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44 EXAMINATION OF THE EYES.

that the flame is situated on the optical axis, since it is directly in
front of the centre of the cornea.

On the other hand, the visual axis of the eye passes through
the point o, on which it is fixed. The eye being in the centre of
the arc, the degree on which the flame is found measures the
Hng]ﬂ i,

A very simple and exact method for determining the angle &,
and small degrees of strabismus, has been lately published by our
assistant, Charpentier.* The plan, in brief, is as follows: The
deviating eye is placed at the centre of the perimeter. At o, or
on a line with it, is placed a small flame which the patient must
accurately fix. The observer now moves along the graduated are,
the flame remaining in its place, until he sees, with one eye, the
reflection of the flame at the apex of the cornea of the deviating
eye. The angle which is thus formed is double the angle of the

deviation of the eye.

Fra. b.

In fig. 5, o is the deviating eye, which should, in its normal
position, be directed toward L, but is now directed toward A.
The angle 4oL is the angle of the strabismus. The eye of the
observer will see the reflection of the flame I from the centre of

# Annal. d'ocul., Jan.-Fev., 1878.
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MOVEMENTS OF THE EYES. 51

bismus. It does not answer so well as the foregoing in the higher
degrees.

If the eye is deviated upward or downward, we proceed in the
same way, placing the arc vertically.

Fig. 6.

When the deviation is not in a horizontal or vertical plane, but
in an intermediate one, it will be with considerable difficulty that
we can determine the precise meridian of deviation. In this case
we measure separately the horizontal and vertical deviation. The
result is then expressed as follows: the eye has a deviation of,
say, 2° horizontally, and 10° vertically.

This manner of proceeding is the more legitimate since we follow

the same principle, as we shall see further on, in determining
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o4 EXAMINATION OF THE EYES.

object should be found which forms its image, when the eye is
normally directed, at o'. As this projection of the uh_i-a:::, 18
situated on the same side as the deviating eye, we call this form
of diplopia homonymous.

Fia. 7.

The reverse of this takes place in strabismus divergens, when
the eye is deviated outward. The anterior portion of the eye
being then turned outward, the posterior part is turned in the
opposite direction, and the macula is situated on the inside of the
image of the object fixed; the latter is, therefore, formed on the
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MOVEMENTS OF THE EYES, ad

of the perpendicular direction which this portion of the tape will
occupy.

For a radius of three meters the tangents are as follows :—

From 0: 5°= 26 cm. = 85° from 90°,
« #10°= 53 « —80° « «
« «gFo . 180 ¢ —17Ee «
« «gQe—109 ¢ =70° « «
«  uggo—_ 40 « —g5° «  «
« agoo— 173 « =6 « «
i 1] 355-‘ — 21{] 0 — 55'-’.-" it it
(18 if IJU:I f— 251 il ] 5{]0 il £k
T “ A5° = ) ¢ = 45° & «

For those who prefer a less distance than three meters I have
reduced the tangents for a radius of 225 centimeters :—

From Q: 5° = 19.6 cm. = 85° from 90°.
il “ 10° = 306 ¢ — §Q° « et
'] [T 150 - GU [{ fpe— ‘;ra-::'- ' i
i £ EDC- — SE e TGD i i
' il 25{: - 105 W — 65{.\ [ i
W« 90° —= 130 t — gOe « i
(] “ 959 — 158 H — KO i
1] 1 4{}& 189 0 — L.J'UG i il
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REFRACTION, 29

This question being solved, we can now return to our principal
subject, the refraction of the eye, and explain the elementary
principles involved in it. You will be better able to understand
these fundamental principles, however, when we come to apply
them to practice, in determining the nature of the refraction and
accommodation and the degrees of ametropia.

The dioptric apparatus of the eye comprises, first, the cornea,
the radius of whose curvature is about 8 millimeters. It is
separated from the crystalline lens by the anterior chamber, filled
with the agqueous humor, and having a depth of 4 millimeters.
The anterior surface of the crystalline lens has a radius of
curvature of 10 millimeters, the posterior surface a radius of 6

millimeters; its thickness is 4 millimeters (see Fig 11). After
having crossed these media the light pursues its way in the
vitreous humor up to the retina. The index of refraction of the
aqueous and vitreous humor is, on an average, 343 and that of
the lens }§.

The figures which we have just given have been determined by
Listing, Helmholtz and Donders. They have not, however, an
absolute value, and, within a certain measure, may be found
different in different eyes. Helmholtz has, indeed, modified the
above numbers somewhat, but we, nevertheless, give them as they
appeared in his first work, because, being round numbers, they
are more easily managed.

The office of the dioptric apparatus of the eye is to produce on
the retina distinct images of external objects. You are already

7









92 EXAMINATION OF THE EYES

principal focus of its dioptric system, or one which unites parallel
rays on its retina, or, expressed in another manner, the punctum
remotum of which 18 situated at infinity.

We can represent the emmetropic eye by a convex lens at the
focus of which is a screen which corresponds to the retina (E E
Fig. 12). The sun, or any object far removed, forms a distinct
image on the screen.

FigG. 12,

For simplicity, we choose as an object the flame of a candle
placed at a distance of about 5 meters; this being, for the eys, a
distance sufficiently great for rays coming from it to be considered
parallel.

AMETROFIA,

All eyes which are not emmetropic are ametropie. In ametropia
parallel rays are not united on the retina, but either in front of
or behind it. If we advance the screen toward, or withdraw it
from, our lens, we will find that the image of the flame becomes
diffuse (a b, &' a/, Fig. 12). The same phenomenon occurs in
the eye.

HYPERMETROFIA.

When the retina is found in front of the focus of the dioptric
system, parallel rays are united behind it (Fig. 13) and make a
diffused image a, b.

In order to be united on the retina the rays must be already
more or less convergent before reaching the eye, as is indi-



HYPERMETROPIA, 93

cated by the broken lines in Fig. 13. Now, there do not exist
any converging rays in nature. Those which come from objects
near at hand are divergent; those coming from infinity are
parallel ; in order to be convergent it would be necessary for
them to come from beyond infinity, so to speak. The name of
hypermetropia has been given to that condition of the eye in
which it is adapted for a point situated beyond the normal distance
to which the emmetropic eye is adapted.

The punctum remotum to which the hypermetropic eye is
adapted in a state of rest is not to to be found in front of the eye,
It corresponds to the point of intersection of the convergent rays
which the eye requires in order to see distinetly. By prolonging

Fia. 13,

these rays we find this point of intersection (R Fig. 13) behind
the eye.

The punctum remotum of the hypermetropic eye, instead of
being the point from which the rays of light emanate, is, on the
contrary, the point to which they should converge in order to be
united on the retina, because its refracting power s foo feeble
relative to 1ts length (see Fig. 13). In order to make it emmetropic
its refracting power must be increased by adding to it a convex
lens. The number of the lens which adapts the hypermetropic eye
to vision at a distance with parallel rays, indicates at the same
time by how many dioptries the hypermetropic eye is more feeble
than the emmetropic eye, and thus gives the measure of the
hypermetropia. If the convex lens has 6 dioptries, the refracting
power of the eye is feebler by 6 dioptries than the emmetropic
eye, and consequently the hypermetropia is expressed by 6 D.
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MYOPIA. a7

This can be accomplished by concave glasses; and the number of
the concave glass which allows the eye to see at infinity represents
the degree of the myopia, because it shows by how many dioptries
the refracting apparatus of the eye is stronger -than that of the
emmetropic eye.

In taking account of the action of the correcting concave lens
we will find again the same coincidence of its focus with the
punctum remotwm of the myopic eye that we found in the case of
hypermetropia.

