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[5 7] ABSTRACT 
An improved ophthalmic lens for presbyopia is dis 
closed in which the refractive power is progressively 
changed to provide a natural visual target arrangement. 
in the [opthalrnic] ophthalmic lens, rotation of the 
head of a wearer for binocular lateral vision is taken into 
account to permit comfortable binocular lateral vision 
closer to vision with the naked eyes. 

4 Claims, 4 Drawing Sheets 
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PROGRESSIVE POWER OPHTHALMIC LENS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This invention relates to [opthalimic] ophthalmic 
lenses and more particularly to improvements in an 
ophthalmic lens for presbyopia having progressively 
changing refractive power. 

Presbyopia designates such a state of the eyes of a 
man that the eye lens in the eyeball is no more capable 
of adjusting itself to focusing necessary for near vision 
due to the loss of its original elasticity. Therefore, he 
will be able to easily see an object located at a short 
distance again when he wears a convex lens which 
makes up the shortage of accommodation. 

It is customary that near vision is generally done 
through the lower areas of lenses mounted in a specta 
cle frame. Therefore, a single pair of spectacles can 
make necessary visual power compensations for both 
the near vision and the distant vision when the lower 
areas of the conventional lenses for distant vision in the 
spectacle frame are replaced by the convex lenses de 
scribed above. 
A bifocal lens is a simplest form of such a multifocal 

ophthalmic lens. The convex lens portion for near vi 
sion in the multifocal ophthalmic lens is called the seg 
ment, and there are a variety of kinds in the shape, 
location, material, etc. of the segment. 
However, the lenses of this kind have had such a 

common defect that, during transition of vision from 
distant vision to near vision, there occurs an abrupt 
change in the magni?cation resulting in a sense of physi 
cal confusion. A so-called progressive power [opthal 
mic] ophthalmic lens has been proposed in an effort to 
alleviate the abrupt change in the magni?cation of the 
image. According to the progressive power ophthalmic 
lens, the surface design is such that the refractive power 
is progressively changed to eliminate the sense of physi 
cal confusion, and the ?eld of intermediate vision can 
also be provided in the region of the boundary between 
the distant vision and the near vision. 

This progressive power [opthalmic] ophthalmic lens 
is also aesthetically advantageous over the bifocal lens 
in that the boundary line separating the lens portion for 
near vision is not conspicuously sensed in the external 
appearance compared with the bifocal lens, and, thus, it 
is not perceived as that speci?cally prepared for presby 
0pm. 
The progressive power ophthalmic lens is featured by 

the presence of a succession of “umbilical points” form 
ing a so-called “umbilical meridian curve" extending 
substantially from an upper central portion to a lower 
central portion of the lens surface. This “umbilical me 
ridian curve” is such that astigmatism therealong is 
almost equal to zero, and the refractive power changes 
progressively according to a predetermined rule. The 
term “umbilical point” is used herein to designate the 
point at which two major radii of curvature are equal to 
each other. 
A lens surface having such an “umbilical meridian 

curve" can be theoretically relatively easily designed as 
will be described later. 
However, in the prior art progressive power ophthal 

mic lens, the rotation of the head of a wearer for lateral 
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2 
vision described later is not utterly taken into account. 
Generally, it is customary that not only the eyeball but 
also the head of a wearer is turned toward a visual 
target located on a lateral side when the wearer sees 
such a visual target. In other words, the rotation of the 
head compensates for the rotation of the eyeball. In the 
case of the prior art progressive power ophthalmic lens, 
the arrangement of the visual target, which was as 
sumed by a designer when he designs a lens, has been 
unnatural because of the fact that the rotation of the 
head is not utterly taken into account. 

It is therefore a primary object of the present inven 
tion to provide an ophthalmic lens in which the unnatu 
ral arrangement of the visual target in the prior art lens 
is replaced by a more natural visual target arrangement, 
and the rotation of the head of the wearer for binocular 
lateral vision is taken into account, thereby permitting 
comfortable [bimocular] binocular lateral vision quite 
close to the vision with the naked eyes. 

