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refractive power is practically the same. The refraction of these axial
rays from @ and 4, by the cornea, is such as to make them cross each
other, on their way back to the retina, sooner than they would have
done if their had been no astigmatism, hence their points of impinge-
ment on the retina are more widely separated and the line itself must
be proportionately increased. The same is true of the axial rays from
the ends of the line d-c. Hence it is clear that the line a-# must be-
come the line a'-# and the line &-¢ must become the line 4'-¢. Because
of the increase of the length of the lines a-# and d-¢, the lines a-d and
b-c are more widely separated, becoming lines a'-&" and #-¢. and we
have, not a square, but the rectangular parallelogram a'-8'-¢-d’. The
diagonal a-¢ has been rotated towards the vertical and becomes a’-¢;
and the diagonal 4-4-has been rotated in the opposite direction, but
also towards the vertical, and becomes 4'-#'. They have both been
rotated by the refraction of the astigmatic cornea towards the meridian
of greatest curvature. The image-changes effected by this astigmatic
cornea are, as shown in the figure: increase in the length of the lines
parallel with the meridian of greatest curvature, an increase in the
distance between the lines parallel with the meridian of least curva-
ture, and a corresponding rotation of the diagonals toward the mer-
idian of greatest curvature. The proper plus cylinder placed before
this eye gives such aid to the least curved meridian of the cornea as to
make its retractive power exactly equal to the unaided refractive power
of the meridian of greatest curvature. The result will be a lengthen-
ing of the horizontal lines a'-@" and #-¢’ into the lines a"-d" and &"-¢"
and a displacement of the lines a’-4# and &'-¢ until they become a"-§"
and &"-¢’. Since two of the sides (a-6 and d-¢) of the square have
been lengthened by the astigmatism and the remaining two sides
(a-d and &-¢) have been lengthened to exactly the same extent by the
correcting plus cylinder, the figure a”-4"-¢"-d", seen by the corrected
astigmatic eye, is a square. 'The cylinder, in changing the rectangular
parallelogram a'-0'-¢-d’ to the square a"”-4"-¢"-d", has also rotated the
diagonals a'-¢' and &'-4' back to their original positions since the diag-
onal a"’-¢"" coincides exactly with the diagonal a-¢, and the diagonal
d"-#" coincides with &-4.

If the astigmatism had been corrected by a minus cylinder the
lines a'-4' and &'-¢' would have been shortened into the lines a-f and
d-¢; the lines a’-d’ and #-¢' would have been brought closer together,
a'-d" becoming a-4 and #-¢ becoming &-¢, and the diagonals a'-¢ and
d’-#" would have been rotated back into the diagonals a-¢ and d-6 re-
spectively, so that the figure thus seen would be the square a-b-cd.
Thus it is shown that an astigmatic eye, corrected with a minus cylin-







meridian of least curvature. For reasons already given in discussing
Fig. 1, the diagonal a-¢ is increased in length by the astigmatism into
a'-c', while the diagonal &-4 is neither altered in length nor direction.
The sides of the square not being parallel with the principal meridians
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must be rotated towards the meridianof greatest curvature, a-4 becoming
a'-b, a-d becoming a'-d, b-c becoming b6-¢ and d-c becoming d-¢. The
figure a'-6-c'-d is a non-rectangular parallelogram leaning down and to
the right. A plus cylinder correcting the astigmatism will increase
the length of the diagonal d-dinto &'-#" to exactly the length of the diag-
onal a'-¢ and at the same time will rotate the line a'-4 to a’-#, a’-d to
a’-d', ¢-bto -0 and ¢-d to ¢-d’, thus converting the non-rectangular
parallelogram &'-#-¢’-d into the magnified square a’-§'-¢-4'.

Turning the right side of Fig. 3 up, the image-changes are shown
when the meridian of greatest curvature is at 45°. It is clear that, if
the astigmatism is equal and of ‘he same kind in the two eyes, the
meridians of greatest curvature being parallel though oblique, the two
images of a square held vertically will be distorted alike, and hence
will fuse readily and completely. If the meridian of greatest curva-
ture in one eye is at 135° and in the other at 45°, the image in each
eye will be a non-rectangular parallelogram leaning in the opposite
direction from the image in the other eye and cannot be perfectly
fused, though an attempt at fusion will be made, in an effort on the
part of the eyes to obey the supreme law of binocular single vision,
the law of corresponding retinal points.







object is looked at. In fusing any other parts, the complicated func-
tion must be performed. Only a correction of these cases of astigma-
tism by proper cylinders can give to the recti muscles the privilege of
performing only their simple function. Astigmatism with the merid-
ian of greatest curvature horizontal, in one eye, and no astigmatism in
the other is worse than if both eyes were astigmatic with meridians of
greatest curvature horizontal, for the reason that, in the latter, images
in the two eyes being similar the recti muscles are called on to do only
work that is normal; whilein the former, images being dissimilar from
side to side, the lateral recti muscles must do abnormal work (perform
their complicated function). When their is no astigmatism in one eye
and astigmatism with meridian of greatest curvature vertical in the
other, the condition is worse than if both eyes were astigmatic with
eridians of greatest curvature vertical, for the reason that in them
latter, images being similar, the recti muscles must do only normal
work; while in the former the vertically acting muscles must do abnor-
mal work (perform their complicated function). The worst kind of
vertical astigmatism exists when the meridian of greatest curvature is
vertical in one eye and horizontal in the other, for then images are un-
like both vertically and horizontally, and therefore require of all the
recti muscles the performance of the complicated function, except when
vision is fixed on the center of the object looked at.