The myopic eye in a state of rest is adapted for its punctum
remotum situated at a certain distance in front of it; in other
words, in order to see distinctly, it must have rays diverging from
its punctum remotum. Now, the action of a concave lens is to
render parallel rays divergent, as if they came from its focus.

F1a. 14.

When a concave lens adapts the myopic eye to vision at a dis-
tance, it shows that that lens gives to parallel rays a divergence,
as if they came from the punctum remotum of that eye. On
this account, the focus of the correcting lens and the punctum
remotum, R, of the myopic eye, coincide. If the eye requires
a concave lens, No, 6, placed close to the cornea (d = o, Fig.
14) its punctum remotum, R, is situated at 16 centimeters in
front of it, because the focal distance of this lens is equal to 16
centimeters.

If we place the correcting lens at 2 centimeters from the cornea,
(d = 2 centimeters), the focal distance LR should be 2 centimeters
less, that is, 14 centimeters, and the lens will then be not 6, but 7,
dioptries (42 — 7 D).
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102 EXAMINATION OF THE EYES.

A cut made across a convex or concave cylindrical glass
perpendicular to its axis presents, therefore, the form of Fig. 15
or Fig. 16, while a cut parallel to the axis has simply the form
of Iig. 17, thicker or thinner, according as it is made nearer
the border or middle line of the eylinder. The rays of light
which pass through the eylinder in a plane perpendicular to its
axis are brought to a focus in the same manner as they are by
all convex lenses, while those which pass in a plane parallel to
the axis undergo no more deviation than if they had passed
through a glass with plane parallel surfaces,

Fig. 15. Fia, 16, Fia. 17.

The same is true of concave cylindrical lenses, which disperse
only the rays which pass through them perpendicular to their
axes,

Take, for example, the convex cylindrical lens No. 5 and
combine with it a spherical convex No. 50, the refracting power
of which is nearly the same as that of the dioptric system of the
eye, since it unites parallel rays 20 mm. behind it.

Rays coming from a luminous point at a great distance and
passing through this combination in a plane parallel to the axis of
the eylinder are affected only by the spherical glass, the cylinder
exerting no influence on it in that direction, and they are brought
to a focus in a point 20 mm. behind the combination,

The rays, on the contrary, which pass through the system in a
plane perpendicular to the axis of the cylinder will be affected by
both the spherical No, 50 and the eylindrical No. 5, making,
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ACCOMMODATION., 125

Take as an example an emmetropic eye (Fig. 18). Its p1nctum
remotum being at infinity, that eye is adapted for parallsl rays.
It will not see closer, for example, than the point P. The rays
coming from P are united, as you see, behind the retina at =. In
order that they be united on the retina, it is necessary either to
render parallel the divergent rays coming from P, or to increase
the refracting power of the eye to such a degree that it shall unite
them on its retina in ¢’/, and not in =.

If you place in front of the eye a positive lens whose focus is at
P, it will render the rays coming from P parallel, as if they came
from R, that is to say, from infinity. The emmetropic eye by the
aid of this glass will, therefore, see as well at the short distance

P as it does at infinity without a glass,

Fra. 18.

Now, we are able to see near at hand as well as at a distance,
and that, too, without the intervention of a convex lens, It is
necessary, however, that a certain time—short, it is true, but still
appreciable—elapse in passing from the fixation of an object at a
distance to one close at hand. We can even feel, especially when
the change is effected suddenly, that the eye makes a certain effort
in altering its fixation. During this time the effort which we have
put forth has added to the dioptric system the convexity necessary
to enable us to see near at hand. The increase in the refracting
power necessary to change the adaptation of the eye from 7 to p,
an increase which we saw the convex lens bring about in a condi-
tion of repose, is effected in the eye itself. It is the crystalline
lens which undergoes the change of form necessary to accommodate
the eye for objects close at hand. No one at the present time



126 EXAMINATION OF THE EYES.

disputes the fact that the accommodation is due to an increase in
the convexity of the lens. The proofs are too numerous and too
well known for me to recount them to you here.

As to the manner in which this increase in the curvature of the
lens is brought about, experiment has demonstrated the following:—

The accommodation is effected by means of the contraction of
the ciliary muscle. This muscle is situated in and beneath the
ciliary body. It takes its origin in the tissue of the choroid, and
is inserted in the border of the canal of Schlemm (8, Fig 19),

e which forms the fixed point when
the muscle contracts. By its con-
traction the ciliary muscle causes
the ciliary body to advance. The
zone of Zinn, which is attached to
the ciliary body, is relaxed, and the
lens which had been more or less
flattened by the tension of the zone
of Zinn, is left to its own elasticity,
and assumes more nearly the form
of a sphere.

It is the anterior face of the lens
which is principally affected by this
change, becoming more convex ; the
posterior face, incased in the vitre-
ous humor, preserves its form al-

most unaltered. In this manner the

lens adds to itself, so to speak, &
positive meniscus, which has the

The dotted 1lnes correspond to the
state of accommodation., same effect as 1,.hﬂ' convex lens l}]ﬂ{;{!d

in front of it, that is to say, it increases its power of refraction.
If there existed a muscle which would increase the tension of
the zone of Zinn, its action would be to flatten the lens, and in
this case there would be a diminution of refraction, or in other
words, accommodation for objects situated beyond its punctum
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CONVERGENCE AND STRABISMUS. [

is extremely difficult to converge without accommodating or to
accommodate without converging. If we could direct the eyes
parallel, as for vision at a distance, and make at the same time an
effort of accommodation, we could unite stereoscopic photographs
in single image without the aid of a stereoscope. This experiment,
however, can only be successfully carried out after a long practice,
and a given degree of convergence corresponds ordinarily to an
equal quantity of accommodation.*

It is for this reason that the punctum proximum of a single eye,
the punctum proximum monocularis, is a little closer than the
punctum proximum binocularis. A single eye can accommodate
for this near point by means of an increased convergence, during
which the visual line of the other eye passes to the inner side of
the point of fixation. To this increased convergence corresponds
a higher degree of accommodation.,

It is this intimate relation between accommodation and converg-
ence which produces most frequently the convergent strabismus of
hypermetropes and possibly the divergent strabismus of myopes.

It was Donders who first called attention to the fact that the
great majority of persons affected with convergent strabismus
are hypermetropes, and that for the higher degrees of hyper-
metropia strabismus becomes the rule. He explains the fact in
the following manner: the hypermetrope has always need of his
accommodation ; for objects near at hand this effort becomes more
and more difficult; involuntarily he has recourse to an excess of
convergence, because he can thus accommodate for a nearer point.
But since he converges more than the object fixed requires, he

* The correlation between convergence and accommodation is not, however,
absolute. The experiments of Donders and Loring have shown that the two eyes
can see distinctly at the same distance, even when weak concave or convex glasses
are used. Consequently, withont a change of convergence the accommodation
can be modified. Likewise, in placing a feeble prism in front of one eye, the
angle of the prism being turned outward or inward, we are still able to have
binocular vision at the same distance, This proves that the convergence can
vary up to a certain point without a modification of the accommodation. The
amplitude of accommodation which is possible for the same convergence is
called the relative amplitude of accommodation.
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134 EXAMINATION OF THE EYES.

hypermetropic; the hypermetrope more hypermetropic; the
myope loses a part of his myopia, and may become, according to
its degree, emmetropic, or even hypermetropic.

