10.- A progressive multifocal ophthalmic 1lens
according to claim 1, wherein maximum cylinder of said
lens 1is calculated over a horizontal segment and for f
those points on said lens situated at a distance of less Tes

than 20 mm from a geometrical center of said lens.

11.- A progressive multifocal ophthalmic lens .
substantially as herein described with reference to the
accompanying drawings. Tese.

Dated this 15th day of April 1996

ESSTILOR INTERNATIONAL ]
By their Patent Attorney '
GRIFFITH HACK & CO.
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ABSTRACT OF THE DISCLOSURE

In a progressive multifocal ophthalmic lens providing
excellent performance in the far vision region, good
width of the near vision region and gentle progression in
the intermediate vision region therebetween, the far
vision region comprises an angular sector defined by two
half-lines that intersect at the geometrical center of
the 1lens forming an upwardly-directed angular segment
with an included angle of preferably more than 145° in
which all points have a cylinder less than A/2 diopters,
and constraints are applied governing the gentleness of
progression 1in the intermediate vision region and the

relative width of the near vision region.
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