In accordance with the present invention, there is 
provided an ophthalmic lens having two refractive 
surfaces, one of the refractive surfaces including an 
imaginary ?rst meridian curve called, for the purpose of 
explanation, an umbilical meridian curve extending 
substantially in the vertical direction along the refrac 
tive surface when the refractive surface is viewed from 
a direction substantially orthogonal with respect 
thereto in the condition in which the lens stands in the 
same vertical direction as that mounted on a wearer, the 
distribution of the radius of curvature of the umbilical 
meridian curve including a zone in which the radius of 
curvature decreases gradually from an upper portion 
toward a lower portion of the curve according to a 
predetermined rule, the radii of curvature at the inter 
sections of orthogonal curves crossing at right angles 
with the umbilical meridian curve in the refractive sur‘ 
face being substantially equal to the radii of curvature of 
the umbilical meridian curve at those intersections re 
spectively so that the astigmatism along the umbilical 
meridian curve in the refractive surface is almost equal 
to zero, the umbilical meridian curve dividing the re 
fractive surface into two lateral areas closer to the nasal 
side and temporal side respectively when the lens is 
mounted on the wearer, the two lateral areas of the 
refractive surface being asymmetrical with each other, 
the refractive surface being such that, when a second 
meridian curve extending in the vertical direction along 
the refractive surface to overlap, intersect or contact 
with the umbilical meridian curve in an upper region of 
the refractive surface is imagined, the umbilical merid 
ian curve is displaced toward the nasal side relative to 
the second meridian curve in a lower region of the 
refractive surface, while it is [less] gradually displaced 
toward the nasal side relative to the second meridian 
curve in an intermediate region of the refractive sur 
face, the intermediate and lower regions in which the 
umbilical meridian curve is displaced more or less 
toward the nasal side relative to the second meridian 
curve including at least one sectional curve which ex 
tends in the horizontal direction within a range of not 
more than 15 mm on opposite sides of the umbilical 
meridian curve and along which the distribution of 
astigmatism on the nasal side relative to the umbilical 
meridian curve is asymmetrical with that on the tem 
poral side. 
Other objects, features and advantages of the present 

invention will become apparent from the following 
detailed description of preferred embodiments thereof 
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taken in conjunction with the accompanying drawings, 
in which: 
FIG. 1 is a diagrammatic view illustrating a general 

method of designing a lens surface having progressingly 
changing refractive power; 

FIG. 2 is a diagrammatic view illustrating the posi 
tion of a visual target in the prior art; 
FIG. 3 is a diagrammatic view illustrating the relation 

between the direction of a visual target and the rotation 
of the head as well as the eyeball of the spectacle 
wearer, for explaining the principle of the present in 
vention; 
FIG. 4 is a diagrammatic view illustrating, by way of 

example, the position of a visual target for the wearer 
wearing the ophthalmic lens according to the present 
invention; 

FIG. 5 is a diagrammatic view also illustrating, by 
way of example, the position of a visual target for the 
wearer wearing the ophthalmic lens according to the 
present invention; 

FIG. 6 is a diagrammatic view illustrating, by way of 
example, the case of binocular vision of the visual target 
shown in FIG. 5; and 

FIG. 7 is a schematic elevational view showing one 
form of the progressive power ophthalmic lens accord 
ing to the present invention. 

For a better understanding of the present invention, a 
general method of designing a lens surface having pro 
gressively changing refractive power will be described 
with reference to FIG. 1, before describing the present 
invention in detail. 
A plane Q called a principal vertical meridional plane 

hereinafter is ?rst established in the space as shown in 
FIG. 1. 

Then, on this principal vertical meridional plane Q, a 
helical curve M-M' called a meridian curve hereinaf 
ter is drawn which extends from an upper portion 
toward a lower portion of the plane Q and has its radius 
of curvature continuously decreased from its upper 
portion to its lower portion according to a predeter 
mined rule. Subsequently, a plane Vi including points 
Gi and Oi and crossing in orthogonal relation with the 
principal vertical meridional plane Q is established as 
shown in FIG. 1, where Ri is the radius of curvature of 
the meridian curve M-M’ at a selected point Gi, and Oi 
is the center of curvature. This plane Vi is called an 
orthogonal plane hereinafter. 
Then, on this orthogonal plane Vi, a curve Iii-Hi’ is 

drawn which passes through the point Gi, whose radius 
of curvature at the point Gi is equal to the radius of 
curvature Ri above "described, and whose center of 
curvature coincides with the point Oi above described. 
This curve I-Ii—I-Ii' is called an orthogonal curve here 
inafter. Such an orthogonal curve I-Ii—I-Ii' can be 
drawn for all of the points on the meridian curve 
M-M’, and, therefore, the group of such orthogonal 
curves l-Ii-Hi’ forms a curved surface. Thus, when 
such a curved plane is employed to provide a lens sur 
face, any one of the points on the meridian curve 
M—M' provides an "umbilical point" at which the two 
major radii of curvature are equal to each other. Conse 
quently, the meridian curve M—-M’ provides an “umbil 
ical meridian curve" along which the astigmatism is 
almost equal to zero. 