Fig. 20,

e T
-:!.:I i

The curve p p indicates the maximum of refraction of which
the eye is capable, that is to say, the sum of the refracting power
which the eye represents in a state of repose, and what it is able
to add to itself by putting into play all its power of accommoda-
tion, or, expressed yet differently, the refracting power which the
eye possesses when it is adapted to its punctum proximum. As
you see, “ p " diminishes gradually, and becomes, from the age of
gixty-five, feebler than the minimum of refraction was in the
preceding years. In spite of this, however, there yet remains
gome accommodative power so long as the two curves do not
meet, becanse the passive refraction of the eye also diminishes
from the fifty-fifth year. It only ceases at the age of seventy-
three years, when the two curves meet.
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ACUTENESS OF VISION. 149

Hach series of his letters is marked by a number which indi-
cates in meters (formerly in feet) the distance at which the letter
appears under an angle of .

It is held by Snellen that in order to distinguish one letter
from another the eye must be able to distinguish the spaces
between the lines which correspond to a visual angle of 1’. This
is true for certain letters, as, for instance, to differentiate between
G and O, where the eye must distinguish the white space which
interrupts the circle in G. The same is true for F and E, but the
prineiple is not applicable to the other letters of his series.

The interlinear spaces correspond to + the height of the whole
letter. We can therefore say, in general terms, that the
distinctness of the letter depends on the perception of a retinal
image of 0.00436 mm.

The scale of Snellen contains a series of letters corresponding to
all distances, from 32 cm. up to 60 meters. An eye which
 distinguishes No. 7 at 7 m. should distinguish No. 10 at 10 m.,
No. 60 at 60 m., etc. What we want now to know is the most
convenient distance for determining the visual acuteness.

In the lecture on refraction we saw of what great advantage it
is to determine the visual acuteness and the refraction at the
same time. _

We determine the refraction at such a distance as shall exclude
the accommedation as much as possible. For this a distance of 5
or 6 meters is necessary. We therefore place our scale at 6 m,
and see (successively on each eye) what are the smallest characters
which can be distinguished.

In order to see at this distance without accommodation the eye
must be emmetropic. If it is not, we must render it emmetropic
by a correcting lens. The correcting lens, therefore, indicates
the degree of its ametropia, and the smallest character seen
distinctly its visual acuteness.

Thus, a normal eye should distinguish at 6 m. all the characters
of Snellen's No. 6. If it only distinguishes No. 12—those which
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ACUTENESS OF VISION. 155

that of the emmetrope. On the other hand, if we correct hyper-
metropia by a stronger convex glass placed nearer the cornea, the
retinal image will be smaller; it will become larger if we use a
weaker lens and place it further from the eye than the point
indicated. An analogous effect is produced in the case of myopia;
here the diminishing effect of the lens makes itself felt in propor-
tion as it is removed from the anterior focus of the eye, while the
magnifying effect of the greater length of the eye is manifest when
the correcting lens is approached nearer.

I have been able to verify this fact in a most conclusive manner,
both by means of my artificial eye,* and in the living eye—in an
anisometrope one of whose eyes is emmetropic and the other hyper-
metropic, and who on this account is able to compare directly the
size of the retinal images which the hypermetropic eye receives
by different corrections with those of the emmetropic.

The facts which we have mentioned suffice to show the
undonbted advantages of determining the visual acuteness at a
distance.

But should we, on this account, entirely exclude the examina-
tion of near vision? I think not, provided we take account of
those important points which have, in a greater or less degree, been
neglected by those who, up to the present time, have endeavored
to determine the acuteness of vision in this manner,

1. In the first place we should never employ for this purpose
bits of reading, because reading is not a certain proof of visual
acuteness. Persons who are accustomed to reading are able to
guess at the majority of words by their general aspect and their
relations to neighboring words, while those who are but little
instructed must decipher the letters one by one. These latter,
then, find themselves in relatively more unfavorable conditions
than the former.

It is necessary, therefore, if we would determine the acuteness

*The Introduction of the Metrical System into Ophthalmology. London,
Churchill, 1878,
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emmetropic eye armed with a convex glass of 4.5 D, and,
moreover, at so short a distance, the object ought not to be large.
The caleulation gives, indeed, only 0.0645 mm,. as the distance
between the two points of the objeect, and, therefore, only 0.32
millimeters as the total height of a letter which an eye endowed
with an average visual acuteness is able to distinguish at 23 cm. It
is necessary, in order to effect this, to reduce the large test types by
means of photography or photo-lithography, which is easily done.

You will notice that the angle which corresponds to the typical
retinal image of 0.00436 mm. in the myopic eye, or an eye
rendered myopic to the extent of 4.5 D by a concave or convex
lens, does not correspond any longer to 1/, but to 55””. You will
thus see that it will be more rational to take as the basis, and to
measure the acuteness of vision not by the visual angle but by the
refinal vmage. :

This method, like all the other methods for determining the
refraction, requires that the accommodation be abolished. And,
except by the employment of atropine, it will be more difficult to
exclude the accommodation in near vision than in an examination
at a distance.

We saw, at our last meeting, that the hypermetrope avails
himself of the intimate connection between the convergence and
accommodation to increase his power of accommodation by in-
creasing his convergence. We can employ the same principle in
an opposite sense ; that is to say, we can diminish, if not annul
the accommodation, by annulling the convergence. Give the eyes
a parallel position, according to the principle Javal has used in his
astigmometer. FPlace the test objects in a stereoscope of desired
length, deprived of its prisms. In front of the eye to be examined
are the test objects surrounded by a circle; in front of the other
eye a black field on which is traced a similar circle. When the
fields are united stereoscopically the two circles will be super-
posed, and the two eyes being directed parallel, the accommoda-
tion will be relaxed.
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LECTURE XIIL

PRACTICAL EXAMPLES IN THE DETERMINATION OF
REFRACTION, ACCOMMODATION AND
VISUAL ACUTENESS.

GENTLEMEN :—You are now acquainted with the principles
which should guide you in the determination of the refraction,
the accommodation and the acuteness of vision. I shall, to-day,
give you some clinical examples, for the double purpose of directly
showing you the application of the fundamental principles which
I have explained in the preceding lectures, and of giving certain
practical suggestions which I could not very well give in my brief
exposition of the theory of these subjects without interrupting
the thread of the discourse.

Before making an examination of the state of vision, we should
always subject the patient to a general inspection, by directing
attention in particular to the conformation of the face and
eranium, the distance betwcen the eyes, their relative positions, the
transparency of the dioptric media, the diameter and mobility of
the pupil, and especially the length of the globe of the eye.

The form of the cranium gives us, in certain cases, indications
of the state of the refraction of the eye, in so far as the flat, or
dish face as it is called, presupposes hypermetropia, while certain
forms of myopia are most frequently met with in persons with
long heads; but a sign more valuable than these is the asymmetry
of the cranium which nearly invariably accompanies astigmatism
(see Lecture vir).

The distance between the eyes concerns us particularly where












PRACTICAL EXAMPLES IN REFRACTION, ETC. 167

of the hypermetropia, in the right eye as well as in the left, is
masked by the accommodation. This presumption is further
justified by the fact that the two eyes are very soon fatigued by
close fixation, as is nearly always the case in hypermetropia.

How can we discover the latent hypermetropia? There are
two infallible means—atropinization and the ophthalmoscope.
You would not, however, as yet, submit the patient to atropiniza-
tion, which will deprive her for some days of her power of
accommodation, and consequently render her unable to do close
work ; moreover, it is unnecessary if you can, with facility,
determine the refraction by means of the ophthalmoscope. This
examination discloses the fact that there is 1 D of H on the left;
4 D on the right. There is, therefore, on the left, as on the right,
1 D H latent. ;

It would seem that we ought to be able to determine the exact
amount of the ametropia by means of the punctum proximum.
At the age of twenty years the eye possesses an amplitude of
accommodation of 10 D; the emmetropic eye ought then to be
able to distinguish the smallest objects at a distance of 10 cm.
The hypermetropic eye, on the other hand, will not be able to see
so near; thus, a hypermetropic eye of 1 D will only have 10 — 1
= 9 D of positive refraction, and its punctum proximum will be
found at 11 cm. If the hypermetropia of the right eye is 8 D
this eye will possess only 10 — 8 = 7 D of positive refraction, and
its punctum proximum will be found at 14 em.