In binocular astigmatism, the meridians of greatest curvature be-
ing parallel, whether vertical or oblique, images must be similar.
This being true the extra-ocular muscles have to perform only their
simple function —do such work as they must do in emmetropic
eyves. The correction of such cases of astigmatism is important that
the ciliary muscle may be relieved from abnormal work. In all other
kinds of astigmatism correcting cylinders are needed to relieve not
only the ciliary muscle but also one or more pairs of the extrinsic
ocular muscles. '

I have proved in this and in former papers that there is distortion
of retinal images in oblique astigmatism; and that the distortion is in
opposite directions in the two eyes when the meridians of greatest cur-
vature diverge or converge above. This much is already generally
conceded even by my former critics. To state that such images can
be wholly fused would not be correct; but that fusion is attempted by
the harmonious symmetric action of the oblique muscles cannot be de-
nied without, at the same time, denying the existence of the supreme
law of binocular single vision, the law of corresponding retinal points.
The most daring would hardly deny the latter. Figure 3 shows how
a square would be seen as a non-rectangular parallelogram (a'-é-c-d)







1st. In all cases in which the meridians of greatest curvature
diverge above, a square figure is seen by the two eyes as a trapezoid
longer side above. The lower the degree of astigmatism and the slight-
er the variance of these meridians from the vertical or the horizontal,
the more nearly does the trapezoid figure approach the form of a square.
While in these uncorrected eves it may appear so nearly a square, that
the patient will say that it is such, nevertheless it is not a square, as
is shown by the fact that, after the correcting cylinders have been worn
a proper length of time, these patients will always sayv that a square is
a square when seen through the lenses, and that it is a moreor less
marked trapezoid when the lenses are raised, to become a square again
as soon as the lenses are lowered. By all oblique astigmatics with me-
ridians of greatest curvature converging above, a square figure is seen
as a trapezoid with the longer side below, though at first they mav fail
to so observe. In the former class of cases a square is seen by either
eye alone as a parallelogram leaning down and towards the opposite
side, while in the latter class of cases each eye alone sees a square as a
parallelogram leaning down and towards the corresponding side. In
my Edinburgh paper I showed how these images leaning in opposite
directions were fused into a trapezoid by such a rotation of the eyes by

oblique muscles as would bring the horizontal meridian of the retina of

each eye into a position parallel with the upper and lower lines of the
image. '

2and. Metamorphopsia through correcting cylinders approximate-
ly of the same strength, occurs only in those cases of astigmatism in
which the meridians of greatest curvature diverge or converge above,
and this metamorphopsia is always of a definite kind. In casesin
which there is an equal quantity of astigmatism in the two eyes and
the meridians of greatest curvature are parallel, whether vertical or

oblique, the image-changes are precisely alike and therefore the images.

must fall on corresponding parts of the retinae. If the meridian of
greatest curvature is at 135° in each eye, a square will throw a paral-
lelogram image on each retina, leaning down and to the left. The
two eyes together will see the square as a parallelogram leaning down
to the left, precisely as each eve saw it. Fusion has been effected
without abnormal action of either recti or oblique muscles, for the
images had already fallen on corresponding retinal points. The prop-
er cylinder placed before each eye at once changes the shape of the
image from a parallelogram into a square, and the figure is seen as a
square in both monocular and binocular vision. There #s no melamor-
phopsia following the correction of such astigmatics. No muscle-habit
has been formed in these cases and therefore no muscle-habit must be
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in the latter because there is no muscle-habit to be broken, its occur-
rence in the former must be due to the fact that there has been a mus-
cle-habit and that it tends to persist ‘This habit has never been nec-
essary in monocular vision, hence there is no disturbance of the rela-
tionship of cylinder axis and best meridian when a square is looked at
with one eye, therefore it is seen as a square; in binocular vision the
rotation of the eyes by the harmonious symmetric action of the obliques
has alwaysbeen a necessity, and the habit which has been formed by
the obliques asserts itself, and when it does, there is a displacement of
the best meridians, so that they no longer coincide with the cylinder
axes, hence the metamorphopsia which is always observed by astima-
tics of 1 D. or more. This displacement produces distortion of images
the opposite to the old distortion by the astigimatism, that is, if the
images originally fused into a trapezoid with longer side above were
non-rectangular parallelograms leaning down and towards the oppo-
site side, the images now fused into an imperfect trapezoid longer side
below, are non-rectangular parallelograms leaning down and towards
the same side. In this case the displacement of the meridians has
been effected bwv the superior obliques and the axes of the cylinders
have been thus thrown into the arc of distortion for the inferior obliques-
The moment the superior obliques lose their old habit, the meridians
coincide with the axes of the cylinders and the metamorphopsia disap-
pears. The same may be said of the inferior obliques, whose habit of
abnormal action has been caused by astigmatism, whose meridians of
greatest curvature converge above. In either case the metamorphop-
sia is new in kind, hence noticeable: but in all these cases it vanishes,
usually disappearing sooner in those cases in which the meridians of
greatest curvature diverge above. As soon as this new metamorphop-
sia disappears, the old kind can be easily brought out by raising the
lenses while looking at a rectangle. It was harder to notice before,
because the patient had always been accustomed to it. Now thata
square has its correct shape with the lenses on, it at once appears as a
trapezoid when they are raised