In the above description, only one [orthogoanl] 
orthogonal curve I-Ii—Hi' has been de?ned for the point 
Gi. 
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4 
It is apparent, however, that any one of the curves 

having the same radius of curvature Ri at this point Gi 
can be employed as the orthogonal curve I~li—Hi'. 
There are many examples having attempted to improve 
the progressive power ophthalmic lens utilizing the 
degree of freedom of the orthogonal curve Hi-l-Ii', and 
the present invention is also not an exception. These 
prior art examples include Japanese Patent Publication 
No. 3595/74, Japanese Patent Application Laid-open 
No. 46348/75 and Japanese Patent Publication No. 
9626/72. According to the invention of Japanese Patent 
Publication No. 3595/74, the radius of curvature of the 
orthogonal curve Hi-Hi' is decreased from the center 
toward the lateral sides in the upper portion of the lens 
and is increased from the center toward the lateral sides 
in the lower portion of the lens, so that the overall 
astigmatism of the lens is consequently distributed or 
diluted over a wide range. According to the invention 
of Japanese Patent Application Laid-open No. 
46348/75, the major directions of astigmatism in the 
side portions of the lens, that is, the directions of image 
distortion are arrayed in the vertical and horizontal 
directions of the side portions, thereby intending to 
alleviate or nullify the effect of astigmatism. However, 
there are very few examples of inventions concerning 
binocular lateral vision occupying a very large propor 
tion of vision in the eneryday life, and, among the prior 
art examples cited above, Japanese Patent Publication 
No. 9626/72 deals, only insufficiently, with the subject 
of binocular lateral vision. The important feature of the 
last-mentioned patent publication resides in the fact that 
astigmatic errors on a lens surface are made symmetri 
cal in the horizontal direction on opposite sides of a 
meridian plane including an inclined umbilical meridian 
curve. 

The lens for the right eye and the lens for the left eye 
are generally in the form of mirror images of each other, 
that is, they are generally symmetrical with each other 
relative to the nose. In the prior art example disclosed in 
the last-mentioned patent publication, therefore, the 
angle of rotation of the eyeball of the right eye is re 
garded to be approximately equal to that of the eyeball 
of the left eye when the eyes of the wearer are turned in 
a lateral direction from the condition directed toward 
the front. In this case, the intersection of the right and 
left ?xation lines, that is, the position of the visual target 
is represented by a point on a curve C shown in FIG. 2. 
This curve C is a portion of an arc in which the line 
connecting between the centers of rotation 0L and OR 
of the eyeballs of the left and right eyes respectively 
provides the chord, and the angle of circumference of 
the chord is equal to the angle of vision a. However, 
such a visual target arrangement is quite unnatural as a 
matter of course and does not in any way re?ect the 
usual condition of vision. Further, the illustrated visual 
target arrangement is not fully sufficient or convincing 
in that the rotation of the head of the wearer for lateral 
vision described later is not utterly taken into account. 
Generally, it is usual that not only the eyeballs but also 
the head is rotated toward a visual target when we see 
a visual target disposed laterally relative to the front. In 
other words, the head is rotated to compensate for the 
rotation of the eyeballs. 
FIG. 3 illustrates that the wearer turns his eyes 

toward a visual target disposed laterally at an angle B 
relative to the front from the condition seeing an object 
disposed directly in front of him. When the angle of 
rotation of the eyeballs relative to the head is designated 



Re. 34,132 
5 

by [35, the relation B=BH+BE holds generally. If the 
visual target disposed in the direction of the angle B is 
very interesting for the wearer, the relation BH>BE 
would hold, and, in the contrary case, the relation 
BH<B£would hold. However, it may be sufficient that 
the relation therebetween is generally given by 
BH~B5 Further, when the angle B is very large as 
when, for example, the visual target is disposed in the 
rear of the wearer, the wearer will turn or twist his 
body or the wearer will change the direction of his legs 
to rotate the body itself toward the rear. In such a case, 
the body and limbs of the wearer cooperate bodily, as 
the word implies, to assist in the effort of the eyeballs 
trying to see the visual target. The same applies when 
the visual target is disposed in an upper or lower posi 
tion besides the lateral position. By taking into account 
the above matter in the optical design of ophthalmic 
lenses, a quite novel function not having been proposed 
yet by the prior art ones can be developed so that com 
fortable ophthalmic lenses permitting viewing of an 
object in a condition analogous to viewing with the 
naked eyes can be provided. It is thus the object of the 
present invention to provide an ophthalmic lens which 
is based upon the standpoint entirely different from that 
of the prior art ones and which obviates all of the de 
fects of the prior art ones. 
More particularly, the present invention contem 