In our case, where the total hypermetropia is 4 D, the positive
refractive power will be 10 — 4 = 6 D, and the punctum
proximum will be situated at 16 cm, You see that if the differ-
ence between the manifest hypermetropia and the latent hyper-
metropia is only 1 D the difference in the position of the punctum
proximum is likewise very small, and it will be difficult to use it
in determining the state of the refraction by this method, and so

much the more as the amplitude of accommodation presents great
individual variations.
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in this case, opacities of the media, the ophthalmoscope senility
of the optic nerve. But the other eye, which has only V = £, is
not normal. Cause him, therefore, to fix a small luminous point
not far distant from the eye and he will, without doubt, see it
multiplied. This polyopia is explained by a commencing cataract.

CaseE 4.—A young man of thirty enters your room with his
glasses on his nose and his head thrown back in the air. He is
myopic; his eyes are not only prominent, as we sometimes find
them even in hypermetropes, but large, and particularly long, as
you can easily convince yourself by separating and drawing back
the lids,

During this examination he tells you that he has a brother and
two sisters myopes, and another brother who is not. He has
never seen well at a distance, and he has sometimes used the glasses
of his older brother.

You ask him if his parents are myopic. “ Not at all,” he says;
his father, especially, has always had excellent sight, since he was
seventy years old before he was required to use glasses, and was
always able to distinguish the finest characters, This is positive
proof of myopia, because an emmetrope of seventy years would
require convex glasses,

The glasses which he uses, he tells you, have been selected by
an excellent optician, and are the best that he could find. The
number of these is 63 of the old system. He says that he has no
affection of the eyes; that, on the contrary, his eyes are very
strong ; he sees the smallest objects and reads bad print even in
bad light. He does not come at all for an examination, but only
wishes a collyrium for some neuralgic pains which he sometimes
feels in the eyes and forehead, like a kind of migraine.

You examine, as usual, each eye separately, and with so much
the greater carefulness becanse the patient has been, up to this
time, his own physician, and is very glib with such scientific terms
as irido-choroiditis, pyramidal cataract, gerontoxon, etc.
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You give him, moreover, such hygienic .advice as we should
never neglect in dealing with myopes. We have already pointed
out what this should be, in the lectures devoted to diagnosis.

Your patient leaves you in serious doubt of the infallibility of
his optician and his own ideas of irido-choroiditis and visHal power,
but, on the other hand, distrustful of the discovery which you
have made as to the condition of his eyes: “no collyrium and an
order for complicated glasses |”

He returns after a short time. He has tried to follow your
advice; for reading all goes well; for distant vision it is well
also, but it is impossible for him to play the piano. If he uses
his glasses for near vision he must bring himeself too close in
order to see the notes distinetly., This is evident, since his myopia
is 4 D after correction of the difference in the two meridians, and
in order to see at the distance of the notes, 50 centimeters, he
must have 1% — 2 D. Although it will not be necessary to
completely neutralize his myopia, it must be diminished by 2 D
(4—2 =2). You will therefore give him for both eyes spherical
concaves No. 2, with concave cylinders 0.75, axes as above, All
difficulties will then disappear.

Case 5.—You have here a young man of about sixteen
years. He has never seen very well, either at a distance or near
at hand, and yet he has never been able to find any glasses which
would correct his faulty vision. Since he has been following a
course of mathematics the difficulty in his vision has become a
serious obstacle, in the first place becanse he cannot see the charts
on the wall, and in the second place because he has the greatest
difficulty in making geometrical drawings,

His eyes present no alterations visible to the naked eye; they
are neither excessively short nor excessively long. But you cannot
help being struck with the asymmetry of the face, which is quite
pronounced. Your thoughts, therefore, turn immediately to
astigmatism. ;

You now examine the left eye, accorditig to the rules already
pointed out. Without a correcting glass he reads, but confusedly
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the lines are clear and distinet without any other correction than
that in the horizontal meridian. This has a hypermetropia of
4 +1=25D (4 cyl,, 1 spher.). With a cylindrical + 5, axis
vertical, the lines are seen about as before, possibly more dis-
tinctly, and by adding a negative cylinder of 0.75 D, axis hori-
zontal, the horizontal lines become as distinct as the others, and
the acuteness of vision comes up to 1. You have to do, therefore,
with a mixed astigmatism, hypermetropia of 5 D in the horizontal
meridian, myopia of 0.75 D in the vertical, and you order glasses:
convex cylinder No, 5, axis vertical, combined with a concave
cylinder of 0.75 D, axis horizontal. ,

The right eye is found in a similar condition.

I have found exactly this degree of astigmatism with the same
acuteness of vision, 0.2 before and 1 after correction, in one of our
most distinguished colleagues, only the axes of the principal
meridians are somewhat inclined.

It is an interesting fact that Dr. B. can counteract his astigma-
tism by means of a concave cylinder of 5.75 D, axis horizontal, by
calling into play his accommodation. In this case an accommoda-
tion of & D corrects the hypermetropia of the vertical meridian,
while it increases the myopia of the horizontal meridian in an
equal degree, and this latter then becomes 0.75 + 5 = 5.75 D.

But this case offers another point of great interest. He can
completely neutralize his astigmatism and render his visual acute-
ness normal by applying the tip of his finger on a point of the
globe situated upward and outward, and a little behind the border
of the cornea, about on a level with the equator of the lens.
The pressure exerted on this point-s in the direction of one of the
principal astigmatic meridians.

But I will not multiply examples, convinced that with the
indications contained in the preceding lectures you can, without
difficulty, determine the nature and degree of the various forms
of ametropia ; and that the examples just given, which exemplify

the most complicated cases, will assist you in those of greater
difficulty.
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fact comes the name Daltonism, which has been too freely applied
to all affections of this kind.

You will observe how near to us the date of this discovery is;
and although the number of cases in which we find some abnor.
mality in the perception of colors is already quite considerable,
we are every day more astonished at the frequency of this defect
of vision. One fact is, in particular, an evidence of this: In
England, Norway and Sweden a series of railway accidents have
happened under precisely the same conditions; collisions of trains,
in spite of the signals which indicate an obstacle on the track.
On interrogating the engineers, they asserted that they did not
recognize the signal, which is green when the way is free and red
when there is an obstruction. The vision of these engineers was
then examined, and it was found, to the great surprise of all, that
there were many who could not distinguish red from green.*

The employés on the railways were then examined, and so large
a number were found affected with anomalies as regards the
perception of colors that they were compelled to contrive signals
of another character.

Such an examination was also made in Holland and Germany,
The same may be said for some companies in France; others have
done away with all colored signals except red. We shall see
further on whether this will suffice. I am persuaded that after a
time all the railway companies will cease to use colored signals,
and employ only those with different outlines.

