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To all whom it may concern?

Be it known that I, AnnNa Esrerie
Grancy, a citizen of the United States, re-
siding at Southbridgs, in the county of
Worcester and State of Massachusetts, have
invented certain new and useful Improve-
ments in Ophthalmic Lenses, of which the
following is specification.

This invention relates to improvements
in ophthalmic lenses and has articular re-
ference to lenses of the multifocal type.

A great many people require correction
for both near and long distance vision.
Bifocal lenses have been developed for such
correction but they have not been very satis-
factory because while objects in two planes

-are in focus, all the intérmediate distances

are not clearly visible. This condition is
especially annoying in going up or down
stairs, or in alighting from vehicles; so it
will be readily apparent that the bifocal lens
is not a perfect corrective. Trifocal lenses
were made to overcome this defect in
bifocals, and while with lenses of this type
one intermediate distance is brought into
focus objects at the remaining intermediate
distances are indistinet. Another objection
to bifocals and trifocals lies in the fact that
there is a line of division between the
different fields. In moving the eye from one
field to another there is a sudden jump in
assing the dividing line due to the dif-
erence in power, and this causes a strain
on the optic muscles. |

In the past, some lenses with a multiFlicity
of foci have been devised, but some of them
have been impractical of manufacture, and
others have been undesirable because of
surface astigmatism and spherical aberra-
tions.

One object of the present invention is to
produce an ophthalmic lens having a multi-
plicity of foci for reading, long distance,
and Intermediate vision.

Another object is to provide such a multi-
focal lens constructed of a single piece of
glass. N S
Another object is to provide a multifocal
lens having a power for long distance vision
a power for reading, and a multiplicity o

powers for all intermediate distances, all.

1923, Serial No. 840,094,

of said powers blending gradually from
reading to long distance power.

-Another object is to provide a multifocal
lens without any segment boundaries.

_ Another object is to provide such a multi-
focal lens which shall be free from surface
astigmatism at all points.

Other objects and advantages will be
apparent during the course of the following
description, taken in connection with the
accompanying drawings, wherein one form
of the invention is shown. It is, of course,
to be understood that the drawings are
merely illustrative and that I do not limit
myself to what is herein shown and de-
seribed, but that T reserve the right to make
changes falling within the scope of the
claims without departing from the spirit of
the invention. . '

.In the drawings: .

Figure 1 is an elevation of a lens made in
accordance with my invention.

Figure 2 is a transverse sectional view on
the line 2—2* of Figure 1.

Figure 8 is a similar view on the line
3—32 of Figure 1.

Figure 4 1s a mathematical diagram of the
multifocal surface.

Figure 5 is a sectional view .illustrating
ime step in the manufacture of my improveﬁ
ens.

Figure 6 is a view partly in section, illus-

trating one method of grinding the multi-
focal surface. ) :

Similar rteference characters designate
corresponding parts throughout the several
views. .

My improved lens 10 is provided on one
of its sides 11 with a spherical surface 12
on its upper portion for distance vision cor-
rection, and a symmetrical multiple oscu-
lating spherical surface 13 on its lower por-
tion for near and intermediate vision cor-
rection. The latter surface is generated by
the rotation of a circle about a diameter
(the Z axis) simultaneously with a contin-
wous change in the radius of this circle, the
center of the circle moving along the Z
axis, and the intersection of the Z
axis with the surface remaining fixed and
forming the vertex of the surface. This
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may be more readily understood by refer-
ence to Figures 1, 2 and 38, wherein the
spherical surface 12 has a tadius » struck
from the point P on the axis OP. Thus the
& power will be the same at all points in the
surface 14—2—14—0. The lines 14—0 and
0—14 may be in alignment ‘as shown, or
they may be disposed at an angle to one
another. The fear vision correction, or
10 reading power, lies in the vertical meridian
0—22, and has a radius 7" struck from the
point P’ on the axis. From this it will be
evident that the power will be the same at
all points in the line 0--2¢, and that the
15 near vision curve will be tangent with the
distant vision curve at the point 0. In Fig-
ure 3 it will“be seen that the section of the
surface at line 3—0 is the same as at 2—0,
whereas the section at 0—3* has a radius
20 2 struck from point P? situated between
P—P’." The power will be the same on all

points in the line 0—3* and will be a cor-~

rection for an intermediate distance. Each
meridian or radial line between 0—2* and

25 0—14 will have a different power, varying
continuously from reading to distance.
These varying curvatures all blend into one
another and are all tangent to the distance
curve at the point 0. '

30 The multifocal surface 18 may be de-
scribed mathematically as follows, refer-
ence being made to-Tigure 4: )

Let Rz and Ry be two given radii, and
let Cy be center of curvature for a sphere of

36 radius'Ry. et a radius of this sphere be
taken as the Z axis and drawthe XZ and yZ
planes‘at right angles to each other to form

a right-handed system of rectangular co-_
ordinatés. Thru the point Z=Ry suppose”