plates to provide an ophthalmic lens in which the unnat 
ural arrangement of the visual target in the prior art 
ones is replaced by a more natural visual target arrange 
ment, and the rotation of the head of the wearer for 
binocular lateral vision is taken into account, thereby 
permitting comfortable binocular lateral vision closer to 
vision with the naked eyes. 
A practical aspect of the present invention will now 

be described in detail. As a ?rst example, a straight line 
D as shown in FIG. 4 is selected to represent a most 
natural visual target arrangement in the horizontal di 
rection. In FIG. 4, the symbol OR designates the center 
of rotation of the eyeball of the right eye, and the sym 
bol Po designates the position of the visual target on the 
straight line D when the eyeball of the right eye is 
directed toward the front. Also, in FIG. 4, the line 
612150 connecting between 03 and Po intersects at right 
angles with the straight line D. The line ORPo has a 
length a, and the symbols P10 to P90 designate the suc 
cessive positions of the visual target on the straight line 
D when the eyeball of the right eye is rotated succes 

~ sively through an angle of 10‘ at a time toward the right 
from the front looking position. In view of the limited 
illustration space, the symbols P70, P80 and P90 are put in 
parentheses, and the directions of the positions P70, P30 
and P90 are merely shown by the arrows. Further, the 
position P90 represents a point at in?nity in the right 
direction. 
Now, an arbitrary point Pi de?ning an angle >PoOR 

Pi= B is selected on the straight line D. Then, the i 
tance ORPi between OR and Pi is expressed as 0;; 
Pi=a/cos B. As described hereinbefore, there is the 
relation B=BH+BE, where B}; represents the angle of 
rotation of the head, and BE represents the angle of 
rotation of the eyeball of the right eye relative to the 
head, when the wearer sees the visual target disposed in 
the lateral position Pi angularly spaced apart by the 
angle B from the position Po. Consider now the position 
on the ophthalmic lens through which the ?xation line 
of the right eye passes. Then, the direction of the ?xa 
tion line, that is, the direction of the visual target is 
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6 
represented by the angle BE and is not represented by 
the angle [3 for the ophthalmic lens itself. This is be 
cause the ophthalmic lens and the head of the wearer 
are theoretically integral with each other, and the angle 
B}; of unitary rotation of the ophthalmic lens and the 
wearer‘s head is entirely independent of the ?xation line 
of the eyeball of the right eye relative to the ophthalmic 
lens. In other words, the direction of the visual target 
(represented by the angle B) for the lens wearer himself 
is different from the direction of the visual target (repre 
sented by the angle BE) for the ophthalmic lens itself, 
and the difference therebetween is equal to the angle of 
rotation B H of the head of the wearer. This is the most 
important [basis] basic principle of the ophthalmic 
lens of the present invention which differs fundamen 
tally from the prior art ones. Standing on the viewpoint 
above described, consider now the relative change be 
tween the position of the visual target for the spectacle 
wearer himself, which position is shown on the straight 
line D in FIG. 4, and the position of the visual target for 
the ophthalmic lens itself. Rotation of the wearer’s head 
through the angle BH relative to the visual target means 
that the visual target rotates through an angle —BH 
relative to the wearer’s head, according to the relative 
way of thinking. Suppose that all of the centers of rota~ 
tion are located on the center of rotation OR of the 
eyeball of the right eye shown in FIG. 5 and there holds 
the relation BH~B5 between the angles B1; and BE. 
Then, the position Pi of the visual target for the lens 
wearer himself, which position is arbitrarily selected on 
the straight line D, shifts to a position Pi’ for the oph 
thalmic lens itself. The latter position Pi’ is determined 
by counter-clockwise rotation of the position Pi around 
the eyeball rotation center OR through an angle B/Z, as 
shown in FIG. 5. It will be seen in FIG. 5 that the 
relation ORPi=ORPi', holds, and the distance between 
the eyeball of the right eye and the visual target is un 
changed. Thus, when a plurality of points P10’ to P90’ 
corresponding to the respective points Pm to P90 are 
similarly plotted, these points P10’ to P90’ form a curve 
D’ as shown in FIG. 5. When the eyeball rotation center 
OR in FIG. 5 is taken as an origin, and the lines extend 
ing rightward and upward from this origin OR in FIG. 
5 are taken as the x-axis and y-axis respectively, the x 
and y coordinates of the point P," on the curve D’ are 
expressed as follows: 

Therefore, the curve D’ in FIG. 5 is expressed as fol 
lows: 

Although the above description has referred only to the 
case of rightward monocular vision by the right eye for 
simplicity of explanation, it is apparent that the same 
applies to leftward monocular vision by the right eye 
and also to lateral vision by the left eye. 