But the examination of the perception of colors has ut-hermsa
a very wide application. Indeed, this function is found altered,
not only in many affections purely ocular, but also in a consider-
able number of diseases affecting, either primarily or secondarily,
the brain and spinal cord. Among these I will cite locomotor-
ataxy, that form of hysteric epilepsy so well described by Charcot,
chronie alcoholism, ete. But we will reserve these for later study,

* Bo far as we have been able to learn, no aceidents have oceurred in the United

States which could be referred to an inability to distinguish these color-signals,
—TE.
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As to the colors employed in the arts and industries, and such

as are used in coloring papers and other materials, they are simply
finely powdered colored matter; cinnabar, for example, and chro-
mate of lead, sulphate of copper, and cobalt which is only very
finely powdered glass of that color, etc.
Al these materials, even the transparent colored bodies (liquids,
glasses, ete.) color by absorption. They absorb certain rays of
the white solar light which falls on them; the other rays pass
through the body and constitute, by their mixture, the color
peculiar to that body. The opaque colored bodies absorb, also,
certain of the solar rays, and that which gives color to the body
is the rays which are reflected after having passed through a layer
of greater or less thickness on the surface.

The coloring matters are, therefore, rarely pure colors, but in
the majority of cases, only a mixture of colors, notwithstanding
the resemblance they bear to the simple ones. Of this you can
easily convince yourself; look at any colored surface through a
prism or spectroscope, and you will see that the principal color of
that surface is decomposed into a series of colors, the combination
of which made the impression on the eye of but a single one.

Here is a paper which appears to you of a perfectly pure red;
that is, it appears to you exactly like the red of the spectrum or
rainbow. It contains, as you can easily convince yourselves, not
only red and the shades of red, but also yellow, violet, and even
green and blue. This green paper furnishes us a spectrum so
complete that you would not be able to judge correctly of its color
by simply looking at it through a prism.

All this is of no great importance as far as regards art and the
industries, whose aim is to produce on the eye certain impressions,
it matters not by what means, But for our examination of the
condition of the perception of colors in a given eye it is not a
matter of indifference whether we employ simple or complex
colors,

If, for example, an eye cannot perceive red, there will be a






EXAMINATION OF THE PERCEPTION OF COLORS. 185

Now, the question arises, how can the various colors be mixed ?

I will not describe the methods for combining the colors of the
spectrum, which are very complicated and cannot be used in
ordinary practice.* It is otherwise, however, with the mixing of
colors used in the industries, and we shall limit eurselves to the
consideration of these.

But you must bear in mind that we do not, like the painters,
mix the colored materials, but the light reflected from them.
They are very different things. When a painter mixes a number
of colors the resulting color is not like that which we obtain by
mixing the light reflected by these colors. He takes a certain
blue and a certain yellow, for instance, to make a green. If
you mix, on the contrary, the same blue and the same yellow
light, as, for instance, by superposing the blue and yellow of two
solar spectra, you obtain a rose color as the result. Of this you
can easily convince yourself.

We have not two solar spectra at hand, but we have here an
apparatus which allows us to mix the light reflected from colored
materials. Here is a disc of pasteboard (Maxwell's disc). I have
made on it two concentric circles. The inner circle has been
painted by a mixture of blue and yellow, to which the name of
green has been given. The external circle, however, has been
painted half in blue and half in yellow.

If we turn this disc rapidly about its axis, by means of a clock-
work, you will see that the inner circle remains green, as it was
before, while the outer part gives you a luminous impression,
resulting from.the fusion of the two impressions coming from the
blue and yellow. The result is a rose color, entirely distinct from
the green at the centre.

In order to explain this phenomenon let us take two colored
glasses, one blue, the other yellow. In superposing them and
looking at the sun, or a white object, you see it colored green.

* Yon will find a description of these methods in Helmholtz's * Physiological
Optics,” p. 303, Paris edition.

13
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Curves IT and III have the same signification in relation to the
second and third elements (green and violet).

If you wish to know in what various degrees these three nervous
elements will be excited by any one color, draw a vertical line in
the position of that color in the spectrum, in the yellow, for
example, and see at what heights that line meets the different
curves of excitation. In the case of yellow we see that the.
elements of that color excite with considerable intensity the
element of red, the green a little less, and the violet very feebly,

I ought to add, perhaps, a word in regard to the complementary
colors, and the manner in which they are explained by the theory
of Young-Helmholtz. You are aware that when you have looked
at a colored surface for some time and then turn the eyes to a
white surface, in the place of the first color you see another;
yellow if you have been looking at violet, blue if yon have been
looking at orange, and vice versa. These colors are called comple-
mentary one to the other.

This phenomena is explained by the Young-Helmholtz theory
in the following manner :—

When you have looked at one color intently for a long time, the
nervous elements of the retina especially impressed by that color
become fatigued; in looking immediately afterward at a white
ground the fatigued elements transmit a much less strong impres-
sion than those which have not been submitted to action. These
latter are now excited by the other colors which comprise white
light and give the impression of a color called ecomplementary,
because it is this one which, with the first one, constitutes white.

We are able, by mixing two complementary colors, to produce
white.

We know, therefore, three different methods of producing white
or gray.

1. The mixture of all the colors of the rainbow.

2. The mixture of three fundamental colors.



18]




EXAMINATION OF THE PERCEPTION OF COLORS. 191

men of eighteen to twenty years, who were born achromatopic.
They all presented, aside from the achromatopsia, a considerable
degree of amblyopia, photophobia and well-marked pallor of the
optic nerve.

Total achromatopsia has been more frequently observed to
develop itself in the course of cerebral affections or atrophy of the
optic nerve. In these cases it is nearly always accompanied by &
diminution of the other functions of the retina.

In the partial achromatopsia there is simply a lack of the
perception of one or more of the fundamental colors. It is most
frequently the red which is wanting, whence the name anery-
thropes given to persons so affected. Such was the case with
Dalton, and hence it is frequently called Daltonism. But this
word cannot be applied with exactness to the other numerous
forms of the derangements in the perception of colors, nor even to
all the forms of partial achromatopsia. Indeed, other elements
besides the red may be affected; the green, the blue or the violet
can be the lacking colors, _

The symptoms of partial achromatopsia are easily inferred from
what has been said above.

In this affection, that part of the solar spectrum corresponding
to the color which is not perceived must necessarily appear dark.

If this part does not appear absolutely black it goes to prove
that the color which is not perceived affects, in a feeble degree,
the other nervous elements, which serve for the transmission or
perception of other colors.

When the color that is not perceived is an extreme color of the
spectrum, the spectrum appears shortened at one or the other of
1ts extremities.

It has been proved that for the partial achromatope the
maximum of brightness of the solar spectrum is frequently found,
not in the yellow, as in the normal eye, but in another part of the
spectrum.

Another characteristic of partial achromatopsia is that we can
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EXAMINATION OF THE PERCEPTION OF COLORS. 197

by daylight, and tells the patient that certain of the horizontal lines
contain colors of the same tone, but of different degrees of satura-
tion, ranging from the deep to the light, and asks him if the colors
in the first series are of the same tone. When he has made his
answer he is asked in regard to the second series, and so on until |
the whole is examined. If he recognizes all the colors, with their
gradations in saturation, he is not achromatopic.

If he distinguishes neither the lines which contain only a
single color, nor the others, his perception of colors has not been
thoroughly examined. In such a case the trial must be begun
again and repeated frequently, until a definite result is obtained.

If hesays that one series which contains different colors contains
only different shades of the same color, he is achromatopie.

In order to study, thoroughly, the nature of the achromatopsia
it is important to show to the patient a solar spectrum. Is this
seen in its normal extent? or does it appear shortened at one of
its extremities? Is it, in some portions, obscured? Is the
maximum of brightness at the same place as with the normal eye?
These are some of the questions which you must decide whether
the eye under examination is partially achromatopic or not.

In order to be more sure you can produce on the rotating dise
of Maxwell a mixture of two fundamental colors which make on
the eye the same impression as a mixture of black and white. If
such are not to be found then you may know that the eye is not
affected with achromatopsia.