40 a symmetrical multiple osculating sphere
to be described as follows: Let the plane
YZ intersect this surface in“a circle of
radius Ry. Let the XZ plane intersect the
surface 1n circle of radius Rz. Let an

45 plane through Z &xis, making <f with XZ
plane intersect the surface also in a circle
of radius R#, intermediate in numerical
value between Ra and Ry (or equal), with
the condition imposed that R¢ varies from

50 Ra to Ry continuously (i. e. without points

of discontinuity). Let w be angle which
the radius sector for any point (, y, 2) of
the surface makes with z axis; then equa-_
tion of surface is given by -
5 ;02 ¥ 22:

(Ry—R¢)*+Re2-2R4(Ry—R¢) cos. w

where Ré= any” continuous function (Ra,
Ry+p) with limiting magnitudes Rz and

60 Ry, and symmetrical with respect to 2z and
y2 planes.

The curvatures of the lens illustrated
have been exaggerated for the purpose of
clearness; the radii of the curves will, of

65 course, depend upor the amount of corree-

tion necessary. Also it will be evident that
the surface. described may be on either the
convex or the concave side of.the lens.
Furthermore, the axis OP need not be in

the geometrical center of the lens, but may 70

be disposed either above or below it if de-
sired. -

The drawings illustrate one method of
manufacturing the lens, but I do not limit
myself to any particular structure or ap- 75
paratus for this purpose. The lens blank-
1s first heated.to a point where it is softened
without running, and while in this heated -
condition it is put on a die or former 15
and pressed by a second former 16, as shown 80
in Figure 5. The die 15 is provided with a
generated surface to form the multifocal
side 11 of the lens, and the member 16 is
provided with the approximate.-curvature
of the other side of the lens. Thus the lens 85
is formed with the-proper, optical surfaces
ready. for finishing.” The lens is then se-
cured in any suitable manner to a block 17,
to grind the surface 11. E

In Figure 6 is illustrated one form of 90
‘grinding tool, composed of a cup member
18 mounted upon the usual rotatable spindle
19, and provided on its upper side with flex--
ible diaphragm 20, such as sheet rubber,
covered by a sheet of fine metal cloth 21. 95
The diaphragm and cover are held in place
by a_clamping ring 22, thus providing a
chamber 23 into which compressed air may
be introduced through the valve 24. The
blocked lens 10 is then applied, as shown, 100
with the surface 11 contacting with the
metal cloth 21, and rotated thereon by the
¢rank pin 25 of the spindie 26, a suitable
abradant, such as ground emery, being used
on the cloth 21. Thus the -surface may be 105
ground uniformly without departing from
the multifocal curve molded upon it.by the
die 15. The multifocal surface 11 may be
polished in a similar way by substituting a
piece of soft felt for the wire cloth 21, and 110
rotating the lens thereon with moistened. .
rouge or other polishing medium.

After the surface 11 is finished, the op-
posite side 31 is ground and polished in the
usual manner to a curvature which will 115
comhine with that of the surface 11 to give
the proper optical correction. This curve
31 may be either spherical or cylindrical

. and is usually applied by the prescription- -
_ist fitting the glasses. 120

From the foregoing it will be seen that
I have produced a new and improved oph-
thalmic lens embodying long distance and
near vision corrections, and corrections for
all intermediate distances. The various
powers blend gradually and there is no line
of division between the different fields.
Furthermore, the lens is free from surface
astigmatism at all points, and can be read-
ily manufactured commercially. 130
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Having thus described my invention,
what I claim is:

1. A multifocal lens having a long dis-
tance vision correction on its upper portion,
a near vision correction on the vertical me-
ridian of the lower portion, and interme-
diate vision corrections on the divergin,
meridians between the long distance an§
near vision corrections, the power being the
same at all points in a meridian, and the
power in the successive meridians varying
from near vision to long distance vision in
accordance with any mathematical law of
variations. )

9. An ophthalmic lens having a multi-
plicity of foci, the curvatures of said foci
being arranged on meridional lines diverg-
ing from a common point of tangency, said
curvatures varying gradually
distance to near vision correction, the power
perpendicular to each meridian at any point
Deing equal to the power along the meridian.

3. An ophthalmic lens having a spherical
curve on a portion of one of its surfaces,
a symmetrical multiple osculating spherical

om . long’

curve on the remainder of said surface, and
a suitable curve on the opposite side to com-
bine optically therewith.

4. An ophthalmic lens having a spherical
curve on a portion of one of its surfaces,
a symmetrical multiple osculating spherical
curve tangent therewith, and a suitable sur-
face on the opposite side to combine opti-
cally therewith.

5. A multifocal lens having an upper dis-
tance portion and a near vision correction
on the vertical meridian of the lower por-
tion and intermediate vision corrections on
meridians diverging from the point of tan-
gency of the upper and lower vertical me-
ridians, and the power in each meridian
equals-the power at right angles to that me-
ridian.

6. A multifocal ophthalmic lens surface
with constant power along any one radial
surface line diverging from a vertex and
having the tangential surface powers at
any point equivalent to the radial surface
power at that point. :

A. ESTELLE GLANCY.
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