Further, although the center of rotation of the head is 
regarded to coincide with the center of rotation of the 
eyeball in the above description, it is needless to men 
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tion that the position of the former is not the same as 
that of the latter. 

In the case of binocular vision, the presence of the 
distance OROL between the eyeballs of the right and left 
eyes shown in FIG. 6 must be taken into account. It can 
therefore be readily surmised that the visual target for 
the pair of ophthalmic lenses will be represented by the 
combination of the curve DR’ representing the visual 
[targer] target for the right eye and the curve DL' 
representing the visual target for the left eye, as shown 
in FIG. 6. 

In the consideration of binocular vision, one of the 
eyes may be dominant over the other, that is, the “domi 
nant eye" may be present. In such a case, it can be easily 
surmised that the effect of the position of the visual 
target corresponding to the eyeball of the "dominant 
eye" will be greater than that of the position of the 
visual [targer] target viewed with binocular vision. 
However, it may generally suf?ce to consider that a 
curve D" lying intermediate between the visual target 
curves DL’ and DR’ for the left and right eyes respec 
tively, as shown in FIG. 6, provides the position of the 
visual target in the case of binocular vision. 

It is to be noted that this curve D" [differes] differs 
greatly from the curve C in FIG. 2 showing the visual 
target position in the prior art ophthalmic lens. 

In FIG. 6, a visual target Pi” is shown displaced 
rightward from the front-viewing position Po on the 
curve D". As this visual target Pi" moves in?nitely 
rightward from the position Po, the angle a" ofbinocu 
lar vision for viewing the visual target located at the 
position Pi", that is, the angle <O1_Pi"OR approaches 
progressively to zero. This progressive approach of the 
angle of binocular vision toward zero means that the 
relative convergence of the two eyes approaches pro 
gressively to zero. The angle of binocular vision attains 
?nally the value of zero when 8:90’ or BE=45° in 
the illustrated example. In summary, the relative con 
vergence of the two eyes continues to progressively 
decrease as the lens wearer turns his eyes progressively 
in the lateral direction from the condition viewing a 
visual target located at a ?nite distance in front of him, 
and the relative convergence is ?nally reduced to zero 
when the eyeballs of the eyes of the lens wearer are 
directed to view a visual target located in the extreme 
lateral direction in which 3:90“, that is, when the 
ophthalmic lenses are directed to view a visual target 
located in the lateral direction in which B5 is about 45“. 
We will discuss the passing positions of the ?xation 

lines on the ophthalmic lenses, that is, the positions on 
the ophthalmic lenses through which the wearer views 
a visual target disposed in the lateral direction. 

Referring to FIG. 7, reference numerals 71 and 72 
designate left and right ophthalmic lenses respectively 
when viewed from the side of a ?rst surface facing a 
visual target. 
A thick solid curve M-M‘ is shown on each of the 

lenses 71 and 72. This curve M-M' is obtained by 
connecting the passing positions of the ?xation line of 
the corresponding eye of the lens wearer for both of 
distant vision and near vision when he views a visual 
target disposed directly in front of him. Thus, this curve 
M—-M' coincides normally with the aforementioned 
umbilical meridian curve. 
A straight line L—L' is also shown on each of the 

lenses 71 and 72. This line L—L' extends vertically 
through the passing positions of the ?xation line of the 
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8 
associated eye of the lens wearer for distant vision and 
is called the meridian curve. 
A line S—S' is also shown on each of the lenses 71 

and 72. This line S—S‘ is obtained by vertically con 
necting the passing positions of the ?xation line of the 
associated eye of the lens wearer when the ?xation line 
is diverted toward the right through an angle of 45". 
When the lens wearer views, through the ophthalmic 