The method which I employ for the determination of the
perception of colors rests on exactly the same principle as the
other methods of examining the functions of the eye.

As in determining the visual acuteness we endeavor to find the
smallest retinal image which it can distingunish, and in determining
the perception of light we find the minimum quantity of light
which makes a luminous impression, so for the perception of colors
I find the minimum of colored light necessary to produce the
sensation of that color, and I express this minimum by a number.
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five sectors, which diminish in size from the centre to the
periphery, and which, in turning around the axis, describe five
colored circles of intensities decreasing from the centre.

We have selected the sectors of such a size that the smallest
mixed with the black describes a circle which is just at the limit
which the normal eye can perceive; the second is twice the size of
the first, and therefore corresponds to a color perception equal to
one-half of the normal; the third is equal to one-fourth of the
normal, and so on to 4.

In experimenting with this apparatus I do not allow the
individual under examination to see the five colored rings at the
same time. To prevent this the circular opening in the box is
covered by a diaphragm, pierced by five openings, which are
provided with covers of the same size. Hach of the concentric
colored circles corresponds to one of the openings in the
diaphragm.

We put the apparatus in motion, all the openings in the
diaphragm being closed; we then remove cover No. 1, and if the
individual under examination sees the color, I estimate that his
faculty for the perception of colors is normal, or = 1. If it is
necessary to nncover No. 2 in order for the color to be distin-
guished the degree of the perceptibility will be —= %, and so on to
1 % and f;, according as it is necessary to open successively the
apertures Nos. 3, 4 and 5. We can thus determine easily and
rapidly the quantity of colored light which an eye under examina-
tion is capable of perceiving, and we are enabled to express the
result obtained by a number. |

It is evident that we are not obliged to limit ourselves to the
five sectors which we have chosen for our determination. We
can increase the number to any required extent. Moreover, since
these questions have begun to be studied in ophthalmology, it has
become easy to find everywhere colored papers of the same degree
of saturation, We can therefore consider the color as constant.

It is also evident that we should take account here of the
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To convinece yourself of its insufficiency, fix with one eye the
index finger of the left hand, and make movements at the same
time with the right hand at an angle of gradually increasing size
with the wvisual line. You will then see that on the outer side
as well as at the lower and outer quarter of the visual field, the
eye can distinguish movements of the hand at an angle of 90
degrees and over. The limits of these parts of the visual field
could not, therefore, be determined by means of a plane, since the
rays coming from peripheral objects, falling in the eye perpen-
dicular to the visual line, are necessarily parallel to the plane, and

cannot, consequently, emanate from it.

Fig. 218,

Examine Fig. 23. Let PP be the section of a plane on which
the visual field is to be determined. The luminous ray Ee, which
falls on the eye under an angle of 90° with the visual line, cannot
come from the plane PP, since it is parallel to it.

But, even if it were possible to circumscribe the visual field on
a plane, this method would yet be ineract. We do not wish
simply to determine the limits of the field of vision, but also the
functions of the eccentric portions of the retina. For this
purpose we use test objects analogous to those which we employ
for central vision. Now, it is evident that in moving either the
letters of the test types or colored squares along a plane we
examine the different portions of the retina under entirely different
conditions ; the object is further from the retina in proportion as
1t is removed from the point of fixation. Thus, supposing the eye
to be 30 centimeters from the board, one part (a), situated at 40
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fixing the chin there is a cross piece of wood which glides up and
down on the upright (B). This piece has two depressions, one on
each side of C, for the chin to rest in.

If you are examining the left eye, for example, the chin, in
order that the head be held erect, must rest in the depression on
the right side. The cross piece should, therefore, be sufficiently
elevated, so that when the head is resting on it the lower portion

Fra., M.

of the left orbit should be at the level of the top of the shank, and
in contact with it. In this way the optical centre of the eye
is at the centre (C) of the hemisphere which the arc describes
when turning about its axis,

The arc is divided into degrees, starting from 0°, which marks
its apex, up to 90° on both sides. The divisions are marked on
the outside of the arc.

The inclination of the arc to the meridian is read off on a small






INDIRECT VISION AND THE VISUAL FIELD. 207

Ordinarily it is sufficient to examine only four meridians, the
horizontal, the vertical and two intermediate, that is to say, a
meridian for every 45 degrees.

The field of vision, thus determined, is transeribed on a diagram

which represents the projection of a sphere on a plane surface

Fia. 5.

(polar equidistant projection) (Fig. 25). This diagram consists
of a series of concentric circles cut by numerous radii, or rather
diameters. The centre, zero, of the figure corresponds to the
point of fixation, and the diameters to the different planes of the
arc, or the meridians in which measurements have been made.
At the extremity of each diameter is a number indicating the
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210 EXAMINATION OF THE EYES.

squares could be distinguished from each other. It was astonish-
ing to see to what a short distance it was necessary to approach

Fie. 28,

-. H B EE anm
I I

I IV

these objects toward the centre in order that the two points be
distinguished from each other,

The diagram (Fig. 27) indicates for my right eye the limits of
the different visual fields for each size of the object; the figures
nearest the centre of the diagram correspond to size No. IV, the

Fra, 9.

second to No. III, the third to No. II, and the external one to No.
I. These experiments show us that the visual acuteness is better
developed in the upper, and upper and outer parts of the retina,
while it is less developed in the lower and outer.

The perception of colors of the eccentric parts of the retina is
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RELATIONS OF CENTRAL TO PERIFHERAL VISION. 215

mined the perception of colors for central vision. These experi-
ments demonstrated that the two sensibilities, at the centre, and
at the peripheral portions of the retina, do not vary in the same
proportions, For an equal visual acuteness, the perception of
colors is much more acute at the periphery than at the centre, or
reciprocally, for an equality in the perception of colors, the acute-
ness of vision is much better in direct vision than in indirect vision.
The acuteness of vision, therefore, diminishes much more rapidly
in removing the object from the point of fixation, than in diminish-
ing the illumination of the object.

My experiments have proven that there is an essential differ-
ence between the functions of the centre and those of the eccentric
portions of the retina. While the perception of light is nearly
the same thronghout the entire sensitive portion of the retina, the
perception of colors is much less vivid in the eccentric portions
than at the centre, and diminishes progressively in proportion as
they approach the periphery of the visual field. The visual acute-
ness (perception of form) finally diminishes more rapidly toward
the periphery than the perception of colors.

Talke, for example, my right eye, with all three functions at the
centre = 1. The perception of light at a part 30° from the
centre will be also = 1, .the perception of colors = 4, and
the visual acuteness = Jg. 3

Although these figures have only a relative value, the fact that
of the three functions the perception of light remains the most
constant, while the perception of colors and the visual acuteness
diminish rapidly toward the periphery of the retina, the latter
more than the former, is incontestably established by my experi-
ments,

The fact is of the greatest importance for the explanation of
the different functions of the retina. It proves that these three
functions are entirely distinct from each other and cannot be
reduced to a single one, as we would be tempted to believe. On
the contrary, we are justified in believing that there are different
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HEMIOPIA. 295

each eye, or the common visual field. Each eye, in fixing the

object ab, will only see the part ¢b, the rays from which fall on

Fira, X,

the sensitive part of the retina. Thus, individuals affected with
hemiopia can see only the half of objects which they fix. There
are cases where the loss of sensibility has not invaded the whole
half of the retina. The defect of the visual field only takes in a
similar part of the two eyes, as in the case I now show you.
This is also called hemiopia, and is attributed to a lesion of the
optic tract of the opposite side. In this case, however, it is
incomplete.
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234 EXAMINATION OF THE EYES.

by an optical system, and consequently we can indifferently replace
the image by the object, and the object by. the image.