lenses shown in FIG. 7, a visual target disposed at a 
?nite distance in front of him, the two eyes converge 
more or less, and the ?xation lines pass on the umbilical 
meridian curves M-M’ instead of the meridian curves 
L—L'. Suppose that this visual target moves away pro 
gressively rightward in the horizontal direction. Then, 
the ?xation lines move progressively rightward through 
an angle of 45° until ?nally they pass on the lines S-S' 
described above. In the course of the above manner of 
?xation line movement, the moving distance of the 
?xation line of the right eye on the associated ophthal 
mic lens is longer than that of the left eye. Conversely, 
the moving distance of the ?xation line of the left eye is 
longer than that of the right eye when the visual target 
moves away progressively leftward in the horizontal 
direction. Thus, when both of these two cases are con 
sidered, it can be concluded that the moving distance of 
the ?xation line of each of the eyes on the associated 
ophthalmic lens is longer on the temporal side than on 
the nasal side when the lens wearer viewing with the 
two eyes a visual target disposed at a ?nite distance in 
front of him diverts the eyes laterally in the horizontal 
direction for binocular lateral vision. It is preferable 
that the lens 71 for the left eye and the lens 72 for the 
right eye are in the form of mirror images of each other, 
that is, they are symmetrical with each other on oppo 
site sides of the nose. 

It is also preferable that the ?xation lines of the two 
eyes for binocular vision pass on the ophthalmic lenses 
at such positions at which the factors of refraction 
(mean refractive power, amount of astigmatism, direc 
tions of major axes of astigmatism, etc.) with respect to 
one of the eyes are approximately equal to those with 
respect to the other. 

Therefore, it is preferable that the distributions of the 
factors of refraction in the ophthalmic lenses 71 and 72 
shown in FIG. 7 are mirror images of each other; that 
the factors of refraction in each of the lenses 71 and 72 
are so distributed as to be symmetrical with each other 
relative to the meridian curve L—L' in the horizontal 
direction in the region where the umbilical meridian 
curve M-M' overlaps the meridian curve L—L'; and 
that the factors of refraction in each of the lenses 7] and 
72 change more gradually in the horizontal direction on 
the temporal side than on the nasal side in the region 
where the umbilical meridian curve M—M' is displaced 
more or less toward the nasal side relative to the merid 
ian curve L—L'. It is also preferable that the factors of 
refraction in each of the lenses 71 and 72 are symmetri 
cal with each other relative to the meridian curve 
L—L’ in the zones spaced apart by a “predetermined 
distance" of, for example, 15 mm from the meridian 
curve L—L' in the horizontal direction. This “predeter 
mined distance" can be determined for each of individ 
ual points on the curve L—L'. 
A preferred embodiment of the present invention will 

now be described. Referring to FIG. 7, the left-eye 
ophthalmic lens made according to the present inven 
tion is generally designated by the reference numeral 
71, and the view is taken from the side of a visual target. 
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A point 0 is the geometrical center of the lens 71, and 
another point N shown on the lens surface is located 
beneath the center 0 at a position spaced apart by a 
vertical distance of 14 mm from the horizontal line 
passing through the center 0 and a horizontal distance 
of 2.5 mm toward the nasal side from the meridian 
curve L-L'. 

In the illustrated lens 71, the area upper than the 
horizontal line passing through the point 0 serves as the 
region for distant vision, and the area lower than the 
horizontal line passing through the point N serves as the 
region for near vision. The remaining area, that is, the 
area lower than the horizontal line passing through the 
point 0 and upper than the horizontal line passing 
through the point N provides the region for intermedi 
ate vision. The line L—-L' represents the aforemen 
tioned meridian curve passing through the point 0, and 
the curve M-M' represents the aforementioned umbili 
cal meridian curve passing through both of the point 0 
and the point N. The distribution of refractive power on 
this umbilical meridian curve M—M' is such that the 
refractive power on the portion M-O has a constant 
value D;, the refractive power on the portion N-M' has 
a constant value DN, and the refractive power on the 
portion O-N increases progressively from D}: to DN. 
The straight lines S—S' and T’T' are located in a rela 
tion parallel and symmetrical with respect to the merid 
ian curve L-L', and the horizontal distances from the 
meridian curve L-L’ are equal to each other or 23 mm 
in the preferred embodiment of the present invention. 
The regions outer relative to the straight lines 5-5‘ and 
T-T' provide planes symmetrical with each other 
relative to the meridian curve L—L' in the horizontal 
direction. 
The shape of the surface of the lens 71 according to 

the present invention is de?ned by an envelope of a 
group of sectional curves when the lens is sectioned in 
the horizontal direction by planes passing through a 
plurality of arbitrarily selected points Gi on the umbili 
cal meridian curve M—M'. 
As described hereinbefore, the radius of curvature of 

each individual curve at the point Gi is so determined 
that the point Gi provides the umbilic. An arc will be 
the simplest form of the sectional curve. In fact, the 
initially employed form of the sectional curve was an 
arc in the embodiment of the present invention, and the 
shape of the sectional curve was modi?ed by taking into 
account the distribution of the factors of refraction 
([means] mean refractive power, amount of astigma 
tism, directions of major axes of astigmatism, etc.) de 
scribed later. In this connection, the radius of curvature 
at the point Gi is preferably excepted from the modi? 
cation so as to maintain the function of the point Gi as 
the umbilic. To ?nd the two major radii of curvature 
and their axial directions at an arbitrarily selected point 
on an envelope of provisionally determined sectional 
curves in a manner as described above is well known as 
the Gauss’ differential theory of surfaces. 
The two major radii of curvature can be converted 

into the refractive power, whose unit is the diopter, by 
the following equation well known in this ?eld of art: 

where D is the refractive power whose unit is the diop 
ter, R is the radius of curvature whose unit is the meter, 
and N is the index of refraction of the lens, having no 
unit. The arithmetic [means] mean of the two values 
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of the refractive power thus calculated gives the mean _ 

10 
refractive power, and the difference therebetween gives 
the amount of astigmatism. The axial directions of astig 
matism coincide with the axial directions of the major 
radii of curvature above described. After the calcula 
tion of the distribution of the factors of refraction in the 
manner above described, the shape of the surface of the 
lens 71 is determined by modifying the factors of refrac 
tion in such a manner that the factors change [less] 
more gradually from the umbilical meridian curve 
M-M' toward the temporal side in the horizontal di 
rection than from the umbilical meridian curve M-M' 
toward the nasal side in the horizontal direction in the 
region where the umbilical meridan curve M—-M' is 
displaced more or less toward the nasal side relative to 
the meridian curve L-—L', as described already. While 
the lens 71 for the left eye has only been referred to in 
detail hereinbefore, it is apparent that the same applies 
also to the lens 72 for the right eye. 

Thus, the both sides of spectacles 71 and 72 can be 
shaped to have the visual-target viewing surfaces which 
are mirror images of each other. That is, their lens sur 
face con?gurations are the same in the region provided 
for distant vision and are symmetrical with each other 
in the regions provided for intermediate vision and near 
vision. The distribution of the factors of refraction at 
the surface of the lens 71 for the left eye shown in FIG. 
7 is such that the values of refractive power on curves 
T1—T]', T2—T2', T3—T3' and T4-T4' depicted on the 
temporal side are approximately equal in the horizontal 
direction to those of corresponding curves S|—S|', 
82-82’, S3—S3’ and S4—S4' depicted on the nasal side, 
respectively. The same applies also to the lens 72 for the 
right eye. At a glance on FIG. 7, it will be readily seen 
that, in the region in which the umbilical meridian 
curve M-M’ is more or less displaced toward the nasal 
side relative to meridian curve L-L' in each of the 
lenses 7! and 72, the factors of refraction change [less] 
more gradually in the portion closer to the temporal side 
relative to the umbilical meridian curve M-M’ than the 
portion closer to the nasal side relative to the umbilical 
meridian curve M-M'. The lens surface designed ac 
cording to the present invention can be formed on a 
piece of suitable lens material by any one of suitable 
methods employed hitherto in this ?eld of art. 
By way of example, the lens surface according to the 

present invention may be divided into a matrix of 0.5 
mm><0.5 mm squares, and the data of cutting depths at 
the individual intersections may be stored in a memory 
provided for a numerically-controlling milling machine, 
the lens material being then cut with the milling ma 
chine so as to obtain a relatively rough lens surface. The 
relatively rough lens surface may then be ground with a 
sheet of soft grinding cloth, followed by successive 
steps of polishing with abrasives of gradually reduced 
grain sizes, until ?nally the desired completely polished 
lens surface can be obtained. 
What is claimed is: 
1. An ophthalmic lens having two refractive surfaces, 