Thus, suppose that we take (as in Fig. 30) a convex lens, for
example, No. 20 D; if we place a candle at a certain distance
in front of it, and a paper screen behind it, just at the point where
the image [ of the candle iz formed, the points which make the
object and the corresponding points of the image are conjugate
foci. If we now place the candle in the place of the screen and
the sereen in the place of the candle, we will find that the image
18 formed just where the object was before; an experimental
demonstration of the law of conjugate foci. This law is very
important in the theory of ophthalmoscopy, and we shall have

frequent oceasion to refer to it.*

Fia, 30,

Thus, already, in regard to the illumination of the bottom of
the eye, this law enables us to see at once why, under ordinary
conditions, the fundus of the eye is not visible.

Let us put our lens in a tube. We find an apparatus of this
kind already prepared for us in the ocular of a microscope when
the upper lens is removed. Close the open end of the tube with a
piece of white paper, and place a light some meters in front of

# T would recommend the reader to make for himself this simple experiment,
which renders the theory of the ophthalmoscope and the formation of the
ophthalmoscopic image very clear and intelligible, Care should be l_=lkEl1,
however, to use a very small flame, and not an ordinary candle, which gives a
flame much too large. Instead of the flame an opague screen with a ]}E'I'fllirmt‘mn.
of any desired form, covered by a piece of ground glass, can be used. A light

placed behind this will furnish an object which is much better than the candle,
for making the experiment.
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the lens. On directing the lens toward the light- you will see an
image of the flame formed on the paper, and the part of the paper
on which the imige appears will be strongly illaminated, as you
can convinge yourself by looking at the paper from behind. The
opening in the tube that is closed by the lens and crossed by the
incident and emargent light appears, however, absolutely black

when viewad from the front. The light which comes from the

ig
illuminated portion of the screen cannot enter the eye of the
observer, becanse the rays take, on quitting the lens, the same
direction they had when they entered it, that is, they come to-
gether again in the flame, according to the law of conjugate foci.

The same thing occurs in the eye,

Fra. 81,

Let, for example (Fig. 31, I), L be a luminous point situated
in the flame to which the eye is adapted; { will be the image
which is formed on the retina. This point [ of the retina i,
therefore, strongly illuminated ; but the light which comes from
it does not fall in an eye which is looking into its pupil; it
follows, according to the law of conjugate foci, the same path
taken by the incident light, and comes to a focus in the point L of
the flame.

In order that the observer may see the retina illuminated he
must place his eye in the cone of emergent rays Lpp, which
would not be possible without intercepting the light. The same
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law would apply, of course, to all the luminous points composing
the flame ; the sum of their images illumine a part of the retina,
and the rays emerging from this part are again united in the
source of illumination.

But these conditions change when the eye is not adapted to the
flame which illaminates it.

Suppose that, in our example, the retina is found behind the
place where the image of the luminous object is formed (I, Fig. 32).
Let, for example, the eye A be strongly myopic. Then, in place
of a distinet image, the point L will form on the retina an image
of diffusion z'z, and the laminous rays which come from this part
of the retina, from the point o, for example, will not form their
image any longer in L, but nearer the eye, at the point R, for

Fig. 32,

which the myopic eye is adapted. After their union in R the
rays continue their course in a diverging manner, and thus form
a luminous cone PP a'a, in which the eye of the observer can be
placed without interrupting the light. An eye placed in this
cone will, therefore, receive the light coming from the fundus of
the eye A, and will see it illuminated.

The same thing occurs when the retina of the observed eye is
situated in front of the conjugate focus of the light.

Thus, suppose the eye in Fig. 31, I, to be strongly hyperme-
tropic. The luminous rays coming from L, instead of coming to
a focus on the retina, are united behind it in 7, and form on the
retina an image of diffusion zz’. On the other hand, the luminous
rays coming from the point o of this illuminated portion of the
retina are no longer directed toward the source of illumination,
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a mirror with a central perforation, TLet E (Fig. 33) be the eye
under examination, E/ the examining eye, L a source of illumina-
tion, and MM a mirror,
This mirror, held obliquely before the examining eye, reflects
Fig, 33. the light from L into it, as if
it came from I/, and as far as
regards the eye E, it is the
same as if the flame was sit-
nated in I/. The eye of the
examiner is found, therefore,
in the direction of the inci-
dent rays, and the light
which comes from the illu-
minated portion zz of the
eye E will not all be reflected
toward L by the mirror, but
a portion will pass through
the mirror if it is semi-trans-
parent or has a perforation,
This light falling on the eye
of the observer will enable

him to see the fundus of the

eye under examination.

The essential part of the ophthalmoscope is, therefore, the
mirror reflecting the light, The mirror of Helmholtz's ophthalmo-
scope is composed of a number of thin plates of plane glass, super-
posed one on the other, This mirror reflects a portion of the light
which falls on it, while the other portion passes through it.

All manner of mirrors imaginable, plane, coneave, convex, pris-
matic, single, or combined with convex lenses which concentrate
the light on the mirror, have been used since the invention of this
first one. Some have been made of metal and perforated in the
centre, others are of silvered glass, with a portion of the silvering

removed at the centre, or with a perforation.
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the rays of light which are directed toward a point follow the
same course as those which come from that point.

The convex lens, the small flame and the screen which we have
used in the foregoing-illustration of the law of conjugate foci will
assist us in understanding easily the manner in which the
ophthalmoscopic image is produced.

Let us suppose the lens vo represent the dioptric system of the
eye, and the flame an object on its retina. In this case we can
disregard the light which illuminates the eye so long as the
object on the retina is itself luminous. :

We will suppose both the eye under examination and that of
the examiner to be emmetropic. We know that in a state of
repose the emmetropic eye is adapted for parallel rays. In order
to see the fundus of another eye it is, therefore, necessary that the
rays coming from it be parallel. Now, it is from the eyes of
emmetropes that the rays emanate parallel to each other, and
that, too, in accordance with the law of conjugate foci.

The rays which are united on the retina of an emmetropic eye
must be parallel before reach- F16. 34,
ing the eye, and therefore the
rays are parallel after they
pass out of it. Thus, in look-
ing at Fig. 34 a point b on the
retina of the examined eye E
sends out rays which are par-
allel after their exit from it,

and again are united in the
image a at the fundus of the eye of the emmetropic examiner B/,
It is only necessary, then, for an emmetrope to throw the light
by means of the ophthalmoscopic mirror into the eye of another
emmetrope, in order to see objects at its fundus distinctly. The
rays coming from the fundus of such an eye leave it parallel, and
are united at the fundus of the examining eye which is adapted
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for parallel rays, The examiner will thus see objects at the
fundus of the-examined eye in their natural positions, as are all
objects which we look at through a lens at whose focus they are
situated. It is for this reason that this procedure has been called
examination by the erect method,

To represent an emmetropic eye in our experiment we must put
the flame at the focus of the convex lens (20 D) at 5 centimeters
belind it, since in the emmetropic eye the retina is found at the
focus of the dioptric gystem., An emmetrope with a relaxed
accommodation, in looking through the lens, no matter at what
distance from it, sees an enlarged upright image of the flame.

But if the examined eye is hypermetropic the rays coming from

Fi1a. 35,

its retina are not parallel, If you look at Fig. 35 you will see
that the dotted rays coming from the retina @ are divergent on
leaving the eye, and that they diverge as if they came from a
point R situated behind the eye. The hypermetropic eye requires
the rays to be convergent in order to unite them on its retina, and
therefore the rays returning from it must be divergent.