one of said refractive surfaces including an imaginary 
?rst meridian curve (M-M’) called an umbilical merid 
ian curve extending substantially in the vertical direc 
tion along said refractive surface when said refractive 
surface is viewed from a direction substantially orthog 
onal with respect thereto in the condition in which said 
lens stands in the same vertical direction as that 
mounted on a wearer, the distribution of the radius of 
curvature of said umbilical meridian curve (M-M') 
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including a zone in which the radius of curvature de 
creases gradually from an upper portion toward a lower 
portion of said curve according to a predetermined rule, 
the radii of curvature at the intersections of orthogonal 
curves crossing at right angles with said umbilical me 
ridian curve (M—M’) in said refractive surface being 
substantially equal to the radii of curvature of said um 
bilical meridian curve (M—M’) at said intersections 
respectively so that the astigmatism along said umbilical 
meridian curve (M—M’) in said refractive surface is 
almost equal to zero, said umbilical meridian curve 
(M—M’) dividing said refractive surface into two lat 
eral areas closer to the nasal side and temporal side 
respectively when said lens is mounted on the wearer, 
said two lateral areas of said refractive surface being 
asymmetrical with each other, said refractive surface 
being such that, when a second meridian curve (L—L’) 
[extendiang] extending in the vertical direction along 
said refractive surface to overlap, intersect or contact 
with said umbilical meridian curve (M—M’) in an upper 
region of said refractive surface is imagined, said umbili 
cal meridian curve (M—M’) is displaced toward the 
nasal side relative to said second meridian curve 
(L—L’) in a lower region of said refractive surface, 
while it is [less] gradually displaced toward the nasal 
side relative to said second meridian curve (L—L’) in an 
intermediate region of said refractive surface, said inter 
mediate and lower regions in which said umbilical me 
ridian curve (M—M’) is displaced more or less toward 
the nasal side relative to said second meridian curve 
(L—L’) including at least one sectional curve which 
extends in the horizontal direction within a range of not 
more than 15 mm on opposite sides of said umbilical 
meridian curve (M—M’) and along which the distribu 
tion of astigmatism on the nasal side relative to said 
umbilical meridian curve (M—M’) is asymmetrical with 
that on the temporal side. 

2. An ophthalmic lens having two refractive surfaces, 
one of said refractive surfaces including an imaginary 
first meridian curve (M——M') called an umbilical merid 
ian curve extending substantially in the vertical direc 
tion along said refractive surface when said refractive 
surface is viewed from a direction substantially orthog 
onal with respect thereto in the condition in which said 
lens stands in the same vertical direction as that 
mounted on a wearer, the distribution of the radius of 
curvature of said umbilical meridian curve (M—M’) 
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12 
including a zone in which the radius of curvature de 
crease gradually from an upper portion toward a lower 
portion of said curve according to a predetermined rule, 
the radii of curvature at the intersections of orthogonal 
curves crossing at right angles with said umbilical me 
ridian curve (M—M’) in said refractive surface being 
substantially equal to the radii of curvature of said um 
bilical meridian curve (M—M’) at said intersections 
respectively so that the astigmatism along said umbilical 
meridian curve (M—M’) in said refractive surface is 
almost equal to zero, said umbilical meridian curve 
(M—M’) dividing said refractive surface into two lat 
eral areas closer to the nasal side and temporal side 
respectively when said lens is mounted on the wearer, 
said two lateral areas of said refractive surface being 
asymmetrical with each other, said refractive surface 
being such that, when a second meridian curve (L—L’) 
extending in the vertical direction along said refractive 
surface to overlap, intersect or contact with said umbili 
cal meridian curve (M—M’) in an upper region of said 
refractive surface is imaged, said umbilical meridian 
curve (M—M’) is displaced toward the nasal side rela 
tive to said second meridian curve (L—L’) in a lower 
region of said refractive surface, while it is [less] grad 
ually displaced toward the nasal side relative to said 
second meridian curve (L—L’) in an intermediate re 
gion of said refractive surface, said intermediate and 
lower regions in which said umbilical meridian curve 
(M—M’) is displaced more or less toward the nasal side 
relative to said second meridian curve (L—L’) includ 
ing refractive surface portions which are symmetrical 
with each other relative to a plane including said second 
meridian curve (L—L’) and which are included in two 
lateral areas spaced apart by not less than 17.5 mm from 
said second meridian curve (L—L’) in the horizontal 
direction respectively. 

3. An ophthalmic lens as claimed in claim 1 or 2, 
wherein the astigmatism along said umbilical meridian 
curve (M—M’) is not less than zero but not more than 
0.25 diopters. 

4. An ophthalmic lens according to claim I, wherein the 
distribution of astigmatism changes more gradually in the 
horizontal direction on the temporal side than on the nasal 
side in the region where ‘the umbilical meridian curve 
(M—M’) is displaced toward the nasal side relative to the 
meridian curve (L—L’). 