Will the emmetropic examiner be able to see the fundus of this
eye? In a state of perfect rest, no, since in that condition it has
need of parallel rays to form a distinct image. He will, therefore,
gee the examined eye illuminated, but he will not be able to make
out the details of the fundus. In order to see these details
distinctly he must adapt his eye to divergent rays, or render the
divergent rays parallel; in other words, either he must make his
own eye myopic or the examined eye emmetropic. We have in
the accommodation a very simple means of adapting our eye to
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a flame. Since, in hypermetropia, the. retina is found in front
of the focus, we will only have to bring the flame nearer the
lens than five centimeters to have a dioptric system similar to
the hypermetropic eye. If we look through the lens we will
see the flame upright and enlarged. It will require, however, a
certain effort of the accommodation: an effort which will have to
be the greater the closer the flame is to the lens (the stronger the
hypermetropia); and also greater the nearer the observer brings
himself to the lens and consequently to the punctum remotum of
the hypermetropic eye, or the negative conjugate focus of the lens.

Suppose, finally, that the examined eye is myopic. You will

Fic, 36,

remember that the myope, in order to see clearly, that is, in order
to unite the rays of light upon his retina, must have them come
to his eye in a diverging manner. Thus, in Figure 36, the rays
which come from the point R are united on the retina in the point
@ ; therefore the rays which come from the point @ of the retina
are united in R. Consequently they are convergent on leaving
the eye.

Can the emmetropic examining eye unite converging rays on its
retina? Never. Inastate of repose it unites parallel rays, and the
power of accommodation enables it to unite diverging rays, but it
doés not possess any means of adapting itself to converging rays.
The emmetrope will not, therefore, be able to see an upright image
of the fundus of a myopic eye unless the converging rays coming
from it are rendered parallel. In order to make converging rays
parallel, we use a concave lens whose focus coincides with the
point toward which the convergent rays are directed. This point
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retina can see the bottom of a hypermetropic eye without any
other means than the ophthalmoscopic mirror. Such eyes are
myopic, since they are adapted for diverging rays, and a myopic
eye can see distinctly the details of the fundus of a hypermetropic
eye when the rays coming from it have the necessary divergence.

Now, in leaving the hypermetropic eye H, Fig. 37, the rays
appear to come from the punctum remotum, R, of that eye; on
the other hand, in order to be united on the retina of a myope,
the rays should come from its punctum remotum. It is requisite,
then, that the punctum remotum of the myopic eye, and of the
hypermetropic eye coincide, if they are to see each other's reting,
reciprocally. This, however, is possible.

Fra. 7.

Let us take, as an example, a hypermetrope of 5 D. His
punctum remotum 18 situated twenty centimeters behind his eye.
If this eye is examined by a myope who brings his eye up to 2
centimeters in front of it, it will then be 22 cm. from the punctum
remotwm of the hypermetropic eye, and if its own punctum
remotum is 22 centimeters in front of it, he can, of course, see
clearly the details of the fundus of the hypermetropic eye, since
their puneta remota coincide, Now, as the punctum remotum
is situated in front of the eye it is myopic, and if it is at 22 cen-
timeters, the myopia is = 328 — 4.5 dioptries. But if the
myopia of the observer is only 4 D, that is, if its punctum
remotum is found at 142 = 25 centimeters in front of it, he will
not see the fundus of the eye under examination at 2 centimeters
in front of it, but must remove his eye to 5 centimeters from that
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LECTURE XVIII.

THE INVERTED IMAGE.

GENTLEMEN :—We open in this lecture a new question in the
study of ophthalmoscopy. We have repeated, time and again,
that the rays coming from the fundus of a myopic eye are
convergent, and are united in its punclum remotum. If this
is true, an image of the fundus of this eye must be formed at
the distance of its punctum remotum, in accordance with the
law of conjugate foci, which allows us to replace the image by the
object and the object by the image. Since an object is seen

F1a. 38,

distinctly by a myope when at its punctum remotum, that is to
say, since a distinct image of the object is formed on the retina,
it follows that an object on the retina forms a clear and distinct
image in front of the eye at the distance of its punctum remotum.
We can easily convince ourselves of the truth of this. We have
only to illuminate a myopic eye of 10 D, for example, from a
sufficient distance, in order to see a real image of its retina formed
at 10 centimeters in front of it.

An object B A (Fig. 38) which is situated at the punctum
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eye, forms, by means of the lens I, an inverted image, as, inversely,
an object A B will form its image in @ b on the retina.

The same thing occurs in a hypermetropic eye. If the convex
lens is sufficiently strong, it will render the divergent rays of the
hypermetropic eye convergent, so that they will be united and form
an inverted image in front of the eye, not at its focus, but beyond
it, and nearer the observer, since the rays coming from the eye
observed are not parallel, but divergent.

Fia, 39

In order to obtain an inverted image of the fundus of an
emmetropic or hypermetropic eye, we must, therefore, place a
convex lens in front of it, while for the myopic eye this image
i3 produced spontaneously, at its punctum remotum, without
the intervention of any lens. We can thus easily examine
the eyes affected with a considerable degree of myopia (from 10 to
20 dioptries) with a simple mirror; but for myopia of less degrees,
this method is not practicable. If we have a myopia of 2 D, for
example, there is no doubt but that there will be an inverted
image of its fundus formed at 80 centimeters in front of it, but
how can we illuminate an eye with an ordinary ophthalmoscopic
mirror at a distance of more than 80 centimeters? For, in order
to see the image we must be at 30 centimeters distance from it.
This is not practicable, because the illumination becomes too weal,
and because the enlargement of the inverted image becomes so
great that the image of a single branch of one of the retinal
vessels filla the whole of the pupillary field, and we cannot make
out the details and their relations with any satisfaction. What
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DIFFERENT FORMS OF THE OPHTHALMOSCOPE. 297

There are two ophthalmoscopes having peculiar interest, one

because it enables us to look at the fundus with both our eyes, the

F1a. 43.

binocular ophthalmoscope of Giraud-Teulon, the other because it

mirror hole at once dissolves it, and the instrument becomes a simple single disk
ophthalmoscope.

The mirror of the instrument is Dr. Loring’s “ tilting"" mirror, which is a modi-
fication of the old mirror obtained by cutting off the sides of the ordinary concave
mirror, producing thereby a parallelogram 18 mm. in diameter, and 34 in length.
The idea was suggested by Dr. Wadeworth's emall cirenlar mirror. Unlike this,
]!":'“'U'l.'t'r, it is {iE:'Si;.fﬂl!li for both the upright and inverted iill:lge, thus ohviating o
change of mirrors, it being found that abundant light is obtained for both methods,
The mirror is swung on pivots which allows a tilting to either side of abont 25
Llugrm:::. H}‘ this means the inclination of the correcting lenses is avoided, i:«_\'
which a large quantity of light is saved, and the image rendered free from distor-
tion. The author considers this an indispensable .'uljl.'uu.':tll.'l the instrument for
those who desire to make accurate and easy examination by the upright method.
For a fuller description, see the Transactions of the Ameriean Ophthalmological
Soeiety, 1878, —Tr,

20
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The ophthalmoscope of Sichel (Fig. 44) is designed to show to a
number of observers at once the image of the fundus. It is
composed of a concave mirror M M, of 35 centimeters focal
distance, to which is adapted a metallic case on which it can be

FI1a. 44,

moved in different directions. This case has a perforation of about
1 centimeter diameter through both walls in its centre, in the same
axis with the perforation in the mirror. The form of the opening
in the mirror is oval in its transverse axis. In the interior of the
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